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gegeniiber der DNS,. Bei den geschilderten Versuchen am Walker-Carcinom der Ratte sowie bei
einer Reihe menschlicher Uterusmyome” wurde ebenfalls das Mengenverhiltnis DNS,/DNS,
bestimmt. Die rel. stark streuenden Werte lagen fiir das Walker-Carcinom zwischen 1.7 und 3.5,
fiir die Myome zwischen 2.2 und 4.4. Diese nun an Tumoren erhobenen Befunde entsprechen den
Beobachtungen BENDICH’s an normalen Geweben.
Der Deutschen Forschungsgemeinschaft, Bad Godesberg, danken wir fiir die Mittel, welche
die Durchfithrung unserer Versuche erméglichten.
RUPERT BACKMANN
Institut fiiv Medizinische Physik und Biophysik der Universitit, EBERHARD HARBERS
Gittingen (Deutschland)
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* Die Myome entstammten frischem Operationsmaterial, das uns von der Univ.-Frauenklinik
Goéttingen freundlicherweise iiberlassen wurde.

Photosynthetic phosphorylation as an anaerobic process

Photosynthetic phosphorylation (PSP), the conversion of light energy into the chemical energy
of the pyrophosphate bonds of adenosine triphosphate (ATP) independently of carbon dioxide
fixation or the reoxidation of partly or wholly reduced products of photosynthetic CO, fixation,
has been found to occur in isolated chloroplasts!-2. In equations 1, 2, and 3 photosynthetic phos-
phorylation was represented! as independent of molecular oxygen since no evolution or uptake of
oxygen was observed.

shloroplasts
hr 4 H,0 - SRR ol 40 (1)
AMP - 2P & 2H + O —> H,0 -+ ATD (2)
last
Sum: Iy 4 AMP | op; CRIOTOPIasts (3)

where AMP and P; represent adenosine-5-phosphate and orthophosphate respectively.

Although the reaction was therefore expected to proceed anaerobically, a sustained rate of
phosphorylation was obtained only under aerobic conditions in the early experiments®. Recently,
however, we have identified some of the cofactors of photosynthetic phosphorylation. When these
were added and conditions so arranged that traces of oxygen originally present or formed during
the reaction were eliminated (shaking in a nitrogen atmosphere in the presence of chromous chloride),
PSP proceeded at rates equal to or greater than those observed aerobically. We conclude therefore
that PSP is an anaerobic process.

Table I shows that in the presence of flavin mononucleotide (FMN), Mg+, and ascorbate
anaerobic PSP exceeds aerobic phosphorylation. Table II presents evidence on the quantitative
requirements for the various cofactors. FMN (replaceable by riboflavin at the same molar concen-
tration) was required in amounts small enough to leave no doubt that it acted as a catalyst. The
concentration of ascorbate which was needed for full stimulation was relatively large, but we have
found that ascorbate is not used up during anaerobic phosphorylation and must, therefore, be
assigned a catalytic function. For example, we have observed an esterification of 11.5 uM Pl while
at the same time only 0.2 uM ascorbate disappeared. Mg*+ was replaceable by Mn++ or Co*+ up
to the point where manganese and cobalt phosphates precipitated; the efficacy of higher concen-
trations corresponding to those found optimal for Mg++ could not be tested. Mg*+ may be assumed
to have a catalytic function, probably in the transfer of phosphate groups®.
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These results and those previously described!:? invite comparison with the light-induced
esterification of Pl into ATP recently reported? for cell-free preparations of the photosynthetic
bacterium Riodospivillum rubrum. Phosphorylation in the light by Rhodospivillum particles, like
that by chloroplasts, was found to occur under anaerobic conditions.

TABLE I

PHOTOSYNTHETIC PHOSPHORYLATION UNDER AEROBIC AND ANAEROBIC CONDITIONS
IN THE PRESENCE OF FMN AND OTHER COFACTORS

HM Pjesterified
during one hour of illumination

Aerobic Anaerobic

A. Chloroplasts -+ 10 yAf Mgt+ 0.4 0.2
B. A + 1o uM ascorbate 1.1 0.4
C. A+ o1 uM FMN 1.4 0.4
D. A + 10 uM ascorbate + o.r uM FMNXN 3.7 7.8
E. A 4 1o uM ascorbate + o.1 uM FMN — 11.5
F. same as E but in the dark 0.4

The reaction mixture included, in addition, 40 M tris (hydroxymethyl) amino-methane buffer,
pH 7.2, 20 uM of a mixture of Na and K phosphate buffer, pH 7.2, 2o uM of neutralized adenylic
acid, and 0.35 M KCl to give a final volume of 3.0 ml. Whole chloroplasts were prepared and sus-
pended in 0.35 M NaCl. An aliquot of the suspension containing o.5 mg of chlorophyll (equivalent
to approximately 2.5 mg protein) was used in each test. The reaction was carried out at 15°C in
an illuminated® Warburg respirometer with continuous shaking. Anaerobic conditions were main-
tained by filling the vessels with nitrogen and having chromous chloride in a side-arm.

TABLE II

FMN, ASCORBATE, AND Mg**+ As COFACTORS OF ANAEROBIC PHOTOSYNTHETIC PHOSPHORYLATION

udl P; esterified
during one hour
of lumination

A. Chloroplasts + 10 uM Mg - 10 uM ascorbate 0.5
B. A 4+ o.o1 yM FMN 4.2
C. A 4 o.1 uM FMN 7.3
D. A + o3 uM FMN 8.1
E. Chloroplasts 4+ 10 uM Mg -+ o.1 uM FMN 0.6
F. E 4+ 1 uM ascorbate 3.0
G. E + 5 uM ascorbate 10.6
H.E + 10 uM ascorbate 11.7
I. Chloroplasts + 10 uM ascorbate + o.r uM FMN 1.1
J. T+ ox uM Mgtt 2.0
K. 14 1 puM Mgtt 5.3
L. I+ 1ouM Mgtt 13.3

Other experimental conditions are given in footnote to Table I.
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