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Abstract: The article is devoted to the study of the detection in the subchloroplast particles of PS 2 a copper
signal close in form to the EPR signal of plastocyanin observed in the same temperature region and
corresponding to the weakly saturated component of the signal in the chloroplasts. This fact and the recently
detected reactivation of the chloroplasts by copper ions and the influence of chelators on the reaction of PS
2 plus detection of the copper fraction firmly held by the fragments of PS 2 suggest that the copper-
containing complexes form an integral component of PS 2.
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1. Introduction

To detect copper in live tissue optical methods are mainly used [1]. The EPR spectra proper
of Cu-containing natural complexes are observed only for a small fraction of copper since much
of it is in the reduced diamagnetic state. In [2] the authors proposed the use for the detection of
copper of the EPR spectra at 77K of tissue treated with xanthogenates. In this paper, this method
is tested to elucidate the localization of Cu in chloroplasts. It did not prove quite acceptable for
plant specimens so that copper complexes with fructose are proposed for the same purposes.

2. Materials and methods.

The test object was provided by Vicia faba chloroplasts and their fragments enriched with
photosystem 2 (PS 2) isolated as described earlier [3]. The model complexes were obtained from
CuClz in different organic solvents and from ethyl xanthogenate as in [2]. The fructose complexes
were obtained by the method described in [4] replacing nitrate and nitric acid with copper chloride
and HCI. Treatment of the biological material was as follows: to 2 ml of the chloroplast suspension
or fragments of PS 2 containing 1 mg chlorophyll per ml was added 2 ml of solution of ethyl
xanthogenate in dimethylformamide (100 mg/ml). Complexing occurs very slowly and is
terminated in a few days. To determine Cu using fructose complexes to 2 ml of the suspension
was added 1 ml of 0.1 M HCI, held for 15 min at room temperature, 1 ml of 0.5 M solution of
fructose added, and the pH adjusted to 7.5 with unimolar NaOH. The EPR spectra were recorded
at 77K with an EPR spectrometer in conditions excluding saturation with the power of the ultra
high frequency (UHF) field. Chlorophyll was determined after Arnon [5].

3. Results and discussion

It was not possible by selecting the medium to ensure the complete similarity of the EPR
spectra of the model xanthogenate complexes and those extracted from the plant material (fig.1).
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Fig.1. EPR spectra of ethyl xanthogenate complexes of Cu?* in different media and chloroplasts:

A —10°M CuCl, in dimethylformamide + 200 mg/ml ethyl xanthogenate; B — CuCl. in acetone + ethyl
xanthogenate; C — CuCl; in dimethylformamide + ethyl xanthogenate in a mixture of chloroform and
toluene (1:1:1); D — CuCl; in dimethylformamide + ethyl xanthogenate in acetone; E — chloroplasts

treated with ethyl xanthogenate in dimethylformamide.

This is probably determined by the inclusion in the ligand sheath of copper of a component
extracted from the chloroplasts as in [2]. The absence of similarity of the EPR signals makes
difficult quantitative comparison since further operations of calibration and integration of the
spectra are necessary. We, therefore, looked for other complexes.

In [4] the authors recorded the formation of stable complexes containing 2 moles of
fructose per mole of Cu?* with a characteristic EPR spectrum (fig. 2A) with the parameters of the
signal 9,=2.256, g1=2.052, A=188 Gs, B=25 Gs.

Treatment of the chloroplasts and the fragments with the solution of fructose gave EPR
spectra (fig. 2B) which in the form are quite similar to the spectra of the model complexes. Thus,
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with their aid, it is convenient to make the quantitative determination of Cu in biological material
by directly comparing the amplitude of the signals of the test sample and solution of CuCl, of
known concentration. This showed that the fragments of PS Il contain per 100 moles of
chlorophyll, 0.8 mole Cu while the initial chloroplasts contain 2.0 mole Cu. For spinach
preparations containing a higher admixture of P700, the literature gives the following values: 1.8
mole Cu in the chloroplasts and 1.2 mole Cu in the particles of PS 2 [6].

The only characterized Cu-containing protein in the lamellae of the chloroplasts is
plastocyanin the functions of which are related to PS 1 [7]. It is known that it is readily washed
out of the thylacoid membranes so that its presence in the fragments of PS 2 obtained with the use
of detergents is unlikely. From the available evidence [8] the EPR signal proper of Cu-containing
chloroplast complexes is inhomogeneous and the components forming it is characterized by a
different temperature dependence of ultra high frequency saturation in the temperature interval 13-
T7K.
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Fig.2. EPR spectra of fructose complexes: A- model complex with CuCl;; B — chloroplasts treated with
fructose; C — fragments of PS Il treated with fructose.




In the subchloroplast particles of PS 2, we found a copper signal close in form to the EPR

signal of plastocyanin observed in the same temperature region and corresponding to the weakly
saturated component of the signal in the chloroplasts.

This fact and the recently detected reactivation of the chloroplasts by copper ions [9] and

the influence of chelators on the reaction of PS 2 [10,11] plus detection of the copper fraction
firmly held by the fragments of PS 2 suggest that the copper-containing complexes form an integral
component of PS 2 and take part in its electron transport reactions.
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OBHAPYXEHUE CUT'HAJIOB 311P ME/IU B POTOCUHTETUYECKOM
ATIITAPATE PACTEHHUM: IN VITRO HCCJEIOBAHUS

A.H. HacuboBa

Pe3rome: CtaThs MOCBsIIIIEHA U3YUYCHUIO OOHapyXeHHUs B cyOxiyoporiacTHeIX yactunax ®C 2 curHana
Meau, Omuskoro mo (opme k curHany OIIP mmacrormanuHa, HaOI0JaeMOMY B TOH ke o0JlacTu
TEMIIEpaTyp U COOTBETCTBYIOIIEMY CJIa00 HACHIIICHHOW COCTABJISIONICH CUTHAJIA B XJIOPOIUIACTaX. ITOT
(dakT, a TaKke OOHApPY)KCHHAs PEAKTUBALUs XJIOPOIUIACTOB MOHAMH MEIHM U BIIMSHHE XEIaTOPOB Ha
peakuio OC 2, obHapyxeHue ppakiuuy MeIU, IPOYHO yaepxkubaemon pparmenramu OC 2, MO3BOISIOT
MIPEAIOIIOKHTD, YTO MEAbCOAEPIKAIINE KOMITJIEKCHI 00pa3yoT HeoTheMiieMblii kommoneHT OC 2.

Knroueswie cnoea: ciektpsl D11P, xioporutact, ooTocucTema 2, TIacTOHMAHIH.

BITKIiLORIN FOTOSINTETIK APARATINDA MiSiN EPR SiQNALININ
ASKAR EDILMOSI: IN VITRO TODQIQATLARI

A.N. Nasibova

Xiilasa: Mogalo, FS2 subxloroplast hissociklorindo, eyni temperatur arahiginda miisahido edilon vo
xloroplastlarda zoif doymus signal komponentino uygun olan, plastosianinin EPR signalina oxsar bir mis
signalimin agkar edilmosins hasr edilmisdir. Bu fakt mis ionlar1 ilo xloroplastlarin askar edilmis yenidon
aktivlosdirilmosi vo xelatatorlarin FS 2 reaksiyasina tasirini, FS 2 fragmentlori ilo saxlamlan mis
komponentlorinin agkar edilmasini, mis tarkibli komplekslorin FS 2-nin ayrilmaz torkib hissasini toskil
etdiyini gostarir.

Acar sézlar: EPR spektrlori, xloroplast, fotosistem 2, plastosianin.
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