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1. Introduction 2. Methods 

Cytochrome P450 in the adrenal cortex participates 
as a mixed function oxidase in several steps in the bio- 
synthesis of corticosterone, of which side chain cleavage 
(XC) of cholesterol [l] and 1 l/3-hydroxylation of 
1 1-deoxycorticosterone (1 I-DOC) occur in the mito- 
chondria [2]. These two oxidations are specifically 
inhibited by aminoglutethimide and metapyrone [3] 
respectively, suggesting that different enzymes are 
involved in these oxidations. Recently the cytochrome 
P450 of adrenal mitochondria has been separated into 
two fractions which, with the same reducing system, 

specifically carry out 1 l&hydroxylation of 1 l-deoxy- 
corticosterone of SCC of cholesterol [4]. 

EPR spectra of subparticles from adrenal mito- 
chondria have indicated that the haems of the constit- 
uent cytochrome P450 exist in one of two spin states; 
high spin (sm = 7.49) and low spin (sm = 2.45, g = 2.26, 

sm = 1.91) [5]. In addition, steroid-induced changes 
in the above EPR spectra and in the absorption spectra 
of the separated cytochrome P450 fractions [4] indi- 
cate that low spin 1 l/3-hydroxylase cytochrome P450 
changes to a high spin state binding 1 l-DOC, while 
high spin SCCP450 is converted to a low spin state 
by pregnenolone. In this paper we show that the spin 
state and ligand binding properties of the SCC-cyto- 
chrome P450, but not 1 l/3-hydroxylase cytochrome 
P450, are very sensitive to pH. 

* Presented as a communication at the 8th International 
Congress of Biochemistry, Interlaken, September 1970. 

Sonicated subparticles and the separated SCC- 
cytochrome P450 fraction were prepared from bovine 
adrenal mitochondria as previously described [4]. 
After the SCC-cytochrome P450 fraction had been 
dialysed for 12 hr against distilled water to remove 
sodium cholate, the absorption spectrum of the pre- 
paration at pH 6.5 (10 mM potassium phosphate 
buffer) indicated variable amounts of a haemoprotein 
contaminant (X,, 415 nm). Centrifugation (105,000 
g, 45 min) removed most of the haem contaminant 
into the pellet while about half of the cytochrome 

P450 remained in the supernatant fraction. This 
optically clear supernatant was used for all absolute 
spectra. The SCC activities (pregnenolone formation) 
of both fractions were similar as assayed by the r4C- 
cholesterol method [ 1,4] and activities of 10 nmoles 
pregnenolone/nmole cytochrome P450/min were typ- 
ically found for a cholesterol concentration of 
100 pg/ml. The NADPH-cytochrome P450 reductase 
was preparea by the method of Omura et al. [6]. 
Careful fractionation on Sephadex G 100 was neces- 
sary to separate the reductase from small amounts of 
cytochrome P450 in the preceding fractions, which 
had very high SCC activity (- 30 nmoles pregnenol- 
one/nmole cytochrome P450/min). The cholesterol 
content of preparations was measured by gas liquid 
chromatography using a l’ye 104 instrument (S.E. 
30/240”) and protein estimations were performed by 
the Biuret method [7]. 
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Fig. 1. Spectra of oxidised SCC-cytochrome P450 (-) and the pregnenolone complex (- - -) in 10 mM potassium phosphate buffer1 
at pH 6.8. Protein = 0.9 mg/ml; [pregnenolone] = 10 NM. 

3. Results 

The absolute absorption spectra of oxidised SCC- 
cytochrome P450 and of the pregnenolone complex 
at pH 6.5 are shown in fig. 1. The spectrum of the 
oxidised cytochrome P450 (&,, 393,520,648 nm) 
was almost identical with that of the’high spin camphor 
complex of Pseudomonas putida cytochrome P4SO [8], 
while that of the pregnelonone complex (h,, 416, 
535, 568 nm) compared closely with the free low spin 
Pseudomonas cytochrome P450. The distortion of the 
oxidised Soret band was partly due to the contaminant 
haemoprotein previously mentioned which was rapidly 
reduced by dithionite to produce a b-type oxidised 
reduced difference spectrum (fig. 2A, 1 min). The con- 
tribution to the spectrum from reduction of SCC- 
cytochrome P450 appeared very slowly (fig. 2A, 30 
min), unless adrenoxoxin was added to the preparation. 
Although 1 l&hydroxylase cytochrome P450 was not 
spectrally detectable [4], there remains the possibility 
that the low pH form of SCC-cytochrome P450 still 
remains a low spin contribution. EPR spectra of the 
preparation should resolve this question. The absorp- 
tion spectra in the Soret regions of the reduced cyto- 
chrome P450 (Lax 414 nm) and the CO complex 
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Fig. 2. A) Reduced-oxidised difference spectra of the SCC- 
cytochrome P450 preparation (10 mM K phosphate, pH 6.8, 
protein = 0.45 mg/ml) obtained with sodium dithionite. Spec- 
tra were commenced after 1, 5 and 30 min. B) Spectra of ox- 
idised (max 393 nm), reduced (max 414 nm) and reduced 
CO (max 447 nm) SCC-cytochrome P450. Conditions were 

the same as for 2A. 
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Fig. 3. Spectra of SCCcytochrome P450 in buffers (50 mM) at 
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different pHs: (--_), pH 6.5; (----), pH 7.4; (- - -) pH 8.2. Protein 
= 0.9 mgjml. Potassium phosphate buffers were used at pH 6.5 

and 7.4, tris-HCl at pH 8.2. 

(&,447 nm) are shown in fig. 2B. Since the redu- 
ced spectrum contains a contribution from a b-type 
haem with a peak at over 420 run, the true Soret max- 
imum for reduced WC-cytochrome P450 is probably 
close to 410 nm. 

An increase in the pH above caused a decrease in 
the absorbance of oxidised SCC-cytochrome P450 at 
393 nm, with a concomitant increase at 416,535 and 
568 nm. The spectra shown in fig. 3 represent equilib- 
rium positions at each pH while lowering the pH from 
8.2 produced a complete reversal of the above spectral 

changes. 
Since an increase in pH or addition of, pregnenolone 

resulted in very similar difference spectra, it was assu- 
med that the absolute spectra of the respective low 
spin cytochrome P450 species were the same. Thus the 
percentage conversion of high spin cytochrome P450 
(Lax 393 nm) to low spin cytochrome P450 (&.r, 
416 run) as a function of pH (fig. 4A) was calculated 
by comparison with the spectrum of the low spin preg- 
nenolone complex (fig. 1). 

As a consequence of the pH-induced spin change 
in SCC-cytochrome P450, the maximal absorbance 
change (AA,,)* h h w ic could be induced by pregnenol- 
one, decreased with increase of pH (pH 6.8). The pH 
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Fig. 4. Changes in the spin state of SCCcytochrome P450 
induced by alteration of the pH (0.1 M K phosphate). A) 
Soluble preparation. B) Sonicated mitochondrial subparticles: 
pregnenolone method (01, (0) 2 different preparations; 

aminoglutethimide method (A). 

change in SCC-cytochrome P450 of sonicated mito- 
chondria was investigated by determining the AAn,, 
produced by pregnenolone at different pH values. The 
decrease in AA,,, which was found between pH 7.4 
and 8.0 was a clear indication of a pH-induced intercon- 
version of the spin states of SCC-cytochrome P450 
(fig. 4B). By contrast, there was no change in the 1 l- 
DOC binding of the 1 Ifi-hydroxylase cytochrome 
P450 of sonicated mitochondria (AA,, or KS) in the 
pH range 6-8. In addition there was no appreciable con 

* Determined from a plot of l/Cversus l/A 
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Fig. 5. Difference spectra due to the addition of a saturating amount of aminoglutethimide (0.5 mM) to sonicated mitochondrial 
subparticles suspended in buffers of different pH. (pH 7.4, 7.9, K phosphate; pH 8.1 tris-HCl). Protein = 5.0 mg/ml. 

version of cytochromeP450 to cytochrome P420 in 
the range 6-8. 

Difference spectra induced by amine binding have 
been used to determine the proportions of high and 
low spin cytochrome P450 in adrenal mitochondria 
[9 ] . Aminoglutethimide bound strongly to both 
cytochrome P45Os in adrenal mitochondria [ 1 I] pro- 
ducing difference spectra similar to h-octylamine [9]. 
The difference spectra obtained from sonicated mito- 
chondria, upon the addition of saturating amounts of 
aminoglutethimide, changed dramatically as the pH 
increased from 7.4 to 8.2. The difference minimum 
increased at 410 nm and decreased at 390 nm, while 
the maximum shifted to longer wavelength (fig. 5). 
The ratios of AA4re to AAsN are shown in table 1, 
together with the proportions of high and low spin 
cytochrome P450, which were calculated from the 
formula described by Jefcoate and Gaylor [9]. The 
low spin contribution which was found throughout 
the pH range 6.0-7.0 was attributed to 1 I/3-hydroxy- 
lase cytochrome P450. This proportion was consistent 
with that estimated from the difference spectra induced 
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by 1 l-DOC, and was associated with a lower binding 
constant for aminoglutethimide in this pH range. The 
change in the spin state of SCC-cytochrome P450 
determined with aminoglutethimide (fig. 4B) was sub- 
stantially the same as that obtained using pregnenol- 
one and in sonicated mitochondria showed an appar- 
ent pK of 8.0. The changes observed using the solu- 
ble preparation were spread over a wider pH range 
(fig. 4A), probably due to the presence of cytochrome 
P450 in different particulate states, each with distinct 
pKs. The supernatant fraction after centrifugation at 
105,000 g for 45 min clearly had a pK which was sub- 
stantially lower than 8.0 (fig. 3). Thus, solubilisation 
greatly facilitated the conversion of high spin to low spin 
SCC-cytochrome P450. Increase in ionic strength by 
addition of KC1 (10 mM K phosphate, 0.25 M KCl) 
produced only a slight increase in low spin cyto- 
chrome P450. 

The binding constants for the interactions of preg- 
nenolone and aminoglutethimide with SCC-cyto. 
chrome P450 in sonicated mitochondria have also 
been determined as a function of pH (fig. 6). Al- 
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Table 1 
Ratio of spin types from 

aminoglutethimide spectraa. 

LO 

11 PREGNENOLONE 

PH 

% conversion of IL 
Spectral ratio 

% high spinb 
SCC-cytochrome 

A&ro/AAsao P450 to low spin logl; I.6 
state 

7.05 0.195 60’ 0 

7.35 0.23 58 3.5 

7.65 0.35 50 17 

7.89 0.67 32 46.5 

8.2 1.14 17 71.5 

a 
b 

Spectra shown in fig. 5 
Determined according to the relationship for octylamine 
spectra described in 191. 

’ Residual low spin P450 at pH 7.0 is taken as 1 lp-hydroxylase 
P450 

though aminoglutethimide is fully protonated in this 
pH range, the pHdependence of binding of steroid 
and amine were surprisingly similar. Since pregnenol- 
one cannot lose a proton upon binding, this similarity 
suggests that aminoglutethimide also binds without 
losing a proton to the solution, although probably 
occupying a different site. One possibility for the 
first step in the binding of aminoglutethimide would 
be transfer of the amine proton to a protein ligand 
displaced from the haem: 

Y-Fe-X + R-NH’, + Y-Fe-NH2 -R 

LPJ LPr-XH’ 

The pH-dependence of binding in each case thus 
probably arises from a pH-induced change in SCC- 
cytochrome P450. The spin state equilibrium provides 
a possible explanation if both ligands bind preferen- 
tially to the high pH, low spin form of SCC-cytochrome 
P450. The curves shown in fig. 6 were calculated on 
this basis with binding constants of 3 and 100 /AM for 
the high and low pH forms respectively. Since the 
binding of 1 l-DOC to 1 Ifi-hydroxylase cytochrome 
P450 was constant in the range 6.0-8.0, the pH- 
dependence was not an inherent property of a spin 
state change in cytochrome P450, but rather a specific 
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Fig. 6. pa-dependence for the binding of pregnenolone and 
aminoglutethimide to sonicated mitochondrial subparticles 
(protein = 2.8 mg/ml). (x, a) indicate separate adrenal pre- 
parations. The curve was calculated on the basis of following 
possible scheme: 

pK ‘*‘. P450(H) _ 
Kr 

P450 (L) + H’ 

K3 B 
11 . 11 K2 B 

P450--B(L) ---H+ -P450--B(L) 

B = aminoglutethimide or pregnenolone, (H) = high spin, 
(L) = low spin, K2 = 3 MM, K3 = 100 PM. 

property of SCC-cytochrome P450. 
The addition of cholesterol (100 pg/ml) to these 

preparations caused only a slight increase in the pro- 
portion of low spin cytochrome P450, possibly by 
weak binding at the pregnenolone site. Thus the 
simple explanation of the high spin state of SCC- 
cytochrome P450 as a complex with endogenous 
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cholesterol (2.5 nmoles/nmole cytochrome P450 in 
the soluble preparation) requires further investigation. 
Either cholesterol is not displaced in the high pH 
form, or the displaced cholesterol is structually 

bound and does not exchange with exogenous cho- 
lesterol. However, for a different preparation cho- 
lesterol does appear to increase the proportion of 
high spin cytochrome P450 [lo] . 

The pH-dependence of SCCcytochrome P450 
has been observed in tightly coupled mitochondria 
[ 1 l] . Thus the activity of SCC-cytochrome P450 in 
adrenal mitochondria may be very sensitive to pH 
changes localised within the mitochondria, (cf. the 
Bohr effect shown by haemoglobin [ 121). This sen- 
sentivity may arise both from pH-dependent changes 
in both the spin state of SCC-cytochrome P450 and 
in the binding of pregnenolone. It may be significant 
that this pH sensitivity appears to be confined to SCC- 
cytochrome P450 which is likely to be the slow step 
of adrenal steroidogenesis. In addition, since the pH- 
dependent properties of SCCcytochrome P450 were 
considerably affected by solubilisation, the state of 
the surrounding membrane must be a factor in deter- 
mining the properties of the cytochrome. 
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