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1. Introduction

The enzymatic reduction of semidehydroascorbate
to ascorbate is catalysed by NADH: semidehydro-
ascorbate oxidoreductase (EC 1.6.5.4.) (SOR) [1]
which have been studied both in Neurospora crassa
[2] and in various subcellular particles from many
mammalian organs [3], especially in the rat liver
microsome fraction [3—6]. It is generally accepted
that the microsome fraction usually isolated by
differential centrifugation [7] is heterogeneous and
contains plasma membranes, Golgi membranes, and
endoplasmic membranes as well as low contamina-
tions of mitochondria, lysosomes and peroxisomes.

We have shown recently that the SOR does not

sediment with glucose 6-phosphatase, NADH: ferricyto-

chrome bs oxidoreductase, cytochrome bs, NADPH:
ferricytochrome ¢ oxidoreductase and cytochrome
P-450 when original microsomes are fractionated by
zonal centrifugation, but the SOR is bound to a
membrane fraction with an especially low density [8].
This finding is in agreement with the earlier report
on our first results on the fractionation of original
microsomes by differential centrifugation [8,9].

In the present paper we report the results of experi-
ments carried out in our laboratory indicating that
the SOR is localized in a hitherto not identified
vesicle fraction.

2. Materials and methods

Cytochrome ¢, 5’-adenosinmonophosphate,
glucose 6-phosphate, glycerate 2-phosphate, and
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reduced pyridine nucleotides were obtained from
Boehringer Mannheim GmbH. All the other reagents
were of analytical grade. Dehydro-L(+)ascorbate was
produced by the method of Staudinger and Weis [10]
and trypsin-solubilized cytochrome bs was isolated
from pig liver microsomes according to the procedure
of Strittmatter [11].

Male Wistar rats (AF/Han.) weighing about 200 g
and fasted for 12 h were used. Liver microsomes were
prepared essentially by the method of Schneider [7]
modified as described earlier [8]. Rat liver plasma
membranes were isolated by the method of Ray [12]
and Golgi membranes were prepared from the liver of
ethanol-treated rats using the procedure worked out
from Ehrenreich et al. [13]. The isolation and purifica-
tion of a subcellular fraction composed mainly of
SOR-rich membranes were performed by the following
combined differential and density gradient centrifuga-
tion. Livers from exsanguinated rats were minced
thoroughly with scalpels and homogenized mildly in
an ice-cold solution (40 ml per 30 g of liver) containing
0.25 M sucrose, 5 mM MgCl, buffered at pH 7.5 with
5 mM Tris—HCI. The homogenisation was performed
in a Teflon—glass Potter—Elvehjem homogenizer
(A. H. Thomas, Size C) at low speed (400 rev/min,
Multifix constant) with only two complete strokes.

All subsequent procedures were conducted at 0 to
4°C. The homogenate was centrifuged at 2300 Zmax
for 20 min in a Spinco ultracentrifuge (rotor SW 25.1).
The brownish yellow, upper one-third of the pellet
was suspended to 26.5 ml 5 mM Tris—HCl pH 7.5,
homogenized (homogenizer size C) with 5 complete
strokes at 2800 rev/min, and then 8.5 ml of this sus-
pension (fraction 1), respectively, layered onto the
following discontinuous sucrose gradient: 10 ml 1.0 M
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and 14 ml 0.75 M sucrose. The centrifugation was
performed at 90 100 g, for 5 h (Spinco rotor SW
25.1) . The membrane fraction at the 0.75 M/1.0 M
sucrose interphase was collected with a Pasteur pipette,
diluted with 1 mM EDTA, 0.1 M Tris—HCl pH 7.5
(buffer A) to 108 ml and subsequently pelleted at
105 700 g ..« for 60 min (Spinco rotor 30). The
pellets were homogenized (5 full strokes, homogenizer
size A, 2800 rev/min) in approx. 3 ml buffer A,
adjusted to 41% sucrose by the addition of 70%
sucrose, and 4 ml of this preparation (fraction2) were
placed in a tube. The sample was overlayed with 8 ml
31.8%, 10 ml 30.4%, and 10 ml 28.4% sucrose. After
centrifugation for 10 h at 90 100 g, . (Spinco rotor
25.1), the material at the 28.4%/30.4% sucrose inter-
phase was taken out with a Pasteur pipette, diluted
with buffer A to 30 ml, centrifuged at 105 700 g,
for 60 min (Spinco rotor 30), and the pellet was
resuspended Yo 2.5 ml of buffer A. This sample was
designated SOR-rich membrane fraction (fraction 3).
All sucrose solutions (w/w) were buffered with 5 mM
Tris—HCI pH 7.5 and adjusted by means of Abbe
refractometer (Fa. C. Zeiss, Oberkochen, Wiirtt.).

The activities of the following enzymes were mea-
sured as described previously: 5'-nucleotidase (EC
3.1.3.5) [14], Na"-K"-Mg"* ATPase (EC 3.6.1.4) [15],
glucose 6-phosphatase (EC 3.1.3.9) [16], NADPH:
ferricytochrome ¢ oxidoreductase (EC 1.6.99.7 ) [17],
NADH: ferricytochrome bs oxidoreductase (EC
1.6.2.2) [4], NADH: semidehydroascorbate oxidore-
ductase (EC 1.6.5.4) [4], succinate dehydrogenase
(EC 1.3.99.1) [18], and acid phosphatase (EC 3.1.3.2)
[19].

Protein was assayed by the biuret method of Bode
et al. [20]. The phospholipids were extracted with
chloroform/methanol 2:1 (v/v) [21], separated by
one-dimensional t.l.c. {22] and determinated by
inorganic phosphate analysis [23]. Electron micro-
graphs were obtained with a Siemens Elmiskop 101;
experimental details are given in [24].

3. Results and discussion

Table 1 shows the results of a typical purification
experiment. About 2 mg protein was recovered in the
SOR-rich membrane fraction from about 6 g homo-
genate protein obtained from 30 g wet weight of rat

FEBS LETTERS

December 1975

Fig.1. Electron micrograph of purified SOR-rich membranes
characterized by large empty vesicles (final magnification X
24 570). -

liver. The specific activity of SOR in this purified
fraction was increased about 50-fold over the homo-
genate with significant differences {(40- to 60-fold
enrichment with specific activities from 720 to 1060
mU/mg protein, respectively) dependent on the
homogenisation procedure and the collection of the
friable brownish yellow pellet which is suspended as
fraction 1. Other details of the purification procedure
appeared less critical. In general a very good total
recovery of protein and enzymic activities after
centrifugation was obtained.

Table 2 summarizes the distribution of several
enzymatic activities in some subcellular fractions of
rat liver. The specific activities of generally accepted
specific organelle marker enzymes in the original
microsomes, plasma membranes, and the unknown
membrane fraction were compared. It can be seen that
purified material with very low activities of the
marker enzymes which were measured can be obtained
by the procedure described in Materials and methods.
Moreover, this unknown membrane fraction is highly
enriched with respect to the SOR. The purification
ratio of this enzyme was usually about 30 over the
original microsomes. On the other hand pure plasma
membranes separated by the method of Ray [12] and
Golgi-membranes prepared with the technicque used
by Ehrenreich et al. [13] show little (5 mU/mg
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Table 3
Phospholipid content and composition of subcellular rat liver fractions

Components Microsomal fraction SOR-rich membrancs
Specific content? % Specific content?
Total phospholipids 872 100 1165 100
Sphingomyelin (S) 40 4.6 69 5.9
Phosphatidyl choline (PC) 507 58.1 617 53.0
Phosphatidy! serine + (PS+ 126 14.5 210 18.0
Phosphatidyl inositol PI)
Phosphatidyl ethanolamine (PL) 199 22.8 269 23.1

Typical results which representative of 5 similar experiments.

nmoles phospholipid-P/mg protein. .

protein) and almost no (about I mU/mg protein)
activity, respectively. Furthermore, preliminary
investigations have indicated that SOR is probably not
localized neither in the nuclear envelope isolated by. -
the procedure worked out from Franke et al. [25].

Compared to the endoplasmic marker enzymes
NADH: ferricytochrome bg oxidoreductase which is
likewise bound to the endoplasmic reticulum shows
some activity in the SOR-rich membrane fraction. It
may merely be an index of the amount of the outer
mitochondrial membranes present in this fraction but
more probable is that SOR catalyses also slow NADH-
linked reduction of cytochrome bs as we assumed
earlier [2,4].

The SOR-rich membrane fraction can be additionally
differentiated from original microsomes, most of which
is derived from endoplasmic reticulum, by its higher
specific phospholipid content expressed as nmoles of
lipid-P per mg of protein (table 3). The phospholipid
composition of both membranes is also different. The
values for original microsomes given in table 3 are in
good agreement with those previously found in our
and other laboratories [5,26,27]. As already shown
in table 2, the SOR-rich membrane fraction is con-
taminated only very slightly by other cytoplasmic
membranes; their phospholipid composition should
therefore be really representative. In contrast to the
original microsomes, SOR-rich membranes contain
relativly more PS + PI and relativly less PC. Plasma
membrane was found to have a high content (19%)
of S, the major phospholipid beeing PC (35%), PE and
PS + PI representing 20% and 17% of the total,
respectively [28,29]. Lysosomal membrane has a
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similar phospholipid composition [29}. SOR-rich
membranes, however, are markedly richer in PC and
contain essentially less S.

It should be mentioned here that the presence of
S in the SOR-rich membrane fraction, which nearly
parallels that of the 5'-nucleotidase activity during the
purification procedure, reflects possibly the slightly
contamination of the SOR-rich membrane prepara-
tion by plasma membranes and perhaps lysosomal
membranes. Therefore, the SOR-rich membrane pro-
bably does not contain a significant amount of S as
lipid constituent.

-Electron microscope examination of fractions con-
taining purified SOR-rich membranes revealed a pre-
dominance of large, approximately circular, and
empty, smooth surfaced vesicles ranging in size from
300 to 800 nm without any apparent contamination
with structures typical of the plasma membrane or
Golgi apparatus. In addition, smaller and more com-
plicated profiles are seen which apparently represent
oblique and tangential sections at various levels and
angles through these vesicles. Some of the very small
vesicles may be fragmentated large vesicles which
converted again or, however, they may be derived from
other intracellular sources, although it is not possible
to make a definite identification.

In summary the variability of the SOR-rich mem-
brane preparation obtained appears rather small and
we can conclude that it is a reasonably representative
and on biochemical as well as on morphological
grounds, highly purified membrane fraction. Further-
mare, our experimental data demonstrate that in rat
liver SOR is definitely localized in hitherto not
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identified membranes. It should be mentioned that

the particles derived from these membranes and
isolated by us could be identical with the large empty
vesicles of uncertain origin, which are scattered among
the heavy Golgi fraction described by Ehrenreich et

al. [13]. Studies of the distribution of several enzymes
in rat hepatic cells obtained essentially by the method
of Berry and Friend [30], which are in progress, sug-
gest that SOR does not occur in parenchym cells but
in non-hepatocy tes.
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