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Rough microsomes from rat liver of both control and methylcholanthrene-treated animals were sub- 
fractionated on a discontinuous sucrose gradient into three fractions according to their sedimentation 
velocity. The slowly sedimenting vesicles were enriched in electron transport enzymes, while those in the 
pellet showed higher phosphatase and ATPase activities. Methylcholanthrene treatment introduced typical 
changes in enzyme composition, mainly an increase of the cytochrome P-448. The individual phospholipids 
exhibited an identical distribution pattern in the three subfractions and no change occurred after induction 
with methylcholanthrene treatment. Nearest neighbour analysis of phosphatidylethanolamine with dinitro- 
difluorobenzene revealed a similar pattern in the enzymatically different subfraction, that is, no cross-linking 
with phosphatidylserine occurred. One-third of the phosphatidylethanolamine was in monomer and dimer 
form and about two-thirds was protein linked. When membrane and enzyme synthesis was induced, 
cross-linking to proteins were substantially decreased. The experiments indicate that the phospholipids are 
distributed in a homogenous fashion in the lateral plane of the rough microsomal membrane and do not 
support the possibility that phosphatidylethanolamine is specifically associated with cytochrome P-450. 

Introduction 

The rough endoplasmic reticulum of rat liver is 
known to exhibit a high turnover rate which may 
be attributed to the fact that this system produces 
a number of macromolecules for other intracellu- 
lar membranes. In this way, the rough endo- 
plasmic reticulum synthesizes proteins and lipids 
for its own membrane, for other organdies and for 
secretion [1]. It appears that the individual en- 
zymes or enzyme systems are located in distinct 
patches in the membrane [2]. This specialization is 
indicated by the heterogeneous distribution of 
functions in vesicles after subfractionation of both 
rough and smooth microsomes [3-6] and this het- 
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erogeneity is further accentuated after breakdown 
of the vesicles into smaller units [7,8]. On the other 
hand, the lateral distribution of phospholipids in 
the endoplasmic reticulum membranes has not 
been studied and it is not known whether these 
lipids in some way follow the heterogeneous distri- 
bution of various established enzymes. It is indi- 
cated that induction of the hydroxylating system 
results in a change of the phospholipid pattern of 
the microsomes which would propose that the 
newly appearing enzymes have a specificity in 
lipid requirement and the lipids are heteroge- 
neously distributed in the lateral plane [9-11]. It 
has been suggested that the phosphatidy- 
lethanolamine has a preferential association with 
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cytochrome P-450 [12,13]. Phospholipid hetero- 
geneity can be studied in subfractions where heter- 
ogenous distribution of enzymes occurs. In spite of 
the possibility that lipids are mobile in mem- 
branes, it is probable that at least a part of indi- 
vidual phospholipids are specifically associated 
with enzyme proteins [ 14,15]. Consequently, accu- 
mulation of individual enzymic proteins in specific 
subfractions should result in an enrichment of 
individual phospholipids and this heterogeneity 
could be revealed by lipid analysis. 

In this study a discontinuous sucrose gradient 
was used to isolate rough microsomal vesicles from 
liver of control and methylcholanthrene-treated 
rats in order to isolate vesicles enriched in enzymes 
of the hydroxylating system. These subfractions 
were utilized for phospholipid analysis and paral- 
lel measurements of enzyme activities and amounts. 

Materials and Methods 

Male rats weighing about 90 g were used. The 
animals were starved for 20 h before killing. Meth- 
ylcholanthrene was injected intraperitoneally (2 
mg/100 g body weight) daily during 5 days and 
phenobarbital intraperitonally (8 mg/100 g) daily 
during 3 days. In experiments with microsomes of 
newborn rats, the liver was removed from 2-day-old 
rats. 

Total rough microsomes were prepared as de- 
scribed previously by prolonged centrifugation on 
a discontinuous sucrose gradient [16]. The pellet, 
together with the fluffy layer just above it, was 
supplemented with 0.05 M sucrose and suspended 
by hand homogenization. 4 ml of this suspension 
containing rough microsomes from 2.7 g liver was 
layered over a discontinuous sucrose gradient con- 
sisting of 17 ml 0.9 M and 17 ml 0.6 M sucrose. 
Centrifugation was performed in an SW 27 rotor 
(Beckman) at 80000Xg  for l h. At the end of 
centrifugation the fat layer on the top was dis- 
carded. The upper part, containing about 4 / 5  of 
the 0.6 M sucrose (called top fraction) and the 
lower part, consisting of about 1/5 of the 0.6 M 
sucrose together with the 0.9 M sucrose (called the 
middle fraction), were removed and the particulate 
components were pelleted without dilution by 
centrifugation at 105000 X g for 1 h. These two 
fractions together with the pellet obtained from 

the subfractionation on the discontinuous gradient 
were suspended in 0.15 M Tris-HC1, pH 8.0 and 
recentrifuged at 105000 X g for 45 min. The pel- 
lets were resuspended in 1 ml 0.25 M sucrose and 
used for the analysis. The fractionation procedure 
is schematically illustrated in Fig. 1. 

Protein was determined according to Lowry et 
al. [17] with bovine serum albumin as a standard. 
RNA was determined by the orcinol method [18]. 
Enzyme activities and amounts were determined 
by previously described methods [19,20]. 

Total phospholipids were extracted, partitioned 
and analysed as described previously [21]. Separa- 
tion of individual phospholipids were made by 
two-dimensional thin-layer chromatography on 
silica gel-coated plates (Merck). 

The spots were visualized by iodine vapor, 
scrapped off and hydrolysed overnight on a sand 
bath in the presence of 1 ml perchloric acid. 
Aliquots were evaporated by heating. After addi- 
tion of 50 /~1 2.5 M H2SO 4 and 0.2 ml H20,  the 
tubes were placed in a boiling water bath for 10 
rain. The mixture was supplemented with 0.5 ml 
H20,  50/~1 2.5% ammonium molybdate and 50/~1 
10% ascorbic acid. After heating at 45°C for 20 
min, the absorbance was measured at 820 nm. 

The procedure of the cross-linking studies of 
m i c r o s o m e s  wi th  d i f l u o r o d i n i t r o b e n z e n e  
(DFDNB)will be described elsewhere [22]. The 
interaction of this probe with membrane compo- 
nents of erythrocytes was studied previously in 
detail and found to give reliable and reproducible 
results [23]. Shortly, the incubation medium con- 
tained 40 mM NaC1, 120 mM NaHCO 3, pH 8.5, 
8 mM EDTA, 0.25 M sucrose, 11.5 mg microsomal 
protein and an amount of DFDNB which is given 
in the individual experiments in a final volume of 
4 ml. After incubation for 17 h at 20°C the medium 
was diluted with 5 ml cold 0.25 M sucrose and 
centrifuged at 105000 X g for 45 min. The pellet 
was extracted with chloroform/methanol  (2: 1, 
v /v )  and the individual dinitrobenzene derivatives 
were isolated by thin-layer chromatography. 

For electron microscopy the fractions were pel- 
leted and fixed in 1% OsO 4 in 0.15 M sodium 
cacodylate-HC1 buffer, pH 7.4, for 60 min at 4°C. 
The fixed pellets were dehydrated and embedded 
in epoxy resin. 
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Fig. 1. Schematic representation of the fractionation procedure used to prepare rough microsomal subfractions. 
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Results 

Rough microsomal vesicles have a high equi- 
librium density ranging between 1.18 and 1.25. 
The separation system we have used here is a 
discontinuous gradient in the low-density range, 
and therefore the separation of vesicles takes place 
almost exclusively on the basis of size. Previous 
experiments, using rate differential centrifugation, 
employed continuous sucrose gradients in the range 
used here [3]. The discontinuous gradient applied 
was arbitrarily chosen in order to separate rough 
microsomes into low and high sedimentation 
velocity particle fractions. In this way it was possi- 
ble to rapidly and simply obtain vesicles with 
different physicochemical and enzymic properties 
in amounts which allow chemical measurement 
such as separation of individual phospholipids. 
The two layers of sucrose and the centrifugation 
conditions were selected after a series of experi- 
ments in which distribution of various enzymes 
were followed. 

Electron microscopical investigation demon- 
strated intact vesicles with ribosomes in all three 
fractions. The upper fraction contains vesicles with 
relatively homogeneous size and most vesicles have 
attached ribosomes with a varying number (Fig. 2). 
There are a few vesicles without ribosomes which 
are either smooth contaminants or are from the 
Golgi system. The vesicles in the middle fraction 
are somewhat larger than those in the upper frac- 
tion (Fig. 3). Most of the vesicles are non-broken, 
many have a content and most of them have 
attached ribosomes. In the pellet, the vesicle size 
variation is pronounced but in general these are 
considerably larger than the vesicles in the former 

two fractions (Fig. 4). Most vesicles are intact, 
have bound ribosomes and some of them are 
heavily coated with ribosomes. The subfractions 
prepared from the liver of the methylcholan- 
threne-treated rats were similar in appearance to 
those of the control rats in Fig. 2-4. Fig. 5 shows 
the pellet obtained after subfractionation of rough 
microsomes from methylcholanthrene-treated rats. 
The size distribution of the vesicles and their 
ribosome coating is similar to that of the control, 
indicating the centrifugation procedure employed 
may be used also for subfractionation of rough 
microsomes from treated rats. 

The chemical composition of the isolated frac- 
tions appears in Table I. There are two main sep- 
arated fractions on protein and phospholipid ba- 
sis. These were recovered at the top and in the 
pellet, but a somewhat smaller amount of protein 
is in the intermediate position. The protein/phos-  
pholipid ratio is not very different in the fractions 
which were washed with alkaline buffer in order to 
remove adsorbed proteins. Relatively high amount 
of RNA is present in all fractions. The RNA/ 
phospholipid ratio is somewhat higher in the up- 
per two fractions in comparison with the pellet. In 
some experiments the three subfractions were 
placed on a continuous sucrose gradient in which 
the vesicles are sedimented but the ribosomes re- 
tained on the gradient [24]. After this centrifuga- 
tion the amount of RNA decreased in the upper 
two fractions and the RNA/phosphol ipid  ratio 
was similar to that in the pellet. The main reason 
for differences in RNA content among subfrac- 
tions can therefore be explained by the presence of 
free ribosomes. After methylcholanthrene treat- 
ment there is a moderate increase of the number of 
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T A B L E  I 

C H E M I C A L  C O M P O S I T I O N  O F  R O U G H  M I C R O S O M A L  S U B F R A C T I O N S  

Fractions were p repared  as described in Materials and Methods. The values are the means + S.E. of seven experiments expressed in 
m g / g  liver. 

Fractions Protein Phosphol ip id  R N A  Protein: R N A :  

phospho l ip id  phospho l ip id  

~w/w) (w/w) 

Cont ro l  
Tota l  6 .3+0.51  2.7-+0.11 1 .02+0.13 2.3 0.38 

Top 2.8-+0.29 1 .0+0.13 0.52-+0.07 2.8 0.52 

Middle  0.8 + 0.10 0.3 + 0.03 0.14-+ 0.02 2.7 0.46 

Pellet 2.0-+ 0.11 0.8 -+ 0.11 0.30-+ 0.04 2.5 0.38 

Methylcholanthrene-induced 
Total  10.6 -+ 1.51 3.8 +- 0.47 1.52 + 0.10 2.8 0.40 

Top 4.4 -+ 0.48 1.5 - 0.15 0.74 -+ 0.06 2.9 0.42 

Middle  2.1 + 0.16 1.0 + 0.08 0.34-+ 0.03 2.1 0.34 

Pellet  2.5 ± 0.15 1.0 + 0.12 0.34 + 0.04 2.4 0.34 

vesicles mainly in the top and in the middle frac- 
tions. The p r o t e i n / p h o s p h o l i p i d  and the 
RNA/phosphol ip id  ratios are unchanged in com- 
parison with the control indicating the lack of 
significant chemical changes during the induction. 

The enzymes studied are distributed unevenly 
among the subfractions (Table II). N A D H -  and 
NADPH-cytochrome c reductase and glucose-6- 
phosphatase activities are higher in the top and in 

some extent also in the middle fractions than in 
the pellet. Similarly, the specific amount of cy- 
tochrome b 5 and P-450 in the top fraction is 
2-3-times higher. On the contrary, both phos- 
phatase and ATPase activities showed highest ac- 
tivity in the pellet. Methylcholanthrene treatment 
causes the specific activities of N A D H -  and 
NADPH-cytochrome c reductase, ATPase and 
phosphatase to decrease. This decrease is not 

T A B L E  II 

E N Z Y M E  C O M P O S I T I O N  O F  R O U G H  M I C R O S O M A L  S U B F R A C T I O N S  

The values are the means -+ S.E. of six experiments. Cyt, cytochrome; G6Pase, glucose-6-phosphatase. 

Fractions N A D H - c y t  c N A D P H - c y t  c Cyt Cyt P-450 b ATPase  c Phospha tase  G6Pase  ~ 

reductase a reductase a b5 b 

Cont ro l  
Tota l  1.9-+0.13 0 . 5 0 + 0 . 0 4  0.7+--0.06 1.2_+0.11 5 .6+0.51  2.5-+0.25 42.0-+5.1 
Top  2.2-+0.20 0.72--+0.06 1.1 _+0.16 1.7-+0.13 4.4+-0.50 1 .6+0.22  56.0 -+4.8 

Midd le  1.5 + 0.21 0.55 ± 0.06 0.5 ± 0.05 0.9 --+ 0.10 5.8 + 0.76 2.5 -+ 0.23 42.0 + 3.2 
Pellet  1.5-+0.22 0 . 3 3 ± 0 . 0 3  0.5-+0.07 0.6--+0,09 6 . 8 ± 0 . 6 6  3 . 3 + 0 . 2 0  3 8 . 0 ± 2 . 8  

Methylcholanthrene-induced 
Total  1 .5+0.15 0.34-+0.04 1.3+-0.13 . 4 . 1 ± 0 . 4 2  2 . 2 + 0 . 2 0  1 .0±0.11 42.0-+4.2 
Top 1.6-+0.19 0.44-+0.06 1.5+-0.10 6.4-+0.51 2 . 0 ± 0 . 2 2  0.4-+0.05 44.0-+3-7 
Midd le  1 ,2+0.15 0.21-+0.02 1.1+-0.12 3 .7+0 .33  2 . 0 + 0 . 1 7  0 . 9 ± 0 . 0 7  4 0 . 0 ± 4 . 3  

Pellet  1.1-+0.09 0 .21+0 .03  1 .2±0 .12  3.0-+0.34 3.4-+0.34 1.3-+0.02 34.0-+3.9 

~ m o l  cyt c reduced per  rain per  mg phosphol ip id .  

b n m o l / m g  phosphol ip id .  
c ~ m o l  P i / 2 0  rain per  mg phosphol ip id .  
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Fig. 2. The top fraction after subfractionation from control rat. Vesicles with attached ribosomes. A number of free ribosomes and a 
few contaminating smooth vesicles. X40000. 

Fig. 3. The middle fraction after subfractionation from control rat. Intact vesicles, most of them are heavily coated with ribosomes. 
x 40000. 

Fig. 4. The pellet fraction after subfractionation from control rat. Mostly vesicles with a larger size than in the other two fractions. No 
smooth vesicles are visible. X40000. 

Fig. 5. The pellet fraction after subfractionation from methylcholanthrene-treated rat. The appearance of the vesicles is similar to that 
of the vesicles from control rat. A few contaminating lysosomes. X40000. 
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limited to one type of membrane since it is 
observed in all subfractions. The amount of both 
cytochromes is significantly increased in all sub- 
fractions of roug h microsomes. Cytochrome P-450 
(measured as P-448) increases 4-5-times in the 
fractions and the specific amount in the top frac- 
tion is more than twice as much as in the pellet 
after induction. 

Rough microsomal membranes are rich in phos- 
phatidylcholine and phosphatidylethanolamine 
(PE) which make up 55% and 28% of the total 
phospholipids, respectively (Table III). Phos- 
phatidylinositol, particularly phosphatidylserine, 
and sphingomyelin are present only in small 
amounts. Induction results in an increase of all the 
individual lipids in the total rough microsomes, 
thus maintaining the percent distribution of the 
lipids. The phospholipid pattern in the membranes 
of the three subfractions is identical both qualita- 
tively and quantitatively (Table III). After induc- 
tion there is a sizeable increase in the amount of 
lipids both in the top and in the middle fractions 
while the amount is practically unchanged in the 
pellet. The distribution of the individual lipids in 
all subfractions is identical indicating that the 
induction resulted in a change in membrane 
amount and enzyme content but not in membrane 
phospholipid composition. 

In order to obtain information about the in- 
tramembranous arrangement of PE in the subfrac- 
tions, experiments with the bifunctional reagent 
D FD NB  were performed and the interaction of 
PE was analyzed (Table IV). In total microsomes 
about 2 /3  of the lipid is cross-linked to protein 
and the major part of the remaining PE is in 
monomer form when 0.75 mM DFDNB is em- 
ployed. This concentration of reagent was found 
to give, after titration, maximal cross-linking of PE 
to protein. The results were very similar when the 
three rough microsomal subfractions were in- 
cubated. The majority of PE could be cross-linked 
to protein, and the amount of dimers, PE-DNP-PE 
and PE-DNP-PS, represented only minor frac- 
tions. 

The enzyme composition of microsomal mem- 
branes is greatly changed by methylcholanthrene 
induction as described in Table V. It is well estab- 
lished that in newborn rat several microsomal 
enzymes are synthesized in accelerated extent after 

TABLE III 

PHOSPHOLIPID COMPOSITION OF R O U G H  MICRO- 
SOMAL SUBFRACTIONS 

The lipids were separated by two-dimensional thin-layer chro- 
matography,  developed with ch lo roform/methano l /ace t i c  
ac id /water  (106 : 50 : 12 : 6, v /v )  in the first direction and with 
c h l o r o f o r m / a c e t o n e / m e t h a n o l / a c e t i c  a c i d / w a t e r  
(50 : 20 : 10:10 : 5, v /v )  in the second direction. The individual 
spots were used for phosphate  measurements.  The results are 
the means of five experiments. PC, phosphatidylcholine; PE, 
phosphatidylethanolamine; PI, phosphatidylinositol; PS, phos- 
phatidylserine; Sph, sphingomyelin. 

Fractions Phospho- Lipid P 
lipid 

Control 

t~g/g % of 
liver total 

Methyl- 
cholanthrene- 
induced 

vtg/g  % of 
liver total 

Total PC 47.5 55 60.8 50 
PE 24.2 28 36.5 30 
PI 9.5 11 14.6 12 
PS 3.4 4 6.1 5 
Sph 2.6 3 3.6 3 

Top PC 18.6 58 28.3 59 
PE 9.6 30 13.9 29 
PI 2.3 7 4.3 9 
PS 1.3 4 1.5 3 
Sph 0.7 2 0.5 1 

Middle PC 5.6 56 18.2 57 
PE 3.1 31 9.6 30 
PI 1.0 10 3.5 11 
PS 0.2 2 1.0 3 
Sph 0.2 2 0.3 1 

Pellet PC 14.6 57 17.9 56 
PE 7.2 28 8.6 27 
PI 2.0 8 2.9 9 
PS 1.3 5 1.6 5 
Sph 0.5 2 1.0 3 

birth while others increase slowly [25]. Also, after 
phenobarbital induction the enzymes of the hy- 
droxylating system are trebled in the first 3 days 
[26]. As indicated in Table V, none of these 
processes of increased enzyme synthesis change 
the PE content in the membrane. However, the 
cross-linking pat tern after incubation with 
D F D N B displays a considerable change. In all 
three cases, characterized by enzyme and also by 
membrane induction, the interaction of PE with 
proteins decreases and the amount of monomers 
and dimers increases. 
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TABLE IV 

CROSS-LINKING OF PHOSPHATIDYLETHANOLAMINE IN ROUGH MICROSOMAL SUBFRACTIONS WITH 1,5-DI- 
FLUORO-2,4-DINITROBENZENE (DFDNB) 

The individual fractions were incubated with 0.75 mM DFDNB and after lipid extraction the individual lipid derivatives were 
separated on two-dimensional thin-layer chromatography on silica gel plates (Merck). The chromatogram was developed in the first 
direction with chloroform/methanol/water (130:45:8, v/v) and in the second direction with chloroform/acetone/methanol/acetic 
acid/water (50:20: 10: 10:5, v/v). The values are the means of four experiments. PE, phosphatidylethanolamine; PS, phosphati- 
dylserine; FDNP, fluorodinitrophenyl; DNP, dinitrophenyi. 

Fractions Percentage of total PE 

Monomer Dimer Dimer Protein 
PE-FDNP PE-DNP-PE PE-DNP-PS PE-DNP- 

protein 

Total microsomes 26 9 2 63 
Rough microsomes 

Top 25 10 2 63 
Middle 24 12 2 64 
Pellet 27 8 3 65 

TABLE V 

INTERACTION OF 1,5-DIFLUORO°2,4-DINITROBENZENE WITH MICROSOMAL PHOSPHATIDYLETHANOLAMINE 
AFTER VARIOUS TYPES OF INDUCTION 

Total microsomes were prepared from the control, newborn and drug-treated rat livers and incubated with the DFDNB concentration 
that gave a maximal cross-linking of PE to protein. The probe concentration in the control microsomes was 0.75 mM and for 
newborn, methylcholanthrene- and phenobarbital-induced microsomes 0.5 mM DFDNB was used. The values are the means of six 
experiments. PE, phosphatidylethanolamine; PS, phosphatidylserine; PL, phospholipid; FDNP, fluorodinitrophenyl; DNP, di- 
nitrophenyl. 

Rat Treatment PE Percentage of total PE 
% of 
total Monomer Dimer Dimer Protein 
PL PE-FDNP PE-DNP-PE PE-DNP-PS PE-DNP- 

protein 

Adult None 28 26 9 2 63 
Newborn 

(2-day-old) None 27 33 22 3 42 
Adult Methylcholanthrene 30 32 17 2 48 
Adult Phenobarbital 28 32 17 2 39 

Discussion 

A simple procedure for the isolation of three 
rough microsomal subfractions from rat liver is 
described. The method showed three fractions to 
have an identical phospholipid but a heterogenous 
enzyme distribution. Both total and rough micro- 
somes were previously subfractionated with differ- 

ent types of gradient centrifugation [2]. It was 
established that both microsomal fractions contain 
vesicles with heterogenous enzymic composition. 
The results of our experiments are in agreement 
with those of previous ones and demonstrate that 
heterogeneity is a relative concept. No  single sub- 
fractions of microsomes contain only one set of 
enzymes because of the limited size of individual 
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enzyme patches within the vesicle membrane 
structure. The individual subfractions in these ex- 
periments were enriched 2-3-times in respect to 
enzyme activity or content in comparison with an 
other subfraction which is in agreement with the 
heterogeneity obtained in other investigations [3,5]. 
An arbitrary discontinuous gradient is naturally 
less suitable for the analytical study of enzyme 
distribution pattern, but such a system is a necess- 
ity in studies involving chemical measurement. 
Some phospholipids are present in microsomes 
only as 2-3% of the total and their quantitative 
analysis is limited by the amount or nature of the 
microsomal material. The procedure described in 
this paper represents a simple way to separate the 
main subfractions of rough microsomes. 

In contrast to the enzymic heterogeneity, the 
isolated subfractions exhibit a homogenous distri- 
bution of the different types of phospholipids. The 
conclusion is, therefore, that the microsomal mem- 
brane in the lateral plane does not display a het- 
erogeneous distribution of phospholipids which is 
in sharp contrast to the protein pattern. One may 
argue that submicrosomal particles can display 
some lipid heterogeneity since enzyme heterogene- 
ity increases when microsomal vesicles are frag- 
mented and the submicrosomal particles are sub- 
fractionated. However, there is no reason to be- 
lieve that enzyme and lipid heterogeneity is a 
parallel phenomenon. 

One of the main functions of phospholipids in 
membranes is regulation of the activities of in- 
tegral membrane enzymes [27]. If a large amount 
of lipids is associated functionally .with enzymes 
and these enzymes possess a specificity for a type 
of phospholipid, one would expect compartmen- 
talization and probably also heterogeneous distri- 
bution in the lateral plane. In fact, it has been 
proposed, based on experiments with reconstituted 
model membranes, that the main function of phos- 
phatidylethanolamine is the association with and 
activation of cytochrome P-450 [ 12,13]. This cyto- 
chrome represents as much as 4-5% of the micro- 
somal protein and after induction its amount in- 
creases 3-4-fold [28]. The enzyme should interact 
with the major part of the PE if this lipid is the 
specific component of the lipid P-450-protein 
complex. Since we do not know the number of 
lipid molecules associated with P-450 in the mem- 

brane, it is not possible to calculate the amount of 
PE which is utilized for activation of the hydrox- 
ylation system, but this portion of PE would prob- 
ably represent a major part of the total. If this is 
the case one would expect some heterogeneity 
concerning distribution of PE in the rough micro- 
somal subfractions where P-450 distribution is 
highly heterogeneous particularly after methyl- 
cholanthrene treatment. In our analysis we were 
unable to detect a distribution pattern of PE which 
indicates that P-450-rich subfractions are preferen- 
tially assocaited with the amino lipid. Also, in 
other types of P-450 induction such as pheno- 
barbital treatment and induction after birth, the 
PE amount in the membrane is identical with that 
of the control. 

Nearest neighbour analysis of membrane 
aminophospholipids with bifunctional reagents 
gave valuable information on the lipid arrange- 
ments within erythrocyte membrane [29] and the 
use of DFDNB gave interesting results concerning 
microsomal membranes. In direct opposition to 
the erythrocyte studies, the microsome studies, 
including total microsomes, rough microsomes and 
rough microsomal subfractions, all showed that 
the majority of PE can be cross-linked to proteins 
and both PE dimers and PE interaction with PS 
were negligable. On the other hand, induction 
occurring after birth or xenobiotica change PE 
arrangement as indicated by the considerably 
decreased interaction of PE with protein. Subtle 
changes in the membrane make-up during mem- 
brane synthesis can be detected by application of 
this probe. 

The experimental data in this paper are in 
contradiction with the idea that PE is functionally 
and structurally associated with cytochrome P-450. 
In all the induction processes studied here, there is 
a rapid increase in the amount of P-450 and at the 
same time, the PE-DNP-protein complex exhibits 
a sizeable reduction. The experiments with the 
cross-linking reagent DFDNB indicate a distribu- 
tion pattern of PE which differs considerably from 
that of the erythrocyte membrane. A compartmen- 
talization of phosphatidylinositol and -chohne was 
previously suggested in microsomal membranes 
[30,31] and this type of arrangement is probably 
also valid for the microsomal phosphatidyletha- 
nolamine. 
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