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Two sites in the photosynthetic electron transport chain of spinach chloroplasts are
sensitive to inhibition by the plastoquinone antagonist dibromothymoquinone (2,5-dibromo-
3-methyl-6-isopropyl-p-benzoquinone). This compound imposes maximal inhibition on re-
actions involving electron transport from water to a terminal acceptor such as ferricyanide
at concentrations of about 1 pM. At concentrations of about 10 pM, dibromothymoquinone
also inhibits electron transport reactions catalyzed by photosystem II in the presence of p-
phenylenediimines or p-benzoquinones. This inhibition is observed in both untreated and
KCN/Hg-inhibited chloroplast preparations. Thiol incubation of chloroplasts exposed to
dibromothymoquinone relieves inhibition at both sites. This reversal of inhibition is,
however, different for the two sites. Restoration of ferricyanide reduction, which is blocked
by 1 um dibromothymoquinone, required high thiol/inhibitor ratios and incubation times
with thiol of up to 3 min. The reversal of inhibition of p-phenylenediimine reduction by
photosystem II, on the other hand, requires a thiol/inhibitor ratio of 1, and incubation times
as short as 5 s. Addition of bovine serum albumin to absorb dibromothymoquinone results
in a partial restoration of photosystem II reactions, but ferricyanide reduction, which

requires photosystem II and photosystem 1, cannot be restored by this procedure.

Dibromothymoquinone (DBMIB),”> a
well established inhibitor for use in studies
of photosynthetic electron transport, has
been shown to inhibit the flow of electrons
between photosystems (PS) II and I, pre-
sumably by interference with plastoqui-
none function (1). Noncyclic electron trans-
port from water to ferricyanide is inhibited
more than 60% by DBMIB concentrations
of approximately 1 pM. Photosystem II-de-
pendent noncyclic electron transport can
be restored in DBMIB-poisoned chloro-

' To whom correspondence should be addressed.

* Abbreviations used are: DBMIB, 2,5-dibromo-3-
methyl-6-isopropyl-p-benzoquinone (dibromothymo-
quinone); Chl, Chlorophyll; DAD, 2,3,5,6-tetramethyl-
p-phenylenediamine; DAT,  2,5-diaminotoluene;
DCBQ, 2,6-dichloro-p-benzoquinone; DMQ, 2,5-di-
methyl-p-benzoquinone; DPIP, 2,6-dichlorophenol-in-
dophenol; DTT, dithiothreitol; PD, p-phenylenedi-
amine; PS I, photosystem I; PS II, photosystem II;
TMPD, tetramethyl-p-phenylenediamine. The sub-
script -ox following abbreviations for p-phenylenedi-
amine electron acceptors denotes the oxidized, or di-
imine, form.

508

0003-9861/78/1892-0508%02.00/0
Copyright © 1978 by Academic Press, Inc.
All rights of reproduction in any form reserved.

plasts by the addition of p-phenylenedi-
imines or lipophilic p-benzoquinones (2, 3).
DBMIB has, therefore, been extensively
used to inhibit photosystem I electron
transport and to produce conditions for the
selective assay of photosystem II electron
transport activity. Recently, thiol com-
pounds have been shown to reverse
DBMIB inhibition of electron transport be-
tween the two photosystems, presumably
by reacting directly with DBMIB to pro-
duce a noninhibitory product (4).

DBMIB has also been shown to inhibit
both PS II- and PS I-supported cyclic elec-
tron transport reactions. Although PS 1
cyclic reactions supported by catalysts such
as DAD or phenazinemethosulfate are in-
sensitive to DBMIB (3, 5), cyclic reactions
catalyzed by ferredoxin or sulfonated qui-
nones are strongly inhibited at DBMIB
concentrations of from 1 to 5 um (5, 6). PS
II cyclic electron electron transport in
KCN/Hg/NH,OH-inhibited chloroplasts is
also sensitive to DBMIB, although the ex-
tent of inhibition in this reaction system
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depends upon the type of catalyst used to
promote the cycle. Activity catalyzed by an
electron donor (TMPD) is more than 95%
inhibited by 12 um DBMIB, but the activity
supported by the proton/electron donor PD
is only diminished 60% by the same concen-
tration of inhibitor. The sensitivity of such
cyclic reactions to inhibition by DBMIB
has been taken to indicate that plastoqui-
none participates in the coupling of cyclic
electron transport to photophosphorylation
in these systems (5-7).

DBMIB can also support electron trans-
port by itself in untreated and in KCN-
treated chloroplasts (3, 8). Under these con-
ditions, DBMIB acts as a class III electron
acceptor by catalyzing the transfer of elec-
trons from PS II to ferricyanide, or to oxy-
gen in a Mehler reaction (8). The concen-
trations of DBMIB (10 um) required for
optimal activity in electron transport reac-
tions greatly exceed, however, the concen-
trations (1 yuM) required for maximal inhi-
bition of noncyclic electron transport from
water to either ferricyanide or methylviol-
ogen.

In this communication, we present the
results of experiments demonstrating the
existence of a second site of DBMIB inhi-
bition in the photosynthetic electron trans-
port chain of spinach chloroplasts. This
second site of DBMIB inhibition requires
a high concentration of DBMIB (10 um)
and blocks PS II electron transport reac-
tions supported by p-phenylenediimines or
p-benzoquinones. The inhibited rate of
electron transport approaches the rate of
electron transport supported by DBMIB
alone, which indicates that DBMIB is itself
catalyzing electron transport under these
conditions. Attempts to reverse this inhi-
bition with thiols have revealed major dif-
ferences between this inhibition site and
the site of DBMIB inhibition associated
with plastoquinone function. The times of
incubation and the concentrations of thiol
required to affect reversals of these inhibi-
tions indicate that the two sites of DBMIB
inhibition differ in their accessability to the
thiol compounds which we have employed.

MATERIALS AND METHODS

Spinach (Spinacia oleracea L.) chloroplasts were
isolated (9), subjected to KCN/Hg treatment tosimpair
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plastocyanin function, and stored in 0.5-ml aliquots at
—70°C as described earlier (10). Electron transport
activities were assayed using thawed chloroplasts by
measuring light-induced changes in O. concentration
using a Clark-type oxygen electrode (YSI) fitted to a
1.6-ml thermostatted (25°C) cuvette (10). The reaction
mixture contained 20 mMm Tricine (pH 8), 62.5 mm
NaCl, chloroplasts (25-30 pg Chl/ml), and the electron
acceptors noted in Results.

White light (10° ergs/cm®-s) was provided by an
Oriel model 6325 light source and was passed through
5 cm of 0.2% CuSOQ,, which served as a heat filter. In
experiments where light intensities were varied, fine
meshed wire screens were used as neutral density
filters and the radiation incident on the thermostatted
0. electrode cuvette was measured for each experi-
ment using a YSI model 65 radiometer.

Electron acceptors used to support PS II noncyclic
electron transport were recrystallized prior to use in
assays (11). DMQ, DCBQ, and DBMIB were prepared
as concentrated ethanolic solutions (20 mM); the con-
centration of organic solvent in assay mixtures never
exceeded 2%. The other acceptors used in these studies
(PD, DAD, DAT) were dissolved in H,O to a final
concentration of 20 mM.

Tricine, bovine serum albumin, and PD were ob-
tained from Sigma. The remainder of the electron
carriers were obtained from Eastman (DMQ, DCBQ),
Aldrich (DAT), or Research Organics/Inorganics
(DAD). Gramicidin was from Schwarz/Mann; DBMIB
was a gift from Dr. N. E. Good.

RESULTS

At a concentration of approximately 1
uM, DBMIB inhibits noncyclic electron
transport between PS II and PS I, and this
inhibition is subsequently reversed by ad-
dition of p-phenylenediimines or p-benzo-
quinones, which restore PS II-dependent
noncyclic electron flow. Figure 1 shows the
results of an experiment in which several
electron transfer reactions were assayed in
the presence of increasing concentrations
of DBMIB. Electron transport from water
to ferricyanide (Fig. 1A), both in the ab-
sence and presence of 5 ug gramicidin, is
severely inhibited at a DBMIB concentra-
tion of about 1 um. Electron transport
which is dependent on 250 um PD,, (Fig. 1,
A and B), on the other hand, is inhibited
only 10% by this DBMIB concentration in
both untreated and KCN/Hg-inhibited
chloroplasts. Figure 1 shows, however, that
if the concentration of DBMIB is increased
beyond 1 uM, the rate of PD.-supported
electron transport is decreased to a rate
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Fic. 1. Effects of DBMIB on electron transport in untreated (A) and KCN/Hg-inhibited (B)
chloroplasts. DBMIB was added prior to chloroplast addition and all assays contained ferricyanide

(2.5 mM). The PD,, concentration, when present

(solid squares), was 250 uM. The dashed line in

A represents assays carried out in the presence of 5 ug of gramicidin. Other conditions are as given

in Materials and Methods.

which is similar to that of electron transport
supported by DBMIB alone. The potency
of DBMIB inhibition of electron transport
mediated by PD,, is the same in both un-
treated and KCN/Hg-inhibited chloro-
plasts (Fig. 1, A and B). In the latter chlo-
roplast preparation, PS I-supported elec-
tron transport has been suppressed prior to
DBMIB addition, so that the inhibition of
PD..-dependent electron transport shown
here cannot be due solely to a cessation of
PS T electron transport activity which re-
quires PD,x as an electron acceptor.

The data in Table I demonstrate that
inhibition of PS II electron transport activ-
ity by 9.4 um DBMIB is not unique to the
catalytic function of PD,,. A wide range
of p-phenylenediimines and p-benzoqui-
nones are sensitive to this concentration of
DBMIB; the activities supported by all of
these PS II acceptors are suppressed by
DBMIB to residual rates of electron trans-
port comparable to the rates supported by
DBMIB alone. This finding indicates that,
in each assay system, the residual activity
we observe is due to the oxidation/re-
duction activity of DBMIB itself. Thus, the
data in Fig. 1 and Table 1 support the
conclusion that DBMIB imposes an inhi-
bition upon two distinct sites in the photo-
synthetic electron transport chain. The first

TABLE 1
INH1BITION BY DBMIB OF p-PHENYLENEDIIMINE-
AND p-BENZOQUINONE-SUPPORTED ELECTRON
TRrRANSPORT IN KCN/Hg-INHIBITED CHLOROPLASTS®

Electron acceptor Electron transport

No inhibitor DBMIB (9.4

AM)
None 20.0 53.3
DMQ 84.5 55.2
DCBQ 218 95.2
DAD., 210 82.0
DATox 253 86.0
PD,. 261 84.0

¢ Chloroplasts were incubated in the dark for 4 min
prior to illumination, either in the absence or presence
of 9.4 uM DBMIB. Following the 4-min incubation, 2.5
mM ferricyanide and 0.25 mM acceptor were added to
the reaction cuvette and the assay was initiated by
illumination. Other conditions were as described in
Materials and Methods. Rates are expressed as micro-
moles of Oz/h-mg Chl.

site has a high affinity for DBMIB and
blocks electron transport between PS 1I
and PS I as reported previously (1). The
second site of inhibition, which has a lower
affinity for DBMIB, is effectively masked
by the first site unless resolved by the use
of p-phenylenediimine or p-benzoquinone
acceptors. :

Gould and Izawa (8) have suggested that
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DBMIB, in addition to blocking the pas-
sage of electrons between PS II and I, de-
creases the quantum efficiency of PS II. de
Kouchkovsky (12) also found that light in-
tensity had a profound effect on the mag-
nitude of DBMIB inhibition. A large effect
on PS II quantum efficiency by increasing
concentrations of DBMIB might therefore
account for the low affinity site of DBMIB
inhibition which we observe. To test this,
we assayed the effects of DBMIB on PS 11
electron transport under varied light inten-
sities. The results presented in Table II
show that varying light intensities induce
little or no variation in the extent of inhi-
bition with high DBMIB concentrations.
These results demonstrate that the low af-
finity site of DBMIB inhibition is not due
simply to decreased quantum efficiency.

Reimer and Trebst (4) have shown that
DBMIB inhibition of noncyclic electron
transport from water to NADP is reversed
by incubation of DBMIB with various thiol

TABLE 11
THE EFFECTS OF LIGHT INTENSITY ON THE
InHIBITION BY DBMIB OF PD,\-SUPPORTED
ELECTRON TRANSPORT®

Percentage Control

maximum rate

intensity (-DBMIB) 15um 62uM 94 uMm
DBMIB DBMIB DBMIB

Percentage of control rate

Untreated
chloro-
plasts
100 503 66 34 32
35 333 69 37 32
23 252 73 44 34
8 153 74 43 31
KCN/Hg-
treated
chloro-
plasts
100 341 62 32 27
35 235 69 36 29
23 174 78 40 34
8 117 70 39 33

* Chloroplasts were assayed in the presence or ab-
sence of DBMIB with 2.5 mM ferricyanide and 0.25
mM p-phenylenediimine. Other conditions were as de-
scribed in Materials and Methods. Rates in assays
minus DBMIB are expressed as micromoles of
0O,/h-mg Chl. Rates with DBMIB are expressed as a
percentage of the rate minus DBMIB. The maximum
intensity used was 1.1 X 10° ergs/cm®-s.
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Fic. 2. Reversal of DBMIB inhibition by incuba-
tion of chloroplasts plus DBMIB with DTT. Experi-
mental conditions are given in the legend to Table II,
except that untreated chloroplasts were used in assays
represented by the dashed lines, which also included
5 pg of gramicidin. Other conditions are as given in
Materials and Methods.

reagents. We have tested the response of
both sites of DBMIB inhibition to the thiol
reagents D'TT and cysteine. The results are
shown in Fig. 2, where the effects of DTT
were examined. Chloroplasts plus DBMIB
were incubated with DTT for 2 min and
the excess DTT was then oxidized by ad-
dition of ferricyanide (2.5 mM) immediately
before illumination. The addition of DTT
to chloroplasts plus DBMIB reduced the
effectiveness of DBMIB as a catalyst of PS
II electron transport; increased concentra-
tions of DT'T reduce the electron transport
activity supported by DBMIB in KCN/Hg-
inhibited chloroplasts. DT'T incubation of
chloroplasts plus DBMIB reverses the in-
hibitory effects of DBMIB on electron flow.
When electron transfer supported by ferri-
cyanide was assayed in the presence of
gramicidin, the inhibitory effects of both
high (9.4 uM) and low (1.5 um) concentra-
tions of DBMIB were reversed by incuba-
tion with DTT. Increased concentrations of
DTT also reversed the DBMIB inhibition
of PS II electron transport in KCN/Hg-
inhibited chloroplasts. Data are shown in
Fig. 2 for PD,-supported activity and in
Table III for PS II reactions mediated by
other quinonediimines and quinones. Thus,
both the high affinity site of DBMIB inhi-
bition, assayed using the H,O — ferricya-
nide reaction, and the low affinity site, as-
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TABLE IIT

REVERsSAL BY DTT or DBMIB INHIBITION OF p-
PHENYLENEDIIMINE- AND p-BENZOQUINONE-
SUPPORTED ELECTRON TRANSPORT IN KCN/Hg-
INHIBITED CHLOROPLASTS®

Electron Electron transport
acceptor _—
DTT DBMIB + DTT

(31 pm) (9.4 uM) (31 um)

None 24.0 21.3

DMQ 84.8 74.5

DCBQ 201 178

DAD.. 190 186

DAT,. 257 212

PD,. 246 205

“ Chloroplasts were incubated in the dark for a total
of 4 min. DBMIB, when present, was added at the
onset of incubation. DTT, when present, was added
after 2 min of incubation had elapsed. Ferricyanide
(2.5 mM) and an acceptor (0.25 mM) were added at the
end of the incubation period, immediately before the
assay was initiated by illumination. Control rates for
these experiments are found in Table I. Other condi-
tions are described in Materials and Methods. Rates
of O, evolution are expressed as micromoles of
O./h mg Chl.

sayed using the H,O — PD,, reaction, can
be reversed with increased concentrations
of thiol. However, as shown in Fig. 2, a
higher DTT/DBMIB ratio (4:1) is required
to optimally reverse the high affinity site
than is required to reverse the low affinity
site (DTT/DBMIB = 1). Similar results
were found using cysteine. Incubation of
tue chloroplasts with DTT alone did not
significantly change the rates of electron
transport (Table II).

The results of Fig. 2 suggested that in-
cubation of DTT for 2 min with chloro-
plasts plus DBMIB was not sufficient to
permit complete access of the thiol to the
high affinity site of DBMIB inhibition. This
possibility was therefore tested by varying
the time interval between addition of cys-
teine to a cuvette containing chloroplasts
and DBMIB, and the subsequent addition
of ferricyanide to oxidize excess cysteine.
The ability of cysteine to reverse the high
affinity site of DBMIB inhibition under
these conditions was assayed at two
DBMIB concentrations (1.5 and 9.4 uM).
The results, shown in Fig. 3, demonstrate a
time dependency for reversal of inhibition
of the noncyclic electron transport pathway
from water to ferricyanide. This time-de-
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pendent reversal, which is optimal at about
3 min, is partially independent of DBMIB
concentration in the presence of an excess
(38 uM) concentration of cysteine. No time
dependency greater than 10 s exists, how-
ever, for reversal of the low affinity site
which inhibits PD,,-supported activity.
These findings demonstrate a fundamental
difference between the two sites of DBMIB
inhibition with regard to their accessability
to reversal by thiol reagents.

In order to examine further the apparent
difference in accessability of the two
DBMIB inhibition sites, experiments were
done with bovine serum albumin, which has
been shown to bind DBMIB (13). The re-
sults of these experiments, presented in Fig.
4, show that addition of bovine serum al-
bumin to a final concentration of about 1
mg/ml partially restores PD,,-supported
PS II electron transport in chloroplasts in-
hibited by DBMIB; addition of bovine se-
rum albumin at this concentration does not,
however, restore ferricyanide-supported
electron flow, even at low DBMIB concen-
trations. When high concentrations of
DBMIB are used to inhibit ferricyanide-

2001
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Fic. 3. Time dependency of cysteine reversal of
DBMIB inhibition. Chloroplasts were incubated with
DBMIB for 2 min. Cysteine was added to a final
concentration of 38 um. After varied periods of time,
ferricyanide (2.5 mM) was added, oxidizing excess cys-
teine. The zero time point shows results where ferri-
cyanide was added prior to cysteine addition. The H,0
— PDoyx (250 uM) reaction was assayed with KCN/Hg-
inhibited chloroplasts. The H;O — ferricyanide reac-
tion was assayed in untreated chloroplasts in the pres-
ence of 5 pg of gramicidin. Other conditions are as
given in Materials and Methods.
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F1g. 4. Reversal of DBMIB inhibition by incuba-
tion of chloroplasts plus DBMIB with bovine serum
albumin. Experimental conditions are the same as in
Fig. 2, except that addition of bovine serum albumin
replaced DTT addition. Only the H.O — PD,, reaction
was assayved in KCN/Hg-inhibited chloroplasts; all
other assays were carried out using untreated chloro-
plasts in the presence of 5 ug of gramicidin.

supported electron transport, addition of
bovine serum albumin actually causes a
decrease in activity, probably by binding
DBMIB and preventing it from participat-
ing in catalysis of electron transport activ-
ity.

DISCUSSION

The results presented here support the
observations by other investigators (2, 12,
14) that concentrations of DBMIB in excess
of those required for maximal inhibition of
electron transport from H,O to NADP can
impose additional inhibitory effects on pho-
tosynthetic electron transport systems.
Trebst and Reimer (2) demonstrated that
catalytic amounts of p-phenylenediamine,
when added to DBMIB-poisoned chloro-
plasts, could partially restore electron
transport from H.O to NADP, but that
further increases in the concentration of
DBMIB caused a decrease in the amount
of restoration obtained. These investigators
suggested that increased concentrations of
DBMIB might possibly exert these effects
by influencing the fluidity of plastoquinone
in the thylakoid membrane. However, since
both photosystems were operative in these
reactions, it would be impossible to conclu-
sively localize the effects of increased
DBMIB. de Kouchkovsky (12) has shown
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that PS II electron transport supported by
DPIP is also influenced by high DBMIB
concentrations. In this case, DBMIB ap-
peared to disrupt the mechanism of DPIP
reduction by interposing itself as an inter-
mediate electron carrier between the mem-
brane-bound site of DPIP reduction and
the electron accepting dye.

We interpret our results (Tables I and
II1, Fig. 1) to indicate the existence of two
distinct sites in the photosynthetic electron
transport chain where DBMIB can act to
interfere with noncyclic electron transport
between the primary acceptor to PS II (Q)
and cytochrome f. One of these sites has a
high affinity for DBMIB and inhibits fer-
ricyanide-supported electron flow at con-
centrations of about 1 pum. The second,
lower affinity site of inhibition requires
higher DBMIB concentrations (10 um) and
acts to interfere with the donation of elec-
trons by PS II to p-phenylenediimines and
p-benzoyguinones. A method for distinguish-
ing the two sites is also revealed by our
results. The high affinity (1 um DBMIB)
site of electron transport inhibition is re-
versed, under our conditions of assay, by
thiol/DBMIB ratios (4:1) and times of in-
cubation (3 min) far in excess of those re-
quired to reverse the low affinity (10 um
DBMIB) inhibition site. In addition, the
two sites differ in their accessability to bo-
vine serum albumin, which reverses part of
the inhibition at the second site, but which
cannot affect any reversal of inhibition at
the high affinity site.

Certain conclusions concerning the low
affinity site of DBMIB inhibition may be
drawn from our results. Although de
Kouchkovsky (12) has shown that DBMIB
at high concentrations inhibits PS I activ-
ity, our use of KCN/Hg-treated chloro-
plasts eliminates the possibility that the
DBMIB inhibitions of class III acceptor
activity are due to interference by DBMIB
with PS I activity. The data in Table II
eliminate the possibility that we are observ-
ing an inhibition arising from effects of
DBMIB on quantum efficiency. We can
also discard uncoupling as a cause of the
inhibitions we observe with 10 ym DBMIB.
Table I clearly demonstrates that DMQ-
supported PS II electron transport, which
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is uncoupler insensitive (9), is inhibited by
DBMIB to the same extent as are the ac-
tivities supported by p-phenylenediimines
in a reaction which has been shown to be
uncoupler sensitive (9). In addition, Gould
and Izawa (8) have shown that DBMIB at
concentrations far in excess of those used
in the present study would support PS II-
dependent ATP synthesis with phosphoryl-
ation efficiencies approaching those of PS
Il electron transport reactions supported
by p-phenylenediimines. Finally, our use of
KCN/Hg-inhibited chloroplasts in these
studies rules out the possibility that
DBMIB, at high concentrations, is by-pass-
ing the high affinity site to donate electrons
to endogenous carriers which function on
the oxidizing side of PS I and that DBMIB
restores electron transport by a mechanism
such as that suggested by Trebst and Rei-
mer (2) for the TMPD by-pass of DBMIB
inhibition at the high affinity site.

The considerations enumerated above
lead us to the conclusion that the low affin-
ity (10 um DBMIB) site of inhibition must
precede both the site of high affinity (1 um
DBMIB) inhibition as well as the site of
class III acceptor reduction in the photo-
synthetic electron transport chain. Inhibi-
tion at the high affinity site is readily re-
versed by addition of p-phenylenediimines
or p-benzoquinones, and the activity sup-
ported by these catalysts is in turn sup-
pressed by the action of DBMIB at the low
affinity site. It is therefore clear that
DBMIB acts at the low affinity site both as
an inhibitor of electron transfer to class III
acceptors and as a catalyst of electron
transport activity. In agreement with the
earlier suggestion by de Kouchkovsky (12),
we would conclude that DBMIB at high
concentrations can act to accept electrons
from a site close to the PS II primary ac-
ceptor. Such activity may, in turn, explain
the strong fluorescence quenching activity
ascribed to oxidized DBMIB (15).

Our findings contradict the results of
Gould and Izawa (8). These investigators
argued on the basis of inhibition studies
with DCMU (3-(3,4-dichlorophenyl)-1,1-di-
methylurea) and estimates of the effects of
DBMIB on quantum efficiency that class
IIT acceptors were reduced in the photosyn-
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thetic electron transport chain at a point
closer to PS II than the site at which
DBMIB was reduced. These investigators
did not, however, assay the effects of
DBMIB on class II1 acceptor activity, and
this perhaps accounts for their failure to
detect the low affinity site which we de-
scribe here.

At high DBMIB concentrations (10 um),
p-phenylenediimine-supported electron
transport activity cannot be distinguished
from the electron transport activity cata-
lyzed by DBMIB, and this in turn interferes
with the elucidation of the nature of the
inhibition at the low affinity site. The ki-
netics of this inhibition by DBMIB appear
not to be competitive, however. At a con-
stant, low concentration (1 uM) of DBMIB
which does not, by itself, support significant
rates of electron transport, varying the con-
centration of PD,, in an assay system using
KCN/Hg-inhibited chloroplasts produced
kinetic plots which show noncompetitive
inhibition by DBMIB; in addition, increas-
ing the PD,, concentration in the presence
of 10 um DBMIB does not significantly
increase the overall electron transport rate
(data not shown). It therefore appears
likely that DBMIB, when it acts at the low
affinity site, inhibits p-phenylenediimine
reduction in a noncompetitive fashion.

Our results suggest either that the low
and high affinity sites of DBMIB inhibition
are topologically distinct or that differences
exist between the dissociation constants for
DBMIB at each site. If, for example, the
high affinity site were buried within the
thylakoid membrane, bovine serum albu-
min and thiols would have to penetrate the
membrane to affect reversal of inhibition.
The low affinity site, if it were located near
the membrane surface, would be readily
accessable to reversal agents. It is also pos-
sible that the high affinity site involves the
formation of a thiol-resistant covalent
bond, whereas the low affinity site does not.
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