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1. Introduction

Chloroplasts from Euglena gracifis contain double
stranded DNA having a mean buoyant density of

1.685 gice in neutral CsCl [1-3]. Manning and Richards

[4] showed by electron microscopy that chloroplast
DNA of this density occurs in circular form (up to 3045
of g given DNA preparation), the circumference being
44.5 (*+0.6) pum, These authors also showed, using
sucrose gradients, that the fastest sedimenting chloro-
plast DNA fraction had a mol. wt of 9.2 X 107, this
value corresponds to the reported length of the circles.

An additional DNA component with 2 mean buoy-
ant density of 1.700 gfcc was found to be associated
with highly purified chloroplasts [, 6]. It was not
immediately clear as to whether this heavier DNA was
a contaminant of unknown origin, or represented a
second type of chloroplast ‘chromosome’ or was a
GHC rich part of the main circular DNA. Most charac-
teristic for this heavy DNA component was its high
affinity for chloroplast YRNA as evidenced by
DNA-RNA hybridization experiments [5]. Recently
Rawson and Haselkorn |7] working with highly puri-
fied total chloroplast DNA confirmed our observations
and further showed that some 1.700 gfcc DNA could
be generated from total chloroplast DNA by mechani-
cal degradation. They inferred that the 1.700g/cc DNA
isa segment of the 44 pm long chromosome, carrying
the chloroplast rRNA genes.

In order to pet some further insight into the strue-
ture of Fuglena chloroplast DNA and in particular to
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exploit its base compositional heterogeneity we
ventured to isolate in preparative amounts either in-
tact circular IINA or at least DNA of comparable high
maolecular weight. Unfortunately, in no case were we
able to achieve this goal, however, using a method
described in the following, we routinely obtained
chloroplast DNA with a mean mol. wt of 2—3 ¥ 107,
Such chloroplast DNA when analyzed in CsCl-density
gradients showed two DNA components. The respec-
tive density profiles had a main peak corresponding
to a density of 1.685 gfcc and a shoulder correspond-
ing to 1.692 g/cc. DNA with a density in the range

of 1.692 to 1.690 gfce in the literature is usually
referred to as Euglena mitochondrial DNA [8,9].
However, we show in the following that this 1.692
glcc DNA is a genuine chloroplast DNA. In particular,
evidence is given that the 1.692 gfcc DNA upon
shearing vields 1.700 g/fce DNA and that it has a high
affinity for chloroplast rRNA similar to the 1.700
gfce DNA characterized earlier [5,7].

2. Materials and methods

2.1. DNA izolation

Eugleng gracilis Klebs (£ strain) cells were grown
under autotrophic conditions, harvested, washed and
stores at —60°C as reported earlier [10], Chloroplasts
were isolated from trypsinized cells and purified
by flotation on gradients of Renografin [11]. Purified
chloroplasts were lysed in 8 M urea and 5% sodium
dodecyl sulfate in a buffer containing 0.1 M NaCl,
0.01 M Tris—HCI (pH 7.9), 1 mM sodium EDTA. The
lysed chloroplasts were gently extracted with an equal
volume of phenol—chloroferm—isoamyl alcohol
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Fig. 1. Preparative CaCl-density gradient of Fugleng chloro-
plast DNA. Approximately 50 ug of chloroplast DNA were
equilibrated in a 8 ml preparative CaCl-density gradient. Initial
density was 1.687 gfcc. Centrifugation was carried outin a
Beckman type 40 rotor, at 33 000 rev/min, 20°C, 60 hr. The
gradient was monitored by collecting 4 drop fractions (approx.
(L 15 ml), adjusting the fractions to 0.5 m] with 1 x §5C and
measuring the absorbance (260 nm). The fractions 27-37
and 3848 were pooled separately, and dialyzed extensively
in the cold against 1 X $SC containing 10~* M EDTA. The

dialysates were used for subsequent analytical work without
further treatment.

(25:24:1, vfv/v) for 15 min at room temperature. The
aquecus phase was chromatographed through a
Sephadex G-50 (fine grade) column (1.5 X 30 em)
equilibrated with [ X S8C (0.15 M NaCl, 0.015M
sodiumn citrate). The DNA fractions were pooled and
further purified on a preparative CsCl-density gradient
(see legend, fig. 1).

2.2. Preparation of chioroplast [3H)rRNA

Highly purified chloroplast fRNA [10] {1 mg) was
labeled with § mCi of [3H] dimethylsulfate {New
Wngland Nuclear, 385 mCifmM) according to Smith
et al. [12]. This in vitro labeling seems not to inter-
fere with the specificity of the subsequent hybridiza-
tion reaction [13]. Prior to use, the labeled rRNA was
filtered three times through nitracellulose filters. The
final product had a specific activity of 5595 cpm/fug
RNA.

3. Results and discussion

[n fig. 1, a preparative CsCl-density gradient of total
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Fig. 2. Densitometer tracings of photographs from analy tical
CsCl equilibrium-density sradients of chloroplast DIMA.
Luglena chloroplast DNA (2--3 ug) with an average molecular
weight = 2x 107 was loaded on the gradients. Profile: (a2} to-
tal DNA; (b) DN A from fractions 38—48 (Fg. 1): (c) DNA
from fractions 27-37 (fig. 1). Centrifugation was carried

out ina Beckman Model F An-D rotor at 44,7 70 revimin 20°C,
20 hr. Pseudomones aeruginosa DNA (density 1.726 gfcc) is
used as a densitly marker.

DNA isolated from renografin-purified chioroplasts is
shown, A main component with a mean density of
1.685 g/ce, a major shoulder of 1.692 gfee and a
minor peak in the range of 1.700 g/ce is discernible.
The average molecular weight of this DNA prepara-
tion is 2X 107. Obviously, even at such a high molec-
ular weight level, there is a considerable heterogeneity
in terms of buoyant densities suggesting that at least
two populations of DNA molecules occur differing in
average G+C content. This and similar type gradients
were fractionated and fractions were pooled in such
a way as to enrich for the heavy component (1.692
g/cc) (fractions 27—37) and for the light component
(1.685 gfec) (fractions 38—48), From parallel gradi-
ents DNA cormresponding to fractions 2748 was
poocted (total chloroplast DNA). The pooled DNA,
samples were analyzed in analytical gradients.



In fig. 2, the buoyant density profiles (neutral CsCl)
of the three different samples of chloroplast DNA are
displayed. Profile (a) was obtained with total chloro-
plast DNA. The profile shows a main band (1.685 g/cc)
and a shoulder (1.692 g/cc) as anticipated from the
preparative profile. Profile (b) represents the light DNA
component. More than 90% of the DNA equilibrate at
L685 gfec and a slight shoulder is visible in the range
of 1.692 g/ce. Profile (c) represents the heavy fraction.
The main band has an average density of 1.692 g/cc
but a substantial shoulder remains in the range of
1.685 gfcc. While we obtained relatively pure 1.685
g/ce, the heavier fraction is strongly mixed with lighter
DNA.

Each of the three samples was fragmented to an
average molecular weight of 4 X 108, and the density
profiles of the sheared DNA samples are given in
fig. 3. Total chloroplast DNA, profile () shows a some-
what hroadened main peak (1.685 gfcc) and a distinct
minor peak at a density of 1.701 glce. The 1.692
g/cc component is not discernible anymore. Profile
(b) representing the light chloroplast DNA has also a
main 1.685 gfcc peak plus a small distinct peak with
amean density in the range of 1.702-1.703 gfce.

The 1.692 shoulder from the previous pattern (fig. 2,
profile (b)) has disappeared. Profile (c) representing
the heavy [raction, is ciearly bi-moedal. The two approx-
imately equal peaks equilibrate at 1.70] gfce and
1.687 gfec. The 1,692 pfee band is no longer pre-
sent. This shearing experiment can be interpreted only
in such a way that the 1.692 gicc DNA upon degra-
ation to an average molecular weight of 4 X 105 yields
two DNA populations, one with density in the range
of 1.701 gfce, the other with a density in the range

of 1.687 gfcc.

We had reported earlier that the 1.700 gfcc DNA
carries the genes for chloroplast 23 516 S rRNA |5].
Depending on the amount of heavy DNA component
present, a DNA preparation would hybridize up to 6%
with rRNA. We repeated the hybridization experiments
using [*H] rRNA and either total chloroplast DNA, or
the heavy or light DNA component. The hybridization
experiments were done as reported earlier [5] and for
each DN A sample s saturation curve was established.
The hybridization plateaux were reached at a rRNA-
DNA {ugfug) ratio of 0.4 : 0.5 and remained constant
up to a ratio of 14 (J.P. Vandrey, Doctoral Thesis,
Northwestern University, 1973). The values for total
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Fig. 3. Densitometer tracings of photographs from analy ti-
cal equilibrium density gradients of sheared chloroplast DNA.
Chicroplast DNA was forced through a 27 gauge needle

four tinmgrinr to centrifogation (average mol. wt, of DNA
was 4 X 107). Profile: (a) total chloroplast DNA; (k) chloro-
plast DNA from fractions 38—48 (fig. 1); {c) chloroplast
DNA from fractions 27-37 (fig. 1). Centrifugation condi-
tions and marker DNA as mentioned in lepend to fig. 2.
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chloroplast DNA, heavy fraction DNA and light frac-
tion DNA were 2.8%, 6.9% and 1.1%, respectively.
These hybridizations clearly show that the heavy
component carries the majority of the IRNA genes
which is in line with earlier reports [5, 7]. In this
particular ¢ase, estimating the 1,692 gfce DNA to
represent about 25—-30% of the total DNA (see
fig. 2, profile (a}), we calculate that more than 70%
of the ribosomal DNA has banded within the heavy
fraction, Incidentally, the 1.1% hybridization found
for the light fraction matches the earliest reporied
data [14, 15] and can be explained by the DNA
purification procedures applied in those experiments.
Total chloroplast DNA hybridized to 2.8%, This
is significantly higher than the 1.9% reported by
Rawson and Haselkorn [7]. The only major difference
in the two experiments is the starting cell material.



Rawson and Haselkorn used cells grown up to the
stationary phase, while we harvested the cells in the
exponential growth phase. As shall be shown elsewhere
(Vandrey, J.P. and Stutz, E,, to be published}, the
amount of 1.692 gfec DNA fluctuates with the life
cycle of the Fuglena cells, indicating that the 1.692
gfcc DNA may at certain stages of chloroplast de-
velopment replicate at a different rate than the 1,685
gfcc DNA component. This does not exclude the
1.692 gfcc DNA from being an integral part of the
main DNA component (44 um circle) at the stationary
phase. In view of this situation, differences in hybridi-
zation values (TRNA6total DNA) are expected. How-
ever, the hybridization figures reported earlier from
this laboratory with total chloroplast DNA [5] are
maost likely too high, due either to selective loss of
lighter DMA or enrichment of heavier DNA during

the purification procedure.

The 1.692 gfcc DNA is not mitochondrial DNA.
Euglena mitochondrial DNA has quite different physi-
cal and chemical properties as shall be shawn elsewhere
(Fonty, G., Crouse, E.},, Stutz, E. and Bernardi G.,
to be published). Also, we have measured the hybridi-
zation capacity of highly purified mitochondrial DNA
with chloroplast TRNA. Mitochondrial DNA (1.689
gfec) hybridized with chloraplast tRNA to 0.12%,
well below the 6.9% found for the 1.692 g/ce chloro-

plast DNA (Crouse, E.J. and Stutz, E., to be published).
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