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SUMMARY

The effect of 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) on the relative
average oxygen yield per flash, ¢{tq) as a function of the time ¢4 between the flashes has
been investigated in spinach chloroplasts. It was found, that at 2:10°7 M DCMU — where
about 80% of the system II electron transport chains are blocked — the relative average
oxygen yield per flash, p(¢4), decreases with increasing time 4. This effect shows that
DCMU not only acts as an inhibitor of the reducing side of system II, but in addition
accelerates the decay of the holes stored in the water-splitting enzyme system Y of photo-
synthesis.

The most widely used inhibitor in the present photosynthesis research is the phenyl
urea derivative, 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU), which blocks the electron
transport of System II (for reviews see refs 1,2). It is now generally accepted that DCMU
interrupts the electron transport between the primary electron acceptor of System II and the
plastoquinone pool®~%. An additional reversible inhibitory effect of DCMU on the System
II centers has been reported by Bennoun and Li®.

Recently the site of DCMU action has been questioned by Rosenberg et al.” who
claimed, on the basis of oxygen measurements, that DCMU was acting on the oxidizing side
of System II. However, the results of Rosenberg et al. are not only understandable in the
light of a DCMU-caused inhibitory effect on the oxidizing side of Photosystem II, but also

Abbreviation: DCMU, 3-(3,4-dichlorophenyl)-1,1-dimethylurea.
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by an accelerating effect on the decay of the holes trapped in the water-splitting enzyme
system Y (this effect has previously been called the ADRY effect, see ref. 11). DCMU
resembles, in its molecular architecture, the well known agents which accelerate the de-
activation reactions of the water-splitting enzyme system Y® and which were found to
destabilize the higher trapped hole accumulation states of the water-splitting enzyme
system Y (refs 9, 10). Hence, the question arises, whether DCMU exerts an acceleration of
the deactivation reactions of the water-splitting enzyme system Y in addition to its well known
inhibitory effect. In order to clarify this question, the relative average oxygen yield per
flash, ¢(24), as a function of the time ¢4 between the flashes has been determined, which is
a measure of the acceleration of the deactivation reactions of the water-splitting enzyme
system Y*!.

Chloroplasts were prepared according to the method of Winget et al.'?. The exper-
imental details for the determination of p(z4) have been described elsewhere'' ; the reac-
tion mixture is given in Fig. 1.

In Fig. 1 the relative average oxygen yield per flash, ¢(t4) as a function of the
time ¢4 between the flashes in the absence and in the presence of 2+10”’M DCMU is
depicted. At this DCMU concentration the average oxygen yield per flash at the reference
time #q = 100 ms (see ref. 11) is diminished to 20% in comparison to the corresponding
value for DCMU-free chloroplast suspensions. This indicated an inhibitory effect of 80%.
However, besides the well known inhibitory effect, a clear accelerating effect is observed
as indicated by the decrease of ¢(¢4) with increasing time 74 in a time range, where the
influence of the natural deactivation reactions'®!* on the water-splitting enzyme system
Y can be neglected's.

Hence, this result leads to the conclusion, that DCMU not only acts on the reducing
side of Photosystem II, but also on the oxidizing site vig an effect similar to that caused by
the well-known agents which accelerate the deactivation reactions of the water-splitting
enzyme system Y. (see refs 9, 10) leading to the destabilization of the higher trapped hole
accumulation states.
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Fig.1. Relative average oxygen yield per flash v (t4) as a function of the time ¢4 between the flashes

in the absence (0)and in the presence of 2:1077 M DCMU (o). The reaction mixture contained: chloro-
plasts (5-10~% M chlorophyll), 10~* M K, {Fe(CN),] + 10™* M K, [Fe(CN), ] as electron acceptor,
2.107% M MgQ,, 1072 M KCl, 2:10™% M morpholinoethanesulfonate—NaOH buffer, pH 6,5. Excitation,
white flashes, duration approx. 20 us, saturating intensity. Temperature, 21 °C.
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In comparison to the strongest agents which accelerate the deactivation reactions
of the water-splitting enzyme system Y (2-anilinothiophene derivatives, see refs 8—11)
DCMU exerts such an effect of only moderate power. Furthermore, the DCMU-induced
acceleration of the deactivation reactions of the water-splitting enzyme system Y arises
in a concentration range, where already a strong inhibition of the System II electron transport
occurs. Hence, a more pronounced acceleration of the deactivation reactions of the water-
splitting enzyme system Y, which would be expected for higher DCMU concentrations'®,
is masked by the blockage of System II electron transport.

Because in the presence of DCMU a back reaction takes place in System II be-
tween the primary electron donor and acceptor, respectively, one can conclude, that the
reduced primary electron acceptor of System I can also act as electron source for the
acceleration of the deactivation reactions of the water-splitting enzyme system Y induced
by DCMU. This has not been found for typical agents which accelerate the deactivation
reactions of the water-splitting enzyme system Y, like carbonylcyanidephenylhydrazones
or 2-anilinothiophenes*®. Hence, in comparison to the above-mentioned agents, the accel-
eration of the deactivation reactions of the water-splitting enzyme system Y effect of
DCMU differs in its mechanism with respect to the electron source for the discharge of
S, and S;.

In light of the acceleration of the deactivation reactions of the water-splitting
enzyme system Y by DCMU the results of Rosenberg et al.” are readily explainable. In
the dark time after the injection of DCMU into the chloroplast suspension, which has been
preilluminated by two 1.2 ms flashes, thereby generating the trapped hole higher accumula-
tion states S, and S, the acceleration of the deactivation reactions of the water-splitting
enzyme system Y exerted by DCMU leads to a practically complete discharge of these
states, so that the third flash (fired approx. 10 s after the DCMU injection) cannot evolve
oxygen.

The results presented and discussed above seem to be in contradiction to
Duysens'” who found an oxygen evolution in Chlorella in the first flash after DCMU injection
(preillumination by a flash sequence) and a dark time of > 20 s. However, as has been
pointed out in ref. 10 the acceleration of the deactivation reactions of the water-splitting
enzyme system Y for 2-anilinothiophenes is only observed in chloroplasts, whereas in algae
a stabilization of the higher trapped hole accumulation states occurs. A similar ambivalent
acceleration of the deactivation reactions of the water-splitting enzyme system Y (in respect
to algae and chloroplasts, respectively) cannot be excluded for DCMU, thereby providing
an explanation of Duysens results.

The acceleration of the deactivation reactions of the water-splitting enzyme
system Y by DCMU brings serious problems for all investigations, where DCMU is used as an
inhibitor of System II electron transport and this property interferes with the phenomena
under investigation. This is the case, if reactions of the higher trapped hole accumulation
steates are involved as was shown for the above-mentioned oxygen measurements of Rosen-
berger al.”. Another example is the delayed light luminescence®**.

The delayed light emission has been shown to be dependent on the activation
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state of the water-splitting enzyme system Y (refs 19, 20). Hence, in delayed light experiments,
where DCMU is used, two effects, the inhibitory effect as well as the acceleration of the
deactivation reactions of the water-splitting enzyme system Y should be taken in to account
for the interpretation of the experimental data. Recently it has been found, the the accel-
eration of the deactivation reactions of the water-splitting enzyme system Y by 2+(3-chloro-4-
trifluoromethyl)anilino-3,5-dinitrothiophene leads to a significant decrease of the delayed
light intensity at times > 10 ms (ref. 10). However, because the reaction pathway of
the DCMU-induced acceleration of the deactivation reactions of the water-splitting
enzyme system Y seems to be different in comparison to the 2-(3-chloro-4-trifluoro-
methyl)anilino-3,5-dinitrothiophene 2 s induced cycle, further experiments are re-
quired to clarify the influence of the DCMU-induced acceleration of S, and S5 on
the delayed light emission.
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