Action Spectrum for Triphospho-
pyridine Nucleotide Reduction
by Illuminated Chloroplasts

In the presence of the enzyme, photo-
synthetic pyridine nucleotide reductase
(PPNR), chloroplasts carry out a light-
dependent reduction of triphosphopyri-
dine nucleotide (TPN) with a concom-
itant evolution of oxygen (I). The
over-all process (Eq. 1) appears to re-
quire at least two component systems—
namely, a photolytic system for the gen-
eration of reducing and oxidizing poten-
tial represented by (H) and (O), re-
spectively (Eq. 2), and a system which
can utilize the reducing potential formed
by the photolysis of water for the reduc-
tion of TPN to yield reduced TPN
(TPNH) as indicated in Eq. 3. Under
these conditions, the oxidizing potential
is ultimately released as molecular oxy-
gen.
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The evidence available favors the hy-
pothesis that the reaction depicted by
Eq. 2 is the primary photochemical act
not only in the photosynthetic reduction
of TPN, but also in photosynthesis, the
Hill reaction, and photosynthetic phos-
phorylation. According to this formula-
tion, the action spectrum for the reduc-
tion of TPN by illuminated chloroplasts
should be identical with that for photo-
synthesis, the Hill reaction, and photo-
synthetic phosphorylation. Indeed, the
action spectra for the latter three proc-
esses have been shown previously to cor-
respond both to one another and to the
absorption spectrum of chlorophyll (2).
In this report (3), data are presented
which indicate that the action spectrum
for the reduction of TPN by illuminated
chloroplasts also corresponds to the ab-
sorption spectrum of chlorophyll.

The experiments were performed with
the high irradiance spectrograph of the
U.S. Department of Agriculture at Belts-
ville, Maryland, as follows: Each reac-
tion mixture contained chloroplasts (4)
equivalent to 75 ug of chlorophyll, 1
wmole of TPN, 185 ug of partially puri-
fied PPNR prepared as described by
San Pietro and Lang (5) and 265 pmole
of tris buffer, pH 7.2, in a final volume
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Fig. 1. (Top) Action spectrum for TPN
reduction by illuminated chloroplasts. The
activity is expressed as micromoles of TPN
reduced per average incident micro-Ein-
stein per reaction mixture per 10 minutes.
The different symbols signify three sepa-
rate experiments. (Bottom) Absorption

spectrum of the reaction mixture diluted
threefold.

7000

of 3 ml. The optical density of each re-
action mixture at 340 mp was measured
before and after illumination for 10 min-
utes at room temperature with light of
different wavelengths. The increase in
optical density calculated from these two
measurements serves as a measure of
TPN reduction.

All optical density measurements were
made with a Beckman spectrophoto-
meter, model DU, with photomultiplier
attachment; a complete reaction mixture
which was kept in the dark at room tem-
perature was used as a blank. The
amount of energy available at each
wavelength tested was determined with
a thermopile.

The action spectrum for this process
is presented in Fig. 1. This action spec-
trum was obtained by correcting the ob-
served increase in optical density at 340
mp for the amount of energy available at
each wavelength tested (6). It is appar-
ent from Fig. 1 that red light and blue
light are most effective for the reduction
of TPN by illuminated chloroplasts and
that green light is least effective. Within
the spectral range measured (4630 to
7290 A) the action spectrum for this

Y

process closely parallels the absorption
of the chloroplasts, as is indicated in the
lower portion of Fig. 1, and that of chlo-
rophyll.

It can be calculated that at 6720 A
and an incident intensity of 2.88 x 103
erg/cm? sec, the quantum requirement
for the reduction of TPN is approxi-
mately 16 quanta per molecule of TPN
reduced (or atom of oxygen evolved).
This value agrees very closely with the
value of 17 quanta per atom of oxygen
evolved in the Hill reaction, with ferri-
cyanide as the electron acceptor, re-
ported by Lumry et al. (7).

In conclusion, the action spectrum for
the reduction of TPN by illuminated
chloroplasts has been shown to resemble
closely the absorption spectrum of the
chloroplast suspension and .the action
spectra for the Hill reaction, photosyn-
thesis, and photosynthetic phosphoryla-
tion. This finding supports the hypothe-
sis that all four processes require the
same primary photochemical act—
namely, the photolysis of water.
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