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were measured by detection of P-870+ at 425 nm at 
various times following a saturating actinic flash. 
The fastest rate of charge recombination occurs 
from QA (tl/ = 80-100 ms) in centers where elec- 
tron transfer to QB is blocked. Slower recombina- 
tion reflects electron transfer to Qn. An estimate of 
the extent of secondary electron transfer was ob- 
tained by measuring the amplitude of the slower 
phase. In the recombination and labeling ex- 
periments to be described, UQ-1 was added in 
ethanolic solution and functioned as secondary ac- 
ceptor [ 131. 

Photoaffinity labeling of reaction centers 
(10 PM) was performed in the presence of 1.5 pM 
azido[14C]atrazine (49.4 mCi/mmol, Pathfinder 
Laboratories) through UV irradiation at either 
room temperature (295 K) or at 77 K. Fifty /cl 
samples (1 mm optical path length) were placed 
8 cm from two unfiltered 15 W germicidal lamps 
(General Electric). Following irradiation, the 
samples were suspended in 50 mM NazCOr, 
50 mM dithiothreitol and 2% SDS and elec- 
trophoresed [14] at room temperature on 12(rlo 
polyacrylamide gels containing 0.1% SDS. The 
gels were first stained with Coomassie blue, then 
impregnated with En3Hance (New England 
Nuclear) and dried for fluorography. Labeling by 
azido[r4C]atrazine was detected at - 70°C with X- 
ray film (Kodak X-Omat, XAR-5). 

3. RESULTS 

3.1. Azidoatrazine competes with CJQ-1 for 
binding to reaction centers 

Reaction centers (10 PM) were equilibrated with 
either 20 or 200 ,uM UQ-1. The reduction of 
P-870+ by charge recombination was measured at 
425 mn, following a saturating actinic flash, in the 
presence of increasing concentrations of 
azidoatrazine. The AZ/Z42snm at 1 s was taken as an 
indicator of the extent of secondary electron 
transfer. Normalization of these data to zero and 
to saturating concentrations of azidoatrazine per- 
mitted a measure of the percent inhibition as a 
function of inhibitor concentration. These data are 
presented as double-reciprocal plots in fig.1 and 
show that the binding affinity of the inhibitor is 
lowered by a factor of approx. 6 by the lo-fold in- 
crease in UQ-1 concentration. The ZSO at 1 s and at 
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Fig.1. Double-reciprocal plot of the concentration of 
azidoatrazine vs the percent of reaction centers binding 
inhibitor at the indicated concentrations of UQ-1. 
Inhibitor binding was measured as the percent loss of the 
slow phase of charge recombination following a 
saturating laser flash. This percentage is given as 
[A(i = 0) - A(i)]/[A(i = 0) - A(i = a)] x 109, where A 
is the amplitude of AZ/Z~zsm at 1 s afler the flash for 
concentration, i, of inhibitor. Reaction centers (100 nM) 
were suspended in 0.025% LDAO, 10 mM Tris (pH 8.0) 

in the presence of 20 or 2OOpM UQ-1. 

200 ms after the actinic flash were both 1.5 FM in 
the presence of 20/cM UQ-1 and 7.5 PM in the 
presence of 2OOpM UQ-1. 

This observation is similar to-that observed with 
other inhibitors of QA to Qn electron transfer, such 
as terbutryn, another triazine inhibitor, and o- 
phenanthroline. In all 3 cases [13] quinone com- 
peted with the inhibitor for binding to the reaction 
center. 
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3.2. Identification of the subunit binding 
azidoatrazine 

Reaction centers, depleted of QB, were ir- 
radiated in the presence of 1.5 pM azidoatrazine at 
77 and 295 K. In both cases (fig.2) L is the 
predominant subunit labeled. The specificity for 
labeling of this subunit is, however, considerably 
increased by the low temperature conditions, 
presumably because of the more restricted diffu- 
sion of the photoactivated inhibitor at 77 K. We 
note also that there is considerably Iess protein ag- 
gregation induced by irradiation under these con- 
ditions. No labeling occurs in the absence of ir- 
radiation (fig.3). 

3.3. UQ-I displaces azidoatrazine from the 
L-subunit 

Reaction centers, irradiated under the low 
temperature conditions of fig.2, showed decreased 
labeling of the L-subunit in the presence of increas- 
ing concentrations of UQ-1 (fig.3). Densitometric 

Fig.3. Protein profile (left, stained with Coomassie blue) 
and fluorogram of reaction centers (10pM) on 
SDS-PAGE following photoaffinity labeling for 10 min 
(77 K) in the presence of 1.5 PM azido[14C]atrazine and 
at the indicated concentrations of UQ-1. The last 
column on the right shows non-irradiated reaction 
centers incubated in the presence of azido[14C]atrazine 

in the absence of UQ-1. 

Fig.2. Protein profile (Gl and G2, stained with 
Coomassie blue) and fluorogram (Al and A2) of 
reaction centers (10 PM) following photoaffinity 
labeling with azido[14C]atrazine (1.5 PM) and 
SDS-PAGE. The UV irradiation lasted for 90 s at 
295 K (Gl and Al) and for 10 min at 77 K (G2 and A2). 

traces (not shown) of the fluorograms indicate a 
5-fold decrease in labeling of the L-subunit upon 
increasing the UQ-1 concentration from 0 to 
2OOaM. This decreased labeling is not due to an 
attenuation of the UV light intensity by UQ-1. 
Such attenuation is negligible at the quinone con- 
centrations used. These experiments thus indicate 
that the competition observed between inhibitor 
and quinone (fig.1) occurs through the inhibitor 
binding site on the L-subunit. 

Densitometric traces of the fluorograms indicate 
that even upon irradiation at 77 K there is some 
labeling of the M-subunit, approx. 5-times less 
than that of L. This labeling was also diminished 
by increasing concentrations of UQ-1. 

Addition of 5 mM o-phenanthroline (not 
shown) completely abolished azidoatrazine label- 
ing (conditions of fig.3, without UQ-1) of the L- 
and M-subunits. This result is in perfect agreement 
with our previous observation [13] of total 
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dissociation of terbutryn from the reaction center 
by 5 mM o-phenanthroline. 

4. DISCUSSION 

In higher plants and algae, azidoatrazine has 
been shown to bind to a 32 kDa polypeptide [ 151, 
probably involved in the binding‘of Qn [ 161. The 
amino acid sequence for subunit M has been 
recently reported [17] and shown to have con- 
siderable homology to this 32 kDa polypeptide 
[18] with respect to the primary structure and the 
hydropathy profile. Authors in [17] further 
reported that there is considerable homology bet- 
ween subunits L and M. It is therefore not a com- 
plete surprise that L should bind azidoatrazine. 

The simplest model to explain these results 
would be one in which quinone and inhibitor bind 
to the same site, i.e., to the L-subunit. Authors in 
[19] have shown, however, that Fab fragments of 
anti-M antibodies block reassociation of UQ-10 
with the QA site in Qa-depleted reaction centers. 
While anti-H antibodies were practically without 
effect, removal of the H-subunit greatly decreased 
the quinone binding affinity [10,19]. Anti-L an- 
tibodies were without effect on the quinone 
reassociation. The results in [19] implicate M and 
H in Qn binding, while our results implicate L and, 
to a slight degree, M in inhibitor binding. 
Together, they suggest separate binding sites for 
inhibitor and quinone. One could reconcile these 
results by an allosteric model in which quinone and 
inhibitor bind to different and distant regions of 
the reaction center and where each lowers the bind- 
ing affinity at the other site. 

Evidence of our own involving terbutryn bind- 
ing to bacterial reaction centers [ 131 and of authors 
in [21] on atrazine binding to the 32 kDa polypep- 
tide could also be explained by partial overlap be- 
tween adjacent inhibitor and quinone binding 
sites. From the data presented here we would, in a 
simpler model, locate these sites at a contact point 
between the L- and M-subunits. The existence of 
adjacent sites would be consistent with: 
(i) The labeling of L and M by azido 

[ 14C]atrazine; 
(ii) The apparent partial overlap of the domains 

occupied by the inhibitor and the quinone 
head group [13,20] and 
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(iii) The total . displacement of both by o- 
phenanthroline ([13] and here). 

Finally, the role of H could be one of facilitated 
binding of UQ-10 to the reaction center through 
interaction with the extended isoprenoid tail, 
which we know to increase the binding affinity of 
ubiquinone by a factor of 5-10 [13]. 
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