MOLECULAR PHARMACOLOGY, 13, 60-69

Pyridine Nucleotide-Dependent Electron Transport in Kidney Cortex
Microsomes: Interaction with Desaturase and Other Microsomal
Mixed-Function Oxidases

Mark R. MONTGOMERY

Pulmonary-Toxicology Laboratory and Research Service, Veterans Administration Hospital, and
Departments of Pharmacology and Medicine, University of Minnesota, Minneapolis, Minnesota 55455

DoMinNick L. CINTI

Department of Pharmacology, University of Connecticut Health Center, Farmington, Connecticut 06032

(Received May 27, 1976)
(Accepted August 19, 1976)

SUMMARY

MoNTGOMERY, MARK R. & CinT1, DomiNIcK L. (1977) Pyridine nucleotide-depend-
ent electron transport in kidney cortex microsomes: interaction with desaturase and
other microsomal mixed-function oxidases. Mol. Pharmacol., 13, 60-69.

Rat kidney cortex microsomes contain both cytochrome by and its flavoprotein reduc- -
tase, yet do not catalyze fatty acyl-CoA desaturation. This inactivity was unaltered by
feeding a high-carbohydrate diet. However, supplementation of liver or lung micro-
somes with kidney microsomes produced a significant increase in desaturase activity.
Kidney microsomes had no effect on liver N-demethylation or aromatic p-hydroxylation
and only an additive effect on aryl hydrocarbon hydroxylase activity, suggesting speci-
ficity for the kidney-dependent synergism of desaturase. Although stearoyl-CoA is not
desaturated by kidney microsomes, it did inhibit both kidney aryl hydrocarbon hydrox-
ylase activity and NADH-cytochrome ¢ reductase activity, which was restored to the
control level by cyanide; stearic acid had no effect on reductase activity. These results
suggest the presence of a desaturase electron transport system in kidney which may lack
a factor(s) normally present in liver and lung.

However in the kidney, only « and w-1
hydroxylation of fatty acids (2, 3) and the

INTRODUCTION
Like liver and lung, the kidney cortex

microsomal fraction possesses two cyto-
chrome-linked electron transport chains
which utilize reducing equivalents in the
forms of NADH and NADPH. One of these
chains, which contains the flavoprotein
NADPH-cytochrome P-450 reductase and
cytochrome P-450, is involved in catalyz-
ing numerous oxidative reactions (1).
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hydroxylation of benzopyrene (4, 5) are
catalyzed to a significant extent by this
enzyme system.

The second electron transport chain con-
tains at least two components, the hemo-
protein cytochrome b; and its NADH-de-
pendent flavoprotein reductase. Until re-
cently, the physiological role of this elec-
tron transport system in liver and lung
has been unclear. Evidence for liver, based
on NADH synergism with NADPH-de-
pendent drug oxidations (6), on the partial
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reoxidation of reduced cytochrome b; in
the presence of cytochrome P-450 drug sub-
strate (7), and on anti-cytochrome b5 anti-
body studies (8-10), suggests a transfer of
reducing equivalents from NADH to the
ternary cytochrome P-450 complex via cy-
tochrome b;.

Other investigations have provided
strong evidence indicating that this
NADH-dependent microsomal electron
transport chain catalyzes the oxidative A®
desaturation of fatty acyl-CoAs to their
corresponding monoenoic acid derivatives
(11-15). In liver, adipose tissue, and lung,
this enzyme system also contains a third
component, which, because of its sensitiv-
ity to cyanide, has been termed the cya-
nide-sensitive factor (desaturase) (11, 16).
In studies designed to elucidate the func-
tional relationship among these compo-
nents, no clear correlation has been ob-
served between tissue cytochrome b, con-
tent and desaturase activity. For example,
although adipose tissue contains about
one-fifth the cytochrome b, present in
liver, adipose desaturase activity is more
than twice that of liver (17). Lung, which
possesses about one-half the liver desatu-
rase activity (16) in the normal rat, has
only one-tenth the amount of liver cyto-
chrome b,. Moreover, although the kidney
contains to one-fourth one-third the
amount of cytochrome b, (1, 17, 18) present
in liver, there is no measurable desaturase
activity (17, 19).

Furthermore, the desaturase system in
both liver and lung is highly inducible by
dietary manipulations. Feeding a high-
carbohydrate diet by various schedules
may result in as much as a 10-15-fold in-
crease in liver desaturase activity (20, 21)
and a 2-3-fold increase in lung activity
(16). However, there is no apparent rela-
tionship between cytochrome b, content
and the induction phenomenon, since
there is no enhancement of microsomal
cytochrome b, concentration in these tis-
sues (16, 20); indeed, it has been reported
that hepatic cytochrome b, levels have de-
creased following this induction (22). Al-
though under these dietary conditions the
liver and lung desaturase activities are
highly induced, the kidney microsomal

system still fails to exhibit desaturase ac-
tivity toward stearoyl-CoA (19), the pre-
ferred substrate of the liver and lung A?
desaturase systems (16, 23).

In light of our previous observations of
significant NADH-cytochrome b, reduc-
tase activity and cytochrome b, content in
kidney cortex microsomes (19), the present
study was designed to investigate the ab-
sence of stearoyl-CoA desaturase activity
in these preparations. This study reports
that kidney cortex microsomes contain an
electron transport system which is sensi-
tive to the presence of stearoyl-CoA and
cyanide and does not desaturate stearoyl-
CoA to oleoyl-CoA, but is capable of signif-
icantly stimulating functional desaturase
systems in other tissues.

METHODS

Preparation of microsomes. Male
Sprague-Dawley rats, 175-275 g, were
given access ad libitum to Purina rat
chow or a high-carbohydrate diet (“fat-
free” test diet, Nutritional Biochemicals)
and tap water for 4 days prior to death. 3-
Methylcholanthrene (40 mg/kg in corn
oil, intraperitoneally) was administered
once daily for 2 days prior to death. All
animals were killed by decapitation be-
tween 8:00 and 9:00 a.m. The organs to be
studied were removed and homogenized
in a motor-driven Teflon-glass homoge-
nizer with 0.10-0.15-mm clearance in 3
volumes of 0.02 M Tris-0.15 M KCIl buffer,
pH 7.4, or 0.25 M sucrose. For preparation
of lung microsomes, prior to homogeniza-
tion the lungs were washed free of adher-
ing blood and then finely minced in
buffer, and the mince was washed with
buffer until the wash solution was clear.
For preparation of kidney cortex micro-
somes, the cortex was isolated from the
medulla prior to homogenization. Liver
and lung homogenates were then centri-
fuged at 9000 x g for 15 min; kidney was
centrifuged at 15,000 x g for 15 min. The
supernatant was centrifuged at 165,000 x
g for 40 min, and the resultant pellet was
resuspended in Tris-KCl buffer and rese-
dimented at 165,000 x g for 40 min. The
microsomal pellet was then resuspended
in Tris-KCl. Microsomal protein was de-
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termined by the method of Sutherland et
al. (24) or Lowry et al. (25).

Kidney microsomes prepared with Tris-
KCl buffer contained virtually no hemo-
globin (as shown by the lack of a CO-
induced absorption peak at 420 nm), a
hemoprotein which might affect spec-
tral determinations of microsomal cy-
tochromes. However, the mitochondrial
contamination, as measured by succi-
nate-cytochrome c¢ reductase activity,
was approximately 5% of the activity ob-
served in a mitochondrial fraction. On the
other hand, homogenization of kidney
cortex in 0.25 M sucrose reduced the mito-
chondrial contamination to approxi-
mately 1% but resulted in significant he-
moglobin contamination in the final mi-
crosomal suspension. The enhanced liver
and lung desaturase activities were the
same for either kidney microsomal prepa-
ration. Since mitochondrial contamina-
tion could easily alter electron flow
through the microsomal electron trans-
port chains, sucrose-prepared kidney mi-
crosomes were employed for measuring
electron transport components. Liver and
lung microsomes were prepared only with
Tris-KCl.

Materials. 3-Methylcholanthrene was
obtained from Sigma Chemical Company;
stearic acid, from Applied Science Labo-
ratories; benzolalpyrene, from Eastman
Kodak; aminopyrine, from Aldrich Chem-
ical Company; and ethylmorphine hydro-
chloride, from Mallinckrodt. All other
chemicals were of the highest commercial
grade available.

Assays of enzymatic activities. Desatu-
ration of [1-'C]stearoyl-CoA or [1-“C]-
palmitoyl-CoA was determined as previ-
ously described for lung (16), kidney (19),
and liver (21) microsomes. Briefly, 0.1 ml
of the microsomal suspension, containing
1.0 mg of microsomal protein, was added to
the the incubation mixture, which con-
tained 1 mm NADH and either 70 um [1-
14Clstearoyl-CoA for liver experiments or
35 uM [1-'“Clstearoyl-CoA for kidney and
lung experiments, in a final volume of 0.50
ml of 0.1 M Tris-HCI buffer, pH 7.25. [1-
14C]Stearoyl-CoA (New England Nuclear,
lot 678-279; specific activity, 51.8 mCi/

mmole), 0.2 mg (0.010 mCi), was added to
10 mg of unlabeled stearoyl-CoA (Sigma)
in Tris-HCI, pH 7.25, for use in the incuba-
tion mixtures. [1-'*C]Palmitoyl-CoA (New
England Nuclear, lot 748-221; specific ac-
tivity, 57.8 mCi/mmole) was prepared sim-
ilarly with unlabeled palmitoyl-CoA
(Sigma) for use with kidney microsomes.
All incubations were performed in dupli-
cate for 4 min (liver) or 6 min (lung or
kidney) at 37° in a shaking water bath.
The reaction was stopped by the addition
of 1.0 ml of 10% KOH in methanol, fol-
lowed by saponification at 80° for 30 min.
The mixture was then acidified with 2.0 ml
of 4 N HCI, and the fatty acids were ex-
tracted with 30 ml of petroleum ether and
converted to methyl esters with 3 ml of
14% boron trifluoride in methanol (26).
The methyl esters were extracted into pe-
troleum ether and separated by thin-layer
chromatography on silica gel GF plates
(Analtech) containing 10% AgNO; devel-
oped in ether-hexane (1:9, v/v). The spots
were identified under ultraviolet light
after spraying with 0.05% Rhodamine B
(in methanol) and compared with authen-
tic standards. The spots were scraped and
counted in a toluene scintillator (4 g of 2,5-
diphenyloxazole and 0.25 g of 1,4-bis[2-(4-
methyl-5-phenyloxazolyl)]benzene per li-
ter of toluene) in a Beckman LC-100 scin-
tillation counter. Desaturation activity
was determined by dividing the radioac-
tivity found in the monounsaturated ester
by the sum of the radioactivities in both
the saturated and unsaturated esters; the
ratio was then converted to nanomoles of
oleic formed per minute per milligram of
microsomal protein. Background activity
for assay was determined by addition of
the microsomes after the KOH.
Hydroxylation of benzola]pyrene was
measured according to Gnosspelius et al.
(27) with slight modification. Benzo[a]-
pyrene was dissolved in acetone rather
than ethanol and added first to the incuba-
tion flask; either the evaporation of ace-
tone or its presence in the incubation me-
dium resulted in the same benzo[a]pyrene
hydroxylase activity. The concentration of
benzo[alpyrene in each flask was 75 uM.
The incubation mixture contained 50
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pmoles of Tris-Cl buffer (pH 7.5), 5 umoles
of MgCl,, 1.0 umole of NADPH, and 0.5
mg of microsomal protein in a total volume
of 1.0 ml. Incubations were conducted for
20 min at 37° in air. The NADPH-generat-
ing system consisted of 1.0 mm isocitrate,
5.0 mm NADP*, and isocitrate dehydro-
genase (15 ug/ml, Sigma type IV). All hy-
droxylation reactions were initiated by the
addition of microsomes, and all determina-
tions were performed in triplicate. The
amount of hydroxylated substrate formed
during the incubation was estimated fluo-
rometrically, using 3-hydroxybenzo[al-
pyrene as a standard.

Aminopyrine and ethylmorphine N-de-
methylase activities were determined by
estimation of formaldehyde production
with Nash’s reagent (28). Aminopyrine
and ethylmorphine hydrochloride were
used as substrates at 5.0 mm and 2.0 mm,
respectively. The NADPH-generating sys-
tem consisted of NADP* (0.4 mm), glucose-
6-P (4 mm), and glucose-6-P dehydrogen-
ase (2 enzyme units) in a final volume of
3.0 ml. Reaction mixtures were incubated
under air at 37° for 15 min; the reaction
rates were linear throughout this period.

Aromatic p-hydroxylation of aniline was
determined essentially as described by
Schenkman et al. (29), by measuring p-
aminophenol formation. The hydroxyl-
ation reaction, supported by the same
NADPH-generating system in a 3-ml vol-
ume as described for N-demethylase, was
terminated after 20 min at 37° by addition
of 1.5 ml of 20% trichloracetic acid. Follow-
ing centrifugal separation of the precipi-
tated protein, 1 ml of 0.5 M NaOH contain-
ing 1% phenol was added to 1.0 ml of the
supernatant. After mixing, 1 ml of 1 M
Na,CO; was added, and the mixture was
incubated at room temperature for 20 min.
p-Aminophenol formation was determined
at 630 nm.

NADH-cytochrome b; reductase activ-
ity, using ferricyanide as the electron ac-
ceptor, was measured by the procedure of
Strittmatter (30) with an Aminco DW-2
spectrophotometer. NADH-cytochrome ¢
reductase activity was estimated as de-
scribed by Dallner (31), and succinate-cy-
tochrome ¢ reductase was determined by

the method of Sottocasa et al. (32) by fol-
lowing the reduction of cytochrome c at 550
nm. The assay mixture contained 0.1 mm
NADH or 3 mMm succinate, 0.1 mmM cyto-
chrome ¢, 0.3 mm KCN, and 50 mm phos-
phate buffer, pH 7.5. The reaction was
started by the addition of the substrate.

Statistics. Statistical analysis of the ef-
fect of kidney microsomes on both liver
and lung desaturase activities was per-
formed using the paired t¢-test. This
method is appropriate for determination of
significance (p < 0.05) in a paired experi-
mental design such as utilized here for
liver or lung activity alone compared with
the activity determined upon the addition
of kidney microsomes.

RESULTS

Kidney cortex microsomes prepared
from rats maintained on either the control
or the fat-free diet failed to demonstrate
any A® desaturase activity with either
stearoyl-CoA or palmitoyl-CoA as sub-
strate. This result was consistently ob-
served whether NADH, NADPH, or an
NADPH-generating system was utilized
as the source of reducing equivalents. This
observation was most surprising in view of
(a) the observed cytochrome b; concentra-
tions of 0.15 + 0.02 and 0.12 + 0.01 nmole/
mg of microsomal protein for rats main-
tained on the control and fat-free diets,
respectively (N = 4/group) and (b) the ob-
served cytochrome b; reductase activities
of 1.62 = 0.05 and 1.50 + 0.27 umoles/min/
mg of protein for the same two diets, re-
spectively (N = 4/group). Furthermore,
both the kidney cortex microsomal cyto-
chrome b; content and cytochrome b; re-
ductase activity were significantly greater
than in lung microsomes, which possess
significant desaturase activity (16); lung b,
was 0.07 and 0.05 nmole/mg of protein and
bs reductase was 1.43 and 1.48 nmoles/
min/mg of protein for the normal and fat-
free diets, respectively.

In order to determine whether kidney
microsomes could be activated for desatu-
rase activity, stearoyl-CoA desaturase ac-
tivity was measured when these micro-
somes were in the presence of an intact
system. Addition of kidney microsomes to
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liver (Fig. 1) or lung (Fig. 2) microsomes
resulted in more than a 2-fold stimulation
of basal liver or lung desaturase activity.
As expected, the fat-free diet markedly in-
duced both the liver and lung activities,
which were enhanced (20%) significantly
(p < 0.01) further by the presence of kid-
ney microsomes; dietary treatment did not
affect the kidney-induced activity. It
should be pointed out that, although the
liver activity following the fat-free diet
was increased further by only 20% upon
addition of kidney microsomes, the abso-
lute increase in activity was 0.95 nmole of
oleate formed per minute per milligram of
protein, compared with an increase of 0.46
nmole/min/mg for the control diet liver
preparation.

In a separate experiment, the effect of
increasing concentrations of kidney micro-
somes on liver desaturase activity was de-
termined (Table 1). While the over-all ac-
tivity was somewhat lower in this experi-
ment, significant enhancement of total de-
saturase activity was observed with the
lowest concentration (0.5 mg/0.5-ml incu-
bation) of kidney microsomes added. This
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Fi1c. 1. Stimulation of liver stearoyl-CoA desatu-
rase activity by kidney microsomes

Ly and Ky represent microsomes prepared from
liver and kidney cortices from rats maintained on
the control diet; Ly and Ky represent similar prepa-
rations from rats given the fat-free diet. N = six rats
per dietary treatment. The cofactor was 1 mm
NADH. Data are means + standard errors.

* p < 0.01 by the paired ¢-test.
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F16. 2. Stimulation of lung stearoyl-CoA desatu-
rase activity by kidney microsomes
Lu represents lung microsomes. Other details

were the same as for Fig. 1.
* p < 0.01 by the paired t-test.

TABLE 1
Effect of increasing concentrations of kidney
microsomes on liver microsomal fatty acid
desaturase

Separate microsomes were prepared from three
rats given the fat-free diet. Kidney microsomes were
added to liver microsomes prepared from the same
rat. The cofactor was 1 mmM NADH, and the total
incubation volume was 0.5 ml, as described in METH-
ops. Data are means + standard errors for duplicate
incubations.

Kidney micro- Total desaturase

Per cent of

somes added activity liver activity
to 1.0 mg of
liver micro-
somes
mg nmoles/min/mg %
0 1.80 = 0.33 100
0.5 2.47 = 0.37 145 = 11
1.0 2.90 = 0.47 170 = 13
2.0 3.39 = 0.40 206 = 25

stimulation progressively increased with
higher concentrations of kidney micro-
somes (Table 1). These concentrations of
kidney microsomes had no detectable de-
saturase activity (less than 0.1 nmole/min/
mg) when examined alone. The substitu-
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tion of 1 mmM NADPH for 1 mmM NADH
resulted in a 25-35% decrease in over-all
desaturase activity; however, the stimula-
tory effect of the kidney microsomes per-
sisted.

The stimulation of liver or lung desatu-
rase activity was lost following addition of
kidney microsomes which had been boiled
for 5 min. No measurable desaturase ac-
tivity was observed when boiled liver or
lung microsomes were added to kidney mi-
crosomal preparations. This indicates that
both systems (liver plus kidney, lung plus
kidney) must be intact for expression of
the simulatory effect. The kidney-stimu-
lated activity was not a nonspecific protein
interaction, since substitution of an equiv-
alent concentration of bovine serum albu-
min (2 mg/ml) did not alter either liver or
lung desaturase activity. Nor did the addi-
tion of bovine serum albumin to kidney
microsomes result in any demonstrable ac-
tivity.

Both the stearoyl-CoA desaturase activ-
ity and the observed stimulation with kid-
ney microsomes were unaltered by several
types of perturbations prior to incubation:
(a) rapid freezing and thawing (15 times)
of the liver or kidney microsomes, (b) ex-
traction of liver and kidney microsomes
with 100 mm butanol, (c) preparation of
microsomes with the ionic medium of Ca-
tala et al. (33), which has been reported to
remove a stimulatory factor from liver, or
(d) addition of a 105,000 x g liver superna-
tant fraction to kidney microsomes.

Triton X-100 has been effective in un-
masking several latent enzymatic activi-
ties [e.g., UDP-glucuronyltransferase
(34), malate dehydrogenase (35), and glu-
tamate dehydrogenase (35)]. Various con-
centrations up to 1% detergent were inef-
fective in unmasking any kidney desatu-
rase activity. Indeed, for this particular
enzyme system, Shimakata et al. (14) have
reported that 1% Triton X-100 was signifi-
cantly inhibitory.

In order to investigate the specificity of
the stimulatory phenomenon, other micro-
somal mixed-function oxidases, which,
like the desaturase, are active in liver but
not in kidney, were examined. The liver
microsomes actively catalyzed the N-de-

methylation of aminopyrine and ethylmor-
phine and also the p-hydroxylation of ani-
line; kidney microsomes were devoid of
these activities (Table 2). The combined
kidney and liver systems did not enhance
the enzymatic activity above that of liver
alone for any of the substrates (Table 2).

If the stimulatory effect is indeed spe-
cific for the desaturase system, determina-
tion of a mixed-function oxidase activity
found in both liver and kidney should re-
sult in only an additive effect when the
two microsomal systems are combined.
Such was, in fact, observed for aryl hydro-
carbon hydroxylase activity utilizing
benzo[a]pyrene as the substrate (Table 3).
This additive response was unaltered by
induction of the hydroxylase with 3-meth-
ylcholanthrene (Table 3).

Correia and Mannering (6) have re-
ported that the desaturase substrate, stea-
royl-CoA, inhibited liver microsomal
mixed-function oxidation. This inhibition
apparently resulted from a diversion of
electrons from the NADPH-dependent cy-
tochrome P-450 pathway to the functional
cytochrome bs-dependent desaturase elec-
tron transport system. Confirmation of
their observations with N-demethylations
is presented in Fig. 3, where ethylmor-
phine and aminopyrine N-demethylases
were slightly inhibited by 0.1 mM stearoyl-
CoA and significantly inhibited by 0.5 mm
stearoyl-CoA. Furthermore, a second
mixed-function oxidation, p-hydroxylation

TABLE 2

Rat liver microsomal N-demethylation and
hydroxylation in the presence and absence of rat
kidney cortex microsomes

Data represent averages of duplicate incubations
in two separate experiments. The cofactor was the
NADPH-generating system.

Source of micro-
somes

Microsomal oxidations

Amino- Ethyl- Aniline
pyrine mor-
phine

nmoles product/min/mg pro-
tein

Liver (1 mg/ml) 11.7 20 0.16
Liver (1 mg/ml) + kid-

ney (1 mg/ml) 12.6 18.2 0.19
Kidney (1 mg/ml) <0.5 <0.4 0.008
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of aniline, was almost completely in-
hibited (more than 90%) by 0.1 mmM stea-
royl-CoA (Fig. 3). The addition of 0.1 mm
CN- had no effect on the stearoyl-CoA-
induced inhibition of aniline metabolism.

Since desaturase activity was not de-
monstrable in the kidney, one would ex-
pect that stearoyl-CoA would be ineffec-
tive in this tissue, unlike the liver, in al-
tering electron flow from an NADPH-de-
pendent oxidative reaction. To our sur-
prise, low concentrations of stearoyl-CoA
(0.1-0.4 mmM) caused significant inhibition

TABLE 3
Aryl hydrocarbon hydroxylase activity in microsomes
of liver, kidney, and liver plus kidney from control
and 3-methylcholanthrene-treated rats
Data are averages of triplicate incubations in two

separate experiments. The cofactor was 1 mm
NADPH.

Source of microsomes Aryl hy-
drocarbon
hydroxyl-
ase activ-

ity
nmoles prod-
uct/hrimg
protein

Control

Liver (0.1 mg/ml) 34.5

Kidney (0.1 mg/ml) 6.4

Liver + kidney (each 0.1 mg/ml) 42.6
3-Methylcholanthrene-treated

Liver (0.1 mg/ml) 113.5

Kidney (0.1 mg/ml) 36.0

Liver + kidney (each 0.1 mg/ml) 144.0

200

Aminopyrine {50}
and

Ethyimorphine
N-Demethylation 100!

T

T

min - mg

nmoles HCHO
formed 50

Aniline
195 hHydroxylation
nmoles
4040 [ p-ominophenol
formed
{oos \ min-mg™
(o] (0]

of aryl hydrocarbon hydroxylase activity
in kidney cortex microsomes (Fig. 4); simi-
lar inhibition was also observed in kidney
microsomes prepared from rats treated
with 3-methylcholanthrene.

In view of this inhibition of aryl hydro-
carbon hydroxylase activity, we examined
the effect of stearoyl-CoA on components of
the kidney microsomal NADH-dependent
electron electron transport system. Al-
though NADH-cytochrome b; reductase
activity was unaffected by concentrations
of stearoyl-CoA up to 0.4 mm, NADH-cyto-
chrome ¢ reductase activity was signifi-
cantly decreased by as little as 0.1 mm
stearoyl-CoA and almost totally inhibited
by 0.4 mmM stearoyl-CoA (Fig. 5). This inhi-
bition was reversed by 0.15 mm cyanide,
suggesting the presence of a factor which
is sensitive to cyanide. In contrast to stea-
royl-CoA, stearic acid, which is not a sub-
strate for desaturase, had no effect on
NADH-cytochrome ¢ reductase activity
(Fig. 5).

DISCUSSION

Our data indicate that kidney cortex mi-
crosomes contain two functional compo-
nents of an NADH-dependent electron
transport chain, i.e., cytochrome b, reduc-
tase and cytochrome b;, and possibly a
third component, which is suggested by
the stearoyl-CoA sensitivity studies.
These components do not catalyze stea-
royl-CoA desaturation, but do stimulate

D Control
+QI0mM S+CoA
] -o5mm secon

Aminopyrine  Ethyimorphine Aniline
F16. 3. Effect of stearoyl-CoA (StCoA) on hepatic aminopyrine and ethylmorphine N-demethylation and

analine p-hydroxylation

Data are the averages of duplicate determinations for two separate experiments. The cofactor was the

NADPH-generating system.
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\

Steoroyl-CoA
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F1G. 4. Effect of stearoyl-CoA on kidney benzo[a]pyrene hydroxylation
Data are the averages of duplicate determinations for two separate experiments. The cofactor was 1 mm

NADPH. 3-OHBP, 3-hydroxybenzo(alpyrene.

0.03 A Abs.
100uM St. CoA
tSmM KCN
snonc Acid

F1c. 5. Effect of stearoyl-CoA (StCoA), cyanide, and stearic acid on kidney NADH -cytochrome c reductase

activity

The enzymatic activity was measured as described in METHODS. All reactions were initiated by addition of
NADH (indicated by the arrows at bottom); 0.15 mmM KCN alone had no effect on NADH-cytochrome ¢

reductase activity.

liver or lung desaturase activity. This
stimulation may be due to one of several
mechanisms. Kidney cortex microsomes
may lack the terminal component of the
desaturase system, but do contain an
NADH-cytochrome ¢ reductase system
which is fully active when the desaturase
is supplied from another microsomal
source. The 2-fold increase in desaturase
activity found with kidney plus liver or
lung microsomes cannot be explained sim-
ply by the addition of more cytochrome b5

reductase and/or cytochrome b;. The re-
ductase activity in control rat liver micro-
somes is about 4-7 umoles/min/mg of pro-
tein(30), which is four orders of magnitude
greater than the stearoyl-CoA desaturase
activity. Addition of another 1.6 umoles/
min/mg of reductase activity from kidney
microsomes to a system already contain-
ing a 4000-fold excess could not explain the
observed increase. Furthermore, only 0.15
nmole of cytochrome b; per milligram of
kidney protein was added to the liver mi-
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crosomal system, which contained 0.5-0.6
nmole of b; per milligram. Jansson and
Schenkman (22) reported recently that for-
tifying rat liver microsomes with purified
cytochrome b5 enhanced desaturase activ-
ity in control rats, but only slightly; for
example, the binding of 4-5 times more
cytochrome b, (2.5 nmoles/mg) to control
rat liver microsomes resulted in an in-
crease in desaturase activity from about
0.3 nmole of oleate formed per minute per
milligram of protein to 0.4 nmole/min/mg.
Moreover, the fat-free diet caused a 10-20-
fold increase in desaturase activity with a
concomitant decrease in both cytochrome
bs and its reductase (20); our observations
were consistent with these results. Hence
the stimulation cannot be explained by
supplementation of the incubation mix-
ture with these components.

The possibility that the stimulation was
related to nonspecific protein stabilization
of the desaturase, as reported for other
systems (36 and 37), was excluded because
neither an equivalent concentration of bo-
vine serum albumin nor boiled micro-
somes produced the stimulatory effect. To
the contrary, the stimulation was specific,
since liver mixed-function oxidases, inac-
tive in kidney, were not stimulated by the
intact kidney microsomes. Furthermore,
aryl hydrocarbon hydroxylase, active in
both tissues, showed only an additive ef-
fect when these tissues were incubated to-
gether.

A third possibility may be the presence
of a “repressor” substance in kidney micro-
somes, which is removed or rendered inac-
tive upon interaction with liver or lung
microsomes. This hypothesis is not unrea-
sonable, since it has been reported re-
cently that rat kidney homogenates con-
tain an inhibitor of 25-hydroxy vitamin D,
1-hydroxylase activity (38). However, in
our system this appears unlikely, since
prior treatment of kidney microsomes by
several procedures designed to remove
such a substance did not elicit any desatu-
rase activity. Specifically, albumin, bu-
tanol extraction, preparation of micro-
somes in a medium of high ionic strength
(33), freezing and thawing, and detergent
treatment were uniformly ineffective.

Another possibility is the existence in
kidney cortex microsomes of a factor which
stimulates liver and lung desaturase. At
present we have no definitive evidence to
substantiate or reject this hypothesis, al-
though initial experiments using butanol
extraction and freezing-thawing proce-
dures have failed to remove the stimula-
tory effect. If, indeed, this hypothesis is
correct, the question remains as to the
function of NADH-cytochrome b; reduc-
tase and cytochrome b; in rat kidney cor-
tex microsomes.

Last, the inhibition of kidney micro-
somal aryl hydrocarbon hydroxylase activ-
ity by stearoyl-CoA suggests that this
acyl-CoA must interact with some compo-
nent of the kidney microsomal electron
transport system. Furthermore, the obser-
vation that the stearoyl-CoA-mediated de-
crease in NADH-cytochrome ¢ reductase
activity is reversed by cyanide suggests
the presence of a cyanide-sensitive factor
(desaturase) in these microsomes. Hence
the data suggest that the kidney desatu-
rase requires activation by a factor absent
from kidney microsomes but normally
present in liver and lung. This implies
that both liver and lung desaturase sys-
tems contain a fourth component, as yet
unidentified, which is obligatory for desat-
urase activity. This possibility is not ex-
cluded by the reconstitution studies of Shi-
makata et al. (14) and Strittmatter et al.
(39), since in their studies not all the com-
ponents were highly purified. Investiga-
tions are continuing to elucidate further
the characteristics of the kidney desatu-
rase electron transport system.
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