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SUMMARY

The utility of 2nd derivative spectroscopy in the resolution of overlap-
ping spectra of carbon monoxide-binding hemoproteins and in the measurement
of cytochrome P-450 in whole yeast cells was explored. The Tinear relation-
ship between the vertical peak to trough distance in the 450 nm region of the
2nd derivative spectrum and the cytochrome P-450 concentration determined from
the Oth derivative spectrum was found useful for the quantification of cyto-
chrome P-450. When the cells of Saccharomyces cerevisiae were grown under
certain conditions, their 2nd derivative spectra showed double components
around 450 nm and also around 420 nm. One of the components around 420 nm was
assigned to cytochrome a,-C0.

INTRODUCTION

The method commonly used for the quantification of cytochrome P-450 {s
that of Omura and Sato (1). It is based on the measurement of a carbon monox-
ide (CO) difference spectrum from the reduced sample, and’on the calculation
of the amouﬁt of cytochrome P-450 from the height of the absorption band near
450 nm. Frequently the sample contains additional CO-binding compounds which
may overlap the spectrum of cytochrome P-450 and consequently interfere with
quantification. This concerns, in particular, measurements made from crude
enzyme preparations or whole cells (2-5). One interfering compound is cyto-
chrome a; which is one of the two heme containing components of cytochrome c
oxidase (E.C.1.9.3.1). Cytochrome a5 shows a deep trough at 441-445 nm and
possibly a peak or shoulder at 430 nm in the CO difference spectrum of crude

preparations (5-9). Thus the detection of cytochrome P-450 is difficult in
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mixtures where the concentration of cytochrome P-450 is low and the concen-
tration of cytochrome ¢ oxidase is high (2). Similarly, due to overlapping
spectra, high concentrations of compounds absorbing near 420 nm may mask the

bands of cytochrome P-450 and cytochrome c oxidase (2,7-16).

Derivative spectroscopy is a technique for obtaining derivatives of ab-
sorbance with respect to wavelength (a review:17). The value of this tech-
nique as an analytical tool is based on its ability to resolve overlapping
bands in the normal (Oth derivative) spe;trum (18-20). In this report we show
that the second-derivative spectroscopy can be utilized to quantificate cyto-
chrome P-450 and to resolve the "hidden" peak of cytochrome a3 in a suspension

of whole yeast cells.

MATERIALS AND METHODS

Culturing of yeast.

Saccharomyces cerevisiae (NCYC 240) was maintained on slopes containing
(in T Titre of deionized water): 10 g of yeast extract, 20 g of peptone, 5 g
of NaCl, 20 g of D-(+)=glucose and 15 g of bacto agar (21). A whole slope,
grown for 2 days at 30°C, was used to inoculate 1 litre of prewarmed liquid
medium (initial glucose concentration varied). The culture was incubated at
30°C with or without aeration. Foreign chemicals (chrysene, 3-methylcholan-
threne, hexachlorophene), if used, were added at the beginning of the culti-
vation in a solution of 5 mg of the chemical/ml of dimethylsulfoxide. The
control cultivation contained 1 ml of dimethylsulfoxide. Growth of the yeast
was followed turbidimetrically at 600 nm. Samples containing about 0.6 g of
wet cells were drawn at intervals. The cells were centrifuged at 2500 g for
5 min, washed with cold deionized water, and frozen at -20°C until analyzed.

Spectroscopic measurements.

Cytochrome P-450 was measured as described by Kdrenlampi et al.(21). The
samples were thawed and suspended in 6 m1 of cold 0.1 M potassium phosphate
buffer, pH 7.4. A few grains of sodium dithionite were added and the suspen-
sion was divided into two cuvettes (1ight path:1 cm). CO was bubbled through
the sample cuvette. The recordings of the CO difference spectra were carried
out at room temperature using a Cary Model 219 spectrophotometer (Varian As-
sociates, Inc., Palo Alto, CA, U.S.A.). The height of the peak at about 450
nm was measured. The concentration of cytochrome P-450 was calculated by as-
suming that the absorptivity for the differenge in absorption of the hemopro-
tein between 450 and 500 nm is 92 1 mmol 'cm = (22). The results are expressed
as nmoles of cytochrome P-450/mg of protein. The 2nd derivative spectra were
recorded from the same samples with the same spectrophotometer using the de-
rivative/log A accessory inserted between the signal output and the recorder
input. The accessory differentiates the analog signal for the recorder with
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resgect to time (dZA/dtZ). Following conditions were used: d2A range +10 A/
min~, response time (period) 1.0 sec, spectral band width 2.5 nm, and scan
rates 10.0 nm/sec or 5.0 nm/sec. The reproducibility of repetitive scannings
was high with both scan rates.

Protein.

Protein was measured by the method of Stewart (23). Bovine serum albumin
was used as a standard.

Chemicals.

Bovine serum albumin was purchased from Sigma Chemical Co., St.lLouis, Mo,
U.S.A.. Chrysene was obtained from Merck-Schuchardt (Minchen, Germany), 3-
methylcholanthrene from Koch-Light Laboratories (Colnbrook, England) and
hexachlorophene from Yliopiston Apteekki (Helsinki, Finland).

RESULTS AND DISCUSSION

Quantification of cytochrome P-450

The carbon monoxide difference absorption spectrum of reduced yeast

(Saccharomyces cerevisiae) cells grown on 5% glucose medium without aeration,

and its 2nd derivative spectrum. are presented in Fig.1. Theoretically, the
inflection points of a symmetrical absorption band (Oth derivative spectrum)
should appear as maxima and the absorption maximum should become a minimum in
the 2nd derivative spectrum. The minima in our 2nd derivative spectra were
shifted to blue as compared to the absorption maxima in the corresponding nor-
mal spectra. This was partly due to the electronic differentiation process
and partly to the working conditions. The most important factor in determining
the wavelength shift was the scan rate. When the scan rate increased from 5
to 10 nm/sec, the shift increased from 8 to 13 nm (cf.19). The amplitude of
the derivative signal also increased when the scan rate increased. Higher

resolution but lower amplitude was achieved by lowering the scan rate.

For quantitative evaluation, the vertical distance between maximum (a)
and the adjoining minimum (b) in the 2nd derivative spectrum (Fig.1) was used
as characteristic for cytochrome P-450. A Tinear correlation between distance

a-b and the concentration of cytochrome P-450 calculated as presented in Ma-
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Fig. 1. €O difference absorption spectrum and its 2nd derivative from
reduced yeast (Saccharomyces cerevisiae) cells. The cells were grown
for 12 h 45 min in 5% glucose medium. --- baseline’(reduced vs. reduced
absorption spectrum); —— CO difference absorption spectrum; ---.- co
difference 2nd derivative spectrum. Scan rate: 10 nm/sec.

terials and Methods, was obtained for both scan rates (Fig.2). The corre-

lation coefficients were 0.954 (scan rate 10) and 0.965 (scan rate 5). The

2nd DERIVATIVE larbitrary units)

% 502 0.04 006 .08
CYTOCHROME P-450 (nmol/mg P'of.ln)

Fig. 2. Second derivative as a function of the amount of cytochrome
P-450 with scan rates 10 (SR10) and 5 (SR5). The second derivative am-
plitudes (see Fig.1) were calculated per protein concentration (mg/ml).
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following equations were found for the straight lines: y = 127x + 4 for scan

rate 10 and y = 59x + 2 for scan rate 5.

It is evident from Figs. 1 and 2 that the 2nd derivative spectroscopy
offers two advantages over normal absorption spectroscopy for the quantifiQ
cation of cytochrome P-450 in complex biological mixtures. First]y, the sig-
nal amplitude can be increased: to-about two-fold, which implies a higher sen-
sitivity. Secbnd]y, the interfering effect of other absorbing compounds can

be diminished or eliminated.

Further spectral analysis of yeast cells

The highly resolved Zhd derivative spectra allow one to obtain distinct
signals to components possessing similar absorption properties. Thus, when
the yeast was cultivated e.g. in 0.5% glucose medium (plus aeration) the nor-
mal CO difference absorption spectrum showed only one band at the 420 nm re-
gion. The intensity of the band increased in the course of the cultivation.
At the early stages of growth also the 2nd derivative spectra showed only one

and at the 420 nm region. However, when the culture grew o1der} first a
shoulder and later a separate band appeared in the spectra (Fig.3:1). Commer-
cial yeast has been reported to contain cytochrome a5 as the only CO-binding
pigment (7). A suspension of commercial yeast gave a CO difference spectrum
(Fig.4) very similar to the spectrum of cytochrome ¢ oxidase (6). The 2nd de-
rivative spectrum showed a great similarity with the component appearing at
the later growth stages of the yeast (Fig.4). Thus the component is assign-
able to cytochrome_§3—C0. Possible candidates for the component at the Tower
wavelength are cytochrome o (8,24,25), cytochrome ¢ peroxidase (2,4,7), a
hemoglobin-Tike pigment (24,26), catalase (27), cytochrome ¢ (10), a degra-
dation product of cytochrome b (8) or cytochrome o (24), nonspecific binding
of excess heme (28), or structurally modified cytochrome P-450 (2,15,22,29,
30).
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Fig. 3. CO difference 2nd derivative spectra of reduced yeast cells
at different growth stages. I. Cells grown aerated in 0.5% glucose
medium. Growth times: A. 10 h 15 min, B. 12 h 45 min, C. 16 h 50 min,
D. 20 h 50 min, E. 24 h 15 min, F. 27 h 30 min, G. 31 h 40 min, H.

35 h 30 min. II. Cells grown aerated in 0.5% glucose medium in the
presence of 5 mg of chrysene/1. Growth times: A. 16 h 50 min, B. 20 h
50 min, C. 24 h 15 min, D. 27 h 30 min, E. 31 h 40 min, F. 35 h 30
min, G. 39 h 30 min. Scan rate: 10 nm/sec.

The fact that the 2nd derivative spectroscopy is capable of resolving

cytochrome a, from other components offers new possibilities for the quanti-

fication of this cytochrome. On calibration with purified cytochrome 33,

the method could be used to measure the formation and degradation of this

cytochrome in whole yeast cells. This might be of great value for studies

concerning respiratory metabolism and bioenergetics.
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Fig. 4. Resolution of cytochrome a, in CO difference 2nd derivative
spectra of reduced yeast cells. —"Cells grown for 35 h 30 min aer-
ated in 0.5% glucose medium. --- Commercial yeast cells (0.05 g/ml).
Small figure: CO difference absorption spectrum from reduced commer-
cial yeast cells.

Also the cytochrome P-450 band was observed to split into two bands when
the 2nd derivative spectra were run (Fig.3:1I). The splitting occurred at
later stages of growth and was most evident when the cultivation proceeded in
the presence of a foreign compound like chrysene, 3-methylcholanthrene or hexa-
chlorophene, but was observed also in some control cultivations. The origin
of the band is unknown. It may represent a new type of cytochrome P-450 or a
degradation product of cytochrome P-450. However, the 2nd derivative spectrum
obtained from Aroclor 1254 -induced rat liver 9000 g supernatant did not show
double bands, although this PCB-mixture is known to contain compounds inducing

cytochrome P-450 and compounds inducing cytochrome P-448 (31).
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