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SUMMARY

The conversion of hepat-ic microsomal cytochrome P-450 to P420 by the mercurial com-

pound mersalyl (sodium o[(3-hydroxymcrcuri-2-methoxypropyl)carbamoyl]phenoxyacetate)
isas incomplete. In contrast, high concentrations of urea caused complete conversion of cy-

tochrome P-450 to P-420. During the conversion the total heme concentration of microsomes

did not change, but the sum of the cytochromc concentration measurable as P.450 and P.420
showed a net decrease. The lack of complete conversion of cytochrome P.450 to P.420 was
independent of the nature of the mercurial sulfhydryl reagent employed and was largely un-

affected by changes in the type of buffer, ionic strength, and the presence of type I or type
II substrates. The loss of the ability to demonstrate a type I but not a type II binding spec-

trum paralleled the loss of cytochrome P.450. The conversion of cytochrome P-450 to P-420
could hot be completely reversed by the addition of reduced glutathione. The transition of
the iron of the cytochrome P-450 from a low--spin to a high-spin state, observed in the dcc-

t-ron paramagnetic resonance spectrum, which occurs upon the mercurial conversion of cyto-
chrome P-450 to P420, is-as investigated and compared is-ith both the spin state changes
obtained by lowering the pH and the optically determined conversion of cytochronm P-450

to P-420 by mercurials.

INTRODUCTION

From the original investigations on the

characterization of cytochrome P450 by
Omura and Sato (1), it became evident that

attempts to isolate the purified cytochrome

is-crc hampered by it-s ability to convert
readily to a pigment, termed P20. Much of

the study on the conversion of cytochromc
P-450 to P420 has thus centered around

procedures such as detergent treatment,
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organic solvent treatment , urea dissociation,
and enzymatic digestion (1-3), which are

commotily employed for purification pur-
poses. Other reported treatment-s which re-
sult in the conversion of cvtochrome P-450

to P-420 are alteration of the pH far from
neutrality and treatment with sulfhvdrvl
reagents, such as mcrcurials (4).

Preliminary observations (5), demon-

st-rating an inability to achieve complete
conversion of rat liver microsomal cvto-

chrome P-450 to P420 by mercurials,

prompted a more intensive exam.inatioii of

the conditions influencing the action of

mercurials on the cytochrome. The majority

of experiments is-crc performed using the
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organic mercurial mersalyl (sodium o-[(3-

h y d rox y mercuri-2-methoxypropyl)carbam-
oyl]phenoxyacetate), but cross-correlation
with other mercurial compounds suggested

that the conversion of cytochrome P.450 to
P420 is-a.s independent of the mercurial sulf-
hvdrvl reagent employed.
� Throughout this paper, is-hat- has hitherto

been termed cytochrome P-420 is-ill be re-

ferred to as P-420, since the term cytochrome
should be applied to hemoproteins functional
in oxidation-reduction reactions (6).

MATERIALS AND METHODS

Animals is-crc treated is-ith phenobarbital,

and hepatic microsomes were prepared as

described previously (5) . All difference
spectra were determined isith an Aminco-
Chance dual-wavelength split-beam record-

ing spectrophotometer. For the cytochrome

determinations, microsomes (2 mg of protein

per milliliter) is-crc suspended at room tcm-
pcrat-urc (22#{176})in a buffer generally contain-
ing 50 mu Tris-chloridc (pH 7.4)-150 m�i

KC1-10 m�t MgCl2 , with the appropriate
mercurial. After 1 mm a few crystals of so-

dium dithionite were added, and the mixture
wa-s divided between tis-o cuvettes. After es-
tablishment of a baseline of equal light ab-

sorbance, the contents of the sample cuvette
were gassed for 3 mm with CO. The differ-
ence spectrum is-as then recorded. Cyto-
chrome P450 and P420 concentrations is-crc
determined using extinction coefficients of

91 and 1 10 mM-’ cm’, respectively, with a
negative extinction coefficient of - 41 misc’

cnrm for the contribution of cytochrome
P450 to the P.420 absorption maximum (7).

Concentrations of total microsomal heme
were determined by the pyridine-hemochro-
mogen method, in is-inch microsomes were

suspended at a protein concentration of 2
mg/mi in 20 % pyridine in 0.1 N NaOH (1).
The absorbance change at 557 nm relative

to 575 nm upon the addition of a few grains

of sodium dithionite to the contents of the
sample cuvette was determined using a buf-
fer solution in the reference cuvette. An cx-
tinction coefficient of 32.4 m��’ cm’ for
these isavelengths is-as employed.

Electron paramagnetic resonance spectral

determinations is-crc performed with a

Varian E4 EPR spectrometer with samples

cooled to a temperature of - 172#{176}.The mi-
crosomal samples (12-20 mg of protein per
milliliter) were incubated in appropriate buf-

fers, isith or without mersalyl, for 6 mm and

then frozen in liquid nitrogen. Instrument
settings is-crc 12.5-gauss modulation ampli-

tude and a microwave power setting of 50
mW. Signal heights are quoted as the peak
to trough distance of the first derivative
spectrum in each case. Although this method
of expressing electron paramagnetic signals

has it-s limitations, it was used as the most
practical method of expressing our determi-
nations, since no broadening of the signals

was detectable. The low-spin g value quoted
(2.25) is the position of maximal absorption

(i.e., the midpoint of the peak to trough dis-

tancc in the derivative spectrum), and the
high-spin g value (6.1) is the position of the
maximum signal in the derivative spectrum.

Nicotinamide, NADP�, N-ethylmaleim-

ide, mersalyl acid, and p-chloromercuriphen-
ylsulfonic acid were purchased from Sigma

Chemical Company. p-Chloromcrcuribenzo-
ate sodium was obtained from Calbiochem;
ethylmorphine hydrochloride, from Merck &
Company; and hexobarbital, from Winthrop
Laboratories. Trypsin was purchased from
Worthington Biochemicals Corporation, and
ovomucoid trypsin inhibitor, from Sigma.

RESULTS

Derivation of standard method. The addi-

tion of mercuric chloride or mersalyl to rat
liver microsomes produced a spectral change
in the difference spectrum of the oxidized
pigment-s with an absorption maximum at

402 nm and an absorption minimum at 423
nm. The magnitude of this spectral difference
was largest approximately 2 mm after the

mercurial addition and, at the lower mercu-
na! concentrations investigated, remained
nearly maximal for a further 8 mm (Fig. 1A).
At higher mercurial concentrations the mag-
nitude of the absorbance change decreased

soon after reaching a maximum, possibly
because of the lability of P-420 under aerobic

conditions (8). The maximal spectral change
obtained depended upon the mersalyl con-
ccntration added (Fig. 1B), up to a concen-
tration of about 80 nmoles/ mg of microsomal
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protein. Adding more mercurial to a concen-

tration of 200 nmoles� mg produced very

little additional spectral change.
It is-as necessary to determine ishether the

spectral change observed upo�i the addition
of a mercurial to microsomes was due to light
scattering changes or to a conversion of cyto-
chrome P450 to P-420. The hemoprotein

concentrations were determined using CO as
a ligand for the reduced j)igmcnts, since the

Fi; . 1 . .ilercurial-induced difference spectrum in

aerobic rat liver nlicroso7nes

Hepatic microsomes (2 mg of protein per milli-

liter) from phenobarbital-treated rat-s were sus-
pended in the standard buffer (50 m�t Tris-

chloride, pH 7.4, containing 150 mM KC1 and 10

mM MgCl2), and the sample was divided between

two cuvet-tes. The difference spectra were recorded
at various intervals for up to 10 mm after the ad-

dition of various concentrations of mersalyl to the

contents of the sample cuvette (A) : 0, 14; L�, 27;
A, 40; 0, 100; #{149},200 nmoles of mersalyl per milli-

gram of protein. The absorbance changes between
the absorption maximum (402 nm) and minimum
(423 mini) were then plotted against the mersalyl

concentration (B).
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FIG. 2. Conversion of cytochrome P-450 to P-420

after addition of mercurial

Liver microsomes (2 mg of protein per milliliter)
from phenobarbital-induced rats were suspended

in the standard buffer; a few crystals of sodium
dithionite were added, the mixture was divided

between two cuvettes, and a baseline of equal light

absorbance was determined. After the contents of
the sample cuvette had been gassed with CO for 3

mm, the mercurial (mersalyl at a concentration of
80 nmoles/mg of protein in A; CMPS at a concen-
tration of 48 nmoles/mg of protein in B) was added
and the difference spectrum was recorded at the
times indicated. B. In addition to the above, cx-

perin)ezlts were performed in which sodium dithio-
nite was added 10 sec (symbols, half-filled hon.

zontally), or 1 mm (open symbols) after the

C�-1PS, and also an experiment in which CMPS was
added 1 mm after the dithionite (symbols, half.
filled vertically). A. controls are shown (filled

symbols) in which no mercurial was added to the

sample cuvette (0, total of P-450 arid P-420; �

cytochrome P450; V, P420).

extinction coefficients for these complexes
had previously been reported. For these cx-

periments liver microsomal pigments were
reduced by adding dithionite, the sample was

gassed with CO, and the spectral changes
were determined after the addition of mcr-

salyl (Fig. 2A) or CMPS2 (Fig. 2B) to the
sample. This showed that the conversion of

2 The abbreviations used ane : CMPS, p-chloro-

mercuriphenylsulfonic acid; 0MB, p-chloromer-

curibenzoate.
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cytochrome P450 to P-420 which would be

obtained at the mercurial concentration em-
ployed was essentially complete within 5

mm, or slightly longer than the spectral

changes observed for the pigments in the
oxidized state (see Fig. 1A). This is in con-
trast to the results reported for the convcr-
sion of cytochrome P450 to P420 by neutral
salts (7), which was accelerated by dithio-
nite. After the period of extensive conversion

there was a further slow conversion of cyto-

chrome P-450 to P420, amounting to about
1-2 % of the initial cytochrome concentra-
tion per minute. Using the standard assay

procedure described under MATERIALS AND

METHODS, in is-hich the mercurial was added
to the microsomes in the oxidized state, fol-

lowed 1 mm later by dithionite reduction,
this slow- conversion rate is-as also approxi-
matcly 1-2 % irrespective of the type or con-

cefltratiOll of mercurial used (CMB, CMPS,
or mersalyl) . In the absence of mercurial no

conversion of cytochrome P-450 to P-420 is-as

detectable during the time periods employed.
Whether dithionite is-as added to the micro-

somal sample before or after the mercurial
made little difference in the extent of conver-
sion of cytochrome P.450 to P.420 observed

after 3 mm or more (Fig. 2B). The duration
of CO gassing and the timing of the initiation
of gassing aft-er dithionite addition also had
no effect on the conversion of cytochrome
P-450 to P-420.

Conversion of cytochrome P-450 to P-420.
When hepatic microsomes is-crc treated is-ith
mcrsalyl as described under MATERIALS AND

METHODS the conversion of cytochrome

P-.450 to P-420 did not proceed to comple-
tion : about 50 % of the cytochrome P.450
appeared to be refractory. Concentrations
Of mersalyl from 0 to 75 nmoles� mg of pro-

tein caused conversion of cytochrome P450
to P-420, but increasing the mersalyl con-
centration to more than 150 nmoles/mg had
little further effect (Fig. 3). This compares
favorably is-ith spectral changes seen is-hen
mersalyl interacts with the microsomal pig-
ments in the oxidized state (Fig. 1B). Ac-

companying the formation of P420 is-as a
loss of spectrophotometrically measurable
cytochrome, ishich depended on the amount

of conversion of cytochromc P450 to P-420.

FIG. 3. Effect of mersalyl conversion of microso-

mal cytochrome P-450 to P-420 on he�ne content of

Microsomes

Hepatic microsomes (2 mg of protein per milli-

liter) from phenobarbital-treated rats were treated
with mersalyl by the procedure described under

MATERIALS AND METHODS. The cytochrome concen-
trations were calculated from the difference spec-
trum obtained 10 mm after the addition of men-

salyl to the microsomes. Total heme (using the

pyridine-hemochromogan assay described in the
text) was determined using a separate sample of

microsomes which had been treated with mersalyl
for the same period of time.

Extensive gassing of the sample with argon

prior to the addition of mersalyl did not pre-
vent the loss of detectable cytochrome. It
must be emphasized, however, that the loss
of CO-combining cytochrome is-as only a loss
of measurable cytochrome by our method,
since the total heme content of the micro-

somes is-as unchanged after mercurial treat-
ment.

A similar pattern of conversion of cyto-

chrome P-450 to P-420 was observed using
tiso other mercurials, CMPS and CMB (Fig.
4), but- not with another sulfhydryl reagent,
N-ethylmaleimide. Mercuric chloride at low
concentrations caused a loss of cytochrome
P450 similar to that observed for other mer-

curials but at concentrations above 30
nmoles/ mg of protein the recovery of P-420
was much less, suggesting that the P420

formed was susceptible to degradation in the
presence of mercuric chloride. In contrast to
the incomplete conversion of cytochrome
P450 to P-420 by mercurials, urea (Table 1)
caused almost complete conversion of cyto-
chrome P-450 to P-420. However, a loss of
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FIG. 4. Conversion of microsomal cytochrome

P-450 to P-420 by various sulfhydryl reagents

Liver microsomes (2 mg of protein per milliliter)

from phenobarbital-treated rats were treated with
sulfhydryl reagents (filled symbols, CMPS; open

symbols, HgC12; symbols half-filled vertically,
CMB ; symbols half-fflled horizontally, N-ethyl-

maleirnide) by the procedure described under MA-

TERIALS AND METHODS, and the difference spectra
were determined 6 mm after the addition of the
sulfhydryl reagents to the microsomes (/.�, cyto-

chrome P450; V, P420).

CO-combining cytochrome also occurred
is-ith this urea treatment.

The general pattern of conversion of cyto-

chrome P450 to P420 by increasing mer-
curial concentrations described above was

evident under a variety of conditions ire

vitro. It was dependent on the concentration
of mersalyl per milligram of microsomal pro-
tein. The addition of compounds which pro-
duce type II substrate binding spectra
(nicotinamidc) and type I substrate bind-
ing spectra (ethylmorphine, hexobarbital)
(Table 2) produced only slight changes in

conversion. NADP+ (which is known to pro-
tect the microsomal oxidative metabolism
from inhibition by mcrsalyl) added in either
the presence or absence of nictinamide [a

substance known to prevent NADP+ de-
struction by pyridine nucleotidases (9)] did
not protect the cytochrome P450 from at-

tack by mersalyl. The conversion was essen-

tially independent of the buffer used and is-as
influenced very little by up to 10-fold

changes in hydrogen ion concentration above
of below pH 7.4 (Table 3).

The failure to observe complete conversion

of hepatic cytochrome P450 to P.420 was
at variance with the reported results of
Murakami and \-iason (4), although Ichi-
kawa and Yamano (3) failed to show 100%

conversion of cytochrome P450 upon CMB

treatment of microsomes at concentrations
up to 500 nmolcs/mg of protein. However,
Murakami and Mason employed Lubrol-

solubilized microsomes in their studies,
which, in our hands, caused some conversion

of cytochromc P450 to P-420 in the absence
of mcrcurials, and in the presence of mer-

50 curials permitted the conversion of more cy-
tochrome P450. Also, we were able to con-
firm that Lubrol has a disruptive effect on
intact microsomes (10), as least as mam-

fested by inhibition of ethylmorphine de-
methylation activity.

However, disruption of the microsomes
does not necessarily mean a greater ease of

conversion of cytocromc P450 to P420 by

mcrcurials. Treatment of the microsomes
with trypsin (which completely releases

NADPH-cytochromc c reductase activity
from the microsomes in 16 mm) for up to 30

TABLE 1

Conversion of microsomal cytochroine P-450 to

P420 by urea

Hepatic microsomes (2 mg of protein pen milli-

liter) from phenobarbital-treated rats were

treated with urea at various concentrations. The
CO difference spectra were recorded 10 mm after

the addition of urea to the microsomes, using the

procedure described under MATERIALS AND

METHODS.

Urea Cytochromes

Total
P450 +
P420

P-450 P420

31 nmoles/nmg protein

0 4.00 3.30 0.70

1 3.82 2.98 0.84

2 3.21 2.24 0.97

3 2.39 1.01 1.38

4 2.16 0.55 1.61

5 1.87 0.12 1.75

6 1.80 004 1.76



mm did not greatly increase the conversion chrome P-450, the effect of mersalyl on these

of cytochrome P-450 to P420 by mercurials is-as determined using hexobarbital and ani-
(Table 4). line as the respective ligands (Table 5). It

Effect of niersalyl on nubstrate binding spec- is-as evident that the loss of the ability to
tra. As there have been reports (1 1 , 12) of a demonstrate a hexobarbital substrate bind-

differential destruction of type I and type II ing spectrum occurred to approximately the

substrate-binding sites of microsomal cyto- same extent as the loss of cytochromc P-450.
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. TABLE 2

Effects of ethyl�norphine, hexobarbital, and nicotinamide on conversion of microsomal cytochrome
P-450 to P-J�O by mersalyl

Liver microsomes (2 mg of protein per milliliter) from phenobarbital-treated rats were suspended in

standard buffer containing 8 ma ethylmorphine, 10 m� nicotinamide, both nicotinamide and ethyl-

morphine, or 3 mM hexobarbital, and treated with mersalyl as described under MATERIALS AND METHODS.

The CO difference spectra were recorded 6 mm after the addition of mersalyl to the microsomes.

Mersalyl % of Original c ytochrome (P450 + P420) concentration present after mersa lyl treatment

No addition Ethylmorphine Nicotinamide Ethylmorphine

+ nicotinamide
Hexobarbital

- P450 P420 P450 P420 P450 P420 P450 P420 P450 P420

nmoles/mg
protein

% ioiai % tota’ % total % total total

0 87 13 90 10 88 12 89 11 89 11

13 79 14 78 14

27 73 19 61 19 68 18

32 66 26 81 13 78 14

40 57 33 57 21 60 21

53 50 25 55 19 56 22

67 38 28 52 22 56 27

80 46 30 62 16 60 20

133 36 29 45 22 44 24 -
160 39 34 53 17 53 25

TABLE 3

Effect of different buffers and changes in pH on conversion of -microsomal cytochrome P-450 to
P420 by nrer.salyl

Hepatic microsomes (2 mg of protein per milliliter) from phenobarbital-treated rats were suspended
in the buffers shown and treated with mersalyl as described under MATERIALS AND METHODS. The CO
difference spectra were recorded 10 mm after the addition of mercurial to the microsomes.

Mersalyl 50 m�r Tris-150 nmr KC1-10 mMMgCI2 lOOnmr potass ium phosphate

pH 7.4

P450 P420

pH 8.4 pH 7.4 pH 6.8

P450 P420P450 P420 P450 P420

nmoles/nig
protein

nmoles/,ng protein n;noles/,ng proteIn n,noles/,ng protein nrnoles/mg protein

0

26

48

70

96

160

2.01 0.50

1.19 0.75

0.84 0.76

0.73 0.88

0.69 0.89

0.52 0.87

1.49 0.56

0.89 0.72

0.62 0.77

0.48 0.83

2.09 0.40

1.59 0.69

0.95 0.83

0.79 0.78

0.71 081

0.62 0.80

2.14 0.36

1.59 0.68

0.81 1.02

0.62 0.91
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TABLE 4

Effect of trypsin digestion of microsomes on conversion of cytochrome P-450 to P420 by mersalyl

Liver microsomes from phenobarbital-treated rats were incubated at 25� with trypsin (4 ag/mg of

microsomal protein) for 0, 16, or 30 mm. The digestion was halted with trypsin inhibitor (7 �tg/nig of
microsomal protein), and the effect of mersalyl on the cytochrome P.450 of these microsomes was deter-
mined using the standard method, recording the CO difference spectra 10 mm after the addition of
mersalyl to the microsomes.

Mersalyl Cytochr ome concentration after trypsin digestion

0mm 16mm 30mm

P450 P420 P450 P450 P420 P450 P450 P420 P450
+ P420 + P420 + P420

nmole.s/ nmoles/rng protein nmoles/;ng protein nrnoles/mg protein
trig protein

0 3.38 0.75 4.13 2.60 0.86 3.46 2.26 - 0.91 3.17
32 2.38 1.07 3.45 1.96 1.05 3.01 1.78 1.03 2.81

80 1.52 1.25 2.77 1.24 1.27 2.51 1.18 1.22 2.40

160 1.21 1.28 2.49 0.97 1.42 2.39 0.89 1.26 2.15

TABLE 5

Effect of mersalyl on microsornal substrate binding

spectra

Liver microsomes (2 mg of protein per milli-

liter) in the standard buffer were incubated wit-h
various concentrations of mersalyl at room tem-

perature for 10 mm. After a baseline of equal
absorbance had been established, the mixture was

divided between two cuvettes and the difference

spectra were recorded 1 mm after the addition of
3 mM hexobarbital or saturating concentrations of

aniline to the sample cuvette.

Mersalyl P450 Peak to trough signal of
binding spectrum

Hexobar- Aniline Anilinea
bital

nnioles/rng % % % %
protein

0 100 100 100 100
32 C9 77 84 88

64 53 48 65 67
96 47 44 63 65

160 34 45 60 62

a With 3 mM hexobarbital

and sample cuvettes.

in both reference

The aniline binding spectrum, however, was

less affected. Since aniline has been suggested

to produce some type I as is-ell as type II
substrate binding spectra (13), and since
mersalyl also produced shifts in the is-aye-
lengths of the absorption maximum and mm-

imum of the aniline substrate binding spec-

trum similar to those caused by hexobarbital,
it may be that mersalyl, like hexobarbital,
increases the peak to trough signal heights

amid therefore gives the smaller percentage
loss observed in the aniline binding spec-
trum. When the aniline binding studies were
conducted in the presence of hexobarbital,

how-ever, the same percentage loss upon mer-
salyl treatment is-as observed as in the ab-
sence of hexobarbital, thus confirming that

the type II substrate-binding site is less af-
fected by mersalyl than the type I substrate-

binding site.
Reconversion of inicrosonial P-420 to cyto-

chrome P-450. It has been claimed that some

reconversion (65 %) of P-420 to cytochrome
P-450 is’as obtained with at least a 20-fold

excess of glutathione over mercurial (3). Un-

der the present conditions only about 20%
reconversion of P-420 to cytochronie P450
could be achieved with reduced glutathione
in concentrations up to 5 times that of the
mercurial (Fig. 5). The small reconversion

obtained was independent of the time period

( longer than 3 miii) during which the reduced

glutathionc was in contact with the mercu-

rial-trcatcd microsomes. \-Iixing the reduced

glutathione and mersalyl together before

their addition to microsomes demonstrated

that reduced glutathionc, under conditions

in which it cannot reconvert P-420 to cyto-
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FIG. 5. Reconversion of mercurial-produced mi-

crosomal P420 to cytochrome P-4�5O by reduced glu-

tat hione.

On the left, the conversion of cytochrome P450

to P420 was determined as described under MATE-

RIALS AND METHODS, except that sodium dithionite
was added 5 mm after the mersalyl had been added

to the microsomes. The CO difference spectra were

recorded 10 mm after the mersalyl addition. In
the experiments shown on the right, 96 nmoles of
mersalyl per milligram of protein were added to

the microsomes, followed by reduced glutathione
after 2 mm and sodium dithionite after a further

3 mm. The CO difference spectrum was then re-

corded at 10 mm, and the cytochrome concentra-
tions were determined (-). These were com-

pared with similar assays in which the reduced
glutathione and mersalyl were added together be-

fore their addition to microsomes (- - -). 0, cyto-

chrome P450; S P420.

chrome P450, can bind the mercurial and
prevent the initial conversion of cytochrome
P450 to P420. This suggests that mercurial

conversion of cytochrome P450 to P420 is
largely irreversible.

Changes in nmicrosomal electron param-ag-

netic resonance with mersalyl treatment. Since
some of the hepatic cytochrome P-450 in
phenobarbital-trcatcd animals is refractory
this-a-rd mercurials, it was of interest to in-
vestigate changes in the spin state of the
heme iron associated with the optically meas-

urable conversion of cytochrome P450 to

P420. Earlier workers have shown that cy-
tochrome P450 in the low-spin form is quan-
titatively converted to P420 in the high-spin

form (4) by pH changes. In our experiments

a peak to trough low-spin signal (g = 2.25)
of unity gave a peak to trough high-spin sig-
nal (g = 6.1) of 0.4. Although lowering the

PH caused quantitative changes in hepatic
microsomes from phenobarbital-induced rab-
bits (Fig. 6A), conversion of cytochrome

P450 to P420 by mersalyl caused a change
in the low-spin EPR signal without the con-

comitant appearance of an equivalent
amount of high-spin signal, possibly because
of the inability to detect P420 by ESR un-
der certain conditions (4). In addition, the
amount of conversion of cytochromc P-450
is-ith mersalyl, as shown by the decrease in

LOW SPIN

FIG. 6. Effect of pH changes and mersalyl on elec-

tron paramagnetic resonance spectra of rat and rabbit
liver neicrosornes

A. Hepatic microsomes from phenobarbital-

treated rabbits were used at concentrations of 12-

15 mg of protein per milliliter. Changes in the high-

spin (g = 6.1) and low-spin (g = 2.25) signals were
obtained with changes in pH from 7.4 to 4.0
(O-O) and with mersalyl concentrations (�)
from 0 t-o 200 nmoles/mg of protein. The low-spin

signal obtained at pH 7.4 in each preparation was

normalized to 100, and the high-spin signal was

adjusted to the same extent.

B. Liver microsomes from phenobarbital-

treated rats were used at concentrations of 15-19

mg of protein per milliliter. Signal heights were
again normalized as with rabbit liver microsomes.
pH changes were from 7.4 to 4.0 (0-0), and

mersalyl concentrations (S) of 0-240 nmoles/mg
of protein were used.
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low-spin signal, never approached that ob-

tamable with pH changes. Mcrsalyl binding

as a substrate, with conversion of the low-
spin cytochrome P-450 to a high-spin form

not detectable under our conditions, seems
unlikely, because of the similarity in the
losses of cytochrome P-450 and the hexo-

barbital substrate binding spectrum already

discussed.
With hepatic microsomes from phenobar-

bital-treated rats, lowering the pH did not
cause the same conversion of the lois--spin
(g = 2.25) to the high-spin (g = 6.1) signal

(Fig. 6B) seen in rabbit microsomes. When
the lois--spin loss is-as less than about 40 %

there was little increase in the magnitude of
the observable high-spin signal. Nevcrthc-
les.s, as in the experiments using rabbit liver
microsomes, mersalyl alisays produced less

high-spin signal for a given loss of the low-
spin signal than did lowcring the pH.

A correlative study of the conversion of
cytochromc P-450 to P-420 by mersalyl
(Fig. 7), observed both optically and by dcc-

tron spin resonance spectroscopy, show-ed

that the loss of the lois--spin signal and cyto-
chrome P-450 and the gain in the high-spin

signal and formation of P420 (above that
already present 11) the native microsomes),
caused by mersalyl, isere correlated very
closely. This indicates that the discrepancy

observed in the spin resonance studies (as-
suming the relationship bct-iseen the high-
and low-spin signals observed in rabbit
microsomes) may correspond with measura-
ble hemoprotcin “lost” in the spectral stud-

ics. The apparent lack of high-spin signal for
P-420 present in native microsomes (i.e.,

those not treated with mersalyl) may also
reflect an error in the determination of cyto-
chrome P-420 using accepted extinction co-
efficients. Thus mersalyl, as well as convert-

ing cytochromc P-450 to P-420, also appears
to destroy a portion of the hemoprotein prcs-

ent in microsomes. Although the difference
bctisccn P420 and the high-spin signal has
been explained as an inability to detect all
the optically measurable P-420 as the high-
spin signal (4) , the correlation demonstrated

here betiscen cytochrome P-450 and the low-

spin signal, on the one hand, and P420 and
the high-spin signal, on the other, strongly

FIG. 7. (‘orrelation of effects of mersalyl on optical

and electron paramagnelic resonance spectra of rat

microsomal cytochrome P-450
The optical CO difference spectra were obtained

6 mm after the addition of mersalyl to the micro-
somes, using the standard procedure described

under MATERIALS AND METHODS. Microsomes were

used at a concentration of 2 mg of protein per mil-
liliter. Electron paramagnet ic resonance samples,

consisting of aerobic microsomes treated with mer-

salyl, were frozen in liquid nitrogen at the time
the optical spectra were determined (6 mm after

the addition of mersalyl), using microsomal con-

centrations of 20 and 15 mg of protein per milliliter

in control (A) and phenobarbital-treated (B) ani-

mals, respectively. The high-spin signal is plotted

on the same scale as the low-spin, using the ratio

derived from the p11 conversion of rabbit liver mi-
crosomes (i.e., 1 arbitrary unit of low-spin gives

0.4 unit of high-spin signal). � and V, optical de-

terminations ; #{149}, electron paramagnetic resonance
determinations.

suggests that mersalyl also converts some of
the cytochrome to a form that cannot be
measured either as an EPR signal or opti-
cally as a carbon monoxide derivtive.

DISCUSSION

The results presented here demonstrate

that mercurials convert hepatic microsomal

cytochromc P450 to P-420, but that in mi-
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crosomes from phenobarbital-treated ani-

mals this does not proceed to completion.
The cytochrome P-450 is not partially rc-

fract-orv to all methods used for conversion,

since high urea concentrations result in com-
plete disappearance of cytochrome P450.

The concentration range of mercurial

(about SO nmoles/ mg of protein) at which
conversion of cytothromc P450 to P-420 oc-
curs is much greater than the concentration

of cvtochrome P-450 (2-3 nmoles� mg of pro-

tein) present in the microsomes. Although
recent evidence (14) implicates a sulfhydryl
group as a lignad to the heme in cytochrome

P-450, the original assumption, based on the
mercurial conversion of cytochrome P450,

isould seem to be rather fortuitous. Our cvi-
deuce indicates either that there exists a het-
erogeneous population of cytochrome P-450
molecules, as regards the susceptibility of the
ligand -SH group to mercurials, or that the

ligand -811 group is not titrated at all and

the conversion of cytochrome P450 to P420
is caused by an attack on other -SH groups,

either on the cytochrome P450 itself or in
the membrane proteins concerned with the
structural organization of the electron trans-

port chain.
Earlier isork (15) has shown that the -SH

groups on the NADPH-cytochrome c reduc-
tase necessary for enzyme activity are pro-

tected from mercurial attack by NADP�
The lack of protection by NADP� toward

the conversion of cytochrome P450 to P420

by mersalyl suggests that the mode of attack
of mersalyl is not through disruption of this

key component-key in that quantitative
determination of the components of the mi-
crosomal electron transport chain (16)

requires that many cytochrome P450 mole-
cules be linked in some way to this flavopro-

tein. Also, after trypsin digestion, which
releases the flavoprotein from the microso-

mal membrane, there appears to be no re-
markable change in the mercurial conversion
of cvtochrome P450. That the conversion

of cvtochrome P450 to P-420 is affected only

slightly by compounds which bind to the
cytochrome in the oxidized state (giving type

I and type II binding spectra), in a region of

the molecule close enough to the heme to

cause perturbation of the hcme group (17),

again suggests that the mercurial attack oc-
curs at some point more distant from the

“active” heme area. The lack of reconversion

of P420 to cytochrome P450 by reduced
glutathione suggests either that the thiol

groups in the microsomes have a very high
affinity for the mercurial or that the mcrcu-
rial interaction causes or permits irreversible

disruption of the protein.
The loss of total cytochromc upon mer-

salyl treatment, observed with optical as
well as electron paramagnetic resonance

studies, the asymmetry of the loss of cyto-
chrome P450 with the increase in P-420, and
the low amounts of P420 obtained when cy-
tochrome P450 is converted by mercuric

chloride may all indicate that nascent P420
is labile toward mercurials. Conversion by
lowering the pH, however, as measured by

spin state changes, would indicate that with

pH changes, at least in rabbit liver micro-
somes, the conditions are less drastic as re-
gards the destruction of P420. Alterna-
tively, the loss of measurable hemoprotein
may be due to separation of the heme from
its apoprotein or to preferential destruction
of a pigment with a high extinction coeffi-
cient (18). However, since the cytochrome
with a high extinction coefficient is presumed

to be a high-spin hemoprotein which is mm-
detectable under our conditions, one would
expect a smaller loss of lois--spin signal for a

given loss of optically measurable cyto-
chrome P-450. This matter has been inves-
tigated further in the following paper (19),

using 3-methylcholanthrene-treated animals,
in which the presumed high extinction coeffi-
cient of cytochrome P450 represents a larger

percentage of the total cytochrome P450 in

the microsomes (14).
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