
Light-driven oxidation of water and reduction of

plastoquinone in the thylakoid membranes of cyanobacte-

ria and chloroplasts is performed by the photosynthetic

reaction center (RC) of photosystem 2 (PS2). The struc-

ture of the PS2 complex dimeric form in thermophilic

cyanobacteria was determined by X-ray structural analysis

with the atomic resolution of 1.9 Å [1-3]. Each PS2

monomer contains 20 protein subunits (molecular weight,

350 kDa), 17 of which are membrane proteins. All main

PS2 functional cofactors are located in the integral anten-

na proteins CP43 and CP47 and in the RC subunits D1

and D2. The water-oxidizing complex (WOC) consisting

of the inorganic Mn4CaO5 cluster and surrounding protein

matrix is located at the luminal side of the thylakoid mem-

brane. Note that the three peripheral membrane subunits

that interact with the D1/D2 proteins and stabilize the

Mn4CaO5 cluster are located on the RC donor side.

The excitation energy absorbed by the antenna pig-

ments is transferred to the RC, where the charge transfer

reactions through the redox cofactors take place. The

charge separation between the primary electron donor

P680 and the intermediary electron acceptor pheophytin

(P+
680Phe–) is stabilized by the electron transfer to the

tightly bound plastoquinone QA followed by Q−
A re-oxida-

tion by the secondary quinone acceptor QB. The redox-

active tyrosine residue YZ (tyrosine 161) of the D1 subunit

located between P680 and WOC links the one-electron

photochemical reaction with the four-electron catalytic

water oxidation [4-6]. In active PS2, YZ donates an elec-

tron to P+
680 on a time scale ranging from tens to few hun-

dreds of nanoseconds, forming a Y•
Z radical; rapid proton
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Abstract—After removal of manganese ions responsible for light-driven water oxidation, redox-active tyrosine YZ (tyrosine

161 of the D1 subunit) still remains the dominant electron donor to the photooxidized chlorophyll P680 (P+
680) in the reac-

tion center of photosystem 2 (PS2). Here, we investigated P+
680 reduction by YZ under single-turnover flashes in Mn-deplet-

ed PS2 core complexes in the presence of weak acids and NH4Cl. Analysis of changes in the light-induced absorption at

830 nm (reflecting P680 redox transitions) at pH 6.0 showed that P+
680 reduction is well approximated by two kinetic compo-

nents with the characteristic times (τ) of ~7 and ~31 µs and relative contributions of ~54 and ~37%, respectively. In con-

trast to the very small effect of sodium formate (200 mM), addition of sodium acetate and NH4Cl increased the rate of elec-

tron transfer between YZ and P+
680 approx. by a factor of 5. The suggestion that direct electron transfer from YZ to P+

680 has a

biphasic kinetics and reflects the presence of two different populations of PS2 centers was confirmed by the data obtained

using direct electrometrical technique. It was demonstrated that the submillisecond two-phase kinetics of the additional

electrogenic phase in the kinetics of photoelectric response due to the electron transfer between YZ and P+
680 is significantly

accelerated in the presence of acetate or ammonia. These results contribute to the understanding of the mechanism of inter-

action between the oxidized tyrosine YZ and exogenous substances (including synthetic manganese-containing compounds)

capable of photooxidation of water molecule in the manganese-depleted PS2 complexes.
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release occurs upon the oxidation of YZ closely associated

with the D1 residue His190 [5-7]. Y•
Z reduction via elec-

tron transfer from the WOC occurs within the time inter-

val of tens of microseconds to several milliseconds,

depending on the S-state transitions of the WOC.

When the WOC is inactivated by removal of the

Mn4CaO5 cluster (apo-WOC-PS2), the electron transfer

from YZ to P+
680 slows down. The pH-dependence of the

reaction rate, deuterium kinetic isotope effects, and acti-

vation energies in the resulting complex differ significant-

ly from those in the intact PS2 [4, 5]. The data obtained

for apo-PS2 suggest that YZ resides in a solvent-exposed

disordered environment [5, 7]. It is believed that changes

in the dielectric properties increase the energy of reorga-

nization and activation, which, in turn, decreases the

electron transfer rate by 2-3 orders of magnitude relative

to that in the active enzyme [4, 8-10]. Extraction of Mn

ions from the WOC inhibits electron transfer from QA to

QB, possibly, by shifting the midpoint potential of QA to a

more positive value [11-14]. Inhibition of the reaction on

the RC acceptor side promotes electron recombination

between Q−
A and P+

680.

The PS2 complex devoid of the Mn4CaO5 cluster

and three peripheral proteins is a convenient model for

studying (i) the functional role of individual inorganic

cofactors involved in the water oxidation, (ii) mecha-

nisms of the inorganic core assembly (WOC photoactiva-

tion), (iii) mechanisms of the WOC reconstruction in the

presence of various synthetic manganese compounds, (iv)

the role of PS2 external proteins, (v) mechanisms of PS2

RC photoinhibition, (vi) the efficiency of exogenous

electron donors and acceptors in vitro, etc.

The redox-active tyrosine YZ is commonly consid-

ered as a part of the single-electron “wiring” and not as a

component of the pentametal Mn4CaO5 cluster [4-6]. In

this regard, it is important to know the nature of the YZ

protein environment and the mechanisms of its interac-

tion with water molecules and the manganese cluster of

PS2. In this work, in order to reveal the properties of YZ

functioning, we studied the effects of various low-molec-

ular-weight compounds (sodium acetate, ammonium

chloride, sodium formate, and sodium azide) on the elec-

tron transfer between YZ and P+
680 in the apo-PS2 com-

plexes using optical pulse spectroscopy (measurement of

absorbance changes at 830 nm) and direct electrometrical

technique (measurement of light-induced photoelectric

responses) [15, 16]. The obtained data indicate the two-

phase electrogenic nature of the electron transfer between

YZ and P+
680 that was significantly accelerated in the pres-

ence of sodium acetate and ammonium chloride.

MATERIALS AND METHODS

Spinach PS2 core complexes were isolated from

commercial spinach plants (Spinacia oleracea) as

described by Haag et al. [17] by treatment of the mem-

brane fragments with dodecyl-β-D-maltoside [10 : 1,

detergent/chlorophyll (Chl)] for 1 h followed by sucrose

density centrifugation (20-40%) (Spinco L2 65B, SW-28

rotor) for 16 h at 4°C at 145,000g.

To prepare manganese-depleted apo-PS2, thawed

intact PS2 core particles (0.5 mg Chl per ml) were incu-

bated in the presence of 0.8 M Tris-HCl buffer (pH 8.3)

for 30 min at 23°C followed by washing 3 times with the

buffer (50 mM Mes-NaOH, pH 6.0) [18].

Liposomes were produced from azolectin [20 mg/ml,

type IVS, 40% (w/w) phosphatidylcholine content;

Sigma] by sonication (at 22 kHz, 60 µA) for 2 min in

50 mM HEPES-NaOH buffer, pH 7.5, containing 1.4%

(w/v) n-octyl-β-D-glucopyranoside. Reconstitution of

protein complexes in proteoliposomes was carried out by

mixing the liposomes with apo-PS2 at a lipid/protein

ratio of 50 : 1 (w/w) for 30 min in the dark. The detergent

was removed by filtration on a Sephadex G-50 column.

Flash-induced absorption changes at 830 nm were

registered with a laboratory-built single-beam differential

spectrophotometer (Department of Bioenergetics,

Belozersky Institute of Physico-Chemical Biology). A

laser diode with a wavelength of 830 nm was used as a

measuring light source. Nd-YAG laser (Quantel, France)

pulses were used as an actinic source of light (wavelength,

532 nm; full width at half maximum, 12 ns; flash intensi-

ty, 50 mJ).

Generation of photoelectric response (DY) was

recorded by direct electrometrical technique as described

in [16]. The transmembrane electric potential (∆Ψ) gen-

erated on the vesicle membrane as a result of PS2 activity

and then proportionately distributed to the measuring

membrane was detected by the Ag/AgCl electrodes situ-

ated on the two sides of the membrane. A Quantel Nd-

YAG laser was used as a source of light pulses.

Signal kinetics were analyzed using the program

packages Pluk [19] and Origin (OriginLab Corporation,

USA).

RESULTS AND DISCUSSION

Photooxidized P680 in the Mn-depleted PS2 core

complexes can be reduced in different ways: 1) by direct

electron transfer from the redox-active tyrosine YZ; 2) as

a result of recombination of charges between P+
680 and the

primary quinone acceptor Q−
A; 3) by the electron transfer

from cytochrome b559 or tyrosine YD [10, 20]. As men-

tioned above, YZ is the main electron donor for P+
680 in

such complexes; however, YZ is reduced as a result of

recombination of the Y•
ZQ−

A charges and not by the elec-

tron from the manganese cluster. Since cytochrome b559

and/or tyrosine YD are in the oxidized form, the third

mechanism of P+
680 reduction is unlikely in the apo-PS2

complexes [20].
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Formation of the stable radical pair P+
680Q

−
A and

kinetics of the electron transfer from YZ to P+
680 can be

registered by measuring the flash-induced absorption

changes at 830 nm (∆A830) which correspond to the P680

redox transitions [10, 21-23]. Figure 1 shows the kinetics

of flash-induced absorption changes at 830 nm in the

Mn-depleted PS2 core complexes incubated for 10 min in

the dark in the absence (curve 1) and presence (curve 2)

of 1 mM potassium ferricyanide at pH 6.0.

It is important to note that both the amplitude and the

kinetics of the photoinduced optical signal at 830 nm vir-

tually did not change in response to a series of 11-15 laser

flashes, which indicated that the initial state of the reaction

center YZP680QA fully regenerated during the dark interval

between the flashes (5 s). This conclusion is consistent

with the published data that the charge recombination

between Y•
Z and Q−

A occurs within the time interval from

several tens to several hundreds of milliseconds [7, 23, 24].

As can be seen from Fig. 1 (curve 2), the amplitude of the

photo-induced ∆A830 signal was 35% higher in the pres-

ence of 1 mM ferricyanide. This was most likely due to the

fact that in some apo-PS2 RCs, the primary quinone

acceptor QA initially was in the reduced state and, hence,

the primary photoinduced pair P+
680Q

−
A did not form.

The relaxation kinetics reflecting P+
680 reduction was

biphasic with characteristic times (τ) of ~7 and ~31 µs

and amplitudes of ~54 and ~37%, respectively (Fig. 1,

curve 2, and table). These phases are indicative of the for-

ward electron transfer from YZ to P+
680 [5, 10, 24] and sug-

gest the presence of at least two distinct populations of

PS2 centers differing by the interaction between YZ and

D1-H190 (see below).

Figure 2 shows the effect of weak acids and NH4Cl

on the kinetics of electron transfer between YZ and P+
680 in

the apo-PS2 complexes in solution (in the presence of

0.03% detergent). The effect of sodium acetate on the

light-induced changes in the absorption at 830 nm corre-

sponding to the oxidation (increase) and reduction

(decrease) of P680 is demonstrated in Fig. 2a. Kinetic

deconvolution of the ∆A830 decay revealed its biphasic

character with τ1 of 5 µs and τ2 of 16 µs in the presence

of 50 mM acetate (curve 2) and with τ1 of ~1 µs and τ2

Fig. 1. Absorption changes at 830 nm in apo-PS2 complexes

induced by non-saturating laser flashes corresponding to the oxi-

dation (increase) and reduction (decrease) of P680 in the absence

(1) and presence (2) of 1 mM potassium ferricyanide. Chl con-

centration, 20 µg/ml; time interval between single turnover flash-

es, 5 s. Each curve was averaged from 11-15 traces. Incubation

medium: 50 mM Mes-NaOH, pH 6.0, 15 mM NaCl, 0.35 M

sucrose, 0.025% dodecyl maltoside (w/v). Here and below,

arrows indicate the moments of laser flashes.
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of ~7 µs in the presence of 200 mM acetate (curve 3).

Therefore, the electron transfer from YZ to P+
680 acceler-

ated with the increase in the acetate concentration

(table).

The effect of NH4Cl on the electron transfer on the

apo-PS2 donor side is shown in Fig. 2b. Addition of

50 mM NH4Cl accelerated the decay of the ∆A830 signal

(curve 2) characterized by τ1 ~ 4 µs and τ2 ~ 17 µs (table).

As in the case of acetate, further increase in the NH4Cl

concentration in the suspension (curve 3) led to the

increase in the rate of electron transfer from YZ to P+
680

(table). It should be noted that the addition of large con-

centration of NH4Cl can produce side effects induced by

Cl− anions generated by NH4Cl dissociation. Such effects

have been studied for the PS2 membrane fragments with

functionally active WOC [25, 26]. Addition of NaCl at

concentrations up to 400 mM did not affect the kinetics

of the optical signal decay in PS2 complexes devoid of the

manganese cluster and three peripheral proteins (Tris-

HCl-treated samples) (data not shown). This suggest that

the observed acceleration of the signal decay in the pres-

ence of NH4Cl was due to the influence of ammonium

(see below). Note that at the same rates of photooxidized

P+
680 reduction by YZ, the relative contribution of the

phases to the kinetics of ∆A830 signal decay was different

in the presence of sodium acetate and ammonium chlo-

ride (table). At present, we have no unambiguous expla-

nation for this difference.

The effect of another weak acid, formate, on the

∆A830 signal kinetics reflecting reduction of photooxi-

dized P680 as a result of electron transfer from YZ is shown

in Fig. 2c. The presence of 200 mM formate (curve 1) did

not affect the kinetics of signal decay, while at the formate

concentration of 250 mM, the decay was accelerated, but

to a lesser extent (curve 2).

The addition of sodium azide to a concentration of

50 mM did not affect the kinetics and the amplitude of

the ∆A830 signal decay (Fig. 2d, curve 1), while at higher

azide concentrations (100 mM), a significant decrease in

the signal amplitude was observed without changes in the

kinetics of decay (Fig. 2d, curve 2). It is likely that under

these conditions, P+
680 reduction within the time interval

between the flashes was incomplete.

The effect of the studied compounds on the forward

electron transfer between YZ and photooxidized P680 in

apo-PS2 was also studied using direct electrometrical

technique. Figure 3a shows the photoelectric responses

of apo-PS2 samples incorporated into liposomes and

adsorbed on the phospholipid-impregnated collodion

film. Light-dependent charge transfer in the RC is

accompanied by the formation of the transmembrane

electric potential difference. The negative sign of ∆Ψ

indicates that the donor side is located at the external

surface of the proteoliposomal membrane [18, 27, 28].

Such asymmetric orientation (>90%) of apo-PS2 in

liposomes allows to study the mechanism of interaction
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Fig. 2. Changes in the absorption at 830 nm in the apo-PS2 complexes induced by non-saturating laser flashes: a) in the absence (1) and pres-

ence of 50 mM (2) and 200 mM (3) sodium acetate; b) in the absence (1) and presence of 50 mM (2) and 250 mM (3) NH4Cl; c) in the pres-

ence of 200 mM (1) and 250 mM (2) sodium formate; d) in the presence of 50 mM (1) and 100 mM (2) sodium azide. Conditions as in Fig. 1.
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between YZ and exogenous compounds after a single

turnover flash using direct electrometry. Laser flash

results in ∆Ψ generation due to the charge separation

(P+
680Q

−
A) across the RC and electron transfer from the

redox-active YZ to P+
680 in apo-PS2 samples. The observed

decay of the photoelectric response is due to the charge

recombination between Q−
A and Y•

Z (Fig. 3a). Besides the

fast unresolvable phase of ∆Ψ generation (P+
680Q

−
A), an

additional millisecond electrogenic phase (~17% of the

total amplitude) in the photoelectric response kinetics

was observed. The latter phase is related to the electro-

genic reduction of P+
680 by YZ (Fig. 3b, curve 1). Kinetic

analysis of this additional electrogenic phase revealed

components with τ1 of ~1 µs and τ2 of ~14 µs and equal

contribution. The difference in the rates of YZ → P+
680

reaction in the membrane-reconstituted apo-PS2 (elec-

trometrical data) and apo-PS2 in the detergent solution

(optical data) can be due to the effect of proteoliposome

lipids that maintain the optimal structure of proteins

ensuring their efficient functioning [28, 29]. Here, we

would like to note that direct electrometric method allows

not only to reveal the kinetics of individual electrogenic

reactions in PS2 RC, but also to determine the distances

between the redox centers [24, 28].

Addition of 250 mM NH4Cl (Fig. 3b, curve 2) to the

incubation medium resulted in changes in the kinetics of

the additional submillisecond ∆Ψ rising phase, which

may be associated with a significant acceleration of the

electron transfer rate between YZ and P+
680 in the proteoli-

posomes with apo-PS2. Similar effect was observed in the

presence of 200 mM acetate (data not shown). If we

assume that the kinetics of electron transfer is accelerated

approximately by a factor of 5 (as in the case of apo-PS2

in solution in the presence of acetate or ammonium),

then under similar conditions in proteoliposomes, the

kinetic components with the characteristic times of 1 and

14 µs can be much smaller, approximately 0.2 and 3 µs,

respectively. Kinetic analysis can reveal only the slow

(3-µs) component (see insert). It should be noted that the

time resolution of the direct electrometric technique is

0.20-0.25 µs.

Therefore, the data obtained using direct electro-

metric technique confirm the presence of two kinetic

components of the YZ → P+
680 reaction that were observed

in the microsecond time domain by the pulsed absorption

spectroscopy based on the ∆A830 signal.

A few words on the structural features of the studied

system. Removal of the Mn4CaO5 cluster does not result

in any noticeable movement of the CP43, CP47, D1, D2

subunits or domains at the PS2 donor side, or in region

of membrane-spanning α-helices, or at the PS2 acceptor

side [30]; small changes in apo-PS2 are limited to

residues in the vicinity of the Mn4CaO5 cluster. It is also

known that the properties of YZ in the apo-PS2 com-

plexes could be different from those in active PS2 [4, 10,

18]. It is believed that in these preparations, YZ is locat-

ed in a hydrophilic environment and is exposed to the

bulk water. Some compounds, such as manganese, ascor-

bate, 1,5-diphenylcarbazide, benzidine, hydroxylamine,

hydrazine, as well as a number of redox mediators,

such as N,N,N′N′-tetramethyl-p-phenylenediamine,

2,3,5,6-tetramethyl-p-phenylenediamine, 2,6-dichloro-

phenylindophenol and phenazine methosulfate, can act

as electron donors to oxidized YZ in manganese-depleted

PS2 [28].

The following should be noted regarding compounds

used in this study: acetate (CH3COO–) within the PS2

protein matrix binds to the non-heme iron on the accep-

tor side and between YZ and Mn cluster on the donor side

[26, 31]. Under these conditions, retardation of the elec-

tron transfer reactions between QA and QB and Y•
Z reduc-

tion (particularly, S2Y
•
Z → S3YZ transition) take place. The

deceleration of the reaction on the RC acceptor side is

probably due to the disturbance in the protonation of the

Fig. 3. a) Flash-induced photoelectric response in proteoliposomes containing apo-PS2 complexes. b) Photoelectric responses in the

absence (1) and presence of 250 mM NH4Cl (2). Insert, enlarged initial fragment of curve (2) showing the fast phase. Conditions as in Fig. 1.

a b
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twice-reduced QB (QB
2–). Analysis of the ability of acetate

to access Y•
Z in apo-PS2 using the ESSEM (electron spin

envelope modulation spectroscopy) data suggested the

absence of coupling between Y•
Z and acetate [32]; howev-

er, this does not exclude the effect of acetate on the YZ-

His190 environment.

ELDOR (electron–electron double resonance)-

detected NMR along with computational studies showed

that NH3 (a substrate analogue) binds as a terminal ligand

to the Mn4A ion trans to the O5 µ4 oxido bridge in

NH4Cl-treated cyanobacterial PS2 core complex at pH

7.5 [33, 34]. It should be noted that at neutral and acidic

pH values, NH4Cl exists mainly in the form of NH4
+,

while the relatively hydrophobic part of the apo-PS2 pro-

tein (in particular, in the vicinity of YZ) contains neutral

NH3 molecules [35, 36]. Based on the degree of protoly-

sis in the reaction NH4
+ + H2O → NH3 + H3O

+, the con-

centration of NH3 in the assay medium was ~25 µM (the

concentration of RCs in proteoliposomes and in solution

in the optical measurements was ~0.04 and ~0.4 µM,

respectively). In addition, the pK for NH4Cl (pKa 9.24) in

the assay medium can be shifted toward the acidic values;

therefore, the concentration of NH3 can be even higher.

Addition of another small carbonic acid, formate,

also slows down electron transfer between QA and QB and

Y•
Z reduction (as in the case of acetate) [31]. Unlike

CH3COO– and NH3, formate presumably binds in the

vicinity of Arg294 in the D2 subunit and strongly affects

the properties of YD, as it was suggested based on the stud-

ies of Mn-depleted PS2-enriched membranes and PS2

core complexes using 13C-formate and comparison of

Y•
D/YD FTIR (Fourier-transform infrared spectroscopy)

spectra [37]. However, the effect of 250 mM formate on

the kinetics of the ∆A830 signal decay, although less pro-

nounced that the effects of acetate or ammonium, indi-

cates its involvement in the deprotonation in the YZ-

H190 segment.

The lack of the effect of azide/hydrazoic acid

(N3
–/HN3) on the kinetics of electron transfer on the apo-

PS2 donor side cannot be unambiguously explained. It is

possible that the N3
– radical, which is an inhibitor of YZ →

QA electron transfer in Tris-treated PS2, is not produced

at a single enzyme turnover [38].

It should be noted that despite that acetate, azide,

and formate have similar pK values (4.75, 4.6, and 3.75,

respectively), these compounds exhibit different impact

on the kinetics of electron transfer on the RC donor side,

namely between YZ and photooxidized P680, while the

effects of acetate (pK 4.75) and ammonium chloride (pKa

9.24) are similar, which might be related to the structural

features of these compounds.

As mentioned above, proton-coupled electron trans-

fer from the redox-active YZ to photooxidized P680 is

strongly slowed down by Mn depletion. One possible

explanation for this phenomenon is the breakage of the

YZ-H190 hydrogen bond upon Mn depletion. In PS2 with

the assembled metal cluster, redox-active YZ and H190

are connected through a strong 2.4 Å-long hydrogen

bond [3], whereas in apo-PS2, the length of this bond is

2.8 Å-long. In addition, YZ is involved in a much less

ordered H-bond, and the its aromatic ring is more mobile

in apo-PS2 [39, 40]. Because YZ is protonated in the

reduced state and deprotonated in the oxidized state (Y•
Z),

its oxidation involves both electron and proton transfer.

The rate of YZ oxidation increases with pH, with pKa val-

ues of 8.3, 7.0, and 7.5 [7]. It was suggested that at low

pH, H190 is protonated and has to be deprotonated

before it is able to accept a proton from YZ. Oxidation of

YZ at low pH values could be explained by the fact that Y•
Z

has multiple H-bonding partners [7, 41].

Hence, CH3COO− and NH3 accelerate P680 reduc-

tion in apo-PS2, probably, by accepting the phenol pro-

ton mobilized upon YZ oxidation [7, 41]. It was shown

earlier [7] that small organic bases (e.g., imidazole and

ethanolamine), which shift the pKred value of YZ, are able

to chemically rescue the D1-H190 mutant of the

cyanobacterium Synechocystis sp. PCC 6803 and to stim-

ulate rapid P+
680 reduction by accepting the phenol proton.

The acceleration of P+
680 reduction by substituted imida-

zoles, histidine, Tris, and 1,4-diazabicyclo[2.2.2]octane

was also observed in Mn-depleted PS2 particles from the

wild-type cyanobacteria [41].

The biphasic nature of the additional electrogenic

phase (τ1 ~ 1 µs and τ2 ~ 14 µs at pH 6.0) in the kinetics

of photoelectric response (~17% of the total electrogenic

phase) (Fig. 3b, curve 1) suggests the existence of two RC

populations, differing in the nature of interactions

between YZ and H190. Unlike YD, YZ is located in a more

hydrophilic environment; a network of additional hydro-

gen bonds forms around Y•
Z in manganese-depleted PS2

[39, 42-44]. Direct electrometry is a sensitive technique

that allows to register the kinetics of the intraprotein

charge transfer over a distance of 0.5 Å in the direction

perpendicular to the membrane plane and to evaluate the

relative contribution of individual electrogenic reactions

(dielectrically weighted distances between cofactors) to

the total ∆Ψ [16, 24, 27]. Therefore, it should be noted

that both components (τ1 and τ2) with an equal contribu-

tion to the additional electrogenic phase are due to the

electrogenic vectorial electron transfer between YZ and

P+
680. Earlier, Hays et al. [7] suggested that the slower (sub-

millisecond) phases of P+
680 reduction reflect D1-H190

deprotonation in the RC.

Concentration-dependent acceleration of the elec-

tron transfer between YZ and P+
680 in PS2 with inactive

WOC in the presence of CH3COO− and NH3 (present

work), as well as upon addition of organic bases, such as

imidazole, histidine or ethanolamine [7, 41], argues in

favor of the binding of these molecules near the YZ-H190

domain within the protein matrix. Apparently, all these

compounds, which differ in molecular size and chemical

structure, interact with YZ or H190 as proton acceptors.



ELECTRON TRANSFER IN APO-PS2 COMPLEX 1063

BIOCHEMISTRY  (Moscow)   Vol.  84   No.  9   2019

Therefore, the obtained results suggest that the enhanced

proton-donating ability of YZ is responsible for the high

rates of P+
680 reduction and manifestation of fundamental

properties of the proton-coupled electron transfer in gen-

eral.

Here, we demonstrated for the first time the biphasic

kinetics of P+
680 reduction on the RC donor side using

optical spectroscopy and direct electrometrical tech-

nique. The data obtained are important for understanding

the mechanism of interactions between exogenous sub-

stances, including synthetic manganese-containing com-

pounds, capable of water photolysis, and oxidized tyro-

sine YZ in the manganese-depleted PS2 complexes.
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