though occasional unidentifiable struc-
tures were present (/2). Pancreatic de-
oxyribonuclease, which can digest nu-
clear DNA almost entirely even in the
presence of mitochondria (I/6), in-
hibited the incorporation only 10 to 15
percent. Preliminary incubation of the
mitochondria alone in strongly hyper-
tonic sucrose for more than short pe-
riods of time (1.5M for 90 minutes), a
procedure which alters mitochondrial
structure but would not be expected
to affect nuclear fragments or free
DNA polymerase, prevented the incor-
poration entirely. (The incorporation
process is stable to such prior incuba-
tion when isotonic sucrose is used.)
Finally, when the changes in buoyant

density of DNA upon denaturation and -

renaturation are followed by CsCl iso-
pycnic centrifugation (Fig. 1), the iso-
lated mitochondrial DNA, in contrast
to the results of control experiments
with nuclear DNA (not shown), is re-
naturable after heat denaturation, and
the radioactivity peaks remain coinci-
dent with the DNA (OD 260 my)
peaks both after denaturation and upon
renaturation (Fig. 1). Ability to re-
nature has been considered a criterion
for distinguishing between mitochon-
drial and nuclear DNA (/1, 17).

In the light of these findings, we
believe that mitochondria from rat
liver cells not only contain a unique
DNA (I8), but that the mitochondria
themselves also contain a mechanism
for incorporating nucleotides into this
DNA. Whether this incorporation re-
flects the presence of a mechanism for
DNA replication, a repair process, or
some as yet unknown phenomenon is
a problem for future study.

Note added in proof:. After this re-
port was submitted, we learned that
others, using mitochondrial systems,
have obtained incorporation of DNA
precursors into DNA (20, 21); these
workers, however, have not yet estab-
lished that the labeled DNA is, in fact,
mitochondrial DNA.
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Phosphate Uptake in an Obligately Marine Fungus:

A Specific Requirement for Sodium

Abstract. Phosphate uptake in the obligately marine fungus Thraustochytrium
roseum is maximally stimulated by sodium chloride in a range of concentrations
(0.2 to 0.4 molar) similar to those commonly encountered in littoral habitats.
The effectiveness of sodium chloride for phosphate transport extends beyond its
osmotic function and can be attributed specifically to sodium. Increases in res-
piration in the presence of the salt can be ascribed primarily to an osmotic effect.

Sea water or NaCl is required for the
culture of many marine bacteria and
fungi (I, 2). Recent studies suggest
that the growth requirement for NaCl
is specific for these organisms and may
be independent of its osmotic function
(3). Payne (4) related the importance
of sodium to its function in facilitating
substrate penetration, and Macleod et
al. (5) provided evidence of its role in
the oxidation of exogenous substrate.
They showed that those substrates sup-
porting optimal growth were also those
whose oxidation was stimulated by
sodium. Experiments with cell-free ex-
tracts have been unsuccessful since
NaCl was not related to the activation
of specific enzymes (5). Attention has
therefore focused upon the possible
role of NaCl in transport phenomena.
Using substrate analogs that could not
be metabolized, Drapeau and MacLeod
(6) concluded that, in marine bacteria,
the primary function of sodium was to
permit the entry of these compounds
into the cell. In view of these findings,
Thraustochytrium roseum, an obligate-
ly marine, nonfilamentous phycomy-

cete (2), seemed uniquely suited for

examination of the effect of NaCl on
other processes such as ion transport.
The utility of this fungus lies in its
high degree of endogenous respiration,

which: is unaffected by exogenous sub-
strates (7). Consequently, the influence
of NaCl on ion transport could be
studied in the absence of external en-
ergy sources, which might influence
ion uptake.

Thalli of T. roseum were grown for
4 days at 20°C in a chemically defined
medium (8). The cultures were main-
tained on a reciprocal shaker under
diffuse incandescent light (8 X 10%
erg/cm?). Cells from cultures in the
log phase of growth were centrifuged
and resuspended in the same volume
Table 1. Influence of cations and sucrose on
phosphate and oxygen uptake by Thrausto-
chytrium roseum. The reaction mixture con-
tained: tris-sHCl (0.1M, pH 7.8), KH,PO,
(0.001M, pH 7.8), cells (210 ug of protein
per milliliter), and salts as indicated. Oxygen

uptake was linear during the 4-hour experi-
mental period.

Adgi. Concen- Phosphate Oxygen
tions tration uptake uptake
(mole/  “(ymole/ (umole/ (umole/
liter) 2 hr) 4 hr) 1 hn)
None 0.00 0.07 6.52
LiCl 0.09 0.11 5.45
NacCl 0.2 0.32 1.01 9.38
KCl 0.2 0.04 0.10 8.04
RbCl 0.2 0.00 0.00 6.92
MgCl, 0.067 0.23 0.40 8.22
Sucrose 0.2 0.00 0.27 8.08
Sucrose 0.4 0.09 0.26 6.83
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Fig. 1. Effect of various concentrations of
NaCl and MgCl. on respiration and phos-
phate uptake by Thraustochytrium roseum.
The reaction mixture was identical to that
described in Table 1 except for variations
in the concentration of NaCl and MgCl,.

of medium lacking a phosphate source.
The vessels were replaced on the shak-
er, and cells were harvested after two
days. These phosphate-depleted cells
were centrifuged, washed once in [tris
(hydroxymethyl)aminomethane] tris-
HCI buffer (0.1M, pH 7.8) and used
immediately in tests for phosphate up-
take. Reaction mixtures were centri-
fuged at 4°C at appropriate times, and
the disappearance of inorganic phos-
phate in the supernatants was meas-
ured by the method of Fiske and Sub-
barow (9). Oxygen uptake was deter-
mined by conventional manometric
techniques (10), and protein was meas-
ured in the manner described by Lowry
et al. (11).

Initial investigations were concerned
with the relative effect of monovalent
cations on phosphate uptake (Table 1).
There was no phosphate uptake in the
presence of tris-HCl buffer alone or
with monovalent cations other than so-
dium. Since magnesium and calcium
are important mineral constituents of
seawater, their possible influence was
also examined. At an ionic strength
(0.2) equivalent to that of the NaCl
used, MgCl, was approximately 40 per-

Table 2. Influence of sodium salts on phos-
phate and oxygen uptake by Thraustochytrium
roseum. The reaction mixture contained: tris-
HC1 (0.1M, pH 7.8), KH,PO, (0.001M, pH
7.8), cells (165 ug of protein per milliliter),
and salts (0.2M) as indicated. Oxygen up-
take was linear during the 4-hour experimental
period.

Phosphate Oxygen

Additions uptake uptake
(umole/4 hr) (umole/1 hr)
NaCl 0.48 7.32
NaBr 0.44 7.58
Nal 0.50 7.72
NaF 0.00 3.61
NaNO, 0.29 6.92
Na,SO, 0.36 7.72
None 0.05 5.12
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cent as effective as NaCl in promoting
phosphate uptake. Because the use of
CaCl, at that ionic strength would pre-
cipitate phosphate, lower concentra-
tions (1.0 mM) were used, and no
phosphate uptake occurred. Combina-
tions of NaCl and MgCl, and of NaCl
and CaCl, did not produce any syn-
ergistic effects with respect to phos-
phate uptake. The use of sucrose re-
vealed that, under the experimental
conditions, phosphate uptake is only
partially a reflection of osmotic pres-
sure. In the presence of sucrose, which
did not serve as the sole source of car-
bon for growth (2), phosphate uptake
was only 26 percent of that with sodi-
um. Except for LiCl, all the salts and
sucrose stimulated respiration, though
to different extents (Table 1). Sodium
chloride was most marked in promoting
oxygen uptake; KCl enhanced oxygen
consumption 53 percent as much as
NadCl.

Since MgCl, also increased phos-
phate uptake, though to a lesser degree
than NaCl (Table 1), a determination
was made of the effects of different
concentrations of these cations (Fig.
1). Phosphate uptake varies linearly
with increase in the concentration of
NaCl up to 200 mM with no marked
increase over the wide range of 200
to 400 mM. This range corresponds to
concentrations of NaCl encountered in
littoral . waters. The decline in phos-
phate uptake with further increases in
the concentration of NaCl is attribut-
able to unfavorable osmotic conditions
since sucrose at comparable osmotic
pressures was also inhibitory. Maximal
enhancement of phosphate uptake in
the presence of MgCl, was only 30
percent of that achieved with NaCl.
Sucrose and MgCl, at equal osmolar-
ities gave the same response; this fact
suggests that the action of MgCl, was
primarily osmotic and points further to
the functional specificity of NaCl for
phosphate uptake.

Endogenous respiration occurred in
the absence of any cations (Fig. 1B).
Sodium chloride enhanced oxygen up-
take; so did MgCl,, but to a minor
extent. The inhibitory action of these
salts at high concentrations may also
be due to osmotic phenomena.

To determine whether the stimula-
tion of phosphate uptake by NaCl was
attributable to the cation, we tested the
influence of various sodium salts
(Table 2) and found that the effect was
due to the presence of sodium. Com-
pared to the halides, NaNO; and
Na,SO, were less effective, and this

may be due to an effect of the anions
per se or to the higher ionic strength
of solutions of the latter compound.
Previous experiments revealed inhibi-
tion of phosphate uptake at high ionic
strengths. The results with NaF are not
unexpected in view of the established
role of fluoride as a metabolic inhibitor.

All sodium salts increased respira-
tion to approximately the same extent
as NaCl. However, it was surprising
that respiration in the presence of NaF
was 50 percent of that in the presence
of NadCl.

In this organism the requirement for
sodium is not limited to its osmotic
function. The nutritional requirement
for sodium can now be viewed, at least
in part, as a consequence of its role in
facilitating ion transport. This phenom-
enon is reminiscent of sodium-stimu-
lated substrate uptake in marine bac-
teria, shown by Drapeau and Mac-
Leod (6). Although NaCl always stim-
ulated endogenous respiration, this ef-
fect could be duplicated by a variety
of other substances that do not stimu-
late phosphate uptake. This indicates
that there is no necessary direct rela-
tionship between enhancement of respi-
ration and of phosphate uptake. These
data suggest an experimental approach
for relating metabolism to the ecology
of marine microorganisms. We have
also studied other factors involved in
phosphate utilization (12).
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MELVIN M. BELSKY
SOLOMON GOLDSTEIN
Biology Department, Brooklyn College
of the City University of New
York, Brooklyn 11210

References and Notes

1. R. A. MacLeod, Bact. Rev. 29, 9 (1965);
H. S. Vishniac, Limnol. Oceanogr. 5, 362
(1960).

=+ S. Goldstein, Mycologia 55, 799 (1963).

3. R. A. Macleod and E. Onofrey, J. Cell.

Comp. Physiol. 50, 389 (195=* S. Goldstein

and M. Belsky, Amer. J. Bot. 51, 72 (1964),

W. J. Payne, J. Bacteriol. 80, 696 (1960).

. R. A, MacLeod, C. A. Claridge, A. Hori,

J. F. Murray, J. Biol. Chem. 232, 829 (1958).

G. R. Drapeau and R. A. MacLeod, Bio-

chem. Biophys. Res. Commun. 12, 111 (1963).

M. M. Belsky and S. Goldstein, Arch. Mikro-

biol. 49, 375 (1964).

. S. Goldstein and L. Moriber, ibid. 53, 1

(1966) .

. C. H. Fiske and Y. Subbarow, J. Biol. Chem.

66, 375 (1925).

10. W. W. Umbreit, R. H. Burris, J. F. Stauffer,
M. tric Techniq (Burgess, Minneap-
olis, ed. 3, 1957).

11. O. H. Lowry, N. J. Rosebrough, A. L.
Farr, R. J. Randall, J. Biol. Chem. 193, 265
(1951).

12. P. A. Siegenthaler, M. M. Belsky, S. Gold-
stein, M. Menna, J. Bacteriol., in press.

13. Partially supported by NSF grant GB-3340
and the City University of New York.

* Present address: Institut de Botanique,
Université de Neuchétel, Neuchitel, Switzer-
land.

14 July 1966

e » ) o wa

SCIENCE, VOL. 155



	Cit r269_c331: 
	Cit r264_c325: 
	Cit r265_c327: 


