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Summary

A simple and rapid method of isolating plasma membranes from rat lungs
is described. The method involves homogenization of tissue in isotonic
sucrose-buffered medium followed by differential and sucrose density gradi-
ent centrifugation. Plasma membranes obtained by this procedure were es-
sentially free from other subcellular contamination. Plasma membranes iso-
lated from 2-day-old rat lungs showed 6 to 7-fold purification of adenylate
cyclase and 5'-nucleotidase activities compared to the original homogenate
In contrast, plasma membranes from 35-day-old rat lungs showed no purifi-
cation of adenylate cyclase activity although 5'-nucleotidase activity showed
similar enrichment. These results suggest that adenylate cyclase activity is not
a reliable marker for plasma membranes from adult rat lungs.

Adenylate cyclase is activated by many hormones, neurotransmitters and
pharmaceutical agents [1] which are important both in health and disease.
Most of adenylate cyclase activity is associated with the cell surface mem-
branes of different tissues [ 2—4] although some of its activity has been re-
ported in the intracellular membranes [4]. Due to the presence of adenylate
cyclase mainly in plasma membranes, it is commonly used as a marker for
plasma membranes during subcellular fractionation of different tissues [4]. In
fact, Solyom and Trams [4] in their review on marker enzymes advocated
the use of adenylate cyclase activity as the genuine marker for plasma mem-
branes in most tissues.
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In this paper, we describe a simple method for the isolation of plasma
membranes from rat lungs and present evidence that adenylate cyclase is not
a suitable marker for plasma membranes isolated from adult rat lungs.

All reagents were of analytical grade and purchased from either Sigma
Chemical Co. (St. Louis, MO) or from Fisher Scientific locally. [8-14C] ATP
was purchased from New England Nuclear (Boston, MA).

Male Sprague-Dawley rats (Charles River Breeding Labs., Quebec) of 2-
and 35-days of age were used in this study. The animals were killed by de-
capitation, and the lungs excised and freed from the tracheal and other ex-
traneous tissue. All subsequent manipulations were carried out in a cold
room at 2—4°C. The tissue was sliced and homogenized in 4 vols. of 0.27 M
sucrose/10 mM Tris-HCl buffer, pH 7.4, by 15 hand-driven strokes in a loose-
fitting Potter-Elvehjem homogenizer. The homogenate was filtered through
two layers of cheesecloth and its final volume adjusted to 20% (w/v). The
homogenate was centrifuged at 900 X g for 10 min in a refrigerated Inter-
national centrifuge to sediment nuclei, unbroken cells and cell debris (P, ).
The supernatant (S, ) was centrifuged at 6000 X g for 10 min. The pellet
(P, ) contained mitochondria and lamellar bodies [5,6] and the supernatant
(S; ) was centrifuged at 8000 X g for 10 min. The pellet (P; ) contained
lysosomes [5,6] and the supernatant (S;) was made 1 mM MgCl, to en-
hance binding of ribosomes to smooth endoplasmic reticulum, thereby al-
lowing their separation from plasma membranes by sucrose density gradient
centrifugation [7,8]. 2.3 ml of the supernatant (S;) were layered on top of
a discontinuous sucrose gradient made by layering from bottom to top with
2.7 ml 45%, 2.7 ml 35%, 2.3 ml 30% and 2.3 ml 25% sucrose solutions in a
12.5 ml centrifuge tube [9]. The gradient was centrifuged at 100 000 X g
for 75 min in a swinging SB-283 rotor in an International centrifuge at 2°C.
Starting from the top of gradient, fractions of 1.4 ml (F,), 1.2 ml (F,), 1.2
ml (F3), 1.7 ml (F;), 2.5 ml (F5) and 4.0 ml (F¢) were carefully withdrawn,
pooled from different tubes, diluted with ice-cold water to 10% sucrose and
centrifuged at 140 000 X g for 60 min. The pellets were washed once with
the homogenizing medium, centrifuged as before and suspended in a small
volume of the homogenizing medium. These fractions were analysed for
adenylate cyclase and glucose-6-phosphatase activities immediately whereas
the other enzyme activities were estimated later in 1 week after storage at
—75°C. Activities of 5'-nucleotidase [10] and adenylate cyclase [11] were
used as markers for plasma membranes, glucose-6-phosphatase [12] for mi-
crosomes, acid phosphatase [13] for lysosomes, cytochrome ¢ oxidase [14]
for mitochondria and DNA [15] for nuclei.

Proteins were estimated by using the method of Lowry et al. [16] using
bovine serum albumin as standard. Inorganic phosphate was analysed by
using the method of Chen et al. [17].

About 60% of the 5"-nucleotidase and adenylate cyclase activities were
present in the 8000 X g supernatant while the remaining activities were
found in the low-speed pellets (P,, P,, P,, Table I). These results indicate
the presence of plasma membranes in the 8000 X g supernatant. About 37%
of the glucose-6-phosphatase activity was also present in this fraction (Table
IT) suggesting the presence of microsomes as well. Activities of cytochrome ¢
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oxidase, acid phosphatase and DN A were essentially absent from this super-
natant (Table II) indicating the lack of mitochondria, lysosomes and nuclei.
These data suggested the use of the 8000 X g supernatant (S;) for the isola-
tion of plasma membranes from rat lungs.

Mg?* was added to the 8000 X g supernatant to effect the separation of
plasma membranes from microsomes by sucrose density gradient centrifuga-
tion [7,8]. While the lighter fractions (¥, and F,g) contained most of the
soluble proteins (about 40% of the total homogenate protein), F,p, Fjp,
Fip, Fsp and Fqp contained predominantly plasma membranes and micro-
somes which together constituted about 15% of the total protein.

When lungs from 35-day-old rats were subjected to this scheme of sub-
cellular fractionation, 5'-nucleotidase activity in F,p and F,p was enriched
several-fold compared to the original homogenate activity and, together,

F,p and F;p contained about 7% of the total protein and 32% of the
5'-nucleotidase activity (Table I). Some activity of 5'-nucleotidase was also
present. in the soluble fractions and in F,p, Fsp and F4p (Table 1). In con-
trast, adenylate cyclase activity in ¥, p and F;p showed no purification com-
pared to the whole homogenate activity and only 6% of the total enzyme ac-
tivity was recovered in these fractions (Table I). F3p, Fup, F5p and Fqp to-
gether contained about 3% of the total enzyme activity. Adenylate cyclase
activity was absent from the soluble fractions and evidently, total recovery
of the enzyme was very low. Glucose-6-phosphatase activity in F,p and F;p
was comparable to that in the whole homogenate but was higher in F;p, Fsp
and F4p (Table II). Activities of acid phosphatase and cytochrome ¢ oxi-
dase were absent from F,p and F;p whereas Fup, F5p and F¢p contained
some activity of these enzymes (Table II). Similarly, DNA was not detected
in F,p and F;p but was present in small amounts in F,p, Fsp and Fgp (Ta-
ble II). All these data indicate that F,p and F;p were rich in plasma mem-
branes and relatively free from mitochondria, lysosomes and nuclei.

When lungs from 2-day-old rats were similar fractionated, about 40%
of the adenylate cyclase activity was recovered in the plasma membrane
fractions (F,p and F;p) and showed an enrichment of about 7-fold com-
pared to the homogenate activity (Table I). The heavier fractions (F4p, Fsp
and Fgp) also contained some adenylate cyclase activity (Table I) but were
contaminated with other subcellular organelles as indicated by the presence
of glucose-6-phosphatase, acid phosphatase, cytochrome ¢ oxidase and DNA.
The subcellular distribution of these enzymes and 5'-nucleotidase was very
similar to that found in 35-day-old rat lungs (data not shown).

The loss of adenylate cyclase activity in subcellular fractions prepared
from the adult rat lungs was apparently due to the separation of membranes
from the cytoplasm which contained some factor(s) activating the particu-
late adenylate cyclase (Fig. 1 and Ref. 18). These cytoplasmic factor(s) were
absent from 2-day-old rat lungs (Fig. 1 and Ref. 18). The lack of adenylate
cyclase purification in plasma membrane fractions from the adult rat lungs
was due to the elevated adenylate cyclase activity in the homogenate of 35-
day-old rat lungs as compared with the homogenate activity from 2-day-old
rat lungs (Table I), These data clearly demonstrate that adenylate cyclase ac-
tivity is not a suitable marker for plasma membranes from the adult rat
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Fig. 1. Activation of adenylate cyclase in plasma membranes from 2- and 35-day-old rat lungs by their
respective supernatant (F, ) fractions. Adenylate cyclase activity was estimated exactly as described in
the text with about 60 ug of plasma membrane (F, and F,) protein,

lungs. Addition of F; containing cytoplasmic proteins to the plasma mem-
brane fraction (F,p + F3p) from the adult rat lungs enhanced adenylate
cyclase activity markedly whereas F, from lungs of younger rats had little
effect on adenylate cyclase activity in plasma membranes from the younger
animals (Fig. 1). These data support our conclusion above and confirm our
previous observations with the crude preparation of membranes from rat
lungs [18].

Our method of isolating plasma membranes involves tissue homogeniza-
tion in the isotonic buffered medium and allows the simultaneous prepara-
tion of plasma membranes and other subcellular fractions from the same
homogenate. The method is simple and yields plasma membranes of reason-
able purity within 5 h,
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