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This study indicates for the first time the presence of cytochrome P450 in the microsomes 
of Euglena grown in lactate medium and substantiates the use of Euglena as a hepatic cell 
model. Similar effects of ethanol on Euglena and on rat hepatic microsomes were dem- 
onstrated: (i) decrements in the quantities of FA per milligram of proteins; (ii) increases 
in the proportions of PE; (iii) decreases in the proportions of PC; and (iv) production of 
cytochrome P450, degraded in P420. The citrulline-malate reestablishes in the microsomes 
the phospholipid environment and the cytochrome P450 concentration. These findings il- 
lustrate that the complex acts on the lipid peroxidation via the changes in cytochrome P450 
activity. 0 1991 Academic Press, Inc. 

The effect of ethanol on lipids of Euglena cells was an increase of neutral lipids 
rich in unsaturated FA,3 an alteration of the proportions of PC and DPG, and 
modifications in the elongation-desaturation system, changing the FA distribution. 
The stoichiometric combination of o,L-malic acid and r.-citrulline, Stimol, corrected 
most of these lipid changes (1). 

Euglena is a good hepatic cell model. It contains a PEP carboxykinase that is 
GTP dependent (2) and high contents of arachidonic, eicopentaenoic, and do- 
cosohexaenoic acids (3). 

Hepatic cells are able to oxidize ethanol by several mechanisms (4-6); among 
which is the microsomal ethanol oxidizing system (MEOS), requiring the cyto- 
chrome P450. Phospholipids and cytochrome P450 were studied in microsomal 

’ This work is the third of a series using Euglena as an hepatic cell model. 
* To whom correspondence should be addressed. 
’ Abbreviations used: CM, citrulline malate (Stimol); DPG, diphosphoglycerol; FA, fatty acid; PC, 

phosphatidylcholine; PE, phosphatidylethanolamine; PS, phosphatidylserine; n-3 pathway, sum of 16:3 
(A 7,10,13), 18:3 (A 9,12,15), 20:3a (A 11,14,17). 20:4a! (A 8,11,14,17), 20:5 (A 5,8,11,14,17), 22:5 
(A 7,10,13,16,19) and 22:6 (A 4,7,10,13,16,19); n-6 pathway, sum of 18:2 (A 9,12), 20:2 (A 11,14), 
20:3-y (A 8,11,14), 20:4-y (A 5,8,11,14), 22:4 (A 7,10,13.16) and 22:5 (A 4,7,10,13,16). 
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fractions of Euglena grown with lactate and ethanol and the effect of Stimol was 
followed. 

EXPERIMENTAL 

Cell Cultures 

Euglena gracilis was grown at 25°C in a mineral medium, pH 3.5 (7), containing 
either 33 mM lactate (control conditions) or 50 mM ethanol. The initial cell titer 
was standardized to 3 X lo4 cells per milliliter. Stimol (1.5 mM) was eventually 
added. 

Microsomal Fractions 

At Day 3, pellets (1OOOg for 10 min) were resuspended to 10’ cells per milliliter 
in 0.25 M sucrose, 1 mM Tris-HCl, 1 mM EDTA, at pH 7.5, and sonicated at 4°C 
for 5 x 20 set at 8 kilocycles. The supernatant of a 9OOOg for 20 min centrifugation 
was centrifuged again at 100,000g for 60 min. The microsomes of the pellet were 
resuspended in sodium phosphate buffer: 100 mM NaH,PO,, 10 mM MgC&, and 
20% glycerol (v/v), pH 7.4, at 25 mg of proteins per milliliter (Bradford’s method 
(8)). 

Cytochrome P450 Measurement 

In a spectrophotometer (Kontron Uvikon 860) a difference spectrum of an 
initially reduced microsomal fraction was carried out after the bubbling of carbon 
monoxide in one of the cuvettes. The absorbance difference, A450-A500, allowed 
the calculation of the cytochrome P450 concentration in nanomoles per milligram 
of microsomal proteins using the absorption coefficient of liver microsomal cy- 
tochrome P450 (9). 

Lipid Analysis 

Extraction of total lipids of microsomal fractions (2 to 3 mg of proteins), 
separation of classes (25 mg of proteins) on TLC plates, esterification and meth- 
ylation of FA, identification, and quantification were previously described (1). 

RESULTS 

All analyses were done in triplicate on microsomes of cells (gathered at Day 
3) grown on lactate, L, or ethanol, E, or ethanol plus Stimol, ECM. 

Contents and Distributions of the Polar Lipids Classes 

The substrate ethanol depressed the total lipid content of microsomes by 20% 
(Table 1). Stimol corrected FA levels to those of the control. 

The ethanol decreased the PC levels, whereas the PE levels remained constant; 
the PC/PE ratio varied from 2.8 to 2.0. The effect of Stimol was to equilibrate 
both levels. 

Fatty Acid Distributions in the Polar Lipid Clusses 

Detailed distributions of the main FA of the microsomes, expressed as per- 
centage of the total FA of PC and PE, are presented (Fig. 1). The 16:0, 20:5, 
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TABLE 1 
Total Fatty Acids, and PC and PE Contents of microsomes, expressed in micrograms 

(milligrams proteins) ~’ 

Culture media 

Lactate Ethanol Ethanol + CM 

Total fatty acids 252 200 258 
PC content 137 95 109 
PE content 49 47 43 
PC/PE 2.8 2.0 2.6 

Note. The PC/PE ratios are also indicated. 

and the 20:4y were the major FA of PC. Ethanol depressed the proportions of 
16:0, 18:1, 20:3a, 20~5, and 22:6 to the benefit of 20:3-y, 20:4-y, and 22:5: the 
effect was partially corrected by Stimol. 

In PE, rich in 18:1, 20:4y, 20:5, 22:6, and 16:0, a drastic increase in the 
proportions of 16:0 to the detriment of all FA occurred in the presence of ethanol. 
Compared to the control, the complex buffered the proportions of 16:0, 18: 1, 
and 20: 4 and fully reestablished the proportions of 20 : 5 and 22: 6. 

The n-3 and n-6 pathways in PS, PC, and PE 

The sums of percentages of the FA in PS, PC, and PE have been considered 
in the three microsomal types. Figures 2A and 2B present the n-3 and n-6 path- 
ways: the numbers indicate the FA contents in micrograms of FA per milligram 
of proteins. 

The ethanol depressed both distributions and quantities of unsaturated FA in 
the n-3 pathway in each class (Fig. 2A). The Stimol reinforced these effects in 
PS, but corrected them in PC and PE (Fig. 2A). 

The ethanol enhanced the proportions of both PS and PC unsaturated FA of 
the n-6 pathway (Fig. 2B), while it weakly decreased those of PE. The complex 
reestablished the FA percentages to those of the control. In the three phospho- 
lipids, ethanol with or without Stimol induced very weak variations in the quantities 
of n-6 FA. 

Cytochrome P450 Measurements 

An extremely weak absorbance at 420 nm and a high absorbance at 450 nm 
characterized the microsomal fractions from lactate cells: the cytochrome P450 
content was about 0.069 nmole per milligram of proteins. In ethanol-grown cells, 
the P42O/P450 ratio was 1.4 and the P450 quantity was 0.155 nmole/mg of proteins, 
a ratio which decreased to 1 and the quantity to 0.135 nmole/mg of proteins when 
Stimol was added. 

DISCUSSION 

It has been demonstrated that feeding Euglena cells with ethanol induced an 
increase of FA from the n-6 pathway to the detriment of the n-3 pathway (l), 
but could be corrected by the addition of Stimol (1). Similar lipid changes have 
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FIG. 1. Fatty acid distributions, expressed .in percentages, in microsomal PC and PE classes. The 
three types of culture were studied at Day 3: L, lactate; E, ethanol; ECM, ethanol plus Stimol. Data 
are representative of triplicate experiments. The bars indicate error + 15%. 

been reported in both microsomal and mitochondrial fractions of hepatic cells 
extracted from rats fed ethanol (lO,ll), as well as qualitative changes (12) and 
increases of cytochrome P450. 

In Euglena, the ethanol provoked a decrease of 20% in the total microsomal 
FA content (Table l), as well as variations in the FA compositions of the mi- 
crosomal PC and PE (Fig. 1). In PS and PC decreases of the 16: 0 and 18: 1 
contents and proportions were observed (Fig. l), simultaneous with production 
of unsaturated FA belonging to the n-6 pathway (Fig. 2B). The 20:4/X3:2 and 
18 : l/16 : 0 ratios (Table 2), which characterize the hepatic desaturation-elongation 
systems (13,14), were reinforced by ethanol. In the PE, these ratios were weak- 
ened, but there was a great increase in the 16: 0 to the detriment of the unsaturated 
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FIG. 2. Fatty acid distributions in percentages in the n-3 pathway (A) and n-6 pathway (B) of the 

microsomal PS, PC, and PE classes. The numbers inside the bars indicate the corresponding content 
in micrograms per milligram of proteins. Cells were grown in the three types of media: L, lactate; 
E, ethanol; ECM, ethanol plus Stimol. All data are representative of triplicate experiments. The bars 
indicate error 2 11%. 

FA belonging to both the n-3 and n-6 pathways (Table 2). Such observations 
indicated simultaneous inhibition in PE or activiation in PC of the A5, A6, and 
A9 desaturases, which function with the same electron transport system (14). 

Techniques specific to human and rat cytochrome P450 (16, 17) showed that 
the microsomal fractions of Euglena grown in lactate medium (Fig. 3) have a 
similar cytochrome P450. As on rat hepatic cells (13), the first exposure to ethanol 
doubled the cytochrome P450 content. The high P420 absorbance, observed in 
microsomes of ethanol-treated Euglena cells (Fig. 3), is indicative of a strong 
degradation (l&19) of the cytochrome P450. 

In Eugfena and rat liver microsomes, the ethanol-induced variation of PC and 



268 BRIEF COMMUNICATION 

TABLE 2 
Modifications of Some Parameters of Microsomal PC and PE 

Culture media 

Lactate Ethanol Ethanol + CM 

PC 
18: l/16:0 
20:4(n-6)/18:2(n-6) 
20:4(n-6)/20:5(n-3) 
22:5(n-6)/22:6(n-3) 

PE 
18: l/16:0 
20:4(n-6)/18:2(n-6) 
20:4(n-6)/20:5(n-3) 
22:5(n-6)/22:6(n-3) 

0.36 0.32 0.32 
13.79 24.74( + ) 26.63 
0.92 1.68( +) 1.25* 
1.46 2.20( +) 1.63* 

1.46 0.59( -) 1.43* 
5.59 4.77( -) 4.74 
1.22 1.13 1.12 
1.62 3.08( +) 1.58: 

Note. The ratio values are calculated from the percentages in the considered class. (+) Activation 
or (-) inhibition of desaturases. 

* Significative effect of Stimol. 

PE were identical (10,14) with enhancement of the NADPH-cytochrome c re- 
ductase activity. This enzyme, which participates in membrane lipid metabolism, 
is linked to cytochrome P4.50, as is the MEOS system which oxidizes the ethanol 
(20,21). The activity of membrane-bound enzymes, involving transport of electrons 
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FIG. 3. Absorption spectrum on microsomal fractions from Euglena cells grown in the presence 

of lactate, or ethanol, or ethanol plus citrulline-malate (ETH + CM). 
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through cytochrome P450, may be affected by the lipid environment involving 
microsomal phospholipids (22) and particularly the PC (23). 

Recently, Western blots have shown that Euglena contains several isoenzymes 
of cytochrome P450 that are recognized by antibodies of human or rat cytochrome 
P450 (in preparation). 

The complex acts on the elongation-desaturation systems of phospholipids and 
particularly PC (Table 2). The Stimol equilibrates the FA concentrations of PC 
and PE of the n-3 pathway (Fig. 2A) and those of PS and PC of the n-6 pathway 
(Fig. 2B). Moreover, it restores the levels of microsomal FA per milligram of 
proteins to those of the control; it also corrects finally the contents in PC and 
PE (Table 1) and it buffers the degradation of P450 to P420 that is induced by 
ethanol. 
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