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TEMPERATURE DEPENDENCE OF THE CHEMICALLY
INDUCED DYNAMIC ELECTRON POLARIZATION
IN GREEN PLANTS AND ALGAE

The temperature dJdependence of the chemically induced dy=-
namic electron polarizstion has been studied in the chloro-
plests of Anscystis nidulans and Scenedesmus obliquus, The
spectrum of photosystem I observed ie different from that of
P700" with respect to shape and the ¢ value, and points to
the presence of & non=chlorophyll organic radical in the res-
ction centre of photosystem I,

Research on photosynthetic organismas has long provided a me~-
eting ground for scientists from @ variety of disciplines. The
photosynthetic systems hse been eble to challenge and interest
solid-state physicists, chemists and biologists by presenting
them with & sultitude of physical and bioclogical processsese rang-
ing from exciton transfer in pigment array to the growth of fo-
rests, In this diverse field it is therefare not surprising that
a remarksble ringo of physical techniquee has been empioyed to &=
lucidate various mechsnistic sspects of photosynthetic  energy
storage, : , s

In the past decade the spplication of magnetic rescnance te=

chniques hes contributed much to our still imperfect understand=
ing of these processes [4], Its use in the study of photosynthee
sis is perhsps the most rewsrding spplicstion of electron perama=
gnetic resonsnce (EPR) on msterisl of biologicel relevance. Prace
ticelly sll sspects of this technique are represented in one or
another form in the repidly growing body of literature on  this
subject, Experiments exploiting the phenomenon of chemically in-
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duced dynsmic electron polarizetion (CIDEP) have been extraordie-
nerily useful in photosynthetic research in the past few years
(3, 4. 51

Spin polarized, non~Boltzmann, or historicslly csiled CIODEP,
EPR spectra result 1if a chemical reaction hes g preference for
one of the spin atates of the products of the rescticn, Two me=
chanisms for the generation of the nonequilibrium epin diatribu~
tion have been identified in chemical systems, the radical paire
end triplet mechanisms [1, 9]. A radical pair is simply twe rae
dicale whose electron epins are correlated with roapict to each
other; 4i,s,, the relative orientation of the two aelectron mage-
netic momants ie not random, This correlation can exist in s
single molecule before radical formetion or can be produced by
epin-selective reactions between independently gensrateu (adiceals,
A single molecule with two unpaired electrons that intersct stro-
ngly is usually called e triplet rather then a radicel peir.

Photosynthesie begins whsn a photon is absorted by @ pigment
molecule embedded in & biologicel membrane [2] (the chloroplast
menbrene of green plants or the cytoplasmic wembisne of phovo-
synthetic becterie), promoting it from the ground state to an
excited state, The energy is repidly transferred o & chlorce
phylil (or bacteriochlorophyll 4in the case of photosynthatic bace
teria) in 8 specislized chlorophyll-protein complex celled tha
reaction center, In this excited state the pigment moleculs is an
extremely strong reductent, end an electron is lost to an accep~
tor molecule strategically placed neerby. The oxidized chloro-
phyll end reduced scceptor then rapidly resct with sscondery ele-
ctron donors end ucoceptors to separate the charges aend stabilie
ze the system 3gsinst recombination losses, _

The first step in the spin polarization process ic radicel
pair formation., In the case of photosynthetic systems, the re-
dicels ere oxidized and reduced species produced by the photoche-
mical slectron-transfer reaction. The two electron spins were
highly correlated just before the reaction, and the chemicel re=
actien preservesa this correlation. Thue en excited singlet produ-
cee a singlet radicel psir end an excited triplet produces & tri=-
plet radical pair, If the radicals sre far enough apert, the indi-
v.dusl spin vectors are free to precess adout the fileld direction
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at a frequency determined by the electron g factor and nuclear

state of the redicsl, In the presence of & magnetic fiald and

the absence of any exchange coupling betwesn the twe radicals, on~

ly the singlet (S) and middle triplet (Tb) levels are mixed, The
apin Hamiltomisn can be divided into two parts, one of which gi~

ves the frequency of S — T mixing [9].

wiid ' ‘
wgp = B [‘55 Holgy = 85) + %Z Aiaan = %ZAZQMZI] (1)
n m

In Eq. 1wy, represents the difference in ergulsr proces-
sion frequency of the tmo electrons, h 1s Plenck’s  conetant
divided by 2, 8 1 the Bohr magneton, H_ 1o the spplied mag-
netic fleld, Y and gy #are the olectronic g fectars of the
two radicels, and A:n(°r AZ.) are the isotropic hyperfine coup=
ling constants of nucleus n (or m) on redicel 1 (or 2) with meg-
netic quantum number M, (or Mzn)’ The simple § =T mixing
process described ebove cen account for zome of the CIDEP obser~
vations in photosynthetic eystenms, .

Doublet polarization requires both S =T  mixing eand en ex~
change intersction between the two radicals, The § - T° mixing
and sxchange can either occur simulteneously on a single radical
encounter or sequentially on two encounters, The doublet polari-
zation (excess of upper spin stete) of radical psir csn generste
in 8 single encounter [9]: .

o .fz—“’!!—}:tnz(ut) : (2)

“ap * . i
where 20 = E, = E, is the singlet-triplat splitting., In diffus-
ing systems, due to the respid Brownian motion of the molecules
(= 10"124) this condition is not setisfied for & long encugh
time for significent polarizetion to develop in this menner. The
fixed geometry of the photosynthetic reection center effectively
nrecludes free diffuscion and multiple encounters of the radie
cels but is ideal for development of single-encounter polarizee~
tion vie single-triplet mixing end exchangs interaction, 4f the
radicel separation is appropriste.
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Materials and methode

Whole cells of the slgee Anscystis nidulens end Scenedesmus
obliquue were investigeted, the cultures being maintained in our
laboratory., Scenedesmus obliquus was cultivated in deuterated
arowing medium in a result 99% deuterated cells were used for ex-
periments. Whole chloroplssts were prepared from merket spinach
by the procedure of Whatley end Arnon [11] and
contein sbout 5 mg/ml of chlorophyll. Chloroplasts " in a medium
of 50% glycerol and 50 mM Trie at pH 8 were oriented in & 2.4 7
magnetic field and sctored in the frozen state at 77 K for -subse=
quent EPR meacurements. Ther2 vere no exogeneous redox agents ode
ded to the samples, Flesh photolysis messurements wers carried
out o6 described previously [5, 6].

Results

A single deuteron gives a triplet (instead of a doublet in
proton cese) hyperfine pattern, However, 4f all other factore
sre identicel, the deuteron splitting is only one~seventh  that
of the proton. Beceuse the EPR line widthe are reduced 1iIn deu~
terated ecmples we have used deutersted algse in order to obe
tain batter signal-to-noise ratios for kinetics taken without
magnetic field modulation,

Examples of time=resolved EPR spectra for deuterated Scene=-
desmus obliquus in 0°C are presented in Fig., 1, The shape of the
field profils and g=-factor region are identical to those obta-
ined at liquid nitrogen temperature [7] end room temperature also
{127 but the rete of the decay of transient signal is remarkably
faster in higher temperatures, : 3

The shape of the field profile at the beginning of the de~
cay 15 alep similar to that obtained by spin echo method . [10],
In Fig. 1 a #nd b four stages of field profile in time span avai-
lable for our direct detection system are shown, Changes of the
chape of field profiles in time 4s an argument in favour of pre~
vance of more than gne component with different rate of the de~
cay, The last field profile (300 us) is identical with steady
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state signal I in terme of the shepe, g-factor velue and half-
~width of the spectrum,.

We have previously reported [6, 8] that the spectrum of the
CIDEP transients exhibit an orientation dependence for somples
of oriented whole chloroplests at liquid nitrogen temperature,
This anisotropy is remerkable specislly for microsecond resclved
epectra, In Fig.2 are presented parallel and perpendiculsr com
ponents with respect to the thylakoid membrane of time~resolved
EPR spectra., In thias figure we can observe changes of the field
profilee in time and different rates of the decay of transient
signal for thie two orientstions, It is pdditional argument in
favour of presence of more than one componant, -

\
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Fig. 2. Time~-resolved EPR sbsorption spectra observed after flash
excitetion (time is written in figure) with direct EPR  ebsorpe
tion detection of transients observed from the flash photolysis
of oriented whole chloroplaests at 100 K with a microwave power
of 40 pW, The upwerd direction is that of microwave absorpticn
end downward is microwave emiseion. The normal to the -thylakoid
menbrane with respect to the magnetic field is in (a) parallel
" eand in (b) perpendicular :

Czas rozkladuy widma absorpcji EPR obsoruowonoso‘po przejéciu bly=-

sku (czas wpisany na rysunku) z bezpodrednig detekcis chwilowy

ebsorpcji EPR 2 fotolizg blyskows dla orientowanych chloropla-
stéw catkowitych w 100 K przy wmocy mnikrofalowsj 10
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At higher temperatures rate of the decay is faster, but the
shape of the field profile eond g-factor span are the seme [12].

Even 8t room tempersture where rate of the decay is very fast,

low field part of the CIDEP cpootrun is stil present in microse~
cond time, ‘

Conclusions

CIDEP spectrus of photosystem I eppears generslly within the
same megnetic~field profile between room snd liquid helium tem~
peratures, Observed deviations are csused mainly by limited ti-
me-rasolution of the spactrometer and frozen stete of secondary
chemicel reactions et lower temperatures., In deutersted samples
rate of the decay of transient signal ie slower &nd  temperature
variations are minor.

Dbserved polarized spectrum in its early etsge is completely
different from thet of P700' both in the ghape and g-factor spen,
There must be contribution from the acceptor radicel to this
spectrum with g-factors between 2,00 end 2,01, Thus, there is
evidence for an organic free radical (beside chlorophyll) in the
photosystem I reaction center. Thess conclusions are consistent
with our previous results obteined at low temperatures [6-8],

Correspondence of the results obtained in EPR experiments us-
ing both modulated detection and direct detection supports rea-

lity of CIDEFP eignal from photoiyston I observed in shorter times
efter the flash when signal-to-noise ratio is better for direct

detection method,
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ZALEZNOSC TEMPERATUROWA DYNAMICZNED POLARYZACDL ELEKTRONOWED
INOUKOWANED CHEMICZNIE U ROSLIN WYZSZYCH I GLO

Bedsno zaleznodé temperaturowy dxnouzcznoj golaryzac i elek-
tronowogeindukowonoj chemicznie w chloroplestach Anacystis nidu-
lens 1 Scenedesmus obliquus, Obserwowanse widmo fotosystemu I
jest rézne od widma P700" co do ksztakitu 4 wartodci g 1 wskazuje
ne obecnodé nischlorofilowego rodnika organicznego W centrum re~
skcyjnym fotosyatemu I,



