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T hiazolylidene-ketonitriles are efficient inhibitors o f photosynthetic electron flow in reac­
tion centers from  either Rhodobacter sphaeroides or Rhodobacter capsulatus. Some com pounds 
o f this class exhibit a higher inhibitory potency in the bacterial system as com pared to p h o to ­
system II. U p to  now , photosystem  II inhibitors were generally less active in photosynthetic 
bacteria. A n azido-thiazolylidene-ketonitrile upon illum ination alm ost exclusively tags the 
L -subunit in the bacterial reaction center.

Introduction

Due to a X-ray crystallography, the architecture 
of the reaction center of photosynthetic bacteria is 
well understood [1]. The bacterial reaction center 
consists out of 3 subunits, the L-, M-, and 
H-subunit. The L- and M-subunits carry the pho­
tosynthetic pigments, necessary for the light-in­
duced primary charge separation. The primary 
quinone acceptor (QA) is oriented towards the 
M-subunit, whereas the secondary quinone accep­
tor (Qb) is oriented towards the L-subunit. QB is 
bound loosely and lost upon crystallization [1], 
Furthermore, certain inhibitors can bind strongly 
to the QB-site. In this way they prevent binding of 
the native ubiquinone to the Q B-site, which leads 
to an interruption of photosynthetic electron flow. 
For the inhibitors terbutryn (an s-triazine) and
o-phenanthroline the orientation within the Q B- 
binding niche is well known, because X-ray crys- 
tallographic data are available [2].

It became soon clear that the photosystem II 
reaction center core complex of higher plants and 
algae is homologous to the bacterial reaction cen­
ter [3, 4], In the photosystem II core complex the 
Q B-site is located at the D -l protein which corre­
sponds to the L-subunit and is likely prone to a t­
tack by inhibitors. Many of these inhibitors are 
used as powerful herbicides. Since the architecture 
of the photosystem II reaction center core complex 
is not known due to a lack of crystallographic
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data, the bacterial reaction center can serve as a 
model for new efficient photosystem II herbicides. 
However, this model has two im portant short­
comings.

First, most of the powerful photosystem II her­
bicides, like ureas, anilides, carbamates, uracils, 
triazinones and phenols are completely inactive in 
the bacterial system. Second, those herbicides 
which are active exhibit a much lower inhibitory 
potency as compared to photosystem II [5]. For 
example, terbutryn which has been recognized so 
far as the most potent inhibitor of the bacterial 
system, exhibits a p l50-value of 6.25 [6]. In plant 
thylakoids the p l50-value of terbutryn is 7.52 [5], 
which is more than one order of magnitude higher 
as compared to bacterial reaction centers.

In thiazolylidene-ketonitriles (Fig. 1) recently 
effective inhibitors of photosystem II have been 
found [7]. As judged from a photoaffmity labeling 
experiment with a radioactive azido-analogue, 
thiazolylidene-ketonitriles preferentially bind to 
the D-l protein of photosystem II [7]. As we wish 
to report here, thiazolylidene-ketonitriles are also

Fig. 1. S tru c tu ra l fo rm u la  o f  th iazo ly lid en e-k e to n itrile .
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efficient inhibitors of photosynthetic electron 
transport in reaction centers from Rhodobacter 
sphaeroides or Rhodobacter capsulatus. In this 
chemical class, some compounds -  contrary to the 
normal rule -  have a higher inhibitory potency in 
the bacterial reaction center than in photosystem
II. Furthermore, the azido-analogue mentioned 
above in reaction centers preferentially tags the 
L-subunit.

Materials and Methods

The synthesis of the thiazolylidene-ketonitriles 
(Fig. 1 and Table I, 1 -8 ) is described in [7], The 
thiazolylidene-ketonitriles and 2-[(4-azidophenyl)-
2,3-dihydro-4-[14C]thiazol-2-yliden]3-oxobutyro- 
nitrile [7] (Fig. 1; R 1 = CH2C6H 5, R2 = 4-N3~ C 6H 4) 
at a spec, activity of 1835 MBq/mmol were gener­
ous gifts by Schering AG, Berlin.

Reaction centers from R. sphaeroides and 
R. capsulatus were prepared according to [6] or [8], 
respectively. Inhibitory activity of compounds in 
photosynthetic electron transport in isolated reac­
tion centers was assayed in a system using reduced 
cytochrome c as the electron donor and ubiqui- 
none-6 as the acceptor [6], Photoaffmity labeling 
experiments were performed according to proto­
cols in [7, 9].

Results and Discussion

The p l50-values of electron transport inhibition 
in reactions centers from R. sphaeroides and 
R. capsulatus for various thiazolylidene-ketoni­

triles together with the previously published p l50- 
values for photosystem II [7] are given in Table I. 
From the 8 compounds tested, 5 compounds (No. 
2, 5 -8 ; Table I) were better inhibitors in photosys­
tem II as compared to the bacterial systems. This is 
usual the case for all photosystem II herbicides [6]. 
However, 3 compounds (No. 1, 3—4; Table I) ex­
hibited higher p l50-values in both bacterial systems 
as compared to photosystem II. This behaviour 
has not yet been found for any other chemical class 
investigated in the bacterial system so far. Com­
pound 4, which is the most active thiazolylidene- 
ketonitrile, is almost two orders of magnitude 
more active in reaction centers from R. sphaeroides 
as compared to photosystem II (6.33 versus 4.52; 
Table I). It is also better than terbutryn. Chlorine- 
substitution in either of the aromatic moieties gen­
erally increases inhibitory potency; in this respect, 
two chlorine atoms are more effective than one 
(compare compounds 2 -4  and 7 and 8; Table I). 
This “chlorine effect” is common to photosystem
II herbicides (for example, p l50-values: 3-phenyl-; 
4.4; 3-(4'-chlorophenyl)-; 5.4; 3-(3',4'-dichloro- 
phenyl)-l,l-dimethylurea; 6.7; see [10]).

The trends in biological activity for thiazolyli- 
dene-ketonitriles are the same in R. sphaeroides 
and R. capsulatus. However, there are differences 
in the p l50-values. The highest difference is found 
for compound 4, which is about four times more 
active in R. sphaeroides as compared to R. capsula­
tus. We attribute these differences to the different 
amino acid sequences of the L-subunits of both or­
ganisms. An alignment of the herbicide binding re-

Table I. p I50-Values for inhibition o f  photosynthetic electron transport in 
reaction centers from  Rhodobacter sphaeroides (sph), Rhodobacter capsu­
latus (cap), and photosystem  II (PS II) by thiazolylidene-ketonitriles. 
Their general form ula is given in Fig. 1. D ata  for photosystem  II were 
taken from  [7],

No. R2 R 1 sph cap PS II

1 phenyl phenyl 5.23 5.10 5.00
2 phenyl benzyl 4.46 4.77 5.22
3 phenyl 4-Cl-benzyl 5.45 5.29 4.70
4 phenyl 2,4-diCl-benzyl 6.33 5.75 4.52
5 r-butyl benzyl 4.39 4.64 6.15
6 2-naphthyl benzyl 5.54 5.57 6.70
7 4-Cl-phenyl benzyl 5.70 n.d. 6.10
8 3,4-diCl-phenyl benzyl 5.90 6.02 6.70

n.d., not determ ined.
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Fig. 2. Amino acid alignments o f  the herbicide binding regions o f the L-subunits o f Rhodopseudomonas viridis (vir), 
Rhodobacter capsulatus (cap), and Rhodobacter sphaeroides (sph) according to [11]. A m ino acids which are conserved 
through all three subunits are set in bold. A m ino acids in the L-subunit o f R. viridis which are involved in the binding 
o f either terbutryn or o-phenanthroline are set in italics.

gions of the L-subunits of Rhodopseudomonas viri­
dis, R. capsulatus and R. sphaeroides (according to 
[11]) are given in Fig. 2. According to Michel et al.
[2] amino acids E212, N 213, F 216, V220, S223, I224 and 
I229 are involved in terbutryn binding and amino 
acids H 190, L]93 and I229 are involved in o-phen­
anthroline binding. We note that I224 is conserved 
in R. sphaeroides but exchanged with V in R. cap­
sulatus. In addition, V220 is substituted by M in 
R. capsulatus. All other amino acids participating 
in herbicide binding are conserved, with the excep­
tion of N213, which is replaced by D in both organ­
isms. Changes in amino acid composition at posi­
tions 220 and 224 may be responsible for the dif­
ferent sensitivity towards thiazolylidene-ketoni- 
triles in both organisms. It cannot be excluded, 
however, that also amino acid substitutions at oth­
er positions (see Fig. 2) may be the cause. It should 
be noted that thiazolylidene-ketonitriles have been 
classified as belonging to the “histidine-family” [3, 
7] and in this respect resemble o-phenanthroline. 
7r-charge distributions as calculated by M NDO in 
thiazolylidene-ketonitriles make it likely that they 
bind as the tautomeric hydroxy- rather than the 
keto-form (Fig. 1) [7].

Further proof for a preferential orientation of 
the thiazolylidene-ketonitrile molecule towards 
the bacterial L-subunit comes from a photoaffinity 
labeling experiment. If isolated reaction centers 
from R. sphaeroides are UV-illuminated in the 
presence of [14C]azido-thiazolylidene-ketonitril 
(Fig. 1, R 1 = benzyl; R2 = 4-azido-phenyl), the 
highest amount of radioactivity is found to be in­
corporated into the L-subunit (Fig. 3). The 
H-subunit is labeled to a much lesser extent and al­
most no radioactivity is found in the M-subunit

70cpm
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Fig. 3. Photograph o f a SD S-PA G E gel (1 0 -1 5 % ) o f 
reaction centers from  Rhodobacter sphaeroides labeled 
under UV-light (15 min) in the presence o f [14C]azido- 
thiazolylidene-ketonitrile (10 nm ol/m g bacteriochloro- 
phyll) (bottom ) and radioactivity d istribution  therein 
(top).

(Fig. 3). As previously reported, [14C]azido-atra- 
zine also binds almost exclusively to the L-subunit 
[12, 13]. This result stresses the importance of the 
L-subunit for herbicide-binding and its homology 
to the D -l protein of the photosystem II reaction 
center core complex.
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