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Fig. 2 Inhibition of electron transport and protein kinase activity by
2,5-dibromo-3-methyl-6-isopropyl-p- benzoquinone  (DBMIB). Whole
chain electron transport was measured as oxygen uptake in the presence of
methyl viologen (MV, 100 uM), sodium azide (5 mM) and ATP (100 uM).
The control rate in the absence of DBMIB was 23 pmol (mg
chlorophyll h)~*. Photosystem II-mediated electron transport was measured
as oxygen evolution in the presence of K,Fe(CN), (2.5 mM), diaminodurene
(DAD, 1.2 mM) and ATP (100 pM). The control rate was 97 wmol (mg
chlorophyll h)~!. All electron transport measurements were carried out at
saturating light intensity (1mEm™') in a reaction medium (2 ml)
containing 50 mM Tricine (pH 7.8), 100 mM sorbitol, 10 mM MgCl, and
chloroplasts equivalent to 200 pg chlorophyll. Protein kinase activity was
measured as described in Table 1 legend. DBMIB was present during the
equilibration period before the addition of [y->’PJATP. Values for phos-
phorylation were calculated by subtraction of the activity of a dark control
and are expressed as a percentage of the activity in the light in the absence of
DBMIB.

thylakoids were incubated in various conditions in the presence
and absence of ATP and dithionite. Values for the ratio
F,,s/Fegs were calculated from the resulting 77 K fluorescence
emission spectra (Table 2). An ATP-dependent increase in the
ratio was observed only in conditions which also permitted
protein phosphorylation. Thus, there was no significant effect of
ATP on fluorescence in the dark or in the light in the presence of
DCMU, unless dithionite was also present. It is also clear from
Table 2 that dithionite exerted two effects on the F,;5/F¢gs 1atio,
one depending on the presence of ATP and the other not. The
effect which required both ATP and dithionite represented the
change in the distribution of excitation energy that could be
attributed to dithionite-activated protein phosphorylation. The
effect of dithionite in the absence of ATP may result from a
direct alteration in fluorescence yield.

Activation of protein kinase by
reduced plastoquinone

The above data raised the possibility that plastoquinone was the
electron transport component whose reduction led to kinase
activation. This possibility was tested by the use of 2,5-dibromo-
3-methyl-6-isopropyl-p-benzoquinone  (DBMIB),  which
inhibits electron transport at two sites—it inhibits oxidation of
plastohydroquinone at a high-affinity site®* and reduction of
plastoquinone at a secondary, low-affinity site®*. Figure 2 illus-

trates both inhibitory- activities. At a concentration of 1 uM,
DBMIB inhibited whole chain electron transport (from water to
methyl viologen) by 90%, whereas photosystem II-mediated
reduction of diaminodurene (DAD) was strongly inhibited only
at concentrations greater than about 10 pM (DAD accepts
electrons at or before plastoquinone®®). When light-dependent
kinase activity was measured as a function of DBMIB concen-
tration (Fig. 2), strong inhibition was obtained only at concen-
trations equal to or greater than 10 uM. Thus, the electron
transport component that links the activity of the protein kinase
to the redox state of the intersystem carriers is situated between
the primary and secondary sites of action of DBMIB; the most
obvious candidate is plastoquinone itself.

To characterize further the possible relationship between the
redox state of plastoquinone and kinase activation, we subjected
a series of thylakoid samples to short, intense flashes of light.
The redox state of the plastoquinone pool was assessed by
recording chlorophyll fluorescence induction transients (Fig. 3).
The area above the curve of the transient is proportional to the
fraction of the plastoquinone pool that is in the oxidized state®”.
As shown in Fig. 3a and b, pre-illuminating flashes decreased
the area above the curve of the transient, indicating that the
plastoquinone pool had accumulated reducing equivalents. In
parallel measurements, [y->’P]JATP was injected in the dark
into preflashed samples which were then incubated for 4 min to
permit kinase activity assay. As shown in Fig 3c, there was a
striking similarity between the extent of kinase activation and
that of reduction of the plastoquinone pool, as measured by the
decrease in the area above the curve of the transient. Thus, the
activity of the kinase is linked to the redox state of plas-
toquinone.

The previous observation'® that NADPH and ferredoxin
could together activate the protein kinase in darkness may now
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Fig.3 Thylakoid protein phosphorylation and redox state of plastoquinone
as functions of the number of pre-illuminating single-turnover flashes.
Thylakoids were diluted with a medium containing 50 mM Tricine (pH 7.8),
100 mM sorbitol, 10 mM MgCl, and 10 mM NaF to a chlorophyll concen-
tration of 50 pg ml™' for protein kinase assays or 5 ug ml ! for room
temperature chlorophyll fluorescence induction transients. The dilution
medium had been bubbled with nitrogen before the addition of thylakoids.
The samples were pre-illuminated with a flashlamp (General Radio ‘Stro-
boslav’, type 1539A) delivering one intense, 8-ps flash per s. A fibre-optics
bundle carried light from the flash-lamp directly into either cuvettes (for the
induction transients) or polyethylene microcentrifuge tubes (for kinase
assays). After the indicated number of flashes, fluorescence induction was
measured in the cuvettes as previously described?. a,b, Direct tracings of
oscillographic recordings; broken lines delimit the area above the induction
curve, a measure of the proportion of the plastoquinone pool that is in the
oxidized state. ¢, [y->?PJATP was added to the microcentrifuge tubes for a
2-min, dark, anaerobic incubation which was terminated by addition of
trichloroacetic acid to a concentration of 10% . Protein phosphorylatian.was
then measured as described in Table 1 legend. Fluorescence measurements
and additions of [y-*?P]JATP were made within 5 s of the final pre-illuminat-
ing flash. .









