
and in the supernatant .  A s i m i l a r  pa t tern  also was obse rved  by Ide [61 af ter  d issocia t ion  of deoxyr ibonucleo-  
pro te ins  by x r a y s  in expe r imen t s  in vivo. The r e su l t s  now obtained a re  in ag reemen t  with the view that one 
of the functions of his tones  is to de te rmine  the nuclear  local izat ion of DNA [ 3]. 
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R E S I S T A N C E  OF D I F F E R E N T  F O R M S  OF C Y T O C H R O M E  

P - 4 5 0  OF R A T  L I V E R  T O  F A C T O R S  D E S T A B I L I Z I N G  

T H E  M I C R O S O M A L  M E M B R A N E  

O. A. G r o m o v a ,  N. E .  Z a k h a r o v a ,  
V. V. L y a k h o v i c h ,  a n d  I .  B.  T s y r l o v  

UDC 612.351.11.014.46 

The effect of factors destabilizing the membrane of the liver microsomes on the spectral 
properties of cytochrome P-450 (P-448) was investigated in intact rats and rats receiving 
phenobarbital (PB) or 3-methylcholanthrene (MC). Considerable resistance of microsomes 
induced by PB and MC to enzymic and nonenzymic peroxidation of polyunsaturated fatty acids 
of membrane phospholipids was discovered. A clear difference was shown in the sensitivity of 
cytochrome P-448 and cytochrome P-450 of intact rats and rats receiving PB to in vitro treat- 
ment with sodium deoxycholate. The results indicate structural changes in the microsomal 
m e m b r a n e  during induction by PB and MC, which a re  two dif ferent  types of inducers  of the 
monooxygenases  of the l iver.  

KEY WORDS: cy tochrome P-450;  induction; peroxidat ton of lipids; deoxycholate.  

The system of monooxygenases, responsible for the metabolism of drugs, toxins, and hormones in the 
liver, is a membrane-bound polyenzymic complex with the property of reversibly increasing its activity in the 
response to administration of various xenobiotics to animals [4, 11]. Phenobarbital (PB) arid the polycyclic 
hydrocarbon 3-methylcholanthrene (MC) are representatives of two large chemically heterogeneous groups of 
inducers. The basic differences between the properties of the components of the above-mentioned enzyme sys- 
tem, when induced by PB and MC, have now been sufficiently well described [2, 4, 11], but little information is 
yet  avai lable  on the organizat ion of the m e m b r a n e  s t r u c t u r e s  of the m i c r o s o m e s  and their  mutual  re la t ions  
with the enzymic  complexes .  

Cytochrome P-450 is the t e rmina l  region of the e lec t ron  t r anspo r t  chain in the m i c r o s o m e s  and l ies in 
the hydrophobic zone of the m e m b r a n e  [ 1, 12] ; its action depends on the c h a r a c t e r  of the hydrophobic env i ron-  
ment,  in the c rea t ion  of which a leading role  is played by phospholipids.  
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Fig. 1. Compara t ive  changes in content of CO-binding hemoprote ins  in l iver  m i c r o s o m e s  of intact  
r a t s  (1) and r a t s  rece iv ing  PB (2) or  MC (3) during enzymic  POL. Initial concentra t ion of C-P-450  
0.83 n m o l e / m g  protein,  PB-P-450  2.03 n m o l e / m g  protein,  and P-448 1.56 nmole/~mg protein.  Con- 
centra t ion of m i c r o s o m a l  prote in  1 m g / m l .  Fo r  other conditions, see Table 1. Absc i ssa ,  incuba- 
tion t ime (in min); ordinate,  concentra t ion of cy tochrome P-450 (in % of initial). 

Fig. 2. Effec t  of DOC on convers ion  of control  cy tochrome P-450 and its  induced fo rms :  
1) C-P-450 ;  2) PB-P-450 ;  3) P-448;  4) C-P-420 ;  5) PB-P-420 ;  6) MC-P-420.  Prote in  concen-  
t ra t ion 1 m g / m l .  Absc issa ,  concentra t ion of DOC in incubation medium (in %); ordinate,  concen-  
t ra t ion of cy tochrome P-450 and of i ts  conver ted  fo rm P-420 (in % of initial). 

The object  of this investigation was to study the r e s i s t a n c e  of di f ferent  f o rms  of cy tochrome P-450 to 
act ivat ion of peroxidat ion of polyunsaturated fatty acids of phospholipids and also af ter  t r ea tmen t  of the m i c r o -  
somes  with deoxycholate (DOC), an anionic de te rgent  ruptur ing hydrophobic bonds. 

E X P E R I M E N T A L  M E T H O D  

Male Wis ta r  r a t s  weighing 240-280 g were  used. For  3 days the r a t s  were  given PB-Na  in a dose of 
100 m g / k g  body weight or  MC in a dose of 20 m g / k g  int raper i tonea[ ly .  The l iver  m i c r o s o m e s  were  isolated by 
different ia[  centr i fugat ion [ 14]. A suspension of m i c r o s o m e s  containing 30-50 m g  p ro t e in /ml  was kept at 
0-4~ during the exper iment .  Pro te in  was de te rmined  by Lowry ' s  method [10]. The Content of cy tochromes  
P-450,  P-448,  and 1)-420 was de te rmined  spec t ropho tomet r i ca l ly  by the method of Omura  and Sato [ 12] on a 
Model 356 (Hitachi) dua l -beam different ia l  spec t ropho temete r .  Aseorba te -  and NADPH-dependent  peroxidation 
of l ipids (POL) were  act ivated by the method of Hochstein and E r n s t e r  [7].  The ra te  of oxygen uptake at 26~ 
was de te rmined  on the LP-60  po la rograph  with a s ta t ionary  platinum elec t rode;  the accumulat ion of malonic 
dia[dehyde (MDA) also was r eco rded  [13]. To de te rmine  the r e s i s t ance  of cy tochrome P-450 during activation 
of POL in the m i c r o s o m e s ,  s amples  were  incubated in a Warburg  appara tus  at 26~ After  incubation for 5, 10, 
20, and 30 rain the quantity of P-450 and MDA was measured .  The POL reac t ion  was stopped by the addition of 
0.3 mM EDTA. Convers ion of P-450 into P-420 was induced by Incubating p repa ra t ions  of m i c r o s o m e s  in 
0.1 M phosphate buffer ,  pH 7.4, in the p resence  of DOC-Na (0.02-0.1%) for  5 min  followed by record ing  the dif-  
ferent ia l  spec t r a  of the cy tochromes .  To analyze the r e su l t s  s tandard  extinction coeff ic ients  were  used: for 
the control  (C-P-450) ,  PB-induced (PB-P-450) ,  o r  MC-induced (P-448) CO-binding hemoprote ins  91 mM-~.cm -j, 
and for cy tochrome P-420 111 mM-l . cm -1. 

E X P E R I M E N T A L  R E S U L T S  

Activation of enzymic  POL led to degradat ion of cy tochrome P-450 and the loss  of its cha rac t e r i s t i c  
spec t ra ]  p roper t i e s .  Incubation of the m i c r o s o m e s  of the intact  an imals  for  30 min in the p resence  of excess  
NADPH and ADP-Fe  3+ complex led to a dec r ea se  in the content of cy tochrome P-450 to 25% of its initial level  
(Fig. 1). Under s im i l a r  conditions of incubation, the content of CO-binding hemoprote ins  in p repa ra t ions  of 
m i c r o s o m e s  induced by PB or  MC fell  by a much s m a l l e r  degree  - b y  15 and 507o, respec t ive ly .  
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TABLE 1. Rate of Uptake of Oxygen and 
MDA Accumulation during POL in Liver  
Microsomes  of Intact Rats and Rats 
Receiving PB and MC (M ~= m) 

Object 

Control 
microsomes 

PB microsomes 
MC mictosomes 

Rate of oxygen uptake, 
aanoatoms t32/mm/mg 
protein 
f ~  
[ dependent ~dependent 
I POL / POL 

194=11 145-----10 
69-~---4 39-~4 

120= 10 53-----5 

t 
MDA. 
nrnoles/rag 
protein/rain 

2,5-----0,27 
0,I=0,03 

0,36=0,05 

Legend. Incubation medium (in mmoles :  
KCI 125, Tr i s -HCt  (pH 7.4) 20, NADPH 0.8 
(for ascorbate  1), ADP 4, FeC13 15; protein 
2 m g / m l .  

The resul ts  of investigation of POL showed that the observed " res i s tance"  was evidently not due to the 
proper t ies  of the induced cytochrome.  The rate of uptake of oxygen and the accumulation of MDA, the final 
product of peroxidation of unsaturated fatty acids {Table 1), indicate that the l iver mic rosomes  of ra ts  rece iv-  
ing PB, and also MC, were much more res i s tan t  to NADPH- and ascorbate-dependent  POL. This effect was 
par t icular ly  marked in mic rosomes  induced by PB. 

The res i s tance  of the PB and MC mic rosomes  thus revealed was due, it can tentatively be suggested, to 
an increase in the hydrophobic charac te r  of the microsomal  membrane as a resul t  of induction and, conse-  
quently, these mic rosomes  would be more res i s tan t  to the action of any factor directed against hydrophobic 
bonds. It will be c lear  from Fig. 2 that weakening and destruction of hydrophobic interaction during t reatment  
of preparat ions  of mic rosomes  with increasing concentrat ions of DOC caused conversion of cytochrome P-450 
into the functionally inactive form cytochrome P-420. A c lea r  difference was observed in res is tance  to con- 
version of control cytochrome P-450 and of its forms induced by PB and MC. For  instance, conversion into 
the inactive form of cytochrome P-448 was observed with higher concentrat ions of DOC and was less  marked 
than in the control cytochrome P-450. Cytochrome PB-P-450 was distinguished by its much grea te r  sensi t iv-  
ity to the action of the detergent  than the control hemoprotein, and by even g rea te r  sensit ivity than cytochrome 
P-448. 

Resis tance of mic rosomal  membranes  induced by MC to POL thus corre la ted  with res is tance  to conver -  
sion of cytochrome P-448 built into these membranes .  Resistance to conversion of P-448 after t reatment  of 
mic rosomes  by "chaotropic" substances,  organic solvents destabil izing hydrophobic interaction [ 8], has been 
descr ibed in the l i terature.  

It can be postulated that the increasing importance of hydrophobic interactions in the maintenance of the 
s t ructure  of the mic rosomal  membranes  during induction by MC is responsible for their relative stability. 

No corre la t ion was observed in these exper iments  between the res is tance  of PB mic rosomes  to POL and 
the sensit ivity of the PB-P-450  to detergent  treatment.  It must  be r emembered  that the factors  used to modify 
the membrane s t ructure  differed with respec t  to their target  object. The reason for the observed res is tance  
Of the mic rosomes  to POL during PB induction was evidently a decrease  in the concentrat ion of polyunsaturated 
acids which are the substrate  for POL [ 3]. 

On account of differences in the response to PB stimulation in the prol iferat ing membranes  of the endo- 
plasmic ret iculum, the relative proport ions of the individual components are evidently changed [4, 6, 9] and, 
consequently, so also is the interaction between them. A more hydrophilic, "loose" packing of the mic rosomal  
membrane can be postulated in the zone of cytochrome P-450, and this possibly makes the hemoprotein more 
accessible  for the detergent. 

So far as MC induction is concerned, it is not accompanied by appreciable prol iferat ion Of the endoplas- 
mic ret iculum, by an increase in the microsomal  protein and phospholipids [ 5], or  by any change in the com-  
position of the fatty acids [ 3]. The ability of MC and other polycyctic hydrocarbons to interact  with the phos-  
pholipids of art if icial  membranes  [15] suggests that the unique stabilization of the mic rosoma l  membranes  by 
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induction with MC can be due to a nonspecific membrane  effect.  With their  powerful  donor--acceptor p r o p e r -  
t ies,  compounds of this type may  have an inhibitory action on POL p roces se s .  

During induction of m i c r o s o m a l  monooxygenases ,  bes ides  an inc rease  in enzyme synthes is  de novo, 
there  a re  also definite changes in the p rope r t i e s  of and in teract ion between the s t ruc tu ra l  components  of the 
m e m b r a n e  which, in turn, may  be respons ib le  for the observed  d i f fe rences  in the manifes ta t ions  of functional 
act ivi ty of membrane -bound  enzymes  and, in par t i cu la r ,  of cy toehrome P-450. 
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