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Cytochrome P-450scc (CYP11A1) is known to exist in various conformational states. To stuc
accessibility of tyrosine residues to the solvent, second and fourth derivatives of cytochrome ¢
tion spectra in the ultraviolet region were used. The measurements were carried out in the te
ture range —10 to 40C and at two pH values (6.8 and 7.4). Our results indicate that the tyrc
residues of this enzyme are less accessible at higher temperatures as well as at higher pH, t
conditions where the conformational equilibrium shifts to low-spin Fe(lll) form(s). In other worc
more compact structure is attributable to the low-spin Fe(lll) form(s) of P-450scc.
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Cytochromes P-450 (P-450s) of adrenal cortex are known to take part in biosynth
steroid hormones. The first and rate-limiting step in the synthesis of most steroic
mones is the cleavage of the cholesterol side chain leading to formation of preg
lone™? This reaction takes place in the inner membrane of adrenal cortex mitochc
and is catalyzed by cytochrome P-450 11A1 (abbreviated CYP11A1, also P-450s
“side chain cleavage®f. The physiological importance of this enzyme together w
unusual properties based on its structure and presence of several forms has r
attracted much attentiér?. This mitochondrial cytochrome P-450 has been showr
exist in two conformational states, in complex equilibrium with their protonated fc
and with low spin and high spin forms of the heme iron afbrfihe experimental date
collected suggest that the forms also differ in the amount of solvent entrapped
protein structure.
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Here, the absorption spectroscopy in the ultraviolet region can bring additional |
mation as the position and amplitude of the derivative spectra were shown to refle
changes in accessibility of aromatic amino acid residues. Both the secont{et
and fourth-derivative (ret$14 spectra in the “aromatic” region, between 260 and 310
were used to enhance the resolution of the absorption spectra as there are more
buting bands present in this region making analysis of the spectral curve diff
Ragoneet al!®introduced the parametewhich can be easily calculated as the ratio
the two amplitudes of the second-derivative spectrum (at about 283 to 287 nm, at
to 295 nm; see Fig. 1). They concluded that the value of the paranretéects the
polarity of the medium in which tyrosyl residues are embedded (largalues were
found for more polar environment of tyrosine). The fourth derivatives were inspe
by Langeet al!®!* who found that the decrease in the maximum amplitude of
spectrum and blue shift of the spectral maxima indicate an increase in accessibi
aromatic residues.

In P-450s, second-derivative spectra helped to evaluate the accessibility of tyr
in bacterial soluble P-450cam (CYP1&1and the differences between rat isoforr
P-450b and P-450e (CYP2B1 and CYP2B2) in substrate—active site intertctidres
fourth-derivative spectra were used recently to study the conformational stabili
P-450 1A2 (ref’).

In this work, the accessibility of tyrosine residues in the molecule of P-450si
different temperatures is investigated by examining the second and fourth derivati
absorption spectra. The results (at two pH values) are discussed together with c
the spin equilibrium at corresponding temperatures. In the second part of this stuc
properties of the tyrosine residues are examined under an increasing pressure.

d?AldA?

Fc. 1
A schematic picture of the second derivati
280 200 of the absorption spectrum of a protei
showing the definition of parameteasandb

2+ -
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EXPERIMENTAL

Materials

The enzyme, cytochrome P-450scc, was prepared from bovine adrenal cortex mitochondria ac
to Suhar®. Protein concentration, specific P-450 content determinations and controls in the ¢
of the preparation were carried out as described previdudlge purified enzyme was kept in 50im
phosphate buffer (pH 7.4) with 10% glycerol at <80until used. Before spectrophotometric expe
ments at different temperatures, the glycerol content was increased to 30% and pH was adjt
the desired value. Experiments under high pressure were done with the protein sample as it v
pared. Enzyme concentrations wergu@ol I"X. All chemicals used were of the highest commerc
quality and were purchased from Sigma (St. Louis, U.S.A.).

Methods

The second derivatives of the absorption spectra were recorded directly with a Specord M4(
Zeiss Jena) spectrophotometer equipped with a Data Handling accessory. The samples were
a thermostated cell holder in a home-built housing unit with silica gel to prevent freezing of
vapour at temperatures below’G. From the spectra, the parameteref.!%) was calculated as the
ratio of r = a/b wherea is the amplitude of the first (at about 283 to 287 nm) larad the second
(290 to 295 nm) extreme as shown in Fig. 1. The fourth-derivative spectra were obtained frc
data recorded using a Cary 3E (Varian) spectrophotometer equipped with a thermostated high-|
cell'® placed in the sample compartment of the Cary 3E. The fourth derivatives were calcula
numerical derivation based on the subtractions of the spectra shifted by a defivatlie (to vis-

ualize the changes in the polarity of the tyrosine moiety, a 2.6 nm window was used as f
mended® using a simple Sigma Plot (Jandel Scientific) based procedure described pré¥idus
The spin state of heme iron was determined from absorbances at 420 and 390 nm and expr:
the spin equilibrium constait (defined as the ratio of concentrations of the high-spin and low-¢
forms of P-450K = [high-spin]/[low-spin]) (ref®).

RESULTS AND DISCUSSION

Temperature changes in the exposure of the tyrosine residues expressed as the
for two different pH values of the buffer solution used are shown in Fig. 2 \f&ees
increase with decreasing temperature, thus indicate hiding of the tyrosine residuc
ing the increase of temperature. The course of the changes is more or less unift
decide on the possible stepwise course of the conformational changes, a more th
study would be necessary. The dependence preserves its character also at hic
(7.4). The results indicate that at higher temperatures the interior of the enzyme
least the “average environment” of the 20 tyrosine residugd-450scc) becomes les
accessible for the solvent. Similar hiding of tyrosine residues in P450scc (at pt
with growing temperature has been observed in near-UV CD sflectra

In the same figure (Fig. 2), the values of the spin equilibrium conktattpH 6.8
are plotted against temperature, indicating increase of low-spin content with tern
ture (similar change in P-450scc heme-iron spin state was previously ol§saBgetbr
aqueous solution and for 35% ethylene glycol in pH range 6.8-8.4). When the d:
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the spin state are taken into account, it can be concluded that in the low-spin fc
prevailing at higher temperatures the tyrosines are less accessible. This fact is
with the view presented by Bancat al® that the low-spin P-450scc possesses a m
compact structure.

The results for two different pH values show that at lower pH, the structure i
vicinity of the tyrosine moieties is more open to solvent molecules asvhiees are
higher indicating better accessibility of the tyrosine residues. Using the fourth-de
tive spectra, Bancadt al® also found an increase of solvation of aromatic amino a
at lower pH (6.8) compared with data for pH 7.4. Because the increase of pH shi

L 411
Fic. 2
Dependence of the ratio= a/b on the tem-
perature at two pH valuesa(pH 6.8;e pH
7.4). In the same graph, the dependence of °
the spin equilibrium constari€ on the tem- I I ! 1.0
perature at pH 6.8 is showil). For expla- 3.2 34 36 3.8
nation of symbols, see the text U7’ Kt
T T T
0.06 | 1 MPa
120 MPa
d*ardn
0.00
Fic. 3
Fourth derivative of the absorption spectra
of P-450scc, pH 7.4 recorded at hydrostatic —0.06 . | .
pressure of 1 MPa (full line) and 120 MPa 280 285 290 295 300
(dotted line) A, nm

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



1682 Anzenbacher, Hudecek, Lange, Bance

spin state equilibria towards low spinthis findings again support the picture of tt
compact low-spin form of P-450scc.

The changes of the accessibility of tyrosine with the increased pressure were
ined by fourth-derivative spectroscopy. Tyrosine contributes to the spectrum in tf
gion between 280 and 290 nm. The position of the absorbance maximum at about :
should, in principle, reflect the changes in the polarity of the environment of the
sine residués however, the signal in this region cannot be easily resolved appar
due to high number of tyrosine moieties present (twenty’’yeOn the other hand, the
tryptophan residues are apparently more accessible to the solvent under inc
pressure (a decrease in tha, see Fig. 3, is known to reflect a better accessibility
tryptophan residué$).

In conclusion, the results of this study document the increase of accessibility o
matic amino acids in P-450scc with lowering of pH and temperature and at hig
drostatic pressure (120 MPa), indicating existence of a less compact structure
enzyme under these conditions.

The work at this project was supported by the Grant Agency of the Czech Republic (gra
203/96/017) and by an INSERM PECO grant.
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