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Abstract: Thylakoid membranes are useful model system
for evaluation of the fficts of electromagnetic field action

fl-41. Chlorophyll molecules are natural Jluorescence
probes, which are embedded, in hydrophobic loyer of the
membrane and their luminescence characteristics are
susceptible for the changes of the local environment. Time
varying chlorophyll- luminescence characteristics we were
used

qs a parameter for estimation of the

changes

promoted by the electromagneticfield action.

INTRODUCTION
The effects of MMW on the binding sites of some
photosynthetic herbicides-inhibitors of electron transport
chains in the thylakoid membranes (TM) were studied. In

our

previous investigation

t4l we

showed that

electromagnetic fields (EMF) could induce changes in
Photosystem 2 (PS2) photochemical activity. The prompt
and delayed chlorophyll fluorescence have been used as a
measure for the functional activity of the PS2. This study
analyze the effects of high frequency EMF ()" : 7.1 mm)
pre-treatment of pea thylakoid membranes on electron flow

inhibitors-induced modifications

in both chlorophyll

competitively create hydrogen bonds with Ser-264 (Diuron
and Atrazine) or with His-215 (Dinoseb). This lead to the
PS2 functional activity inhibition. As a result of that- to

modification

of

prompt and

delayed

delayed fluorescence parameters, reflecting photosynthetic
electron transport rate (parameter 11) and TM energization

With increasing the time of

(parameter (I3-D2)/D2).

relaxation, different herbicides has a specific variations of
membrane enereization.
; t(
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METHOD

intensity

Atrazine or 10-5 M Dinoseb. MMW pretreatment decreases
the herbicide-induced reduction of delayed chlorophyll
fluorescence. MMW effect depends on exposition and the
samples exposed during 20 min are about l0% more
herbicide-resistant than non-exposed (Figure.l). In
herbicide-free samples MMW induces an increasing of the

J
o

fluorescence types.

of the

chlorophyll fluorescence of the thylakoid membranes [6].
PS2 is a good indicator of herbicide action . In previous
investigations we found fifty-percent inhibition
concentrations for millisecond DF intensity. Due to big
difference between efficiencies of the herbicides, following
herbicide concentrations were used: 10-6 M Diuron 10-6 M
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I and suspended
in 25 mM Tricine buffer (pH 7.8) up to chlorophyll
concentration of I mg Chl.ml-r, I ml of this suspension was
TM, isolated from Pisium sativum v. Ran

placed in quvete and irradiated with MMW 1.5 mW.cm-2 (v
: 53.3 GHz) for 15, 20,30 or 40 min at temperature 4 oC.
Two independent variants were studied: l. Control - Nontreated vs. treated with herbicides and 2. Sample - Nontreated vs. treated with (MMW - inhibitors) and (MMW+
inhibitors). Herbicides Diuron (3-(3,4-dichlorphenil)-l,l-

dimethylurea), Atrazine

(2-ethylamino-4-chloro-6isopropylamino- 1,3,3 -triazine) and Dinoseb (6-(sec-butyl)2,4-dinitrophenol) were used as inhibitors.
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Figure 1: Relaxation time action after 20 min. exposure in
MMW on parameters of delayed fluorescence, at samples
incubated with I 0-6M inhibitor concentration.
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The used inhibitors interrupt the electron transport between
Qa and Qs sites, incorporating in quinone binding locus of
Dl protein. It is hydrophobic area formed between two
transmembrane cr-helix ends (IV - V) and one parallel to

the membrane surface small helical part.

Plastoquinone

molecules create hydrogen bonds with His-215 and Ser'264
amino acid residues of Dl-protein. Herbicide molecules
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Figure 2: Relaxation time action after 20 min. exposure in

MMW on parameters of prompt fluorescence, at
incubated with I 0-6M inhibitor concentration.
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MMW-induced increase approximately with 10% of the
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value of relative variable chlorophyll fluorescence, Fv/Fm,
was registered (Figure2). We supposed that MMW-effects
on PS2 chlorophyll protein complexes are manifested by an
increase in the efficiency of excitation energy migration

toward the reaction centers and thereby

by rising

tll A.

the

photochemical activity (Fv/Fm) (Figure 2).
Small significant changes MMW provoke in the parameter
related with number of opened reaction centers- Fo. (Figure

t2)

2).

of TM with MMW modifies the changes
by herbicides in both variable and delayed

Pretreatment

induced

t3]

chlorophyll fluorescence. These changes could be
considered as a possible indicator for structural
modifications of the thylakoid membrane that probably are
resulting in increasing of herbicide resistance. At present,
we cannot suggest which particular changes in the structure
of protein complexes of the thylakoid membrane occurred
as a response to MMW irradiation. One plausible
assumption that is the way by which the structural
rearrangements and functional changes lead to saving and
increasing of functional activity of PS2.
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