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Summary

Chlorophyll synthesis in detached lupin cotyledons under low light intensity
was stimulated by kinetin at 20 mg/l and inhibited by chloramphenicol
at 50 mg/l. Kinetin not only conteracted the inhibitory effect of chloramphe-
nicol, but stimulated the chlorophyll syntesis to a greater level than in the
control material.

Kinetin accelerated the starch degradation and the development of
chloroplast; its prolonged, action, however, produced some abnormalities,
such as an excessive growth of plastids resulting in some cases in bursting
of their envelopes, the formation and release from plastids of numerous
membrane - bound bodies and the accumulation in released and swollen
thylakoids of electron - dense substance.

In the presence of chloramphenicol, some disturbances in structure of the
stroma thylakoids and the appearance of vesicular structures in the stroma
and the enlargement of grana and swelling of their thylakoids were obser-
ved. Kinetin prevented some of these abnormalities.

INTRODUCTION

The synthesis of - chlorophyll and the development of - individual
cellular organelles during the germination of seeds were the subject
of many studies (Horner and Arnott, 1966; Opik, 1966 and 1968;
Engelbrecht and Weier, 1967 Lovell and Moore, 1970;
Moore ‘et al, 1972, -and others). Detached ¢otyledons represent an
especially convenient material for studying these process and the
effects exerted on them by different experimental conditions and by
stimulators ‘and inhibitors of 'chlorophyll synthesis (Knypl, 1970;
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Knypl and Mazurczyk, 1972; Fletcher and McCullagh,
1971).

It is known that cytokinins not only inhibit the decrease in chloro-
phyll level and the decay of plastids in ageing tissues (Shaw and
Manocha 1965; Sveshnikova et al,, 1966; Dennis et al, 1967;
Mtodzianowski and Ponitka, 1973; Mtodzianowski and
Kwintkiewicz 1973), but also stimulate chlorophyll synthesis in
cotyledons (Fletcher and McCullagh, 1971; Khokhlova et
al.,, 1971) or even determine the chloroplast development from
proplastids and the chlorophyll synthesis, as e. g. in tobacco tissue
cultures (Stetler and Laetsch, 1965; Kaul and Sabharval,
1971).

Chloramphenicol blocks the light - induced synthesis of chlorophyll
and simultaneously produces structural changes in differentiating
plastids in algae (Drawert and Mix, 1961), mosses (Mlodzia-
nowskiand Szweykowska, 1971) ferns (Bergfeld, 1968), and
flowering plants such as wheat (Sarkissian and Huffaker, 1962),
tomato (Do bel, 1963), bean (Margulies, 1966; Wrischer, 1967)
and pea (Srivastava et al, 1971).

One of the effect of kinetin on chloroplast structure is an increase
in the chloroplast volume and the enlargement of grana (Dennis
et al., 1967; Khokhlova et al, 1971; Farinneau and Rous-
saux, 1970). The formation of massive grana has been also observed
under the influence of chloramphenicol (Débel, 1963; Margulies,
1966). Kinetin applied together with chloramphenicol acted synergisti-
cally in the formation of abnormally developed grana in the protonema
of Funaric hygrometrica (Mlodzianowski and Szweykow-
ska, 1971).

The aim of the present investigation was to study the chlorophyll
level and chloroplast development in detached lupin cotyledons and the
effect of kinetin and chloramphenicol on these processes.

MATERIAL AND METHODS

Incubation of the cotyledons. Lupin seeds (Lupinus
luteus L. cv. ’Express’) were swollen for 24 h in water and then germi-
nated for 24 h in darkness. Subsequently the cotyledons were excised
and placed with their inner surface (the palissade mesophyll side) into
Petri dishes with filter paper. The Petri dishes contained each 10 ml
of the following incubation media: distilled water (control), kinetin
at 20 mg/l, chloramphenicol at 50 mg/l, and Kinetin + chloramphenicol
at 20 mg/l and 50 mg/l, respectively. The dishes with the cotyledons
were exposed to white fluorescent light of 14 lux. In a preliminary
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experiment it was shown that under light of such a low intensity the
stimulating effect of kinetin on chlorophyll synthesis is most distinct.
The incubation solutions were changed overy other day. For chlorophyll
analyses and electron microscopic studies the material was taken
after 2, 3, 6, 9 and 12 days of incubation.

Chlorophyll determination. Chlorophyll was extracted
with ethyl alcohol from 5 cotyledons for each experiment. The extracts
were made up to an equal volume and their light absorption was
determined at the wavelength of 665 mm. Each experiment was repeated
3 times.

Electron microscopy. The cotyledons were cut into 1 mm?
pieces consisting of epidermis, palissade mesophyll and several layers
of spongy mesophyll, fixed in 5% glutaraldehyde in 0,1 M phosphate
buffers, pH 7, for 2 h at room temperature and overnight at 490,
After the fixation the material was washed 3 times with 0,1 M phos-
phate buffers, pH 7, postfixed in 29/ OsO, in the same buffer for 2 h at
room temperature, washed with buffer as before, dehydrated in alcohol-
propylene oxide and embedded in Epone 812. Sections were cut with
a Tesla ultramicrotome, contrasted with uranyl acetate and lead citrate
according to Reynolds (1963) and examined in a JEM 7A electron
microscope.

RESULTS
1. Chlorophyll synthesis and fresh weight increase

Kinetin at 20 mg/l considerably stimulated chlorophyll synthesis and
growth of the cotyledons (Fig. 1 and Table 1).
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‘Fig. 1. The effect of kinetin and chloramphenicol on the chlorophyll content
in the detached cotyledons of lupin.

1 — water (control); 2 — kinetin (20 mg/l); 3 — chloramphenicol (50 mg/l); 4 — kinetin +
+ chloramphenicol at 20 mg/l and 50 mg/l respectively
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Table 1
" Changes in the fresh weight of the lupin detached cotyledons after exposing
them to light
Growth, mg_fcotiz'ledon
Days . SO
| ..., Water . | KIN CAP KIN +CAP
2 93 | 96 i % | 91
3 ! 109 | 111 99 ' 95
6 134 [ 173 140 165
9 174 203 165 191
12 198 246 216 229

KIN — kinetin at 20 mg/l; CAP — chloramphenicol at 50 mg/l;
KIN “+ CAP —kinetin and chloramphenicol at 20 mg/l and 50 mg/l, respectively

Preliminary experiments showed that chloramphenicol inhibited
chlorophyll synthesis in cotyledons, without showing any toxic effects,
at concentrations up to 100 mg/l. At higher concentrations (beginning
with 500 mg/l) there was no increase in weight and no greening, and
necrotic spots were observed. When a concentration of 50 mg/l was
applied, there was an inhibition of the chlorophyll synthesis without
a noticeable inhibition of growth of the cotyledons.

Kinetin overcame the inhibitory effect of chloramphenicol on the
chlorophyll synthesis (Fig. 1).

2. Plastid development in control material

In the cotyledons of dry seeds plastids are in the proplastid stage.
They are enclosed by a double membrane often forming a characteristic
creased line on the cross section. Nucleoid - like regions containing
the DNA fibrils, aggregations of phytoferritin and numerous osmophil-
lic bodies — plastoglobuli occur in the matrix. It is impossible to iden-
tify that certain granulations in the matrix correspond to ribosomes. No
traces of the inner membrane system or starch were observed (Fig. 2).
On cross sections of platids from cotyledons of swollen (24 h) and germi-
nated in darkness (24 h) seeds, distinct starch grains were present (Fig. 3).
They were formed most likely as a result of transformation of some
other materials, such as hemicelluloses, lipids or proteins. The starch
grains still enlarged during 2 days after the exposition of the cotyledons
to light (Fig. 4). Prolamellar bodies and the thylakoid system in which
they developed became visible only after a partial disappearing of starch,
which was observed on the 6th day of light exposition (Fig. 5). From
that moment, two types of plastids could be distinguished in the coty-
ledons. The first type, which on the cross-section had most often
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a spindleshaped outline, was characterized by a dense matrix, while
the second one, with circular contours, by a transparent matrix and
less numerous thylakoids. These two types of plastids are further
termed as “A” and “B” according to De Vecchi (1971) who observed
similar plastid differentiation in oat leaves. Plastids of the “B” type
occurred sporadically in the control material and their development
lagged behind that of the “A” type of plastids (Figs. 6 and 7). Prolamel-
lar bodies were observed in both types of plastids even after 12-days
of experiment. h

3. Kinetin effect on chloroplast development.

Under the influence of kinetin an accelerated differentiation of
chloroplasts was observed. After 6 days of light exposure, grana and
thylakoids developed completely in the “A” type of plastids. No starch
grains were observed and the prolamellar bodies occurred only spora-
dically (Fig. 8). The number of the “B” type of plastids distinctly
increased. For some time, the thylakoid system inside these plastids
developed normally from large prolamellar bodies (Figs. 9 and 11). On
the boundary of the plastids their derivatives were often observed in
form of spherical bodies containing homogeneous matrix and surrounded
by one (Fig. 9) or two membranes (Figs. 10— 13). Similar chloroplast
protuberances in leaves of some Oenothera species were demonstrated
by comparative light and electron microscopic investigation (Schotz
et al., 1971). After 12 days of experiment the maximum growth of the
“B” type of plastids or even their overgrowth accompanied by
disruption on the plastidal envelope were observed. The margins of
thylakoids grew larger forming vesicular protrusions of considerable
size. It was interesting that their inside was electron dense, which
might indicate accumulation of protein substances. Some pictures seemed
to indicate that spherical bodies were separated from individual
thylakoids (Fig. 15).

4. Chloramphenicol effect on chloroplast development.

Prolamellar bodies appeared in the presence of chloramphenicol
(Fig. 18). The thylakoids looked swollen in cross - section (Figs. 17 — 19)
and the areas inside the thylakoids were electron - transparent. After
12 days of exposure to light, in the “A” type cf plastids the grana
were larger than in the control material, but the development of the
stroma thylakoids was markedly inhibited. The inner membrane of the
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plastidal envelope often formed small invaginations into the matrix
indicating separation of vesicles (Fig. 16). In some “A” type plastids
dense arranged concentric thylakoids on the periphery of matrix and
scattered grana in their centre were observed (Fig. 17). Among the
matrix granulations some might be recognized as ribosomes. In the
“B” type of plastids of the 12 day old material, the matrix was trans-
parent, the thylakoids occurred on the plastid periphery and were
swollen, and in addition some starch was found as a residue of trans-
formations taking place in the first stage of the plastid development
(Fig. 18). Kinetin prevented changes caused by chloramphenicol, which
was first of all manifested in a normal development of thylakoids but
the prolamellar bodies in both type of plastids were present (Fig. 19
and 20).

DISCUSSION

In experiments described in this paper, the chlorophyll synthesis
and chloroplast development from proplastids in detached cotyledons
of lupin incubated in water took place in conditions of low light
intensity. Under light of higher intensity the chlorophyll level would
certainly increase more rapidly and the chloroplast development would
be more complete. The use of a dim light allowed, however, to reveal
better the stimulating effect of kinetin on the chlorophyll synthesis.
It is in good agreement with the opinion, that there appears to be close
involvement of cytokinins in light-sensitive processes; in some cases
cytokinins appear to exert an action similar to that of phytochrome-
-dependet reactions such as chlorophyll synthesis and formation and
maintenance of chloroplasts (see review by Hall, 1973). Results
similar to those of the present paper showing the stimulating
action of kinetin on chlorophyll synthesis were also obtained by
Stetler and L aetsch (1965) in tobacco tissue cultures, by Baner ji
and Laloraya (1967) and by Mikulovich et al, (1971) in pumpkin
cotyledons and by Fletcher and McCullagh (1971) in coty-
ledons of cucumber. The report of Narain and Laloraya (1970)
on the inhibiting influence of kinetin on the chlorophyll synthesis in
cucumber cotyledons seems to be isolated and contradictory to the
studies of Fletcher and MeCullagh (1971), who propose the use
of cucumber cotyledons (in conditions of the proper plant age, light
and temperature) as a sensitive and specific material for a cytokinin
test.

It seems very likely, that in lupin cotyledons greening under low
light intensity kinetin stimulated chlorophyll synthesis and chloroplast
differentiation as well as prevented the reacumulation of protochloro-
phyllide and the reformation of prolamellar bodies. Such reformation
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was observed by Henningsen and Boynton (1970) in etioplasts
of barley and by Ikeda (1971) in cucumber seeds greening in low
light. Indeed, since in the “A” type of kinetin treated lupin chloroplasts
prolamellar bodies were observed only sporadicaly, in the control ma-
terial these bodies were always present. But we are not sure, if in our
long lasting culture and under low light intensity, the presence of pro-
lamellar bodies is a result of incomplete differentation of thylakoids
from these bodies or an effect of their reformation.

Kinetin accelerates the starch degradation in lupin cotyledons and
which is in agreement with some evidence suggested that cytokinins
affect carbohydrate metabolism in plants (Boothby and Wright,
1952; Sugiura etal, 1962; Berridge and Ralph, 1971).

The stimulation by cytokinins of the differentation of plastids was
found in tobacco callus tissue Stetler and Laetsch, 1965) and in
the cotyledons of pea (Farinneau and Roussaux, 1970) and
pumpkin (Khokhlova et al, 1971). In the present study, too, the
thylakoids developed more rapidly in the kinetin - treated material than
in the control. However, an excessive growth of grana as e. g. observed
under the influence of kinetin in the protonema of Funaria (M1o-
dzianowski and Szweykowska, 1971) or in the pea cotyledons
(Farinneau and Roussaux, 1970) was not observed. In lupin
cotyledons kinetin caused an increase in plastid dimensions, similarly
as in young leaves of brussels sprouts (Dennis et al., 1967) or parsley
Mtiodzianowskiand Ponitka, 1973). These tendencies to a strong
growth of plastids in lupin, as well as the formation of derivative
spherical bodies, the swelling of thylakoidal margins in the last stage
of the plastid existance and the accumulation of some substances in
the distensions formed indicate a stimulation by kinetin of the synthesis
of material building these structures. From the electron micrographs
presented in this study it follows that in the presence of kinetin even
after the disruption of the envelope and the release of thylakoids,
active syntheses probably continued in their insides.

Although in the darknes chloramphenicol inhibits the disintegration
of chlorophyll (Knypl, 1970, Knypl and Mazurczyk, 1972), in
light it inhibits its synthesis in many plants such as broad bean and
barley (Osipova etal, 1967, Nikolayeva et al, 1970), kidney
bean (Margulies, 1966) tomato (Dd&bel, 1963) and pumpkin
(Banerji and Laloraya, 1967). The inhibiting action of chloram-
phenicol on the chlorophyll synthesis has been also shown in this study.
The effect of chloramphenicol on the differentiation of plastids in lupin
cotyledons results in an incomplete development of the stroma thy-
lakoids, in the irregular arrangement of enlarged grana and the
appearance of vesicular structures.
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These ultrestructural changes were similar to those observed by
Dobel (1963), Margulies (1966), Nikolayeva et. al, (1970),
Srivastava et al, (1971) an it is possible that they result from
an inhibition of the synthesis of a protein precursor which is normally
incorporated into the lamellae (Margulies, 1966; Ellis and
Forester, 1972). If so, this protein must be synthetized on the plastid
ribosomes, as chloramphenicol is & well known inhibitor of this synthesis
(Eisenstadt and Brawermann, 1964; Spencer and Wild-
man, 1964; Margulies, 1970). This kind of protein must be respon-
sible among other more for the arrangement of grana into the plastid
matrix than for the synthesis of some protein particles (Goodenough
and Staechelin, 1971) involved in the stacking process of grana
thylakoids. However, Wellburn and Wellburn (1973) investigated
the developmental changes in isolated etioplasts with the use of some
antibiotics, and observed that chloramphenicol prevented the bi— and
poli—thylakoid state of lamellae formation. Similar effect in chloram-
phenicol treated chloroplast of Euglena was observed by Bishop
and al. (1973). These results are in opposition to our observations and
support the suggestion that chloramphenicol inhibits the synthesis of
proteins responsible for the fusion of individual lamellae in the
chloroplast. Yet it may be, that the arrangement of thyvlakoids in chlor-
amphenicol stimulated giant grana undergoes in different pattern than
the stacking process of thylokaids in normally chloroplast differentia-
tion but this should be confirmed first by other technics.

The synergistic action of kinetin and chloramphenicol on the forma-
tion of giant grana as found in the protonema of Funaria hygrometrica
(Mlodzianowski and Szweykowska, 1971) has not been
observed in lupin cotyledons. On the contrary, kinetin prevented some
destructive changes induced by chloramphenicol in the thylakoidal
arrangement.

In lupin cotyledons kinetin not only overcame the inhibitory effect of
chloramphenicol on the chlorophyll synthesis but caused the chlorophyll
level to increase much above that of the control material.

Banerji and Laloraya (1967 investigated in detail the
influence of kinetin and chloramphenicol on chlorophyll synthesis in
pumpkin cotyledons. These authors concluded that kinetin markedly
promotes the synthesis of protochlorophyll and chloramphenicol
strongly inhibits the development of both chlorophyll, a and b. Kinetin
can overcome chloramphenicol inhibition of chlorophyll b synthesis to
a greater extent than of chlorophyll a synthesis. During the induction
of greening in tobacco tissue cultures by kinetin, the production of
chlorophyll b was favoured over that of chlorophyll a (Kaul and
Sabharval, 1971). These results indicated that synthesis of chloro-
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phyll a and chlorophyll b occurs by different pathways and kinetin
promotes synthesis of chlorophyll b more that of chlorophyll a.

Some experiments are in progress to investigate in more details this
problem in the lupin cotyledons with the use of inhibitors complemen-
tary to chloramphenicol.

We wish to thank Prof. A. Szweykowska for the facilities and critical
reading of this report.
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Wplyw kinetyny i chloramfenikolu na synteze chlorofilu i rozwdj
chloroplastow w odcietych liscieniach lubinu w warunkach slabego os$wietlenia

Streszczenie

Przy stabym o$wietleniu kinetyna w stezeniu 20 mg/l stymulowala, a chloram-
fenikol w stezeniu 50 mg/l hamowal synteze chlorofilu w izolowanych liScieniach
hubinu. Kinetyna nie tylko znosila hamujacy efekt chloramfenikolu, lecz stymu-
lowala w jego obecnoSci synteze chlorofilu do poziomu wyZszego niz w materiale
kontrolnym.
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Kinetyna przyspieszala degradacje skrobi i rozwéj chloroplastow, jednak jej
diuzsze dzialanie powodowalo szereg anormalnosci, jak pekamie otoczek u pewnych
form, tworzenie licznych oblonionych, kulistych ciatek na ich obwodzie oraz aku-
mulowanie w uwolnionych tylakoidach elektronowo-gestej substancji.

W obecno$ci chloramfenikolu obserwowano pewne zaklécenia w budowie
tylakoidow stromy, wystepowanie struktur pecherzykowatych w stromie eoraz
powiekszanie gran i pecznienie ich tylakoidow. Kinetyna zapobiegala pewnym
anormalnoéciom.
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Fig. 2. Proplastid of a cotyledon from dry seed.

F — phytoferritin, Pl — plastoglobuli, Nucleoid — like area (arrow) with visible DNA
fibrils. X 36 000.

Fig. 3. Proplastid with starch (S) of a cotyledon from a swollen seed. X 24 000.

Fig. 4. Cell fragment of the cotyledon exposed to light for 2 days.
N — nucleus, CW — cell wall, § — starch. X 3000,
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Fig. 6. Fully developed grana thylakoids (G) and stroma thylakoids (arrow)
within the A" type plastids of the control material after 12 days exposing the
cotyledons to light. PB — prolamellar body. > 17 000.

Fig. 7. “B” type of plastid of the control material after 12 days of exposing the
cotyledons to light. Grana — G, stroma tylakoids (arrow), prolamellar body (PB),
starch (S), > 16 000.



Fig. 8. Chloroplast of the “A™ type with a normally developed system of grana
and stroma thylakoids in the kinetin treated material after 6 days of its exposure
to light. < 13 000.

Fig. 9. Chloroplasts of a "B"” type with a large prolamellar body (PB) in kinetin-
-treated material after 6 days of exposure to light. Spherical bodies (Bd) present
at the boundary, * 26 000.



Fig. 10—13. Various forms of spherical bodies developing from swollen plastids
("B” type) in kinetin treated material after 6 days of exposure to light.
Each of the presented stages may theoretically give rise to a single — membrane body
by a disruption of the outer membrane of the envelope as well as to a double- membrane
body by a closing of the outer membrane. Fig. 13 — a double — membraned form.
Figs. 10 and 11 — X 34000, Fig. 12 — X 29000, Fig. 13 — X 27 000.



Fig. 14. Disintegration of a "B” type of plastid and a strong distension of
thylakoids in the material treated with the kinetin and exposed to light for
12 days. < 27 000.

Fig. 15. Individual thylakoids with vesicular margins and electron — dense, fine
granular content. > 17 000. 17 000.



Figs. 16—18. Chloroplasts of a cotyledon treated with chloramphenicol for 12 days.

Fig. 16 . Chloroplast of the "A" type. A noticeable lack of continuous stroma thylakoids;
the large grana and vesicles separating from the inner membrane (arrow) are visible.
> 23000, On Fig. 17. long and cencentric arranged thylakoids, scattered grana and vesicles
are visible. X 20000, Fig. 18. Chloroplast of the "B" type with swollen thylakoids (Th)
on the periphely; starch grains (S) and proiamellar body (PB) are visible. X 13 000.



Fig. 19. Chloroplast of the "B” type after 12 days of the cotyledon development
in the presence of kinetin and chloramphenicol. > 25 000.
Fig. 20. Chloroplast of the "A" type after 12 days of the cotyledon development
with the presence of kinetin and chloramphenicol. Well developed grana and
prolamellar bodies (reformation?) are wisible. > 16 000.
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