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Summary: By improving the resolution of microsomal proteins in
§D§—poiyacry1am1de gels, we have succeeded in assigning one major
protein not only to each of the four known components of micro-
somal electron transport but also to the proposed components, cy-
tochrome Py-450 and "Factor X". The increases in P-450 protein
after PB induction and P;-450 protein after 3-MC induction were
comparable to the respective increases in CO binding. They dem-
onstrated molecular weights of 56,000 and 54,000 daltons respec-
tively. The "Factor X" protein, molecular weight = 48,000, ap-
pears to be of non-heme iron character, and probably is an inter-
mediated electron carrier between flavo- and hemoproteins.

Introduction: Intensive research on liver microsomes over the

past few years has revealed a complicated system of electron
transport in this membrane fraction. This system appears to be
divided into two branches; an NADPH dependent flavoprotein (1,
2,3) coupled with cytochrome P-450 (4,5) and an NADH dependent
flavoprotein (6,7) coupled with cytochrome bg (8,9). These four
known components appear to be linked with one another (10,11),
perhaps by way of an often proposed but undefined "Factor X"
(3,12). A second cytochrome P-450 protein specifically induced
by 3-MC, the so-called Py-450 or P-448, has also been proposed
(13,14,15), but has eluded researchers of this system until now.
The assignment of each of the four known components to one major
protein in SDS-polyacrylamide gels from sub-microsomal fractions
(16) has led us to undertake a detailed examination of these
components in the microsomal membrane, where the proteins are

in their "native" state and enzymatic functions are retained.

hree methylcholanthrene; PB = phenobarbital
on-heme iron
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Methods: Treatment of animals, functional assays, and other
techniques not mentioned here were as previously described (16).
The O-demethylation of para-nitroanisol and acetanilid hydroxyl-
ation were determined by the methods of Netter (17) and Leibman
(18) respectively.

The SDS-polyacrylamide gel electrophoresis method was based
on that of Weber and Osborn (19). Amperage, however, was in-
creased from 8 to 10 mA per gel. Gels were fixed, stained with
Comassie blue, and destained by the method of Fairbanks (20).
Quantitation of the bands was as described by Matthieu (21). Al]l
chemicals were of biochemical or analytical grades and commer-
cially available. Purified cytochrome by was the generous gift
of P. Strittmatter.

Results and Discussion: A comparison of 8 mA with 10 mA gels

2378 W X

FIGURE 1. Resolution of total microsomal proteins in SDS-poly-
acrylamide gels.

Gels were loaded with 50 ug of microsomal proteins from PB-
treated mice and stained and destained as described in Methods.
Upper gel was run with 10 ma/gel for seven hours; lower gel with
8 ma/gel until tracking dye migrated into lower buffer as de-
scribed by Welton and Aust (approximately 4 hours). Gels were
5 mm internal diameter and 7 cm long. The improved resolution of
major component around 50,000 daltons was accomplished at the
cost of losing cytochrome bs and other low molecular weight com-
ponents.

Cytochrome bs, band 32, was identified with the help of a 90%
pure standard. Assigments of other components was as previously
described.
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FIGURE 2. A comparison of microsomal proteins from variously
treated mice.

Bands were assigned to functional activities as previously
described: 8-NADPH-cytochrome ¢ reductase, ll-Unknown 1, 12 +
13-Unknown 2, 14-NADH-cytochrome ¢ reductase, 15-cytochrome
P 450, 16-cytochrome P, 450, 19-factor x.
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(Fig. 1) demonstrates the improved resolution of the major mi-
crosomal components with molecular weights around 50,000 daltons.
Using PB and 3-MC dinduction, quantitation of electrophoretic com-
ponents, and parallel enzymatic assaiys, we then examined the dis-
tribution of microsomal electron transport components in total
microsomes. From Fig. 2 it is apparent that no significant vari-
ations are seen between saline or o0il injected controls. 071
and 3-MC treated groups were the problem children of these
studies showing the largest fluctuations in electrophoretic and
enzymatic experiments. The resolution of proteins in polyacryi-
amide gels after 3-MC induction was impaired by an inexplicable
but recurring diffuse appearence or "smearing" of the bands.
This in turn made any minor protein changes insignificant for
this group of microsomes.

An increase was seen in band 16, molecular weight = 54,000
daltons, after 3-MC induction while band 15 was less than or
equal to controls. After PB induction the opposite effect was
seen; an increase at 56,000 daltons, band 15, while band 16
remained unchanged. A large decrease in band 19, 48,000 daltons,
was also seen in microsomes from PB induced animals. A closer
comparison of gels revealed an apparent decrease in band 11 and/
or increase in 12 or 13; however, the major changes in bands 15,
16 and 19 appear to be responsible for the major differences in
activity between control, PB and 3-MC induced microsomes.

The above is not in agreement with the most recent work of
Welton and Aust in rat liver microsomes (22). These researchers
found only increases in microsomal proteins which were compar-
able to changes in partially purified cytochrome P-450 prepa-
rations from rats, while we found increases and decreases in
microsomal proteins which varied considerably from partially
purified cytochrome P-450 preparation from mice. We have found
the partially purified preparations from rats (23) and mice
(16) to be similar, and our preliminary experiments indicate
that rat and mouse microsomal proteins are of similar molecular
weights except for band 19. Thus the contradictions between our
experiments and those of Welton and Aust do not appear to be
derived from species differences, but rather from differing
assignments of the nine proteins, around 50,000 daltons in
microsomes to the four seen in purified cytochrome P-450 prepa-
rations. A detailed study of this problem is in progress.
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A summary of concomitant band quantitation and microsomal
activity measurements is presented in Tables I and II. A com-
parison of PB and 3-MC induced changes in CO binding to band 15
and 16 strongly support the assignment of P-450 to the former and
P1-450 to the latter band. The ratio of 1:4 for P-450: P,-450,
however, does not agree with the predicted value of 1:1 for
control animals (15, 24). These data seem to confirm the long
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TABLE I. Per cent of total microsomal proteins for major bands
in SDS-polyacrylamide gels.

Per cent of total proteins and the mean * S.D. {right) are
shown for 3 microsomal preparations (vertical rows, 1,2 or 3).
e.g. groups by mice variously pretreated, sacrified and prepared
at the same time. Per cent of respective controls (left) was
calculated for parallel experiments (horizontal rows) from the
same preparation. A variation analysis according to Fisher re-
vealed significant differences (P<0.001) between control and
induced animals. Significant changes in individual bands are
best seen as per cent of control + S.D.
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standing theory that two different CO binding hemoproteins are
present in liver microsomes and can be differentially induced
by PB or 3-MC pretreatment in vivo.

The decrease in band 19 after PB induction and its equimolar
ratio to the known components of microsomal electron transport
in control microsomes make this protein the best candidate for
"Factor X". The decrease in PB treated animals also suggest a
connection betwesen this protein and a non-heme iron component
found by Montgomery (25) and ourselves (26) using two different
methods. The NHI character of this component is further suppor-
ted by the recent description of such a protein in Tiver micro-
somes by Strittmatter (27) which has a similarly large molecular
weight.

On the one hand, the decrease in band 19 appears paraliel with
a decrease in NADH-cytochrome ¢ reductase activity. The fact that
Strittmatter’s NHI protein was also connected with NADH dependent
electron transport would fit these data, suggesting that these

components are one and the same. Further support of this hypo-
thesis is found in the work of Weber et al. on probable path-
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ways for cytochrome c reduction in microsomes (28).

On the other hand, the increase in NADPH-cytochrome ¢ reduc-
tase activity after PB induction does not appear to be derived
from a change in the quantity or ratio of the respective flavo-
proteins, band 8 and 14, but rather on the change in some other
component as already suggested by Staron (29).

Our data, indicating that the relative content of the NADPH
dependent flavoprotein, band 8 remains unchanged after PB in-
duction although the NADPH dependent cytochrome ¢ reduction is
greatly increased, contrasts with present views on this component
(29,30,31). Thus it appears probable that band 19 and/or band 15
represent the key to regulation and cooperation between the two
microsomal electron transport chains.

The induction of more O-demethylation, type I, by PB and more
acetanilid-hydroxylation, type II, by 3-MC was typical for this
system, but no simple relationship of P-450 to type I or P1-450
to type II activity could be seen. This system thus appears to
be much more complex than originally postulated. In this respect,
such small but significant changes as those seen in bands 12 and
13 after PB induction must be more closely studied. It is impor-
tant *o note that these components, which represent more than ten
per cent of the total microsomal protein, are most probably
glycoproteins (32). These studies thus promise to open a new road
to understanding the dependence of membrane structure on glyco-
proteins and their role in microsomal electron transport.
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