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SUMMARY: Extraction of lyophilized microsomes from 3-methylcholanthrene treated rats 
with n-butanol and acetone removed all of the neutral l ip id ,  80% of the phosphatidyl- 
choline and phosphatidylethanolamine, and 75% of the total phospholipid phosphorus. 
Recoveries of cytochrome P-448 and NADPH-cytochrome c reductase were 70-85%. The 
3,4-benzpyrene hydroxylase act iv i ty  was reduced to 40-60% of control and could be re- 
stored to fu l l  act iv i ty  by the addition of liposomes of total microsomal l ip id ,  or 
synthetic phosphatidylcholine. These results indicate that l ip id  is an essential 
component of the microsomal hydroxylation system. 

Several studies in recent years have demonstrated a l ip id dependency of the 

mixed-function oxidase system of l iver  microsomes. The reconstituted system of 

Lu et al requires phosphatidylcholine for maximal act iv i ty  ( I-3).  In addition, treat- 

ment of microsomes with phospholipase C or iso-octane, which results in removal of 

phospholipid, decreases the metabolism and binding of type I compounds (4-6). Some of 

these data have been challenged recently by Cater et al (7) who have found that deoxy- 

cholate inhibits the metabolism of type I compounds and that phosphatidylcholine can 

relieve this inhibit ion. Since in the resolved system the cytochrome P-450 and reduc- 

tase were fractionated in the presence of deoxycholate, the role of l ip id  could be th~ 

of relieving the inhibit ion caused by the detergent. 

In order to understand the mechanism of hydroxylation, i t  is necessary to 

establish i f  l ip id  is an essential component of the mixed-function oxidase system. 

Therefore, we have developed a method for removing l ip id without the use of detergent 

or phospholipase C treatment. This study reports the removal of l ip id  with organic 

solvent, an accompanying decrease in hydroxylation act iv i ty ,  and a restoration of thai 

act iv i ty  by the addition of either liposomes prepared from total microsomal l ip id ,  or 

synthetic phosphatidylcholine. 
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METHODS: Livers from 3-methylcholanthrene treated (25 mg/kg/day, 3 days) 

l le ,  Long-Evans rats (180-200 g) were homogenized in 4 volumes of 1.15% KCI. The 

icrosomal pe l le t  was washed in 1.15% KCI and f i n a l l y  suspended in d i s t i l l ed  water 

x l i ve r  weight) and lyophi l ized. The evacuated flasks were flushed with Argon and 

:ored in a desiccator at -20°C for a maximum of one week. 

Extraction of l i p id  from microsomes: In a typical experiment, 250 mg of 

iophil ized microsomes (containing 120 mg protein) were homogenized with 25 ml of 

-butanol (Matheson, Coleman & Bel l ,  pest ic idequal i ty ,  East Rutherford, New Jersey) 

~d centrifuged at 35,000 x g for 5 minutes. The pel le t  was rinsed twice with 25 ml 

F acetone (Matheson, Coleman & Bel l ,spect roqual i ty ) ,  and the f inal  acetone suspension 

i l tered in a Buchner funnel. The f ine,  cream-colored powder was dried under N 2 and 

ten placed in a desiccator under vacuum at 4°C for 30 minutes. The centrifuge and 

II solvents were kept at -20°C, and the ent ire procedure was carried out at 4°C. The 

rocedure must be performed under s t r i c t l y  anhydrous conditions for minimal loss of 

itochrome P-448 and NADPH-cytochrome c reductase. The dried powder was homogenized 

i 60 ml of 0.I M potassium phosphate buffer,  pH 7.7, and sonicated at 4°C for f ive 5- 

~cond intervals.  Control microsomes were prepared by homogenizing 130 mg lyophi l ized 

icrosomes (containing 60 mg of protein) in 40 ml of the buffer and sonicated as 

~scribed above for a total  of 15 seconds. Sonication served to keep the microsomes 

suspension and was found to be essential for a consistent react ivat ion of the 

/droxylase ac t i v i t y .  Total phospholipid phosphorus present in control and extracted 

icrosomes was determined by the method of Bar t le t t  (8). 

Preparation of liposomes: Total microsomal l i p id  was extracted from 200 mg 

f lyophi l ized microsomes by the method of Bligh and Dyer (9). To prepare liposomes, 

le organic solvent was evaporated under a stream of nitrogen and the dry l i p id  sus- 

~nded in I0 ml of 0.02 M Tris buffer pH 8.1 containing 10 -3 M EDTA. The suspension 

is sonicated for 5 minutes at 4°C under a stream of nitrogen and was then centrifuged 

140,000 x g for 60 minutes to remove any undispersed l i p id .  The result ing sus- 

~nsion contained 4.3 mg/ml of total  l ip id  (determined gravimetr ical ly)  and could be 

tored for one week at 4 ° under nitrogen. 
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Analysis of l i p id  extracts: The l i p id  content of the control and extracted 

microsomes and of the n-butanol extract were analyzed by 14C-labelling experiments and 

by thin layer chromatography (TLC). The detai ls of the methodology are described in 

the legend. 

Other assays: Cytochrome P-448 ( I0) ,  NADPH-cytochrome c reductase ( I I ) ,  

protein (12), and 3,4-benzpyrene hydroxylation (13,14) were assayed by established 

procedures. In experiments in which liposomes of total l i p id  were used to restore 

ac t i v i t y ,  both control and extracted microsomes were pre-incubated with appropriate 

amounts of l i p id  for 45 minutes at 37 ° C. Loss of cytochrome P-448 due to the 

preincubation was less than 10%. 

RESULTS AND DISCUSSION: Extraction of tissues with n-butanol has been used 

previously as a method for removing l i p id  (15-18). Figure 1 shows the thin layer 

chromatograms of control and extracted microsomes and of the n-butanol extract.  

Essential ly a l l  of the neutral l i p id  was removed by the n-butanol extract.  Prelimina~ 

experiments designed to determine the effectiveness of n-butanol in removing l i p id  

showed that approximately 90% of the phosphatidylcholine (PC) and phosphatidyl- 

ethanolamine (PE) were removed by two n-butanol extracts, but as many as f ive extrac- 

tions only pa r t i a l l y  removed the more polar phospholipids, probably consisting of 

phosphatidylinositol (PI) and phosphatidylserine. Although mult iple n-butanol extract 

removed more phospholipids, the react ivat ion of 3,4-benzpyrene hydroxylase ac t i v i t y  

by the addition of microsomal l i p id  was highly variable. Therefore, to obtain con- 

s istent  resul ts,  al l  studies reported here were done after one n-butanol and two 

acetone extractions. As shown in Table I ,  80% of the 14C-PC and 14C-PE, 20% of the 

14C-PI and 70% of the total phospholipid phosphorus were removed by one n-butanol 

and two acetone extractions. 

Cytochrome P-450 and NADPH-cytochrome c reductase in microsomal suspensions 

have been shown to be extremely labi le to organic solvent extractions (17,18). 

However, these two enzymes were remarkably stable when lyophil ized microsomes were 

extracted. The recovery of cytochrome P-448 and the reductase ranged from 70-85% 

(Table I ) .  
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Chromatograms of the neutral l i p id  ( l e f t )  and phospholipids ( r ight )  present in 
control and extracted microsomes and in the n-butanol extract.  Lyophilized 
microsomes (lO0 mg) were extracted with n-butanol (I0 ml) and rinsed with acetone 
(2 x I0 ml). Chloroform: methanol (2:1) extracts of both control (A) and ex- 
tracted (B) microsomes and a comparable al iquot of the n-butanol extract  (C) 
were spotted on s i l i ca  gel-impregnated glass f i l t e r  paper (Gilman Instrument Co.) 
Serum l i p i d  (D) and egg yolk l i p id  (E) were used as standards. Neutral l ip ids  
were chromatographed in an iso-octane: isopropyl acetate (50:1) solvent system; 
phospholipids in a chloroform: methanol:7N ammonia (200:25:3) solvent system. 
Chromatograms were visualized by spraying with H2SO 4 and charring. CE = choles- 
terol esters; TG = t r ig lycer ides ,  C = cholesterol;  FFA = free fa t ty  acids; PL = 
phospholipids; PE = phosphatidylethanolamine; PC = phosphatidylcholine; 
SM = sphingomyelin; PPL = polar phospholipids. 

The enzymatic ac t i v i t y  of microsomes after one n-butanol extract ion and 

tone washings, as measured by the a b i l i t y  to hydroxylate 3,4-benzpyrene, was de- 

~sed to 40-60% of the control ac t i v i t y  (Figure 2). Ac t i v i t y  is expressed as 

les product formed per 5 minutes per nmole of P-448 to correct for the loss of 

48. Both total  l i p i d  liposomes and synthetic phosphatidylcholine (a mixture of 

~- and di lauroyl glyceryl-3-phosphorylcholine, generously furnished by Dr. M. J. Coon) 

tored fu l l  ac t i v i t y  to the extracted microsomes. In the case of total  l i p id  l ipo- 

es, i t  was necessary to preincubate the l i p id  with the microsomes for 45 minutes 
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Table I 

Effect of One n-Butanol and Two Acetone Extractions 
on Various Components of Microsomes 

% Number of 
Components Control Extracted Remaining Experiments 

Cytochrome P-448 (nmoles) 167 138 75 8 
[70-85] 

Reductase (nmoles cytochrome c 17,970 14,675 80 5 
reduced/minute) [70-90] 

Protein (mg) 120 120 I00 3 

14C-Phosphatidylcholine (~Ci) .108 .023 20 2 

14C-Phosphatidylethanolamine (~Ci) .590 .I00 18 2 

14C-Phosphatidyl inositol  (~Ci) .028 .022 80 2 

Total phospholipid phosphorus (mg) 2.16 .60 28 3 

Lyophi l ized microsomes (250 mg) were suspended in 0.I  M potassium phosphate buf- 
fer  pH 7.7 (Control)  or extracted once with n-butanol and twice with acetone and then sus- 
pended in the buffer (Extracted).  Microsomal components were measured as described in 
Methods. The range of recoveries for cytochrome P-448 and reductase is given in brackets. 
In experiments designed to quantiSate the ext ract ion of speci f ic  phospholipids, rats were 
in jected i .p .  with e i the r  12 ~Ci i t - c h o l i n e  (6.2 mCi/mmol), 8.7 ~Ci 14C-ethanolamine 
(2.0 mCi/mmol) or 4 ~Ci 14C-myo-inositol (2.1 mCi/mmol) (New England Nuclear) one hour p r io r  
to sacr i f i ce .  Al iquots of the Control and Extracted microsomes and of the n-butanol ex t rac t  
were then assayed for 14C. 

at 37°C to obtain fu l l  reactivation consistently. No preincubation was required for 

fu l l  reactivation with the synthetic phosphatidylcholine, however. Neither deoxy- 

cholate nor cholate, at concentrations which did not inhibi t  hydroxylation, restored 

act ivi ty to the extracted microsomes. 

These data show conclusively that l ip id is required for fu l l  3,4-benzpyrene 

hydroxylase act iv i ty and that the l ip id requirement is unrelated to either the use of 

detergent or phospholipase C. 
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re 2. Reactivation of 3,4-benzpyrene hydroxylase ac t i v i t y  of n-butanol and acetone 
extracted microsomes by the addit ion of total  microsomal l i p i d  (A) or synthetic 
phosphatidylcholine (B). Total microsomal l i p i d  was preincubated with control 
and extracted microsomes for 45 minutes at 37°C to give consistent react ivat ion.  
The reaction mixture (I ml) contained I00 ~moles potassium phosphate buffer pH 7.3, 
3 ~moles MgCI 2, 0.4 ~moles NADPH, 80 nmoles 3,4-benzpyrene (in 40 ~I acetone), 
0.I0 mg protein, and the indicated amount of total  l i p i d  or phosphatidylcholine. 
The reaction mixture was incubated at 37°C for 5 minutes and 8-hydroxy-3,4- 
benzpyrene determined (13,14). 
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