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The terminal component of the mixed function oxygenase system, namely cytochrome P-450 
undergoes degradation in membranes of the endoplasmic reticulum of the liver both under nor- 
mal physiological conditions (in the course of circadian rhythms, after the action of mono- 
oxygenase inducers), and during the development of various pathological states (avitaminosis 
E, ischemia and reoxygenation, radiation injury, the action of halogen derivatives of alkanes, 
etc.) [i, 4, 6, 8, 9, ii]. 

It has recently been shown that a process of lipid peroxidation (LPO) participates in 
this degradation [3-5, 12]. llowever, it is still not clear whether LPO is the trigger mech- 
anism of disassembly of cytochrome P-450 or whether it is directly responsible for its de- 
struction. Accordingly, in the investigation described below, the connection between process- 
es of proteolytic degradation of cytochrome P-450 and LPO was studied. 

v EAPERIMENTAL HETHOD 

Noninbred male albino rats weighing 130-150 g were used. For induction a solution of 
phenobarbital in water in a dose of ]50 mg/kg or a solution of 20-methylcholanthrene in olive 
oil (80 mg/kg) was injected intraperitoneally into an animal. The microsomal fraction of rat 
liver was isolated by differential centrifugation [2] on Yanezki-21 (East Germany) and Beckman 
L-5 (USA) centrifuges. The content of cytochrome P-450 was determined by the method in [i0] 
on an Aminco dW-uV-vis spectrophotometer (USA), using a coefficient of molar extinction of 
91 ~l-l.cn -I Trypsin was used for proteolysis in concentrations of 1 • 10 -6 M and 2 x 10 -5 

M. This process was stopped by the proteolysis inhibitor phenylmethylsulfonyl fluoride. Mi- 
crosomes were incubated in nledium containing 0.5 mM NADPII (NADII, ascorbate), 0.1M NaCI, 50mM 
Tris-llCl (pli 7.4, 37~ and i0 ~M FeS04. The reaction was triggered by addition of protein 
in a concentration of 1 ng/ml. All components of the medium except NADPH (NADII, ascorbate) 
were added to the control sample. Incubation was carried out at 37~ with constant stirring. 
Samples for assay of LPO products (from the quantity of malonyl dialdehyde (MDA) formed) [7], 
were taken at definite time intervals. The ~A content was determined from the absorption 
spectrum at 535 nm (coefficient of molar extinction 1.56 • lO s M-1"cm -~) on a Specord spectro- 
photometer (East Germany). If necessary LPO was stopped by the addition of the antioxidant 
4-methyl-2,6-di-tert-butylphenol in a concentration of 5 x 10 -4 M. The protein content in 
the microsomes was determined by the biuret method, using bovine serum albumin as the standard. 

EXPERIMENTAL RESULTS 

Curves showing degradation of cytochrome P-450as a result of the action of trypsin on 
native nicrosomes (curves 4 and 5), and also on membranes previously subjected to LPO, are 
given in Fig. I. It will be clear from Fig. 1 that the process of proteolytic degradation 
takes place in two phases: during the first 1-3 min cytochrome P-450 was destroyed rapidly 
(v = 0.03 nmoles/mg protei~/min), but later the velocity of degradation fell practically to 
0 under the influence of trypsin in a concentration of 1 • 10 -6 M, and to 0.08 and 0.0036 
nnoles/mg protein/min under the influence of trypsin in a concentration of 2 x 10 -5 M. Under 
the conditions of proteolysis chosen about 81% of cytochrome P-450 was virtually inaccessible 
for trypsin in a concentration of 1 • 10 -6 M and 60% in a concentration of 2 x 10 -5 M, even 

after i0 nin of proteolysis. 

M. V. Lomonosov ~ioscow State University. (Presented by Academician of the Academy of 
Medical Sciences of the USSR V. V. Kovanov.) Translated from Byulleten' Eksperimental'noi 
Biologii i Meditsiny, Vol. 95, No. 6, pp. 53-55, June, 1983. Original article submitted July 

28, 1982. 

782 0007-4888/83/9506- 0782507.50 �9 1983 Plenum Publishing Corporation 



90 \ .  

80 I \ \ '~- . 

20 " ' - q  s 

100 J b 

90 

7O 

SO 

qO 

3O 

20 1 

/o ~ 2 
$ 

o > 's 6 

Fig. i. Degradation of cytochrome P-450 during proteolysis 
by trypsin in concentrations of 1 x 10 -6 M (a) and 2 x 10 -5 
M (b). i, 2, 3) After preliminary induction of NADPH-depen- 
dent LPO: i) 2.8 nmoles t~A/mg protein, 2) 4.1 nmoles )~A/ 
mg protein, 3) i0 nmoles i.~A/mg protein; 4, 5) with the same 
concentrations of trypsin and without induction of LPO; 6) 
during induction of LPO in the absence of trypsin. Abscissa, 
incubation time (in min); ordinate, changes in degradation of 
cytochrome P-450 (in %). 

TABLE i. Degradation of Cytochrome P-450 
during Accumulation of 1 r~i IiDA in Rat Liv- 
er Microsomes during First 5 rain of Incuba- 
tion (M i m) 

System of LPO induction 

NADPH (0.5 raM) + Fe ++ 
(10 ~M) 

NADH (0.5 raM) + Fe** 
(10 #M) 

Ascorbal:e (0.5 raM) + Pe ++ 
( i0  #M) 

Velocity of degradation 
of cvtochrome~P- 450, 
nmoteTmg p ro te in / r a in  

(2xlo-  M) 
] M) 

O, t58• 0,034 

O, 152• 

0,076+0,020 

O, 183 + -- 0,037 

0,17I+-0,027 

0,t01--+0,022 

As a result of the combined action of trypsin and LPO two effects were observed: ac- 
celeration of the rapid reaction of cytochrome P-450 degradation and increase in the acces- 
sibility of cytochrome P-450 for protease. 

The quantity of cytochrome P-450 destroyed as a result of the combined action of LPO and 
trypsin was greater than the resultant of these factors taken separately, i.e., it was nonad- 
ditive. These effects were intensified during accumulation of LPO products and an increase 
in the protease concentration (Fig. i, 1-3). The effectiveness of degradation of cytochrome 
P-450 as a result of LPO, it will be noted, depended on the method of induction of free-rad- 
ical oxidation of lipids, and diminshed in the order NADPH > NADH > ascorbate-dependent 
LPO (Table i). The results are evidence of an increase in the velocity of proteolysis and 
in the accessibility for proteases of cytochrome P-450 in noninduced native membranes of liv- 
er microsomes. In a similar series of experiments with the microsomal fraction from the liver 
of rats induced beforehand with phenobarbital or 20-methylcholanthrene, it was shown that 
NADPH-dependent LPO also accelerates degradation and increases the accessibility of cvtochrome 
P-450 for proteases; in this case, moreover, the effectiveness of absence of LPO products was 
found to be higher than in microsomes obtained from noninduced animals (Table 2). Practical- 
ly total disassembly of cytochrome P-450 took place as soon as 3.1 nmoles ~DA/mg protein had 
accumulated in the membrane (in the case of noninduced microsomes i0 nmoles ~A/mg protein). 
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TABLE 2. Changes (in %) in Accessibility 
of Cytochrome P-450 for Proteolytic Degrada- 
tion Induced by NADPH-Dependent LPO in Liver 
Hicrosomes during Incubation for 5 min 
(M • m) 

Method of induction of 
microsomes 

Noninduced 

Induced by phenobarbital 
Induced by 20-methylcholan- 

threne 

Trypsin concentration 

1.10--~M 2.10--6 M 

54~2 71• 

61+--2 94+--3,5 

52--+5 100--6,2 

Consequently, both in induced and in native microsomal membranes LPO may behave as a 
factor which sharply increases the effectiveness of proteolytic degradation of cytochrome P- 
450. The essential point is that the converse also proved to be true, namely: as a result 
of minimal preliminary proteolysis (2 min) the velocity of subsequent degradation of cytochrome 
P-450 was sharply increased during accumulation of endogenous LPO products (Table i). Reac- 
tions of LPO and the action of proteases are thus two mutually potentiating processes which, 
together, sharply increase the velocity of degradation of cytochrome P-450 and its acces- 
sibility for disassembly, and the LPO process itself can be regarded as a trigger mechanism 
making particular forms of cytochrome P-450 accessible for endogenous proteases. 

LITERATURE CITED 

i. A. V. Alesenko,M. V. Bilenko, E. B. Burlakova, et al., Vestn. Akad. Med. Nauk SSSR, No. 
i, 61 (1976). 

2. A. I. Archakov, V. H. Devichenskii, I. I. Karuzina, et al., Biokhimiya, No. 3, 479 
(1968). 

3. V. P. Beriya, V. E. Kagan, Yu V. Arkhipenko, et al., Biofizika, No. 2, 238 (1975). 
4. D. M. Velikhanova, V. E. Kagan, and M. V. Bilenko, Byull. Eksp. Biol. Med., No. 9, 50 

(1981). 
5. V. E. Kagan, S. V. Kotelevtsev, and Yu. Kozlov, Dokl. Akad. Nauk SSR, 217, No. i, 213 

(1974). 
6. A. G. Platonov, O. V. Vasilenko, M. Ya. Alakhaya, et al., Byull. Mosk. Obshch. Ispyt. 

Prir., p. 43 (1978). 
7. I. D. Stal'naya and T. G. Garishvili, in: Modern Methods in Biochemistry [in Russian], 

Hoscow (1977), p. 58. 
8. P. I. Cassi, J. M. Hauswith, and P. P. Mair, Ann. N.Y. Acad. Sci., 203, 93 (1972). 
9. B. G. Lake, J. M. Tredger, li.D. Burke, et al., Ann. Biol. Interact., 12, 81 (1976). 

i0. T. Omura and R. Sato, J. Biol. Chem., 239, 2379 (1964). 
Ii. Y. Oyanagui, N. Sato, and B. Hagihara, Cancer Res., 34, 458 (1974). 
12. T. F. Slater, Free Radical Mechanisms in Tissue Injury, London (1972), p. 237. 

784 


