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1. htroduction 

It has been suggested that constitutive membrane 
proteins are synthesised on rough endoplasmic reti- 
culum with subsequent translocation, where appro- 

priate, to smooth membranes, [l-4]. However, 
alternative models may be possible and indeed evidence 
has been presented suggesting that some membrane 
proteins may be inserted from a cytoplasmic pool 
[5-S]. A recent report [9] described the presence of 
cytochrome P-4.50, a component of the microsomal 

mixed function oxidase both of completed molecules 
and in nascent forms, in the free polysome fractions 
derived from rabbit liver. These molecules were clsim- 
ed to be associated with a class of free heavy poly- 
somes. We have re-evaluated the experimental basis of 
this claim, working mainly with rat liver. We conclude 
that cytochrome P-450 in fractions of free hepatic 
polysomes is associated with membranous contamina- 
tion and is not present on the ribosomes. 

2. Methods 

Male and female Sprague-Dawley rats, weighing 
200-250 g and male New Zealand rabbits, weighing 
2-2.5 kg were used in these studies. Where appro- 
priate rats received a single injection of phenobarbital 
(40 mg/kg in 0.9% saline) i.p. for four days prior to 

experiments. All animals were starved for 24 hours 
prior to experiment. 

Smooth endoplasmic reticulum, rough endoplasmic 
reticulum and free polyribosome fractions were 

prepared by previously described methods [lo] . In 
some experiments the free polysome fractions were 
further purified by resuspension in 1.35 M sucrose 
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containing 50 mM Tris-HCl, pH 7.5 at 20°C 25 mM 
KC1 and 5 mM MgClz (TKM buffer). This was over- 
layered on 2.0 M sucrose-TKM buffer and in turn 
overlayered with 0.25 M sucrose-TKM buffer. The 
discontinuous gradient was centrifuged in an angle 
rotor as before. Samples were collected from both 
interfaces and polysome pellets resuspended in 0.25 
M sucrose-TKM. 

Total polysomes were prepared by solubilisation of 
the membrane in post-mitochondrial supernatant 
(PMS) by treatment with 1% cholate [ 1 l] . PMS was 
prepared in 0.25 M sucrose-TKM buffer, pH 7.6 at 
20°C containing 5 mM EDTA, 1 mM dithiothreitol 
and 20% glycerol (v/v). Following sonication and 
solubilisation, PMS was overlayered on 1.7 M sucrose- 
TKM buffer, pH 7.6, containing 1 mM dithiothreitol 
and centrifuged at 125 000 g,, for 18 h in a swing 
out rotor. 

Enzymes were assayed following the published 
methods cited:- cytochrome P-450 [ 121, cytochrome 
b5 [ 131 , glucose 6-phosphatase [ 141, aniline hydroxy- 
lase [ 151 NADPH-cytochrome c-reductase [ 161. 

Protein was determined by the method of Lowry [ 171 
and RNA by the method of Fleck and Begg [ 181. 
Phospholipid was extracted by the method of Folch 
[ 191 and the resulting phosphorous determined by the 
method of Chen [20]. 

3. Results and discussion 

3.1. Electron microscopic atzalysis 
Electron microscopy revealed that both smooth 

endoplasmic reticulum and rough endoplasmic reti- 
culum fractions consisted of vesicular structures. The 
rough membrane was well studded with polyribosomes 
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Neither fraction was appreciably cross contaminated 
or contaminated with other organelles. The free poly- 
ribosome fractions contained variable contamination 
by both smooth and rough surfaced vesicles. We found 
no correlation between the phospholipid content and 
degree of membranous contamination as judged 
visibly be E.M. analysis. 

3.2. Chemical and enzymic composition of free poly- 
some fractions 

The chemical composition and cytochrome con- 
tent of microsomal fractions of control and pheno- 
barbital treated rats are given in table 1. 

Although free polysome fractions were character- 
ised by low phospholipid content [21] the presence 

of cytochrome P-450 was clearly demonstrated. In 
terms of protein, the specific content of cytochrome 
P-450 in this fraction was approximately 10% of that 
found in rough membrane. However, when the results 

are expressed in tern& of phospholipid phosphorous 
the specific content is comparable to that found in 
rough endoplasmic reticulum. 

The specific content of cytochrome P-450 found in 
free polysome fractions paralleled that found in mem- 
brane fractions after phenobarbital treatment as well 
as in controls. Phenobarbital increased cytochrome 
P-450 in both membrane and free polysome fractions. 
Similarly the lower level of membrane cytochrome 
P-450 found in female compared with male animals 
was reflected in a lower content in the free polysome 
fractions (Male = 0.056 and 0.81 nmol/mg protein for 
free polysomes and rough membrane respectively. 
Female = 0.039 and 0.55 nmoles/mg protein for free 
polysomes and rough membrane respectively.) 

These results strongly suggest that cytochrome 

P-450 found in free polysome fractions is associated 
with membranous contamination. The free polysome 
fraction might be expected therefore to contain other 
microsomal membrane enzymes. Cytochrome hs is a 
particularly good marker in this context since its detec- 
tion is dependent on the presence of NADH-cyto- 
chrome b5-reductase. In the series of experiments 
presented in table 1, cytochrome b5 was only detected 
in free polysome fractions prepared from phenobarbital 
treated animals. The ratio of the levels of cytochrome 
b5 to cytochrome P-450 found in this fraction was 
significantly less than that found in rough endoplasmic 
reticulum. This result may indicate that the mem- 
branous contamination contained in the free polysome 
fractions is not typical of bulk smooth or rough 
endoplasmic reticulum. Evidence has been presented 
[22,23] that both these fractions may themselves be 
heterogenous with respect to their enzyme content. 
Whilst the data of table 1 demonstrates a deficiency of 
cytochrome b5 in free polysome fractions this has not 
been observed in every experiment. In some free poly- 
some preparations from phenobarbital treated animals, 
the content of cytochrome b5 was similar to that found 
in rough endoplasmic reticulum. 

In addition to cytochrome P-450 and cytochrome 
b5 a number of other membrane bound enzymes were 
also detected in the free polysome fractions prepared 
from phenobarbital treated rats and some data are 
presented in table 2. In all experiments the content of 

these enzymes in terms of protein is low when corn- 
pared to smooth or rough membranes. However, in 
terms of phospholipid, the content of some enzymes 
is similar to that found in the membrane fractions. The 
two sets of experimental data presented in table 2 
indicate the somewhat variable levels of enzyme activ- 

Table 2 
Enzymatic activities of microsomal fractions prepared from liver of phenobarbital-treated male rats 

Free polysomes 
Expt.1 Expt.2 

Rough membranes 

Expt. 1 Expt.2 

Smooth membranes 

Expt.1 Expt.2 

Cytochrome p-450 nmol/pg L. P. 0.07 0.09 0.09 0.09 0.15 0.16 

Cytochrome 6, nmol/pg L.P. 0.009 0.017 0.021 0.018 0.032 0.031 

NADPH-cytochrome c reductase OD/min/pg L.P. 0.05 0.09 0.11 0.19 0.12 0.19 
Aniline hydroxylase OD X 1 0e4 /min/pg L.P. 1.49 3.00 3.99 2.56 6.16 6.30 

Glucose 6-phosphatase pmole phosphate 
X lo-* /min/fig L.P. 0.74 0.78 0.86 0.84 0.80 0.66 

Lipid phosphorus/protein (&mg) 2.18 2.06 14.7 14.9 23.8 21.3 
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Table 3 
Enzymic activities of free polysome fractions following purification 

Cytochrome P-450 

nmol/~g L.P. 

Glucose 6-phosphatase 

pmol phosphate X 10e2 /min/u:: L.P. 
____-. -. 

Lipid phosphorus/ 

protein (pg/mg) 

Starting free polysomes 0.078 0.88 2.22 

Purified free polysomes <0.03 <0.02 1.02 

Material at 0.25-1.35 .II interface 0.075 0.64 _ 

Material at 1.35-2.0 M interface 0.11 1.13 

Results are mean of 3 experiments. 

ities observed in free polysome fractions in different Our experiments do not exclude the possibility 

experiments. Much more consistent values were obtain- that cytochrome P-450, at levels below the present 

ed in smooth and rough endoplasmic reticulum. Thus limits of detection, are present in free polysomes as 

in some experiments the content of some enzymes in intermediates in the biosynthesis of this protein. We 

free polysomes appears to be deficient compared to can however conclude that cytochrome P-450 does 

membranes while in other experiments tiley are not occur in free polysomes at the levels previously 

identical. claimed [9]. 

3.3. Purification of free polysomes 
When free polysomes were subjected to a second 

buoyant density centrifugation much of the mem- 
branous contamination was eliminated, yielding a 
polysome fraction in which cytochrome P-450 and 
glucose 6-phosphatase could not be detected (table 3). 
Instead these activities are recovered at the interfacial 
positions where smooth and rough membranes sedi- 
ment. Polysomes prepared from detergent treated 
PMS (see Methods) contained no detectable cytochrome 
P-450 although the cytochrome was still detected in 
the 0.25 M sucrose layer. 
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