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ABSTRACT

Mitochondrial DNA (mt-DNA) from Oenothera berteriana tissue culture
cells was isolated and characterized with respect to buoyant density in
CsCl, melting point, contour length, and restriction fragments.

Because of the rather long purification procedure very few molecules
retained their circularity. Only one distinct size class of molecules with a
length of 100 kilobases was found. Restriction fragments were obtained
with the enzymes, restrictionendonuclease I from Serratia marcescens,
restrictionendonuclease 111 from Haemophilus influenzae, restrictionendo-
nuclease I from Bacillus amyloliquefaciens H, and restrictionendonuclease
I from Escherichia coli (Bohnert 1977 Exp Cell Res 106: 426-430); the
added lengths of these fragments amounted to 180 to 190 kilobases. As in
other higher plants, an intermolecular heterogeneity has to be postulated
to explain the large number of restriction fragments. Unique to the mt-
DNA from Oenothera berteriana, as compared to other higher plants, is the
unusual high guanesine + cytosine content with 51% as determined by the
buoyant density in CsCl of 1.710 grams/cubic centimeter and the melting
point of 90 C.

So far, mt-DNA? from higher plants has been studied with only
a limited choice of methods. Buoyant density in CsCl has been
determined to be generally 1.706 g/cm® (16, 17, 25). Kinetic
complexity of mt-DNA of peas as determined by reassociation
curves was with 70 X 10° daltons in agreement with the electron-
microscopy of molecules from this species in which a single size
class of 35 um was observed. These data do not seem valid for the
whole plant kingdom. In some species such as maize (16) and
soybean (21), different size classes of circular molecules are ob-
served, the largest being about the size of mt-DNA from the pea.
These different mt-DNA molecules within the same species or
even organism, as well as the mini- and maxicircles in Trypano-
soma (2) could be an explanation for the complex data obtained
with restriction analysis. Restriction fragment lengths of mt-DNA
in higher plants amount to 130-210 X 10° daltons (12, 17), which
is far larger than the longest molecule visualized by electronmi-
croscopy. It is not clear yet, whether there are different molecules

' A brief report on this work was presented at the International Chemical
and Nuclear Corporation, University of California at Los Angeles, Sym-
posium, 1979.

2 Abbreviations: mt-DNA: mitochondrial DNA; Eca I: restrictionendo-
nuclease I from Enterobacter cloacae, GC: guanosine + cytosine; kb:
kilobases; AT: adenosine + thymine; Sma I: restrictionendonuclease I
from Serratia marcescens, Hind III: restrictionendonuclease III from Hae-
mophilus influenzae; Bam HI: restrictionendonuclease I from Bacillus am-
yloliquefaciens H; Eco RI: restrictionendonuclease I from Escherichia coli.

of various sizes and varying restriction fragments or whether there
is only one kind of molecules with a varying degree of methylation
being the reason for the large number of restriction fragments, for
example.

This paper includes data obtained mainly with these methods
on mt-DNA from Oenothera berteriana.® Oenothera was chosen as
an object because of its relatively well studied extrachromosomal
inheritance patterns in cross-breedings of different Oenothera
genetic varieties.

MATERIALS AND METHODS

Tissue cultures were established from surface-sterilized anthers
of O. berteriana and grown on medium A, (14). Of approximately
500 anthers, three to four developed a small callus. These were
transferred to fresh medium and allowed a growth time of about
25 days before being transferred again.

Mitochondria were isolated essentially as described by Kolod-
ner and Tewari (8) through differential centrifugation. After dis-
rupting the cells in a Braun multimix for 7 X 4 s in a 3-fold excess
of extraction buffer (300 mM mannitol, 5 mmM MgCl,, 10 mm
KH,PO,, 50 mm Tris-HCI, 5 mmM EDTA, 4 mM mercaptoethanol,
0.25 mM octanol [pH 7.4]), cell debris was removed by centrifu-
gation for 15 min at 1,100g. Mitochondria were pelleted at 12,000
for 20 min, resuspended in DNase buffer (300 mm mannitol, 50
mm Tris-HCL, 10 mm KH,PO,, 5 mmM MgCl: [pH 7.4]), and
incubated with 50 pg DNase I (EC 3.1.4.5) (Boehringer Mann-
heim) for 60 min at 4 C. Two hundred ml of extraction buffer
were added, and the mitochondria were again pelleted. Two
further washings removed the DNase sufficiently.

The last mitochondrial pellet was taken up in 10 ml of lysis
buffer (300 mM mannitol, 5 mM EDTA, 10 mm KH;PO,, 50 mM
Tris-HCI [pH 7.4]). The mitochondria were lysed with Sarkosyl
(final concentration 0.4%) for 10 min on ice. Solid CsCl was added
up to 1 g/ml and gently dissolved. A CsCl cushion was carefully
underlayered and spun at 33,000 rpm in a Ti-50 rotor (Beckman)
for 14 h (26; R. G. Herrmann, personal communication).

After centrifugation 0.7-ml fractions were collected. Of each
fraction a 1-pl aliquot was dried on a glass fiber filter disc and
stained with ethidium bromide. The DNA containing fractions
were pooled for dialysis against TE (1 mm EDTA, 10 mM Tris-
HCI [pH 8]). Ribonuclease A (EC 3.1.4.22) (Boehringer Mann-
heim) was added into the dialysis bag to a concentration of 0.5
mg/ml and incubated for 60 min at 37 C. Proteinase K (Merck,
Darmstadt) (preincubated for 1 h at 37 C) was added up to 0.05
mg/ml and left for 14 h at 37 C.

Two extractions with phenol-chloroform (50:50) were followed
by one extraction with chloroform-isoamylethanol (24:1) and one

3 New nomenclature (Dietrich, 1977): Oenothera berteriana: Oenothera
villaricae; Oenothera odorata: Oenothera picensis sspec. picensis.
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with ether. The mitochondrial DNA was finally collected in an
ethidium bromide/CsCl equilibrium gradient. The dye was re-
moved by four extractions with propanol (equilibrated with dis-
tilled water saturated with CsCl), and the DNA dialyzed against
TE. The mt-DNA was precipitated with ethanol and taken up in
TE at a concentration of 100 ug/ml. Analytical ultracentrifugation
was performed as described by Steinemann (22). The melting
curves were done in 1 X SSC (0.15 M NaCl, 0.015 M sodium
citrate) (13) in a Gilford spectrophotometer.

Mt-DNA molecules were spread on parlodion-coated grids and
rotary shadowed according to Royer and Hollenberg (18).

Restriction enzymes (Boehringer Mannheim) were assayed in
the standard buffers. Eca I was kindly provided by Dr. H. Mayer,
Stockheim.

Electrophoresis was performed on 12- x 14- x 0.2-cm vertical
slab gels of 1% agarose (Seakem, TE) for 5 h at 40 mamp in 200
mM Na acetate, 200 mm NaCl, 20 mm EDTA, 400 mM Tris-acetate
(pH 8.15).

RESULTS

Isolation of mt-DNA. In Oenothera special difficulties had to be
overcome in order to obtain pure mt-DNA. Experiments to purify
mt-DNA from differentiated plant material were unsuccessful due
to the abundant polysaccharides and phenolic compounds of
Oenothera.

The nuclear DNA in Oenothera has a buoyant density of 1.703
g/cm’ (7). The chloroplast DNA of 1.697 g/cm® (7), and for all
higher plants examined so far, the buoyant density of mt-DNA
has been 1.706 g/cm® (17, 25). It seemed impossible to separate
mt-DNA from whole-cell DNA in a CsCl density gradient, assum-
ing that Oenothera mt-DNA had the buoyant density found in
other higher plants. In all experiments, mitochondria were isolated
first, DNase-treated, and lysed after washing. The procedure
described above was finally adopted for giving the cleanest restric-
tion patterns and the largest fraction of high mol wt molecules as
observed in the electron microscope. The centrifugation of the mt-
DNA into a CsCl cushion from the lysed mitochondria proved to
be extremely useful. The yield of mt-DNA with this procedure
was 150-180 pg/kg tissue culture cells.

Buoyant Density and Base Composition. Figure 1 shows a

aeruginosa DNA

1,703 g/cm3 nuclear-DNA
171 g/cm3 mt-DNA
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F1G. 1. Densitometer scan of mt-DNA from O. berteriana after cen-
trifugation in a CsCl density gradient.
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Fi1G. 2. Melting profiles of three preparations of mt-DNA from O.
berteriana.
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F1G. 3. Size distribution of the linear mt-DNA molecules (wm) and of
the circular molecules (CJ) measured.

densitometer scan for an average DNA preparation after ultracen-
trifugation. A minor contamination with nuclear DNA can be
observed even after DNase treatment of the intact mitochondria.
As expected nuclear DNA and mt-DNA band very close in the
density gradient. The buoyant density of mt-DNA from O. ber-
teriana is different from the density of mt-DNA in all higher
plants examined so far. With a buoyant density of 1.710 g/cm’
this DNA is relatively GC-rich (51%) (19).

To verify this observation, melting profiles were performed
(Fig. 2). The melting point of 90 C in 1 X SSC corresponds to a
GC content of about 50.5% (13).

Electronmicroscopy. Mt-DNA from higher plants contains the
longest mt-DNA molecules observed so far. Most authors found
lengths from 90-120 kb in the various species (8, 17). This also
holds true for O. berteriana. After the rather long purification
procedure, few molecules retained their full length. However, the
longest molecules have very similar lengths of 100 kb (Fig. 3).
This was the only length indicating any dominance. Circular
molecules were also found in mt-DNA from O. berteriana, but
generally associated with electron-dense particles (1). No smaller
circular molecules could be observed as were found to exist in
maize (15) and in soybean (21).

Restriction Enzyme Analysis. Restriction fragment analysis of
mt-DNA was done for two reasons: (a) to find out whether the
heterogeneity observed in higher plants applies to Oenothera as
well; and (b) to prepare for an analysis of the inheritance pattern
and the stability of O. berteriana and Oenothera odorata mito-
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F1G. 4. Gel electrophoresis pattern of restriction fragments generated
from mt-DNA of O. berteriana with the enzymes indicated. Hind III
fragments of mt-DNA were used as length standards.

chondrial DNA in various genetic varieties of these two species
(20). Closely related races of Podospora anserina (4, 5) and of Zea
mays (16), different members of the same strain in rats (9), and
even individuals of sheep and goats (24) show different restriction
fragment patterns.

Mt-DNA from O. berteriana was analyzed with various restric-
tion enzymes. Figure 4 shows the fragments generated with the
enzymes Sma I, Hind III, Bam HI, Eco RI, and the enzyme Eca
I, which recognizes a heptanucleotide. Table I lists the fragments
obtained with the enzymes Eco RI, Bam HI, and Sma I. The sum
of the fragment lengths amounts to 180-190 kb. Of the fragments
generated by Sma I, a 26-kb fragment seems to exist only in
incomplete digestion and could be observed only in some prepa-
rations. It is unlikely that the mt-DNA preparations lacking this
26-kb fragment have a larger amount of broken DNA, as the
restriction fragment patterns of these extractions show no irregu-
larities with other restriction enzymes.

DISCUSSION

The major part of the work reported in this paper was used to
develop a method for isolating mt-DNA from O. berteriana in
spite of its similar density to the nuclear DNA. Mt-DNA in
Oenothera contains molecules of uniform length of 100 kb. No
smaller circular molecules could be observed in Oenothera, and as
the employed purification procedures are rather selective for
shorter molecules, it is concluded that they do not occur in this
species, as they do in soybean and maize (11).

A certain heterogeneity in the given population of mt-DNA
molecules would be necessary as explanation for the much larger
complexity deduced from the sum of the restriction fragment
lengths. These amounted to 180-190 kb, almost twice the contour
length of an individual molecule.

This intermolecular heterogeneity seems to occur between mol-
ecules of approximately the same size. Experiments to separate
DNA bands of lower mol wt from the isolated mt-DNA on low
percentage agarose gels were unsuccessful; the undigested DNA
migrated in one band of high mol wt.

Whether the large number of restriction fragments is due to
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Table 1. Restriction Fragment Lengths of mt-DNA from O. berteriana

Fragment lengths were obtained from three different DNA preparations
(for the enzyme Sma I, four preparations). Very faint bands present in
much less than stoichiometric amounts where omitted from the measure-
ments.

Fragment No EcoRI Bam HI Sma I
kb
1 14.6 19.5 20.2
2 10.9 15.3 16.3
3 10.6 14.0 14.6
4 9.4 113 13.5
5 8.8 103 11.0
6 83 8.5 10.3
7 79 7.8 9.4
8 72 7.05 8.5
9 6.1 6.7 8.1
10 5.5 6.05 71
11 53 5.6 7.1
12 5.0 5.4 6.65
13 48 5.1 6.3
14 46 475 6.0
15 435 43 5.35
16 4.15 40 46
17 40 3.9 415
18 3.9 3.7 40
19 3.7 3.5 33
20 3.55 3.55 3.1
21 3.45 3.2 2.8
22 33 2.95 2.6
23 3.15 27 2.52
24 3.0 2.55 225
25 2.85 242 2.15
26 2.75 222 1.85
27 26 2.14 1.77
28 2.5 1.9 1.54
29 2.35 1.75 1.25
30 23 1.55 1.15
31 225 1.45 1.05
32 2.1 1.35 0.94
33 1.8 1.1 0.8
34 1.7 1.05
35 1.55 0.97
36 145 0.85
37 1.38 0.75
38 1.32 0.7
39 1.1 0.62
40 1.02 0.57
41 0.88 0.52
42 0.72
43 0.65
44 0.58
Total 180.7 183.61 192.82

actual differences in sequence or just degree of modification still
remains unsolved.

Unusual for higher plants is the GC content of mt-DNA from
Oenothera. The buoyant density in CsCl with 1.710 g/cm® and the
melting point correspond to a slightly higher GC content than mt-
DNA has in all other plants examined until now. Whether this
can be explained through changes in an AT-rich region, as was
shown for the mt-DNA of different species of the genus Drosophila
(27), remains to be shown.
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