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DNA from a single bacterlal species generally shows & unimodel
distribution and relatively homogeneous composition throughout its
length (Sueoks, Marmur and Doty, 1959; Rolfe and Meselson, 1959).

An exception to this rule has been reported in Halobacteria, some

of which contained satellite DNA (Joshi, Guild and Handler, 1963).

In recent years, evidence has been accumulating (Preer, in press)

that in higher organisms satellite DNA is assoclated with subcellular
structures such as plastids, mitochondria, kinetoplasts, kinetosomes,
etc. The photosynthetic bacteria present an interesting problem in

this connection. The photosynthetic epparatus i1s restricted to
subcellular structures named chromatophores {Schachman, Pardee and
Stanier, 1952), but although these take the functional place of plastids,
there is‘éome question as to thelr origin. In Rhodospirillum rubrum

they appear to form a continuum throughout the cell, and to be invaginations
of the cell membrane {(Holt and Marr, 1965), while in Rhodopseudomonss

sheroides the high degree of homogeneity of the isolated particles has
led to the conclusion that they are discrete structures within the

cell (Gibson, 1965a). Although isolated chromatophores have been
reported to contain very little DNA (Schachman, Pardee and Stanier, 1952;
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Gibson, 1965b) it seemed desirable to reinvestigate carefully the
possibility that a unique species of DNA, analogous to the plastid DNA
of higher plants, might be found in these orgsnisms.

We have examined the DNA of the following bacteria: Chromatium,

Rhodopseudomonas spheroides, Rhodospirillum rubrum snd Rhosopseudomonas

palustris. Evidence was obtained that the first two orgenisms possessed
satellite DNA's, but at least in Chromatium, the satellite DNA was not
physically assoclated with isolated chromatophores.

The Chromastium D culture obtained from a single cell isolate was
grown in the medium of Morita et al, (1965) at 30°. Rps. spheroides
(ATCC no. 14690), R. rubrum (ATCC no. 11170), Rps. palustris (a gift of
Dr. S. Taniguchi) were grown in the medium containing 0.50/0 Bacto-yeast
extract (Difco), 0.2°/o Bacto Casamino acid (Difco) semi-aerobically
with 1llumination for 3 deys. Cells were harvested by centrifugation
and washed once in 50/0 NaCl, 0.02 M potassium phosphate buffer, pH 7.8,
or 0.02 M potassium phosphate buffer, pH 7.4t. For preparation of a
chromatophore fraction from Chromatium, the washed cells were resuspended
in 30/0 NaCl, 0.02 M potassium phosphate buffer, pH 7.8 and crusbed by
a French pressure cell at 9,000 psi. The disrupted cells were
centrifuged at 7,000 rpm in a Servall refrigerated centrifuge for
10 min and passed through a 0.45 p millipore filter to remove whole
cells and large cell fragments. The filtrate was centrifuged at
25,000 rpm in & Spinco Model L preparative ultracentrifuge for 30 min,
The pellet was washed once with the saline-phosphate buffer and finally
resuspended in approximately 5 ml saline-EDTA (0.15 M NaCl, O.1 M EDTA,
pH 8.0) to give a concentration of approximately 5 mg protein/ml.

For isolating DNA from whole cells, the washed cells were suspended
in saline-EDTA and lysed by addition of 100/0" sodium lauryl sulfate to
a final concentration of O.So/o and subsequent heating at 600 for 10 min
as described by Marmur (1961). The lysate was then treated with phenol
at pH 9.0 by shaking on a rotary shaker in the cold for 5 min and DNA
fibers formed upon addition of two volumes of ethanol were collected on
a glass rod and dissolved in BFES (0.006 M NaQHPq_I_, 0.002 M HaHQPq‘_,
0.001 M Na EDTA, and 0.179 M NaCl) (Crothers, 1964). This was then

treated with RV¥ase (10 pg/ml), and the phenol and ethanol treatments
were repeated. For obtaining DNA from the chromatophore fraction,
extensive dialysis was substituted for the ethanol step, and the final
content of the dialysis tubing concentrated by pervaporation and sgain
dialyzed against BPES.
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Density (g-em™3)

Fig. 1. Microdensltometer tracing of the ultravioclet absorption
photograph of Chromatium whole-cell DNA (4.5 pg) in equilibrated CsCl
gradlent formed by centrifugation at 4k, 770 rpm for 24 hrs. DNA
(P=1.692 g-cm-B) isolated from Tetrahymena pyriformis, whose density
was calibrated against B. subtilis DNA (P = 1.703 g'cm'3) (Schildkraut,
Mermur and Doty, 1962) was used as a density reference. The ratio of the

amounts of DNA corresponding to the minor and to the major band is
estimated to be approximately 1/5.

Figure 1 shows a microdensitometer tracing of Chromatium bulk
whole cell DNA banded in an equilibrated CsCl density gradient., The
main band corresponds to the density, P = 1.725 g-cm-j and the satellite
band, p= 1.715 g'cm"j . Both bands are sensitive to DNase digestion
(10 pg/mi, 5 mM MgCl,, 20 min at room temperature ), and heating in a
boiling water bath for 3 min and fast cooling resulted in appearance
of two additional peaks at the densities, 1,740 g-c:m-3 and 1.728 g-cm"3 R
suggesting that both original bands represent native double stranded DNA.
The amount of DNA corresponding to the minor band was estimated to be
approximately 10 to 200/0 of that of the main band. The ratio of the
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amounts of the two DNA's did not vary in preparations made from a

number of single cell isolates from Chromatium D cultures, and was

also the same in cells harvested at different stages of growth. Two
bands were also found in a freshly isolated strain of Chromatium.
Further studies with the chromatophore fraction isclated from Chromatium
showed that the satellite DNA was not contained within the structure.
Although the final preparation of chromatophores contained a small but
variable amount of DNA (approximately 10 pg DNA/mg protein of chromatophores ),
this DNA forms only a diffused band in CsCl gradient during a 48 hour
centrifugation at 44,770 rpm, the mean density of the DNA corresponding
to that of the whole-cell main DNA.* This means that the satellite

DNA is not enriched specifically in the chromatophore fraction.

Table 1. DNA of photosynthetic bacteria as determined by
CsCl density gradient centrifugation analysis.

Number of . -
Organisms bands Densities (g-cm 5)
Chromatium D 2 1,725 (Mejor); 1.713 (Minor)
Rps. spheroides* 2 1.730 (Major); 1.72k (Minor)
Rps. palustris+ 1 1,725
R. rubrum 1 1.725

CsCl density gradient centrifugations were made at Ui, 770 rpm for
periods over 20 hrs at 20°, Density calibration was based on

B. subtilis DNA (P= 1.703) (Schildkraut, Marmur and Doty, 1962). 3
The density of R. rubrum was previously reported to be 1.726 gecm
(schildkraut, Msrmur and Doty, 1962).

* The density of the minor band wes estimated directly from the film,
vhere the band was clearly visible; but in microdensitometer tracings
the presence of the minor band is detectable only as & shoulder,

+ No satellite band was resolved in CsCl gradient containing more
than 8,3 ug DNA/ml.

A sharp band was occasionally formed in & CsCl gradient made with the
chromatophore DNA preparation. However, this band is not of DNA nature,
since it was resistant to DNase and RNase treatments, and heating for
10 min in a boiling water bggh and fast cooling did not change the

band density (P =1.682 gecm ~)

.
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Furthermore, the DNA isolated from the chromatophore fraction by the
present method 1s relatively small in molecular size (less than 1 million
daltons ), supporting the notion of Gibson (1965b) that the trace of

DHA found with the isolated chromatophores of Bps. spheroides represent

contaminating, degraded small molecular-weight DNA, However, further

studies are necessary to answer the question of whether or not the DNA
isolated from our chromatophore fraction is indeed a contaminating DNA.
Results of density gradient centrifugation analyses of DNA isolated
from three other bacteris are presented in Table 1. Rps. spheroides
consistently exhibited a satellite DNA, but the other two organisms
have failed to show the presence of an extra band of DNA in these
experiments,
Although the present studies revealed the presence of an extra
species of DNA in some of the photosynthetic bacteria studied here,
the origin and specific function of this DNA are yet to be determined.
A possibility exists that this DNA is of episomal origin and involved
in a function which may be unique to this group of bacteria.
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