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ABSTRACT

The activity of photosystem [ in isolated chloroplast from the leaves of Sedum
sarmentosum was measured. The photorcduction rate of DCPIP by photosystem [ sh-
owed the circadian rhythm with a peak at near midday sample for a continuing line
day and at near afternoon between midday and sunset sample [or a coatinving cloy-
dy day in summer. The optimum light intensity of photoreduction by photesystem [
in the chleroplast preparation was about 5~093(10% lux. The saturated light intensity
was over 93161 lux. Photosystem @ aclivity was inhibiled by even the lowest conc-
entration of lead. When Pi and ATP of the same concentration as Ph were added to the
reaction mixture containing Tris buffer lacking of Pi prior to Pb incubaticn, photosy-
stem J§ oactivity was profected from Ph-inhibiting effect by the the pretreament of
Pi and ATP. It was assumed that Pbh inhibition was probably due to one, P-depriving
by the precipitaies of Phs (POy4); in the renction mixture and the other, partially Pb

—combing with Pi groups of the active site of photosysiem .

NTRODUCTION

Lead has been known to mankind since 2500 B.C. T.ead toxicity, saturpism was rec-

orded by ancient Greek and Arab physicians; great painters suffered from lead toxicity

and thus, lead poisoning is not & by-product of meodern technology. Alithouzrh lead is

present at 15 ppm in the earth’s crust, it is not uniformly distributed. Seawater conta-

ins bppb of Jead and all the living organisms have it (Venugopa] and Luckey, 1978).
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We examined and found the precipitation of lead ion and the plant growth (Sung,
1976a), lead contamination of roadside trees in Jinju city (Sung, 1976b), the inhibited
effects of Cd, Hg and Pbh on the respiration of germinating seeds (Sung, 1979), the inh-
ibited effects of phosphate ion on absorption and toxicity of lead in plants (Sung and
Jeong, 1977), the decrease of ATP comntent by some heavy metals (Al Cd,Hg and Pl)
in plant leaves (Sung and Yang, 1979), similarity of Pb-surplus and P-deficiency on ATP

content in plant leaves (Sung and Kwon, 1980), and toxicity of variorus heavy metals
on ATP and respiration in germinating seeds (Sung ef al., 1081). It was reported that
by the interaction hetween Pb®< and phosphate groups microcrystalline precipitates of Phy
(PO, . were formed at the internal or on the external surface of the cell (Malone ¢t al.,
1974: Schulze and Brand, 1978). These mean for lead to deprive the plants or culture
medium of phosphate. It is know that lead toxicity induces partially the dcficiency of
phosphate, and then phosphorylation related to phospate is damaged (Venugcpal and Lu-
ckey, 1978).

Heavy metal jon such as lead, osmium and tungsten were deposited at specific sites
on the thylakoid membranes of chloroplasts (Sabnis ef «l.,1969). Photosynthesis and re-
spiration of plant are inhibited by lead (Huang ef al., 1974). In addition to lead is known
as an inhibitor of 'S I (photosystem [ ) in isolated chloroplasts(Huang el al., 1974;
Miles et al., 1972) and of electron transport, especially in the absence of phosphate (I<o-
eppe and Miller, 1970). Phosphate plays a key role in ATP involved metabolism and is
known as a component of sugar phosphate, nucleotide, coenzymes and phospholipids (Lin
and Hangon, 1974; Noggle and Fritz, 1976). Lcad is able to bind with a membrane protein
and other anions (Venugopal and Luckey. 1978; Sung and Jeong, 1977). It was assumed
that the supply of exogenous Pi and ATP could be protected from Pb-inhibiting photo-
reduction in a view point of the above many reports and the similarity of both Pb** and
Cu?t cations. These reports have not found any protective effects of lead upon the light
reactions of photosynthesis, optimum light intensity of Sedwm sarmentosum, and diurnal
fluctuation of photoreduction.

The purpose of present study is to investigate the protective effects of Pb-inhibiting
PS I activity. On the other hand we had determined the optimum light intensity and
the diurnal fluctuation of photoreduction in the isolated chloroplast of Sedum sayrmentosum.

MATERIALS AND METHODS

Plant Material. The fresh stems attached leaves were collected from the plant (Sedum
sarmentosum Bunge) growing normally on the hill of field between Jinju nd Munsan in
Korea during summer, 1980. The stems were placed in a vinyl bag and immediately tra-
nsferred to the laboratory. The fresh leaves which were detached from the stem were
washed threc times with distilled water. Surface water of the leaves were removed with
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three layers of filter paper and then used for the isolation of chloroplasts.

Isolation of Chloreplasts. The procedure of chloroplasts isolation was modified by the
technique of Samuelsson and Oquist (1980). Ten grams of fresh leaves were detached from
the plants and washed three times with distilled water. In the next the leaves were pre-
pared with the plant material mentioned above. The homogenation was carried out with
50 ml of cold grinding medium consisted of 0.5 M sucrose 0.01 M NaCl, 0.05 M Tris buffer
adjusted to the final pH of 7.5 in a cold blender at full speed for 15 seconds. The homo-
genate was filtered through two layers of gauze into the chilled centrifuge tube, setin
a refrigerated centrifuge, and then accelerated to 1,000 ¢ for one minute. The pellet was
removed and the supernatant was centrifuged again at 2,000 g for 10 minutes and the
settled chloroplast were suspended in the cold grinding medium. The supernatant was re-
moved again and the pellet was diluted with the cold solution of Tris buffer. The diluted
pellet was centrifuged at 2,000 g for 10 minutes with the same procedure mentioned ab-
ove. Finally the pellet was diluted with Tris buffer to contain 1~2 mg of chlorophyll per
ml according to the method of Armon (1949). The chloroplast preparation was stored at
1-£0.5°C and the rate of DCPIP photoreduction as the function of PS [ activity was
measured Lmmediately after the preparation.

Photosystem [ Aectivity. The chloroplast stored was used for the measurement of DCPIP
photoreduction. The experimental group was divided into 3 groups. In the first group
the treatment of Pi, ATP and Pb was divided into 5 subgroups with 2.49 ml of the
chloroplast preparation in each cuvette, and 0.5 ml of 1072, 1073, 1074 10~ and 10-° M
solution of Pi, ATP, and Pb was added respectively to the cuvette containing the chlo-
roplast preparation. The second group was divided again into 2 subgroups, and in the Pb
pre-treatment subgroup, 0.5 ml of 107* M Ph solution was added to each cuvette contain-
ing the chloroplast preparatoin, thereafter 0.5ml of 10-* M Pb solution was added to it.
In the Pb post-treatment subgroup, firstly Pi and ATP mentioned above were added to
the cuvette, secondly Pb was added to it. In the third group, the control group was made
with adding 0.5 ml of distilled water ot the cuvette coutaining 2.49 ml of the chlorplast
preparation. All the cuvette treated with the mentioned alove were incubated at 25°C
in the dark for 10 minutes. After incubation, 0. 01 ml of 0. 3 umoles DCPIP solution fnally
was added fo every cuvette and content of chlorophyll in the chloroplast preparaton was
keptcontinously on 20 ung per ml of it. These procdures were carried out with a cuvette
set tightly in 5 ml chamber. Light intensity on the surface of cuvette was 50,000 Jux. In
order to eliminate heat and infrared light from the lamp, the light was filtered through
a screen of water layer saturated with CuS0Q, and the cuvettes were hlown with electric
fan continously. The mixture solution was kept at 25°C. During illumination the PS [
activity was measured by the rate of DCPIP photoreduction for 4 minutes at one minute
interval with Shimadzu UV-190 Double-Beam Spectrophotometer at 610 nm. A diurnal
fluctuation of photoreduction rate of DCPIP was determined in the chloroplast preparation
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from the sample collected at three hour interval in the field under a continuing fine or
a continuing cloudy day conditions during dav time in summer in 1980. We had much
rainy and cloudy day conditions during the experiment period of diurnal fluctuation
for photoreduction. Light Intensity was mesured by both horticaliural lux meter, Demetra
Toyo Japan, Dakemura Electric Works Ltd., and electric lux meter, Sibata Kayaku
Kakai Kogyo K.k.

Identificationof Precipiiates. A precipitate was observed in the reaction minture soluiion
during the experiment with increasing lead concentrations. The precipitate in the mixture
soluticn was filtered through two layers of gauze and centrifuged at 100 g for b minutes
prior to the rcineving of supernatant. The sediment in the tube was diluted with distilled
water. Such sediment was centrifuged twice at 1,000 g, and separated Dby paper chiro-
matography. The identification wos determinced by spectrophictometer,

Ton Exchange. Na ion from Ng;FO, was eliminaled with Amberlite IR-120 B resin
and NQ, lon from Ph (NOp). eliminated with Amberlite TRA-110 resin.  Activation of
each resin was carried cut according to NaQH and HCi solution. The solution of 1’1 and
Pb by ion exchance resin were used to estimate an efect of PI and Pb on DCPIP pho-
toreduction in tae chloroplast preparaticn. Ploand Ph were used as the [orms of PO,

and Pi?+, respectively.
REBULTS

Optimum Light Intensity. Because the optimum light intensity for photosynthesis is
different with the kinds of plants, the optimum light for photoreduction in chlorplasi of
Sedwin sarmentosai must be determined prior to the expsriments. The reaction mixture
containing the chloroplast preparation was illuminated with the different light levels, such
ag 0,1,5,9 and 13 .¢10* lux. The photoreduction was increased with increasing light
intensity from O to 9% 10* lux, but decreased with increasing the light intensity over
9% 10! lux. The optimum light intensity in the chloroplast preparation for photoreducti-
on was 5~03¢ 10" lux. The saturated light intensity for photoreduction in the material
plant was over 910" lux (data not shown).

Diurnal Fluctuaticn of Photoreduction. DCPIP photoreduction in chloroplasts was mea-
usred at 3 hour intervals in the progress of time under a continuing fine day and a
continuing cloudy daylight conditions (Fig.1). Photoreduction rate was continously incre-
ased from morning to near midday under a fine day, at late alternoon under a cloudy
day. The photoreduction damped down at the time of maximum light intensity (140,000
lux) for a2 fine day, bhowever peaked at the time of moderate light intensity (90,000
lux) for a cloudy day. Diurnal fluctuation of photoreduction was different with the
condition of daylight intensity. At late afternoon, for a cloudy day it was decreased

again. These fluctuations of photoreduction curves (Fig.1) were repeated everyday as
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far as the sampling condition is under the
one of (ine and cloudy day (data not shown).
Although we investigated on the causc of
photoreduction rhythmicity, we did not found
any other reasons for the teadency of pho-
toreduction rhythmicity in the day time.
Effecis of Pi, ATP and Pb on PS II. [Lffe-
cts of Pi concentrations on DCPIP phetore-
duction in chioroplasts were measured for 4
minutes at one minute interval (Fig.2-1).
The photoreduction ratc was slightly stimul-
ated by low concentrations of Pi and ATP
in chloroplasts, and Inhibited by high conc-
entrations of it. The optimum concenrtation
of exogenous Pi preparation may he requi-
red for photoreduction Ly chlorplasts. The
optimum  concentration was below 6.4 M
Fi and the high concentration over 0.3 M
We used Tris
therefore it

Pi inhibited photoreduction.

buffer instcad of phosphate,

was thought that the photoreduction of the

exogenous Pi. Photosystem T

affect PS5 [ activity indirectly
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1. Diurnal changes of the light intensity
(upper) and photoreduction activity
of DCPIP in chloroplast of Sedum
sarmentosum (low) on a continuing
fine day (solid line) or a coniinuing
cloudy day (dotted line).
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Effects of ATP concentration on DCPIP

photoreduction in chloroplasts were esti-
mated (Fig. 2-1). The photoreduction
was stimulated by exogenous ATP of the

low concentrations, but inhikited by the
high concentration of ATP. It was pro-
bably due to the necessity of ATP for
the indirect stimulation of photoreduction.
The stimulation of PS I activity at low

concentration of ATP was similar to that
of Pi (Fig. 2-1, 2-1). It was supposed

20p

DCPEP reduced umole # mg chl,

that the exogenous ATP energy might 0 — )

be required for the active transport me- 0 b aod gt e g2
Concentration |, M
Fig. 3. Comparative cffects of Pi, ATP and Fb
concentrations on DCPIP photoreduction
the activity of PS 1 (H;0—DCPIF) in chloroplast.

decreased after the incubation of reaction mixture with Pb in the darkness for 10 min-

tabolism of thylakoid membrane occuring

photoreduction. Fig. 2-Jf shows that

utes. The extent of inhibiton was increased with increasing Pb concentrations. The con-
centration of 107°M Pb inhibited the photoreduction by about 50% after four minute
exposure to the light. The increase of inhibition in the progress of time of exposure sh-
owed that Pb inhibition was slightly stimulated. Comparative effects of Pij, ATP and Pb
concentrations on DCPIP photoreduction in chloroplasts were demonstrated (Fig. 3). At
the low concentrations of both Pi and ATP the exogenous ATP stimulated photoreduction
more than Pi. Lead always inhibited photoreduction in chloroplasts.
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Protective Effects. The protective of Pb-inhibiting photoreduction in chloroplasts by Pi
and ATP pretreatments of 0.4 M prior to Pb incubation was demonstrated (Fig. 4).
Each 0.4 M treatment of Pi or ATP at the same concentration as Pb protected Pb-inhibiting
photoreduction due to Pb post-treatment (Fig. 4), but post-treatment of Pi and ATP did
not protect Ph-inhibiting photoreduction due to pretreatment of Ph (Fig. 5). It was
thought that nen-protection of Pb inhibition was probably due to pre-binding of Pb to
thylakoid membrane of PO, site.

Precipitates, The precipitate was observed with naked eye in the reaction mixture
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of chloroplast by the artificial supply of both Ph and Pi. We separated the precipitates
from the reaction mixture by centrifugation. and identifled hy UV-ghsorption and chro-
matography. The precipitates were fermed by Pb supply to the reaction mixture. The
precipitates were dissolved in either Pbh or Fi sclvents. We obtained the standard peak
at 315 nm and 195 nm for Pb and Pi (=POC,) in Fig. 6- 1. and also obtained the peak
at the same wave length from the sarple of precipitates, respectively (Fiz. 6-1).
Lead and Pi were scparated and identified from the precipitates hy paper chromatogra-

phy(Fig. 7). Thercfore we found that the precipitates were composed of Ph and PO,
DISCUSSIGN

Recommendable lux value for cultures was written on  the manual of Nieukcop lux
meter model LU-345 made in Holland; 12,000~15,000 tux. anthurium, wmarantha and
saintpaulia; 15, 000~20, 600 lux, aglacancma aad philodendron; 20, 000 lux, relel and pepe-
ronia; 30, 000lux, =raucaria and cissus; 30, 000~10, 000 lux, sarsevieria and palme; 50,00
0 Jux, ardisia, begonia, calceolaria, cyclamen. gardewnia, kalanchoo, and pandanus; 80, 000
~100, 000 lux, acalypha, croton, ficus anrd pelargonium. Recommendablc lux  range for
cultures of the above light intensity was summarized as 123 10%~10° hix.

The light intensity used for photosynthetic experiments was different with the work-
ers and plant kinds; 25, 000~33, 000 lux, at lettuce leaf level for clection transport syst-
em (Shimazaki and Sugahara, 1080); 1,300~21,000lux, for circadian clock of Gomyawl-
ax polyedra in culture medium (Sweeney, 1976); 28,000 lux for photosynthetic fixation
of CMQ,; in Euglena (Laval-Martin ef al., 1679): 30,000 lux for Il reaction in spinach
chloroplast (Tkehara and Sugahara, 1969); 50,000 lux for photophesphorylation in spinach
chloroplasts (Shinohara and Sakural. 1980): 3,000 lux for culturc of duckweed at plant
level (Tsudzuki and Kondo, 1979); 30,000 lux foi photochemical activity of tobacco pla
nts (Haraguchi and Shimizu, 1970); 2 Klux for Chisrella photosynthesis (Matsuka and
Hase, 1966); 750 W/13 cm for spinach chloroplast (Miles e7 wl. [972); 1,000 W/m for
photosynthetic electoron transport in spinach chloroplast (Samuelsson and Oquist, 1980);
300 W tungsten lamp lor photosynthesis in  spinach chloroplast (Allen and Whatley,
1978); 1,500 W/i2 cm for C; and C, photosynthetic tvpes (Boiton and Brown, 1680):
2,800 [t-c (1,200 /. einsteins) for Elodeq photosynthesis (DeGreote and Kennedy, 1977);
500 K crgs/sec-cm? for electron transport activity in maize chloroplast (Walker and
Izawa, 1979); 5 nE/cm®-sec, a quantum f{lux density at the surface of the leal segmen-
ts in wheat from 150 W incandescent hullb (Edwards el al, 1973). Because it was
found that the optimum light intensity was about 510" lux in the leaves of our mater-
ial plant, all measurement of photorcduction was carried oui under 5310" lux, 25°C in
laboratory. The recommendable lux range (5~9310* lux) of our material plant for ph-

otoreduction was higher than that of any other plants. The reason was ihought that
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this material plant was a kird of CAM (crassulacean acid metabolism) plant. The light
intensity was cxpressed as many different ways by workers; lux, K Iux, W/em, W/m,
ft—c', erg/sec-cm?, K erg/sec-cm® nE/cm?-sec and etc.

We found the fluctuation of photoreduction in chloroplasts for a daylight. Jranaga éf
al. (1980) have reported thar photosynthetic rate in the day time was affected by the
air temperature of the preceding nights. Night temperature below a certain limit brou-
ght ahout depression of photosynthesis during the succeeding day time. The lower the
night femperature, the larger the cxtent of depression and the logner time required to
recover from the depression. However we could not found the correlation between pho-
toreduction rhythms and the air temperature. In Wolffie micrescopica, the activity oi ni-
trate recuctase showed strong diurnal rbythmicity with a peak at the forencon. The
rhythmicity persists under the extended dark conditions as well as under continuous
light. The phase of rhythm shifts under inverted light-dark cycles (Bakshi ef «l., 1978,
1979). Phosphoenol pyruvate carboxylase from the crassulacean plant was able to coni-
rol a circadian rhythm of CO, fixation (Jones ef al., 1978). The circadian rhythm in
bioluminescence in Gomyewlax, 2 kind of algae has been found by Sweeney (1979) and
Kiessig ef ¢l.(1979). Circadian rhythms In photosynthesis have becn observed in a num-
ber of higher plants ags well as in algae (Hillman, 1976). Several studies have been
reported as & rhythm of photosynthetic capacity during the cell cycle of the algac fla-
gellate Fuglena (Cook, 1966; Walther and Edmunds, 1973). During synchronous grow-
th, photosynthetic CO, fixation was rhythmic with a period at 24 or about 30 hours cor-
responding to the period of cell division rhythm in the population. Futhermore, the rh-
vthm in CO, fixation per cell found in nondividing cultures maintained for several wee-
ks with a free running, circadian period of approximately 30 hours (Laval-Martin et
al., 1979). An endogenous, circadian rhythm in cellular chlerophyll was found to exist,
indepcndently or cell division, under both light regimcnis and in each individual exper-
iment. It was thought that the photoreduction or photosynthesis rhythmicity was shown
as a photosynthetic metabolism cycle under the control of chloroplast DNA or nuclear
DNA, a kind of heredity.

Fig. 2 showed the requirement of the exogenous phosphate for photoreduction in
isolated chloroplasts. Generally it has been known that the extracted chloroplasts has
been suspended or resuspended in phosphate buffer for the adjustment of pH in photos-
ynthetic studies (Takamiva ef ¢l 1930: Brown and Thotpe, 1980; Komor et al., 1978:
Anderson and House, 1979). However presence of pliosphate strongly affected the patt-
ern of ATP pool fluctuation in dark-light and light-dark transitions. Net O, evolution
in the light was decreased by phosphate addition. Providing phosphate at steady state
conditions in the light in a N, atmosphere produced a rapid drop in ATP content, foll-
owed by a recovery. In cells treated with DCMU, addition of phosphate accompanied by
a rapid and permanent increase in ATP pool (Larsson and Tillberg, 1979). Protoplast
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extracts evolved approximately 6 micromoles of Q, per milligram of chlorophyll before
photosynthesls become largely dependent on the exogencus Pi while photosynthesis by
chloroplasts had a much stronger dependence on exogenous Pi from the outset. I’hoto-
synthesis by chloroplasts from 6-day-old wheat plants under optimum levels of Pi was
similar to that with the addition of 3 millimolar inorganic pyrophosphate (PPi) plus 0.2
millimolar ADP. Lither PPi or ADP separately inhibited photosynthesis. Chloroplasts
from 9-day-old wheat leaves were slightly less sensitive to inhihition by PPi ard show-
ed little or no inhibition by ADP (Edwards et «¢l., 1978). At constant levels of ortho-
phosphate (4 mM) and 3~phosphoglycerate (4 mM), a change in ATF concentration from
0.2 to 1 millimolar causes an immediate 4-to 5-fold increase in the rate of ADP-glucose
formation (Kaiser and Bassham, 1979). With chloreplasts from young pea [eaves, PPi
--ADP (or ATP) tends to give higher rate of photosynthesis than with the optimum level
of Pi alone (Robinson and Wiskich, 1977; Stankovic and Walker, 1977). In wheat chl-
oroplasts, at Jeast under experimental conditions, both the level of Fi and rate of star-
ch synthesis in the chloroplast in the absence of exogenous i must be below (Edwartds
et al., 1978). PPi has been found to protect against Pi inhibition with spinach chlorop-
lasts (Lilley et al., 1973). Starch synthesis would release Pi and allow photosynthesis
to continue but recveling of this nature may well be too slow to permit maximal rate
of photosynthesis. Pi uptake and triose-P release from chloroplast, catalyzed by the
phosphate transporter, is thought to be required for sucrose synthesis (Walker and
Herold, 1977). With chloroplast of spinach and peas, photosynthesis typically starts off
at a relatively high rate and proceeds for scveral minute hefore cxogenous Pi is requi-
red (Cockburn & ol., 1967a, 19G7b, 1968). 5-Naphthyl di-, tri- or tetra-phosphate inh-
ibits photophosphorylation of spinach chloroplasts comparatively with ADP, whereas /-
naphthy] monophosphate inhibits it comparatively with Pi. The results suggest that the
effect of the monophosphate is principally on the Pi sites and that of the di-, tri or
tetra-phosphate is on the adenine nucleotide sites on the active site of chloroplast
coupling factor 1 (Shinohara and Sakurai, 1980). Lead always inhibited photoreduction
in chloroplasts. This was in accordance with the finding of Samuelsson and Oquist (1980)
and Cedeno-Maldonado and Swader(1972). PS [ activity was inhibited even if the
concentration of lead is the lowest. Therefore lead act as an inhibitor of photoreduction,
PS 1 activity, and the results were in accordance with the report (Miles ef @l., 1972),

In the present study, protective effect of Ph-inhibiting photoreduction by supply of phcs-
phate was probably due to supplemenpt of free phosphate against depriving of phosphate
by lead. Photosystem | activity, as measured by electron transport from DCPIP to me-
thyl viologen, was not reduced by lead treatment (Miles ¢f al., 1972). However photo-
system I was inhibited by lead salts when electron flow was measured from water to
methyl viclogen and Hill reaction or by chlorophyll fluorescence (Miles ¢t ol., 1972).
These indicated that the primary site of inhibition was the oxidizing side of PS T by the
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fluorescence induction curves. That this site was between the primary electron donor of
PS [ and the site ol water oxidation could be demonstrated by hydroxylamine restora-
tion of normal fluorescence following lead inhibition (Miles ef «l., 1972), By them Mg*",
Ca® ', Sr**, Mn?*, Al®, Zn®" and Cd?* all either increased or had no effect on fuorescence
vield of spinach chloroplasts at room temperature. They tested some of this divalent
ions and found, while using their techniques and tomato chloroplasts, that there was an
increase in fluorescence compared to a decrease in Auorescence Tollowing lead treat-
ment. Lead salts exhibited a marked inhibition of FMN (favin mononucleotide), methyl
viologen, or PMS (phenazine methosulfate)-mediated light driven proton translocation.
Sabnis et ¢l. (1969) found that a nonenzymatic discrete deposition of lead, osmium and
tungsten at specific sites on the thylakoid membrane of chloroplasts was formed. Mn is
effective in reducing the sensitivity to Cu poisoning in chloroplast mediated photoreduc-
tion and it 1s gencrally assumed that the most sensitive site of Cu inhibition is on the
oxidizing side of PS T (Cenedo-Maldonado and Swader, 1972; Habermann, 1969).

In the present study phosphate is effective in reducing the sensitivity to lead poisoning
in chloroplast mediated photoreduction, and it is assumed that the most sensitive site
of lead inhibition i on the oxidizing side of PS 1. On the other hand, lead might be
bound to PO, of phospholipid in a thylakoid membrane which is not involved in elec-
tron transport itself, but it causes the structural changes inside the membrane upon Pb
binding and an induction of P-deficiency in the reaction mixture by Ph, (PO,), compou-
nds, with the subsequent inhibition of electron transport as a result. The addition of
phosphate normally reactivated PS 1 activity in Pb inhibiting chloroplasts in absence of
phosphate (Fig. 2-1). This tendency was in accordance with Habermann’s report(1969)
which Cu inhibition of Hill reaction was partially reversed when Mn was added. We us-
ed Pb and Pi or ATP instead of Cu and Mn. Our results could be explained by Pb for-
ming precipitates, and so the Pb toxic eflects could be decreased or reversed by phos-
phate. In the case of supply of Ph prior to incubation of Pi and ATP in the reaction
mixture Pb-inhibiting PS T was not recovered, but the addition of Pi and ATP prior
to incubation of Pb could protect PS 1 activity from Pb inhibition. It was thought
that Pb binds more firmly to phosphate groups than any other sites when more phos-
phate is present. If the optimum level of phosphate is present in the chloroplast more
than Pb concentration, Pb inhibition of PS T activity could bhe reversed or protected by
phosphate (data not shown). Especially the inhibition site of photoreduction was supp-
orted by the deposition of lead at specific gites on the thylakoid membranes of chloro-
plasts as the report (Sabnis ef al., 1969).

The results suggest that the effect of Pb®! on photoreduction of PS 1 is an indirect
one, whereby Phy(PO,), precipitation induces a free or structural phosphate deficiency.
In physiological media Ph** concentration may reach about 10°* M; interaction between
Ph and cellular phosphate group is obvious, since the low solubility product of Phs(PO,)
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about 107% (Stecher, 1976: Dean. 1979). It was reported that lead could form stable
complexes with free thiol-, carboxxylate- and phosphate-carrying ligands of biopolymers
and membranes; imidaxole and amino groups are of very little importance for Ph** com-
plex formation; lead nucleoside. especially the cytidine complex is very stable; lead rea-
dily binds to SH-, P(,- and COOH-containing ligands of the ervihrocyte membranc to
increase the mechanical, but decrease the esmotic fragility of crythrocytes; lead alters
membrane permeabilitv. and binds to active sites involved in K permeability, and inhi-
bits active transport by blocking K-Na transport ATPzse in animal (Venugopal and
Luckey, 1978). Schulze and Brand (1978) have reported that in the presence of equiv-
alent Ph?*~ and phosphate. considerable Ph?* remained in solution. The concentration of
phosphate was decreased to an undetectable level when the amount of Pb? s not toxic
to Chlamydomonas, but kills cells by depriving them ol phosphate. Koeppe and Miller
(1970) examined the effect of lead salts on corn mitochondria apd found an inhibition
of electron transport, especially in the absence of phosphate. It was reported that the
deposits were formed in the vesicle and on the surface of ceil memhbrane in plants(Ma-
lone ef al., 1974). The addition of Ph salts to phosphate-containing unicellular culture
media caused precipitation of Pbs (P0O,).. Cclls did not survive when the amount of FPb
in the culture exceeded the equivalents ol phosphate (Schulze and Brand, 1978). In our
cxpetiment it was assumed that the precipitates formed in the reactiom mixture was
Ph; (PO,

According to precipitates formed hetween I and Pb in standard curve in Fig. 6,
the mixture curve was disappeared with the progress of time. In sample curve because
the precipitate was disgsolved completely with each lon state, the mixture curve like sta-
ndard could not appear. Two peaks of sample dissolved precipitaics were corresponded
with the standard peak of Pi and Pb. By the paper chromatography of precipitates the
precipitate Rf value was corresponded with the standard Rf value of Pi and Ph (Fig.
7). It was identificd that the precipitates was composed of Pb.(FC,), by absorption
spectrum and paper chromarography.

Because lead pre-treatment could he able to bind with [rec phosphate, it was assum-
ed that inscluble phosphate could be induced the Dblocking of Pi and ATP  metabolism
[or photoreduction. This possibility was thought in the review of significant inhibition
of Pi absorption by lead in the previous report (Sunz, 1976) and Ksp (constant of soi-
ubility products) of lead salts; 1.5X107% Pby(POD., 1.430107% PLiS, 4. 23107 Ph(CH),
and 1.5310° " PhCO, (Stecher, 1976; Dean, 1979). Therefore the resuits werce thought
that lead pre treatment could not pretect from photoreduction, while pre-treatment of
phesphate and ATP could be in compensation for itself Pi and ATP deficiency or bloc
king of metabolism for photoreduction by lcad post-treatinent. In the present study it
was thought that lead could he hound to the site of PO, in chloroplast under the witro

condition. It was assumed that the site of PO, in thylakoid membrane could he blocked
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by lead.
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