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ABSTRRCT

Calli of soybean (Glycine max, L. Maple
Arrow) from cell cultures adapted and unadapted
to 85 mM NaCl were established under NaCl stress
treatments from 0 to 160 mM. Preadapted calli
remain green and attained higher fresh weight.
Light induced an increase of 45% in fresh weight
of preadapted and nothing in unadapted calli.
NaCl decreased growth (represented as fresh
weights) with more or less egual rates 1in
preadapted and unadapted calli incubated in dark
or light conditions.

Abbreviations: BAP, &-benzylaminopurine; 2,4-D, 2,4 dichloro-~

phenoxyacitic acid; IAR, indol 3-acetic acid; IBR, indole-
butyric acid

Key words: Glycine max soybean, cell culture, tissue culture,
HaCl salinity, light intensity.
INTRODUCTION
Attempts to regenerate intact soybean plants from tissue

culture have been unsuccessful until relatively recently
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(Lazzeri et al., 1985; Ranch et al., 1985; Barwale et al.,
1986}. But during the last decade, tissue culture have been
recognized as a powerful tool for physiological research
including studies on the mechanisms of stress tolerance. Cells
and tissues cultured in vitro have been used to study
mechanisms of salinity tolerance in halophytes (Smith and
McComb 1981) and in nonhalophytes (Orton 1980 and Elhaak and
Migahid 1989). Moreover they offers advantages for use in
selection of salt tolerant lines (Croughan et al ., 1978 &
1981; Zenk 1974; Dix and Street 1975). The present work wag
done to study the response of soybean calli which were
produced from adapted and unadapted cell cultures to salinity
and light.
MATERIALS AND METHODS

A cell suspension of soybean (Glycine mam, L. Maple
Arrow) was established by M. McElwee from callus culture of
stem tissues and grown on Gamborg B5 salt medium (Gamborg et
al ., 1968) with addition of 3.87 g sucrose, 30 g IAR, 0.75 mg
kinetin, 1 mg, 2,4-D 5-50 uM per liter and different
concentrations of NaCl (0, 85, 170, 340, 510, and 680 mM).
Cells were left in continuous NaCl treated subcultures then
cells were collected from control (unadapted) and 85 mM NaCl
(adapted), a concentration which enhanced fresh and dry
weights of soybean cell suspension (El-Sayed and Kirkwood
1992). Callus cultures were established from these cells on MS
media (Murashige and Skoog 1962) supplemented with 1 mg BAP,
4 mg IBA, 20 g sucrose, 10 g agar per liter and growth
conditions of 25°C and 3000 lux with 14 h photoperiod. After
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15 days equal portions (1 g fresh weight) of the adapted and
unadapted calli were inoculated on the same medium
supplemented with 0 to 160 mM NaCl. All treatments were
incubated at 25 + 2'C and under continuous illumination with
fluorescent light or in darkness. During the stationary phase
the tissue cultures were weight and the main of fresh weights
were used.
RESULTS AND DISCUSSION

Soybean calli produced from adapted cell suspension
cultures attained about 45% higher fresh weight in light- than
in dark-incubated calli under all osmotic stress treatments;
while those from unadapted cultures attained slightly higher
fresh weightin dark than in light incubated ones (Fig. 1
a&b). Apple (Saad 1968) and black cherry (Caponetti et al.,
1971) callus cultures were reported to grow better in dark
than in light. In contrary results of Thompson et al. (1977)
indicated about 10% increase in dry weight of tissue culture
of Glycine max L. with light. However, NaCl enhanced light
response in the adapted callus of soybean. Generally calli
from adapted cell cultures could survive and acquire higher
fresh weight under the used osmotic stress treatments
regardless of light or dark incubation. This may indicate
higher cell division activity in calli which presurvived
slightly osmotic stress (85 mM NaCl). Enhancement effect of
low concentration of salt for callus growth which was found by
von Hedenstrom and Breckle (1974) and Smith and Mc Comb (1981)
could be concluded for preadapted callus. In this concern,

Kato and Nagai (1979) and Stavarek and Rains (1984) calculated
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Fig. (1): Influence of light and NaCl concentration
on growth in 15 days of callus cultures of soybean
(Glycine max L. Haple Arrow) from cells adapted (A) and
unadapted (B) to NaCl salinity. Vertical line represent

standard deviation of five replicates.
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greater dry weight of tissue per weight of sugar consumed
(efficiency) for salt-selected than nonselected cells. Further
more Croughan et al. (1981) referred this salt tolerance to
physiological changes connected with ionic transport
mechanisms not to genetic changes. However, the growth rates
decreased with increasing NaCl concentration in adapted and
unadapted calli with more or less equal rates in light and
dark- incubated calli. This may indicate +that growth
inhibition by salt treatments was not through light-induced
processes. Therefore, it would possibly by reduced ability for
cell wall to expand (Binzel et al., 1985; Iraki et al., 1989)
or by restriction of water flow (Bover et al., 1965). Alsc the
calli from NaCl adapted cells were green in comparison with
those from unadapted cells which were yellow. This high level
of pigments is perhaps indication of some degree of autotrophy
in soybean callus initiated by salt stress. Similar
indications of autotrophy in calli were also found by Chong
and Taper (1974). The incubation of chlorophyllus calli in
light or dark did not affect the rate of decrease in growth by
salt stress which confirms that growth inhibition was not
through light induced processes. On the other hand,
chlorophyll in calli of adapted cells could be the reason for
their greater fresh weight especially in light-incubated calli
which attained the greatest fresh weights under all osmotic
stress treatments. Lee and Strarratt (1972) have shown that
green callus of Euphorbia esula grow better in light in
contrast to poorer growth of non-green callus of E.

cyparissias. 1n the present study the reduction in fresh
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weights of the calli may be due to expenditure of metabolites
for osmoregulation in response to salt stress. In comparison
with the work of El-Sayed and Kirkwood (1992), the
concentration of NaCl (85 mM) which produce increase in fresh
and dry weights of cell suspension cultures, decreased the
fresh weight of callus and with greater percentages for
adapted callus. This may indicate to greater tolerance for

cell over tissue cultures.



248

Delta J. Sci. 16 (3) 1992

REFERENCES

Barwale U. B., Kerns H. R. and Widhalm J. M. 1986. Plant
regeneration from callus cultures of several
soybean genotypes via emberiogenesis and
organogenesis. Planta 167: 473-481.

Binzel M. L., Hasegawa P. M., Handa A.K. and Bressan R.A.
1985. Rdaptation of tobacce cells to NaCl. Plant
Physiol. 79: 118-125.

Boyer J. §., Cavalieri A. J. and Schulze E.D. 1985. ontrol of
the rate of cell enlargement excision, wall
relaxation and growth- induced water potentials.
Planta 163: 527-543.

Caponetti J. D., Hall G. C. and Farmer R.E. 1971. In Vitre
growth of black cherry callus: effects of medium,
environment, and clone. Bot. Gaz. 132: 313-318.

Chong C. and Taper C. D. 1974. Influence of light intensity on
sorbitol metabelism, growth and c¢hlorophyll \
content of Malus tissue cultures. Ann. Bot. 38:
359-362.

Croughan T. P,, Stavarek 5. J. and Rains D. W. 1978. Selection
of a NaCl tolerant line of cultured alfa alfa
cells.~ Crop Sci. 18: 959-963.

Croughan T. P., Stavarek §. J. and Rains D. W. 1981. In vitro
development of salt resistant plants.- Env. Expt.
Bot, 21: 317-324.

Dix J. P. and Street H. E. 1975. Sodium chloride -resistant

cultured cell lines from Nicotiana sylvestris and
+



240

Delta J. Sci. 16 (3) 1992

Capsicum annuum.- Plant Sci. Lett. 5: 231-237.

Ethaak M. A. and Migahid M. M. 1989. Response of Gymnocarpus
decandraum leaf callus to water stress and ABA
application.- Delta J. Science 12 (5): 4184-4197.

El-Sayed H. and KirKwood R. C. 1992. Solute accumulation in
soybean Glycine max L. cells adapted to NaCl
salinity.-Fhyton 31: 233-249

Gamborg O. L., Miller R. A. and Ojima K. 1968. Nutrient
requirements of suspension cultures of soybean
cells.- J. Experimental Cell Research 50: 148-151.

Iraki N. M., Bressan R. A., Hasegawa P. M. and Carpita N. C.
1989. Alteration of the physical and chemical
structure of the primary cell wall of growth-
limited plant cells adapted to osmotic stress.-
Plant Physiol. 91: 39-47.

Kato A. and Nagai §. 1979. Energetics tobacco cells, Nicotiana
tabacum L., growing on sucrose medium. - Eur. J.
Rppl. Microbiol. Biotechmol. 7: 219-225.

Lazzeri P. A., Hildebrand D. F. and Cecllins G.B. 1985, A
procedure for plant regeneration from immature
cotyledons tissue of soybean.- Plant NMolecular
Biology Reporter 3: 160-167.

Lee T. T. and Strarratt A. N. 1972. Growth substance
requirements and major lipid constituents of
tissue cultures of Euphorbia esula and E.
cyparissias.- lbid. 723-7Z6.

Murashige T. and Skoog F. 1962. A revised medium for rapid

growth and bioassays with tobacco tissue cultures.



Orton J. T.

Ranch J. P.

Delta J. Sci. 16 (3) 1992

Physiologia Plantarum 15: 473-497.

Z. 1980. Comparison of salt tolerance between
Hordeum vulgare and Hordeum jubatum in whole
plants and callus cultures. Zeitschrift fur
Pflanzenphysiol 102: 91-94,

. Oglesby L. and Zielinski A. C. 1985. Plant

regeneration from embryo-derived tissue cultures
of soybean.-In vitro Cell Development Biology 21:
653-658.

Saad A. T. 1965. The culture of apple callus tissue and its

smith K. N.

use in studies on pathogenicity of Venturia
inaequalis. Ph. D. thesis University of Wisconsin
Madison Wisconsin.

and McComb A. J. 1981. Effect of NaCl on the
growth of whole plants and their corresponding
callus tissue.- Australian J. Plant Physiol. 8:
267-275.

Stavarek S. J. and Rains D. W. 1984. Cell culture techniques:

Thompson J.

Selection and physioleogical studies of salt
tolerance. In: Salinity Tolerance in Plants
Strategies for Crop Improvement (R. C. Staples,
G. H. Toenniessen, eds.), John Wiley and Sons,
New York, pp. 221-234.

F., Madison J. T. and Muenster A. E. 1977. In
vitro culture of immature cotyledons of soybeanx
{(Glycine max L. Merr.). Ann. Bot. 41: 29-39.

von Hedenstrom H. and Breckle S. W. 1974. Obligate

halophytes ? A test with tissue culture metheds.-
¥



251

4

Delta J. Sci. 16 (3) 1992

Z. Pflanzenphysiol Bd. 74: 183-185.
Zenk M. H. 1974. Haploids in physiological and biochemical
T research. In: Haploids in higher plants (K. J.
Kasha, ed.), University of Guelph Press, Guelph,

Canada, pp. 339-353.



o
U
)

Delta J. Scl. 16 (3) 1992

304 S Jokll 2t gl 46412 2qgLolly sl N
Lpidoleo Giasy of ol o Lol §Lus (o LA o
0gd0ed 10914 | Jaldos

gl s 0l o 0090 etk - Ml 0 g0l 28107
pas - Uaile Zusls = asiall )0 ud = il 6 L L5 #
yas - Uil Laaly - Uaib pele L5 - OLA pud %9

oo A g Lalis b o) Luills iguall Y kS Gl (o 4 4]
Jo o pgpall wph (o QS cad sl Oy pegall gl (s dge
calll WA g0 ol B Lawd¥l G gt a1l by 0 dg g VY
vl g oy gb Opialy S| TGS ppepal wgs e G
Lglially guglSll gilbll (ogh b Balh ] o gall LIS i yopa3 Ll suly
saagk dplas 3558 Bols) dul (Sl ¢ pgaagall spel ae oS o 0 Lol
CUlS plgu uplslt giliall Gogl B elill (o Dygluds SYare | pgsped
S slgw gl pgpall sl (e Gu p gl G W (s Tl
v lbps (S gl el Loy






belta J. Sci. 16 (3) 1992

ROLE OF BICARBONATE ON ELECTRON FLOW THROUGH
PHOTOSYSTEM 11 IN PHOTOSYNTHETIC SOYBEAN CELLS

BY
Fatma El-Shintinawy
Botany Department, Faculty of Science,
Tanta University, Tanta, Egypt.
Received: 3-12-1992

ABSTRACT

Data presented in this paper show the role
of bicarbonate in the acceleration of the
electron flow through photosystem II in formate -
treated soybean cells. Measurements of variable
chlorophyll a fluorescence decay after an actinic
flash show that formate treatment slows down the
rate of @, decay (where ¢, 1is the first
plastogquinohe electron acceptoé“ of photosystem
II). Formate treatment increases the half-times
of the fast component of Q, decay from 302 us to
550 s at (pH 6.5) and the half-times of the
intermediate component from 40 ms to 65 ms.
Formate treatment has also a big effect on the
amplitudes of fast and intermediate components
the first parameter decreases by a factor of 3.5
and the second parameter increases by a factor of
2.5. These inhibitions caused by formate
treatment are dramatically reversed upon the
addition of 2.5 mH HCO_? . Oxygen evolution
measurements show that addition of 20 mlf HCO, to
the formate-treated cells enhances the rate of
oxygen evolution about 4 times. This stimulation
in Hill reaction is not influenced by Cof fixation

253
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as it is observed in presence of 2, 5—dibromo—6—
isopropyl -p—benzoquinone which_inhibits inter—
system electron flow, Thus, HCD, is suggested to
play a role in the regulation of electron flow of
photosystem II; HCO, stimulates the transfer of
electrons from Q EB Q (where @, is the second
plastoquinone eIectran acceptor of photosystem
II) and the plastoquinone pool in photosysthetic
soyvbean cells.

INTRODUCTION

Bicarbonate has been shown to stimulate the electron
transport in Hill reaction as suggested earlier by Warburg and
Krippahl (1958). The use of inhibitory anions such as formate
has been studied by many workers to show the mechanism of the
stimulatory effect of bicarbonate on the electron flow of
photosystem II. Govindjee and Van Ressen (1978) and Blugaugh
and Govindjee (1988a) have indicated that formate inhibits the
electron flow due to the further removal of bicarbonate from
their binding sites. Bicarbonate reverses, in full, the
inhibitory effect of formate. Based on measurements using the
absorbance change at 320 nm, siggel at al. (1977) and Farineau
and Mathis (1983) proved that the reoxidation of QA_ was
enhanced to be 10-20 fold faster by bicarbonate readdition to
the formate—treated thylakoid membranes. Furthermore, it was
demonstrated by Govindjee and Eaton-Rye (1986) that depletion
of bicarbonate slows down the electron flow from QA- to QB and
to the plastoquinone pool in isolated chloroplasts. It was
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suggested by Blugaugh and Govindjee (1988a) that HC03-may have
two major sites of action on the acceptor side of photosysten
IT in chloroplasts, one between Q& and QE near-Fe— and the
other in the Dl - protein of the reaction centre. Eaton—Rye
and Govindjee (1988a) have also demonstrated that chlorophyll
a fluorescence measurenents after a series of single saturated
light flashes show a remarkable inhibition of electron flow
after the third and subsequent flashes in bicarbonate depleted
membranes. El-Shintinawy and Govindjee (1990) suggested the
existence of two sites of action of bicarbonate at the
acceptor side of photosystem II in spinach leaves: the first
site stimulates the electron flow between the hydroxylamine
donation site (Z or D) and Qﬁwhile the second accelerates the
electron flow beyond QA' The role of Dbicarbonate in
controlling the electron flow of photosystem II has also been
observed in cyanobacteria by Cao and Govindjee (1988) and in
eukarvotic algal cells by Mende and Wiessner (1985). El-
Shintinawy et al. (i990) studied the molecular mechanism of
anion effect in chlamydomonas cells and demonstrated the
presence of a dual bicarbonate — reversible formate effect on
the electron flow from A{ to QB and between D and QA' This
werk was carried out to investigate the mechanism of
bicarbonate effect on the electron flow at the Qh QB complex
of photosystem II in soybean cells. Formate was used in this
study as used earlier in higher plant thylakoid membranes and

in algal cells in order to accentuate the bicarbonate effect

255
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in soybean cells.

MATERIALS AND METHODS

Soybean cells, cell line SB-P (Corsoy) was established
by Horn et al. (1963). The cells were cultured in ¥%’ medium
as described by Rogers et al. (1987) containing organic salts
(Murashige et al., 1962), thiamine - Hcl, Kinetin and
naphthalene acetic acid as organic components (Rogers and
Widholm, 1988). The cells were cultured photoautotrophically
for 14 days at 28 % in a 5% Co atmosphere under continous
light of 300 umcles photons mq1 s.-1 and shaken on a gyratory
shaker at 130 rpm. After growth for three weeks soybean cells
were collected for fluorescence measurements. Chlorophyll was
extracted in 80% acetone (v/v) and its concentration was
detected spectrophotometrically using the method of Arnon
(1949). The cells were diluted in KN' medium to give a
concentration of about 10 ug/ml for fluorescence measurements.
Formate treatment of soybean cells was carried out according
to the method described by El-Shintinawy et al. (1990).
Soybean cells were incubated in dark for 3 hours in KN’ medium

containing 25 mM HCO, at 20 "C under a constant flow of Nl_

!
gas at pH 5.8. Restored cells were prepared by adding 2.5 mN
HCO{ to the formate - treated cells. Kinetics of the decay of
variable chlorophyll a fluorescence were measured at 685 nm

(10 nm bandwidth) by a week measuring flash which could be
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fired alt variable times after each of a series of actinic
flash (FX -~ 124, EG and G) were blocked by Corning filters,
and were of 2.5 us duration at half-maximal peak height. An
identical instrument has been described by Robinson and Crofts
(1983). The half-times (t,, s) for Q, oxidation were
determined according to Joliot and Joliot (1964) after

calculating the concentration of Q{ (Mathis and Paillotin,
1981):

(F_Fo) - (1-p) g
(Fa-F,) (1-pq)

where, ¥ is the flucrescence vield at time t, Fo is the
fluorescence yield when all Qﬁis in the oxidized state, Fmis
the maximum fluorescence vield when all QA is in the reduced
state, p (the connection parameter), 1is taken as the
probability of the intersystem energy fransfer and q is the
fraction of the closed reaction centres {(i.e., q = ! when QA-
1S maximum) .

Oxvegen evolution was measured polarographically using
a VYellow Spring Instrument Clark-type electrode in a
saturating Yellow light. One mM 2, S—dimethyl - p -
benzoquinone (DMQ) was used as an artificial electron acceptor
in presence of | mM ferricyanide as another acceptor in order
to keep DMQ in the oxidized state. 0.5 pM 2, S—dibromo-6-
isopropyl - p =benzoquinone (DBMIB) was used to block the



258

Delta J. Sci. 16 (3) 1992

electron flow between the two photosystems II and I as
reported by Trebst et al. (1970). Soybean cells were diluted
in K¥' medium to a concentration of 20 pg chl/ml for oxygen

evolution measurements.

RESULTS AND DISCUSSION

It was suggested by Duysens and Sweers (1963) that the
maximum intensity of chlorophyll a fluorescence is reached
when Ql s are fully reduced since Qﬁ is a gquencher of chl a
fluorescence. Therefore, the decay of chlorophyll a
fluorescence yield is related to the concentration of Q1
population in the sample. In higher plant thylakoids, QA decay
is slowed down greatly after three actinic flashes in
bicarbonate-depleted membranes compared to control or restored
samples as reported by Eaton-Rye and Govindjee (1988 a, b).
Chlorophyll a fluorescence decays, monitoring the oxidation of
Ql_ following the third actinic flash, at pH 6.5 in formate-
treated restored and control soybean cells are presented in
Fig. 1. Adramatic decrease in the Q; reoxidation rate as a
result of formate treatment is noticed. However, adding 2.5 mlt
HCO{ to the formate - treated, cells enhanced the Ql-
oxidation rate and produced restored curve that is similar to

control.

The kinetics of chlorophyll a fluorescence after an
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actinic flash indicate the presence of two different
components. A fast component of chlorophyll a decay (half-time
in the ps range) and an intermediate component (half-time in
the ms range). Both components are suggested to be related to
the equilibration of Q; QB 2 Qh Q{ as suggested earlier by
Rebinson and crofts (1983, 19687). Twe compenents extracted
from the Q; decay curves of soybean cells were analyzed to
study the mechanism of both formate and bicarbonate effect.
Table 1 shows the half-times and amplitudes of fast (f) and
intermediate (1) components of chlorophyll a fluorescence
decays after three actinic flashes in control, formate-treated
and restored soybean cells at pH 6.5. The half-time of the
fast component for control was 302 ms and the half-time of the
intermediate component was 40 ms. These half-time were
increased by about 1.8 and 1.6 times in formate-treated cells
(550 ps and 65 ms). However, adding 2.5 mM HCOS-restored both
half-times to almost contrel (260 pus and 36 ms) showing a
remarkable reversibility. Formate treatment has a remarkable
effect on the amplitudes of both fast and intermediate
components; it decreased A(f) about 4 times and increased A(i)
about 2.5 times. However, these changes were relieved by
adding 2.5 mi ucoB".

The effect of anion treatment (formate and bicarbonate)
on the steady state electron transport from!HO to DMQ (DHQ is

an artificial electron acceptor) in the presence of
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ferricyanide is presented in table 2. Incubation of soybean
cells for 3 hours in formate - containing media (25 mlf HCOIZ
pH 6.5), produced an oxygen evolution rate of 40.2 umoles O
(ng chl a)" h'. Addition of 20 mi HCO, (pH adjusted to 6.5)
to the treated cells enhanced the rate to 257.5 umoles 02 {mg

chla)” n?, reversing the inhibition of the electron transport

1

by formate treatment. However, in the absence of the two
acceptors DMQ andI%Fe(SN)ﬁjhe oxXygen evolution rate was 85.4
umoles O2 (mg chla) h indicating that additiqn of
bicarbonate stimulates the electron flow of photosystem II and
_increases the rate of CO2 fixation. Thus, the net stimudation
in the electron flow rate by bicarbonate addition was 4.3
fold. DBMIB, an inhibitor which blocks the electron transport
between photosystem II and phtosystem I, was added to the
reaction mixture to be sure that the above results are not
affected by CO, fixation. Addition of 20 mlt HCOa— to the
formate — treated cells in the presence of 0.5 uM DBMIB and
absence of the acceptors produced no oxygen evolution while in
the presence of both the acceptors and the inhibitor a rate of
159 pmoles O1 {mg c:hlf:-L)_1 h—l was recorded. Thus, addition of
bicarbonate enhances the electron transport rate by 4.2 fold
showing that HCO{ stimulates the electron transport of
photosystem II and this role is independent of its role in CO

1
fixation.
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In summary, the data show a remarkable bicarbonate
effect in the photoautotropic soybean cells; bicarbonate
depletion or formate treatment slows down the Q{ decay of
chlorophyll a fluorescence (Fig. 1). This change can be used
as an evidence for the existence of bicarbonate effect in
soybean cells as it - was used earlier to show the same
phencomenon in higher plant thylakoid membranes. Oxygen
evolution measurements show «clearly that bicarbonate
accelerates the rate of electron flow of photosystem I which
is a different role of that in CO2 fixation as it is seen in
presence of the inhibitor (DBMIB) that blocks the electron
flow between the twe photosystems II and 1. These results,
taken together with the fluorescence measurements act to
establish the stimulatory role of bicarbonate on the electron
flow from Q; and annd to the intersystem quinone pool in the

photosynthetic soybean cells.
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TARLE 1. Effect of anion treatment on the half-times (tlﬂ) and
amplitudes (A) of the fast (£) and the intermediate (1)
components of chlorophyll a fluorescence decay (after three
actinic flashes) of soybean cells. Formate treatment was 3
tu1 and A

were calculated from Q{ decay curves of control, formate -

hours and the reaction medium was KN' at pH 6.5.

treated and restored cells. The standard error was calculated

from 4 measurements for each treatment.

Parameters Treatment

Control Formate-treated Restored

tm(f) (us) 302 £ 5 550 = 1 260 + 4
tm(i) (ms) 40 + 1 65 + 1 36 % 1
A (£) (%) 68 + 1 15 + 2 65 £ 1
A (1) (%) 32+ 1 85 + 2 35 + 2

TABLE 2. Effect of anion treatment on the oxygen evolution
rate in soybean cells. KN’ medium was used as the reaction
medium at pH 6.5. Formate (25 ml) treatment was 3 hours. One
mM DMQ and iml KBFe(CN)6 were used as electron acceptors and
0.5 uM DBMIB was used as an inhibitor. Cell suspension
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containing 20 pg chl a/ml were used. The standard error was

calculated from 4 measurements for each treatment.

Treatment Rate of Net Ratio
axygen stimulation - -
— +HCO, fHCO
evolution by HCO, 3 3
pmolesd, (mg { B~C} (B=C) /A
chyy~t pt
Ay- _Hc03“ +DMQ+k.aE'e(CN)6 40.2 + 4
By. + HCO; +QMD+K,Fe(CN), | . 257.5 17 172.1 4.3
Cye + HCOB_, no acceptors 85.4 * 14
A2' Al + DBMIB 38 = 2
BZ' Bl + DBMIB 159 * 15
C,. C; + DBMIB 00.0 £ 1 159 iz

FIGURE/ LEGENDS

Figure 1. Decay of chlorophyll a fluorescence yield
after three actinic flashes in control (A), formate-treated
([) and cbicarbonate restored (0) soybean cells at pH 6.5. F,
is the chlorophyll a fluorescence yield from the measuring

falsh with all Q{ oxidized and F is the yield at the indicated
time after the actinic flash.
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