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1. Introduction

Diplock et al. [1] showed that a significant propor-

tion of the 75Se in a dose of Na,75Se0; given to rats
was converted to an acid-labile form found in liver
subcellular organelles, which has been identified
(Diplock et al. [2]) as selenide. The selenide is partic-

ularly associated with mitochondria and smooth endo-

plasmic reticulum, is protein-bound, and its presence
is dependent on the presence of vitamin E in the ani-
mal’s diet (Caygill et al. [3]). It has been suggested
that a function of vitamin E is to protect the selenide
from oxidation in vivo, and that the selenide may
form part of the active centre of a class of non-haem
iron proteins (Diplock and Lucy [4]).

In this paper, results are presented in which the
presence of non-haem iron in rat liver microsomes
was investigated using an established technique; the
influence of the addition of antioxidants in vitro, and
the presence or absence of dietary vitamin E and sele-
nium, were also examined. It was found that the de-
tection of non-haem iron in microsomes from normal
rats was dependent upon the presence of antioxidants
in the media used for the subcellular fractionation
and subsequent measurement of the non-haem iron.

When vitamin E was removed from the diet of the ani-

mals, the oxidant-sensitive non-haem iron was re-
placed by a form of non-haem iron that was not read-
ily oxidisable.
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2. Materials and methods

2.1. Animal diets and dosage

The vitamin E-deficient casein diet and the Torula
yeast diet have been described previously [1]. Table 1
shows the 12 dietary treatments and the number of rats
given each treatment.

2.2. Microsomal preparation

The rat livers were removed, half were placed in
ice-cold 0.01 M phosphate buffer pH 7.4 containing
0.25 M sucrose. The other half were placed in the
same buffer containing 5 mM mercaptoethanol and
100 pg/ml DL-a-tocopherol [1]. Subsequent prepara-
tion of the microsomes was done in solutions with or
without the antioxidants as appropriate. A 10% ho-
mogenate was prepared using the homogeniser de-
scribed before [3] and centrifuged at 12 000 rpm for
12 min. The supernatant fluid (20 ml) was layered, to
remove haemoglobin [5], onto a sucrose gradient con-
sisting of 0.4 M sucrose (4 ml) and 0.3 M sucrose con-
taining 0.23 M NaCl (10 ml). This was then centrifuged
at 30,000 rpm for 1.5 hr. The resulting microsomal
fraction was resuspended in 0.01 M phosphate buffer
pH 7.4, the protein concentration estimated [6], and
the suspension diluted to give a final concn. of approx.
35 mg protein/ml. The microsomal fraction prepared
in the presence of antioxidants was resuspended in
the phosphate buffer to which 5 mM mercaptoethanol
alone was added. a-Tocopherol was omitted because
it interfered with subsequent spectrophotometric mea-
surements.
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Table 1
Dietary treatment and dosage.

Dietary No. of
treatment Description rats used
A Adequate diet: 41 Oxoid B pel-

lets. 6
B Adequate diet: phenobarbitone

(1 mg/ml) given in the drinking
water for the 5 days prior to
death 3

c Vitamin E-deficient casein diet":
rats given both 3 mg per day o-
tocopherol orally and phenobar-
bitone in the drinking water for §
days prior to death 3

D Vitamin E-deficient casein diet:
rats given phenobarbitone in the
drinking water for 5 days prior to
death 3

E Vita*{nin E-supplemented casein
diet (100 mg per kg a-tocopherol
acetate) 3

F Vitamin E-deficient casein diet: rats
given 3 mg per day vitamin E orally
for the 5 days prior to death 4

G Vitamin E-deficient casein diet 3

H Vitamin E and Se-deficient Torula
yeast diet supplemented with 100
mg/kg a-tocopherol acetate and 0.1
ppm of Se as Na,;SeOj3. 9

1 Vitamin E- and Se-deficient Torula
yeast diet supplemented with 100
mg/kg a-tocopherol acetate 9

J Vitamin E*and Se-deficient Torula
yeast diet 9

K Vitamin E and Se-deficient Torula
yeast diet: rats given 3 mg per day
a-tocopherol orally for the 5 days
prior to death 12

L Vitamin E and Se-deficient Torula
yeast diet: rats given 3 mg per day
a-tocopherol for 5 days and 8 ug
Se as Nay SeOj intraperitoneally
for 3 days prior to death 9
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* Ref. [1].

All rats used were given the diets for 3—6 months except
those on the vitamin E and Se-deficient diets, which were giv-
en the casein diet for 1 week after weaning and the vitamin E
and Se-deficient diet for a further 14—20 days.
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The non-haem iron and total iron contents of the
microsomal suspensions were measured in duplicate
on each sample of microsomes by the methods of
Doeg and Ziegler [7] . Succinate 2-p-iodophenyl-3-p-
nitrophenyl-5-phenyltetrazolium reductase was mea-
sured as before [3].

3. Results and discussion

Fig. 1 shows that where the dietary treatment of
the animals was adequate in both a-tocopherol and
selenium (A, E, F, H and L), only very small amounts
of non-haem iron could be detected when the micro-
somes were prepared in the absence of antioxidants.
However, the level of non-haem iron detected in mi-
crosomes prepared from the same livers in the pres-
ence of antioxidants was significantly higher, and of
the same order of magnitude in molar terms as the
cytochrome P, in microsomes from animals given
similar dietary treatments [8]. Where the dietary
treatment was deficient in a-tocopherol (G) or selen-
ium (I and K) or both (J), there was no difference in
the levels of non-haem iron whether the microsomes
were prepared in the presence or absence of antioxi-
dants. The detection of non-haem iron that is labile
in the absence of antioxidants in vitro thus depends
on the presence of selenium in the diet, as well as a-
tocopherol, in contrast to the non-haem iron that is
unaffected by antioxidants, which is present when ei-
ther selenium or selenium and a-tocopherol, are
absent from the diet. This is shown in particular by
comparing dietary treatment J with K and L; it was
only when selenium was re-fed (L) that the oxidant-
labile non-haem iron appeared. In other experiments
not reported here we have shown that this occurs
within 24 hr of giving selenium.

It has been shown that selenium can replace in
vitro the acid labile sulphur in putidaredoxin [9, 10],
parsley ferredoxin [11] and adrenodoxin [12], to
give biologically active products with an altered iron—
selenide active centre. It is possible, therefore, that
the liver microsomes from rats adequate in both a-
tocopherol and selenium contain a biologically active
antioxidant-dependent non-haem iron protein with
selenide at its active centre. However, when a-tocoph-
erol or selenium, or both, are removed from the ani-
mals’ diet a different type of non-haem iron protein,
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Fig. 1. Non-haem iron content of microsomal fractions prepared from livers of rats under different dietary conditions. (o): No
antioxidants in vitro; (w): with antioxidants in vitro. Values given are mean values with std. deviations represented by the bars. The
number of observations is given in parentheses. Significance of the difference between values obtained in the presence or absence
of antioxidants was assessed by the Student’s ¢ test.
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possibly containing sulphur in place of selenium, may
be formed, that does not require protection by anti-
oxidants and is formed as a response to the dietary re-
striction of selenium. Recent EPR studies by
Hoffstrém et al. [13] have shown the presence of an
iron—sulphur protein in rat kidney cortex micro-
somes, but earlier investigations [14,15] failed to
show the presence of a similar protein in rabbit liver
microsomes. Baron et al, [16] have also shown by an
immunological technique that there is no sulphur pro-
tein in rat liver microsomes similar to the adrenodoxin
of the adrenal mitochondrial cytochrome P454-con-
taining enzyme system. In adequately fed animals how-
ever, the presence of antioxidants in vitro may be nec-
essary to preserve the selenide in a labile non-haem
iron protein that may normally be present in rat liver
microsomes. Further experiments are now being un-
dertaken with Dr. E. Slade of the University of Keele
to study the EPR characteristics of antioxidant-
treated rat liver microsomes in an attempt to elucidate
this question.

Phenobarbitone administration is known to induce
the formation of the cytochrome P,54-containing
mixed function oxidase system of rat liver micro-
somes [13], and thus its effect on the non-haem iron
was also investigated (dietary treatments B, C and D).
As can be seen from fig. 1, it has no effect on either
the level of non-haem iron or its dependence on anti-
oxidants in rats fed a diet adequate in a-tocopherol
and selenium. However, when the animals’ diet was
deficient in a-tocopherol phenobarbitone caused the
conversion of antioxidant-independent non-haem iron
(G) to an antioxidant-dependent non-haem iron (D).

Table 2 shows the total iron content of liver micro-
somes from rats given dietary treatments A—L. These
are independent of antioxidants and are a non-specific
measure of the haemoprotein content and residual
haemoglobin in the microsomes.

The possibility that the presence of non-haem iron
in microsomes was due to mitochondrial contamina-
tion was considered. However, no contamination of
our preparations by the mitochondrial marker enzyme
succinate-2-p-iodophenyl-3-p-nitrophenyl-5-phenyltet-
razolium reductase could be detected except in those
microsomes prepared from livers of rats fed the unsup-
plemented Torula yeast diet (J). Here trace amounts
of mitochondrial contamination were detected, but
only enough to account for 1—5% of the total non-
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Table 2
Total iron content of microsomal fractions prepared from
livers of rats under different dietary conditions.

Total iron content + std. deviation
(ng atoms/mg protein)

Dietary treatments

+ Antioxidants - Antioxidants
A 6.20t 0.18 6.06 £ 0.11
B 4,54+ 1.40 4.74 + 1.57
C 11.43 + 6.37 12.30 + 5.45
D 5.27+ 0.47 6.07+ 0.54
E 3.81+0.14 3.63 + 0.06
F 9.94 + 4.09 9.13+ 4,05
G 7.60+ 0.50 7.04 0.71
H 443+ 0.15 5.14+ 0.10
| 5.23+ 0.84 477+ 0.72
J 3.24+ 1.06 3.38+ 0.67
K 2.48 £ 0.10 2.66 £ 0.20
L 2.67+0.99 2.47+0.78

haem iron; this is probably due to the increased fragil-
ity, that we have observed previously [3], of liver
mitochondria from rats given diets deficient in both
vitamin E and Se. The possibility of contamination
by fragments of mitochondria that do not show mark-
er enzyme activity is, however, still open.

The results presented here are considered to sup-
port our view that there may be a selenide-containing
non-haem iron protein that is functional in the micro-
somal electron transport system. Furthermore, it
would appear from the results that this protein is nor-
mally protected from oxidation in vivo by vitamin E
and that in the absence of vitamin E it is possible that
it is replaced by a more stable sulphide-containing
protein.

Acknowledgements

We wish to thank the Medical Research Council for
a grant, and Beecham Research Laboratoried Ltd. for
the animal diets. We are also grateful to Mr. C. Moore,
Mr. J. Khan and Miss S. Silver for skilled technical
assistance.

175



Volume 33, number 2
References

[1] A.T. Diplock, H. Baum and J.A. Lucy, Biochem. J. 123
(1971) 721. .

[2] A.T. Diplock, C.P.J. Caygill, E.H. Jeffery and C. Thomas,
Biochem. J. (1973) in press.

[3] C.P.J. Caygill, J.A. Lucy and A.T. Diplock, Biochem. J.
125 (1971) 407.

[4] A.T. Diplock and J.A. Lucy, FEBS Letters 29 (1973)
208.

[S]1 M.L. Peterman and A. Pavlovec, J. Biol. Chem. 238
(1963) 318.

[6] O.H. Lowry, N.J. Rosebrough, A.L. Fair and
R.J. Randall, J. Biol. Chem. 193 (1951) 265.

[7] K.A. Doeg and D.M. Ziegler, Arch. Biochem. Biophys.
97 (1962) 37.

[8] C.P.J. Caygill, A.T. Diplock and E.H. Jeffery, Biochem.
J. (1973) submitted for publication.

[9] J.C.M. Tsibris, M.J. Namtvedt and I.C. Gunsalus,
Biochem. Biophys. Res. Commun. 30 (1968) 323.

176

FEBS LETTERS

July 1973

[10] W.H. Orme-Johnson, R.E. Hansen, H. Beinert,

J.C.M. Tsibris, R.C. Bartholomaus and 1.C. Gunsalus,
Proc. Natl. Acad. Sci. U.S. 60 (1968) 368.

[11] J.A. Fee and G. Palmer, Biochim. Biophys. Acta 245
(1971) 175.

[12] K. Mukai, J.J. Huang and T. Kimura, Biochem. Biophys.
Res. Commun. 50 (1973) 10S.

[13] 1. Hoffstrém, A. Ellin, S. Orrenius, D. Bockstrom and
A. Ehrenberg, Biochem. Biophys. Res. Commun. 48
(1972) 977.

[14] J. Peisach and W.E. Blumberg, Proc. Natl. Acad. Sci. 67
(1970) 172.

[15] Y. Miyake, H.S. Mason and W. Landgraf, J. Biol. Chem.
242 (1967) 393.

[16] J. Baron, W.E. Taylor and B.S.S. Masters, Arch. Biochem.
Biophys. 150 (1972) 105.

[17] R.W. Estabrook and B. Cohen, in: Microsomes and drug
oxidations, eds. J.R. Gillette, A.H. Conney, G.J.
Cosmides, R.W. Estabrook, J.R. Fonts and
G.J. Mannering (Academic Press, New York & London,
1969) p. 95.



