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ABSTRACT

The phutosynthetic potential of leaves and chloroembryos of
Cyamopsis tetragonoloba (1..) Taub as measured by *C-bicarbon-
ate tixation, Hill activity, and in vive fluorescence transients is
compared. On a chlorophyli basis, dark fixation of NaH"'CO, in
chioroembryos was 1.5 times higher than that of the leaf, whereas
carbon fixation under illumination was threefald higher in the leaf
than in the embryas. Rates of Q, evolution were four times more
in embryo than in leaf chloroplasts. Shading of developing fruits
on the day of anthesis for 10 days induced a 65% reduction in
dry matter accumulation in the etiolated embryos, as compared
to the normal green embryos of the same fruit half covered by a
transparent Polythene sheet. The reduction in dry weight, size of
the embryos, and levels of assimilates after shading the devel-
oping fruits may be ascribed to partial autotrophy of the
chloroemuryos.

Chlorophvil-bearing embryos (chloroembryos) occur in
some Angiosperms (27). They may be phvsiologically active
during development. although they reside deep inside the fruit
wall and sced coat, and somcetimes are surrounded by the
endosperm (12, 20). Light is necessary for continued synthesis
of Chl pigments by the embryos (11, The photosvathetic
potential as well the /1 vivo function of these embryos is not
known. This paper exanines the possible roles of chloroem-
bryos during in vivo sced development of Cramopsis tetra-
goncloba and measures their photosvathetic capabilities,

MATERIALS AND METHODS

Pods of Cyamopsis tetragonoloba (1..) 'l'uub-cx' Nowbagar
were obtained from plants that were raised in the university
botanic yarden in red loam soil with 50 to 60% relative
humidity and 27 to 32°C temperature and were irrigated once
w2 d. Other details of growth conditions were described
previously (7). The flowers were tagged on the day of anthesis,
Lhe wrovang embryvos were grouped into four stages based on
the DAA vz stage B embryvos of & to 10 DAA: stage 110 15
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1o 18 DAA: stage 111 26 to 28 DAA: and stage iy
DAA. These embrvos stages constituted an average of
30, and 417 of the fresh weight of the seeds. respoct:
Embrvos were solated from the developiog ruts man
using scalpel and foreeps..

Shading Treatments

Developing fruits at different growth stages ~ove o
with dark Polythene sheet made as a small compact t
sleeve half of the intact fruit and the other half was ¢o
with a cotorless transparent Polvthene sheet. Afier 16
these fruits were sampled for isolation of etiolatd emt
from the shaded and green embryvos from the unst
regions of the same {ruit,

Hill Activity

Active chloroplasts were prepared according to Mlic
Joy (16) in sorbitol medium so as to contain 20 to 30 4w
per ml, The rate of O, evolution in 1solated chloroplas:
monitored polarographically at 20°C using a Hansateo!
clectrode. Saturating actinic light at an irradiance of 80
m < was provided by a 200 W tungsten lamp from u prow
The reaction mixture contained 330 mum sorbitol, 3
Tricine KOH (pH 7.9), 2 mM EDTA. 5 my NH.CiL @
mm MgCl,, chloroplasts equivalent to 20 to 30 g Chipu
and 50 uM dichlorophenol indophenol, Chl content war
termined by the method of Arnon (1) using 8G°¢ i
acetone,

Dry Weight Determination

Green and ctiolated fruit wall and embryos of rospe
growth stages were isolated ifrom green and cthiolated s
The preweighed fresh samples were dricd in an oven gt
1°C until a constant dry weight was obtained. The valie
cxpressed as g dry matter per gram fresh weight

Determination of Assimilates

Green and ctiolated embrvos weie ground lh()."(lmg;hl}
prechifled pestde and mortar with a known volume o
micthanol, and the extract was centrifuged at 3000 rpm &
min at 5°C. The supernatant was saved. the pellet wan 5
tracted. and the supernatants were pooled. The pigmant-
supernatant {removed by petroleum ethery was used £
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“nuning total soluble sugars by the method of Dubois ¢f af.

using glucose u5 standard and free amino acids by the
“thud of Troll and Canan (26) with glycine as standard.
< resultimg peliet after methanol extractio:; was used for
wiraining rotal soluble starch after digestion with 529
10O, by the miethod of McCready er al. (15) using glucose
dandand. Total soluble proteins were determined by the
ihod of Lowry of of. (14) and that of lipids by the method
Barnes and Blackstock (3) using cholesterol as standard,
- the values were multiplied with a lipid factor of 0.8,

‘ivo Fluorescence Transients

v Chl uoreseence induction was followed in intact
-0 embryos of stage 111 and leaves from the 8th node of
olopras, after excitation with a broad band blue light (400
i, Corning 5113) at an irradiance of 700 #E/m*/S. Leaf
sribryo sumples were mounted individually between two
liss frames and placed diagonally in a 4 mL standard
CLuNene so as to receive the actinie light at 45°C. The
srton hight provided by a 150 W halogen bulb was focused
w the cuvette by a pair of lenses, The photomultiplier
matza, R 375) placed at 90° 1o the excitation beam was
svited by i interference filter (max 690 nm, half bandwith
. Schott). The signal from the photomultiplier was
‘thy displayed on a storage oscilloscope.

1"*C0, Fixation

ar dises of 1 em diameter were excised and washed in
dedwater, The materials were then incubated in | mL of
A NaHCOx solution (LCC 162, "*C-sodium bicarbonate,
- Bombay) of. 5.0 pCi/mL activity and exposed to an
e of 1o W/m? through a 6 em water filter for 15
! the corresponding controls were kept in dark. After
ol acubation, 0.05 ml of | N HCl was added to
-vexcess [“CJNaHCO; from solution and washed
«buwith cold NaHCQ, (5 mM) followed by distilled water.
arly. the excised green embryos were 4lso subjected to
ame kind of experiment in 10 mL capacity beakers. To
ihe level, the beakers were filled with mercury up to just

- e beak. The beakers could then be covered with the

Do seed coat. and fruit wall to simulate a condition
arable 1o the position of embryvos inside the fruit (24),
ne rest of the procedure was similar to that described for
sl Atter termination of carbon fixation. the tissues
wsiied thoroughly and homogenized in ethanol (80%)
setrtuged ar 3000g for S min. The supernatant was
«wdand made 10 a final volume of 10 ml with ethanol.
-l of this supernatant, 9.8 ml Brays scintillation
»lwere added and HC incorporation by respective sam-
counted - a liquid seintilation counter (ECL,
it S eflicieney, The rate of O absorption s
w3 as gmol/mg Chl . h.

RESULTS AND DISCUSSION

~hading and Dry Matter Accumulation

fing the development fruits of Cyamopsis with dark
cie sheet tor 10 d resulted in etiolation of not only the

fruit wall but also the em bryos, and the embryos were poorly
developed with thin cotyledons, as compared 16 the normal
green embryos in fruits covered by clear Polythene sheet, A
shown in Table I, shading the young fruits of Cyumaopsiv just
aday after anthesis for 10 d caused about a 65% reduction in
dry matter of the ctiolated embryos compared 10 contrl
However, the etiolated part of fruit wall showed ondy 127,
weight reduction. Similarly. in stage 11 fruits, reduction as 4
result of shading was 40% and 9 in the embrvos and fruit
wall, respectively, and reduction i the dry mutier of ihe
embrvos of stages HI and 1V fruits was 16% and 75, respe.-
tively, without causing significant reduction in the dry matter
of the fruit wall. In comparison, Hole and Scoit (9) observed
that shading of pea fruits reduced the yield per fruit bv 244
over the unshaded control,

In Cyamopsis embryos, the high percentage of reduction iy
dry matter upon shading may be due 10 3 breakdown of
chloroplast pigments in the embryos which otherwise might
have contributed through their own photosynthesis 10 dry
matter production. The yield component most affected by
shading was average weight of the embryo per (ruit, and
neither the number of seeds nor fruit size was aflected, unlike
the previous report of Hole and Scott (9) that shading reduced
the number of seeds per fruit without affecting sced weight.
Prevention of radiant encrgy reaching the embryo in the hlack
Polythene shaded part of the fruit probably resuited in limited
synthesis of assimilates in the embryo, whereas the other half
covered by clear Polythene sheet synthesized their own assim-
ilates. Although Khanna and Sinha (12) and Sinha and Sane
(24) reported the relative importance of fruit wall toward the
supply of assimilates to the developing seeds in pea and beans,

Table I. Effect of Shading on Dry Matter Accumulation in Embryos
and Fruit Wall of Cyamopsis at Different Stages of Growt#,

Etiolation of fruit wall and embryos occurred in the region of fruit
shaded with dark polythene sheet, whereas fruit wall and embryos
of the region covered with clear polythene sheet remained green.
Values are mean of three different experiments. The data in paren-
theses indicate the range of vaiues.

Stage of Gr Controf Shaded Inhibition A
mglg fresh wt o
f Embryo 82 29 54 6
(78-86) {27 -31)
Fruit wali 152 133 122
(148-155) {130-136)
H Embryo 125 75 404
(118-132) (71-78)
Fruit wall 209 219 a8
(197--220) (171--266)
1 Embryo 254 218 4.8
{251-258) (203--229)
Fruit wail 214 220 {+)3.0
(205-222) (208-232)
v Embryo 349 323 74
{338-360) {321-334)
Fruit wall 219 220 {(+¥5 5
(214-224) (212-228)
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in Cramapyis the reduction in dry matter of fruit walls upon
shading was very meager (Table ). which suggests little im-
portance of the fruit wall in supplving assimulates to devel-
oping chloroembryos,

Fruit Shading and lLeveis of Assimilates

Since stage H embryos were found to contain the maximum
amount of pigments {data not shown), stage 11 fruits were half
shaded for a period of 10 d, and when the fruits reached stage
1 (under shading). the effect of loss of Chl from the stage 11
Lo stage 1T on the accumulation of assinulates in the embryo
was studied (Table H). A moderate to significant reduction
was observed in all the biochemical constituents investigated,
in the etiolated embryos compared to control except for free
amino acids. The increased level of free amino acids in the
ctiokated embryo may be ascribed to its restricted capacity to
incorporate all the free amino acids into proteins. Significant
reduction in the levels of basic biochemical constituents such
as total soluble sugars, total soluble proteins, total soluble
starch and total lipids, as well as drv matter production in the
peak pod filling stage (stage 11T) upon shading is indicative of
the fact that the majority of these constituents are possibly
synthesized in the embryos autotrophically and stored in the
embryo. and therefore, any interference in the embryo pho-
tosynthesis may result in reduction of dry matter accumula-
ton in the sced as well.

Photosynthesis of Chloroembryos

T'he photosynthetic potential of the chloroembryos was
investigated. Hill activity was highest (133 umol O,/mg Chi.
h) in the isolated chioroplasts of the stage 11 embryos, whereas
1n subsequent stages the rate of O, evolution declined (Tabic
HDL The rate of Os evolution of Ieaf chloroplasts was only 26
amol Ox/mg Chl-h. which is about five times lower compared
to the stage I embryo chloroplasts. The observed high Hill
activity of embryonal chloroplasts as compared to the leaf is
in complete agreement with the cardier report{2) that cotyle-
donary embryonal chloroplasts of I athyrus laiifolius, Pistm
sativin, and Vicia fuba showed 3309, 1449, and 280%
higher activity, respectively, than chloroplasts of the corre-
sponding leaves.

Therransients of Chl a fluorescence in the leaf and cmbryvos

Table W. Effect of Shading Developing Fruits of Cyamopsis on
Levels of Assimilates in Stage Il Embryos

Stage || embryos were grown to stage Il under shading and the
biochemical constituents of the embryos were determined. Values
are mean of three different experiments. The data in parentheses
ndicate the range of values,

Total Total Total

Nature ot Total Free Total
Embrye 23’::{"’ S;’::’C':' Amino Acids fgt‘ﬁg - Lipids
rng/g Iresh wt .
Green 43 45 6.00 112 12.5
(41-44) (42-48) 5-7) (107-117)  (12-13)
Etiolated 31 35 9.00 76 7.1
(30-32) (31-39) {8-10) (71-80) (7-7.26)

iant Physiol. Vo

Tabie W Hill Activity in Chloroembryos of Cyamopsis at
Stages of Growth

Chloroplasts were isolated and O, Evoiution was meas. .
ographically using dichlorophenol indophienol. Values ar.
three different experiments and the range of values s «
paremhe%e:

Stage of
- Evolution
Embryo Growth 0. Evolutiy

pmol Oyjmg Cht A

] 106
(99-112y
] 133
{(118-147)
i i24
(112-136)
v 86
(80-93)
Leaf 16
(22--29)

INTENSITY (Relative Units)

w
g 200 m Sec
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Figure 1. In vivo fluorescence transient measurermen:s -
and teat of Cyamopsis (O, level of stationary fluorescen.
rise; D, dip: P, peak; S, steady state fluorescence.

of Cyaniopsis differed markedly in O-1 and 11> phe
1). The I-D phase was almost eliminated in the
indicating that electron transport between the twi
tems was either blocked or partially reduced (21, 27
bimonophasic (1-D elimination) changes in fivores.
duction were shown to occur when the election 1
between the two photosystems is either blocked o1
reduced (22). The prominent 1-D transient in lect s
related to the rapid oaidation of the guencher,
secondary acceptor pool A which is reoxidized by phot:
[(21. 22). The half rise time (4.} to reach the steady st
was 220 ms in leaf and 100 ms in embryo indicating .
larger plastoquinone pools in leaf chloroplasts than
bryo chloroplasts. These observations are analogous !
reported for sun and shade leaves (4, 5), upper and 1o
sides (13). and palisade and spongy chloroplasis of 11
leaf (23 and are consistent with the view that fease
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Table V. "*C Bicarbonate Fixation in Embryos (Stage ) and Leaf

ot

e

Ci

Campsis

Data are the mean of three different experiments + SE

Tissue “(-Bicarbonate Fixation
wmolimg Chi-h
Embryo (light) 510+ 119
Embryo 76 + 2.2
(dark)
Leaf (light) 568 + 106
Leaf (dark) 18 +07

the embryvas are adjusted to direct or filtered light as the
se may be.

“C-Fixation Studies

hr

v,

The results of "*C-bicarbonate fixation in the chloroem-
vos of the stage HI fruits and leafl are compared in Table
HC fization by green embryos in hight was quite compa-

rable to leaf fixation. However, dark *C fixation was about

I3\

ofold higher in the embrvos as compared to the leafl A

critical review of the data in Table [V indicates that there 1s a
significant light independent fixation of “CO; in the embryo.
The increased dark fixation by embryos agrees with the results
sitained by Sinha and Sane (24) that, in the developing seeds

of

pea. 737 HCO, fixation oceurred in dark. The embryo

nnght fix carbon through PEPCase besides the major fixation

b

ribulose bisphasphate carboxylase, This is turther sup-

ported by the eartier work on Cyamopsis (19) and partly by
the finding that the fruit wall of chick pea possessed consid-

crable PEPCase activity indicating its role in refixation of

respired CO, liberated from the fruiting structures right from
e developing stage up to matunty (23).

it is well established in literature (5, 8, 25) that Jow light

iensity (6-0 W/m) is quite sufficient to promote photosyn-
thetic activity. Similarly, in chloroembryos of Cvamaopsis,

rh

P

stosynthesis might take place i1 vivo because ul the possi-
iy of sufficient sunlight (23-30%) reaching the embryos

(11 and the presence of photochemical reaction centers as
measured by Hilt activity. in vivo Chl .1 fluorescence. as well

as

carbon fixation enzymes (19, 23. 24) coupled with the

ability for "C-bicarbonate fixation and decrease in dry weight

K
[

fruits and their organs as evidenced by shading experiments,

fheretore, it may be surmised from the present study that the
chloroembrvas mav be invohed in refisation of CO»> lost

Jdu
kn
im

ring respiration possibly through PEPCase as well, as it 13
own that respired COs is recaptured for fisation by the
pervious fruit wall (23).

Ihe chlorocmbryos can be considered to be partially auto-

wophic through in vivo photosynthesis enabling a self-sus-

wined growth of the embryo. Growth and development of

the green embrvos of Cramopsis and accumulation nutnients

in

them are possibly from two Gifferent sources—photosyn-

thate contribution by foliage (import) as well as by chloroem-
bryos themselves (synthesis).
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