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a-Tocopherol Synthesis in Streptomycin-Treated Cells of Euglena gracilis
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INTRODUCTION

Tocopherols occur both in photo- and nonphotosynthetic tissues.
Among vitamin E active compounds, a-tocopherol (a-T) is chiefly present
in the green parts of plants. Other tocols and tocotrienols occur rather
in the chloroplast-free plant organs. Dilley and Crane (7) in their
investigations on subcellular distribution of a-T in the spinach and lilac
leaf tissues showed that chloroplast fraction of a homogenized plant
tissue contained almost the whole pool of a-T present in the cell, whereas
other fractions contained it only in trace quantities.

Goodwin and Mercer’s studies (12) of the incorporation of
l4C-labelled mevalonic acid lactone and 14CO,, during greening process
of some etiolated tissues, led them to assume that a-T was synthesized
in chloroplasts. However, o-T is known to appear or to increase its
participation in the total of tocols (2, 3, 11) in seeds during germination
prior to formation of chloroplast. On this basis a-T was supposed to be
formed partly by transmethylation of mono- and dimethyl derivates.
This hypothesis was recently confirmed by Threlfall and his
coworkers (26) who demonstrated the incorporation of CH, into the
chromanol ring. However, the synthesis of a-T is only possible until a-T
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precursors have been utilized. According to Hall and Laidman (14)
the formation of a-T during seed germination by methylation of dimethyl
tocopherols of the resting grain can only partly increase a-T.

The greatest amount of a-T is known to be found in the green plant
tissues. Hence, a-T synthesis is assumed to depend on light. The light-
-dependent nature of a-T synthesis is disputed by Gaunt and Stowe
(11) according to whom no changes have been found in the «-T level
during greening of etiolated pea leaves. Threlfall and Grif-
fiths (25) and Hall and Laidman (14) also found considerably
smaller variations in the amount of o-T, during greening of etiolated
maize and wheat seedlings, than those observed in the amount of
chloroplastidic isoprenoid compounds.

The purpose of the present paper is to check whether a-T synthesis
on the cell occurs simultaneously with chlorophyll synthesis due to
light-induced development of the chloroplast fine structure or whether
it is independent of the latter.

Studies were carried out of the cells of the Euglena gracilis, strain Z,
which is capable of living both under auto- and heterotrophic conditions.
Euglena gracilis was chosen because proplastides did not form chloro-
plasts under the influence of streptomycin which inhibits light-induced
chlorophyll accumulation (19, 20). Although higher plants react similarly
to streptomycin (8, 9, 10, 21), they are not able to live under hetero-
trophic cond:tions.

Recently, intracellular distribution and formation of terpenoid qui-
nones in Euglena gracilis (24) were studied. In these studies the problem
of a-tocopherylquinone and its parent chromanol was dealt with, but
no answer has been given whether the o-T synthesis was induced by
light irrespective of the development of the chloroplast fine structure.

The present paper deals with the synthesis in the light-grown cells
of Euglena gracilis in which the development of chloroplasts was in-
hibited by streptomycin. The dynamics of a-T and chlorophyll in the
etiolated and autotrophic cultures was observed for comparison purposes.

MATERIAL AND METHODS

Cells of Euglena gracilis, strain Z, from the Museum of Cultures of Autotrophic
Organisms, in Prague, were used. Experiments were carried out on Pringsheim
and Pringsheim medium (17) (in a thermostate) at 21 £ 1°C, The cells were grown
in 350 ml of medium in 1,000 m]l Erlenmayer flasks. The etiolated cells were grown
in darkness in flasks wrapped in aluminium foil. The light-grown cells were
illuminated by “day light” fluorescent tubes. In the experiments the following light
intensities were used: about 2,000 lux promoting chloroplast development and being
optimal for chlorophyll formation (22); and about 24,000 lux required for satura-
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tion of photosynthesis (23). Calculations of ft-c into lux were made according to
the formula given by Rabinowitch (18). Experimental cultures were obtained
by inoculating the medium with an active 4-day-old etiolated liquid culture. All
the cultures were shaken vigorously for 30 sec. twice a day.

To examine the effect of streptomycin on the synthesis of «-T and chlorophyll,
the etiolated cells were transferred into the medium containing streptomycin
(500 ng/ml) in such a quantity as to reach the end count of 10¢/ml. The flasks were
kept in darkness for 7 days and next they were exposed to light and their contents
were examined at time intervals (see Figures). The cells were harvested by low-
speed centrifugation. The collected material was washed twice with distilled water
and centrifuged. The Euglena gracilis cells were examined for a- content by the
method of Booth (4). Chlorophyll content (a + b) was determined by the method
of Arnon (1). The data of a-T and chlorophyll contents were expressed in
picograms per 1 cell of Euglena gracilis. The cell number in the medium was
estimated in Biirker’s chamber. Dry weight of the harvested cells was determined
at 105°C.

RESULTS AND DISCUSSION

In the experiments on the synthesis of a-T in the cells of Euglena
gracilis, the development of chloroplasts was determined by chlorophyll
accumulation. The changes in the amount of chlorophyll presented in
Fig. 1 agree with Rosen and Gawlik’s observations (19) about
a rapid increase of chlorophyll synthesis in the initial greening stages
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Fig. 1. The synthesis of a-tocopherol and chlorophyll by cell of Euglena gracilis,
strain Z, grown in light or dark conditions, in relation to age. 1 — u-tocopherol,
2 — chlorophyll, 3 — dry weight of cells
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of the etiolated cells. The rate of chlorophyll accumulation stabilized
after 6—8 days.

The amount of the chlorophyll accumulated in the cells depended on
the intensity of light used for illumination of the cells. At 2,000 lux, con-
sidered to be the optimal intensity for chloroplast development and
chlorophyll accumulation (23), the results were twice higher than those
obtained at 24,000 lux.

In light-grown cells treated with streptomycin, the chlorophyll con-
tent was considerably lower than that in light-grown controls and the
difference increased with time of illumination. The reason of the increase
was the fact that no chlorophyll formation was observed in streptomycin-
-treated cells. As demonstrated by Rosen and Gawlik (19), the
concentration of streptomycin used in our experiments inhibited com-
pletely the development of chloroplast precursors into a functional
chloroplast and light-induced chlorophyll accumulation. a-T occurs in
dark- and light-grown cells of Euglena gracilis. Although o-T is known
to occur only in chloroplasts (trace quantities of other derivates were
disregarded (7), fairly considerable amounts of a-T were found in dark-
-grown etiolated cells (Fig. 1). The presence of a-T in the etiolated cells
confirms the observations of Threlfall and Goodwin (24) that
a-T is also associated with structures different than chloroplasts.

The ratio of a-T in etiolated cells to light-grown cells is in good
agreement with that obtained from sedimentation-distribution studies
carried out by Threlfall and Goodwin who demonstrated that
mitochondrial and microsomal fractions and the supernatant contained 1/3
of the total a-T pool present in green cells.
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Fig. 2. a-Tocopherol and chlorophyll formation by cells of Euglena gracilis, strain Z,
exposed to light of 2,000 lux in the presence or abscence of streptomycin.
Explanations as in Fig. 1
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It is worth mentioning that in etiolated higher plants o-T can also
come from numerous osmophilic plastoglobuli present in thylakoid free
proplastides, which, according to Lichtenthaler (16), are reservoirs of
lipoquinones. Moreover, although a-T is the principal isomer in green
leaves, Booth (5) found mono- and dimethyltocols in cells outside
chloroplasts in Taxus baccata and Hedera helix.

Our studies of 5—7-day old cultures showed the occurrence of some
amounts of y-T in the cells of Euglena gracilis grown at 24,000 lux.

The synthesis of a-T in the light-grown cells in all three experimental
combinations is similar and equal to chlorophyll synthesis, i.e. up to the
development of the chloroplast fine structure (Figs. 1—3). The dynamics
of a-T in the dark-grown and streptomycin-treated cells did not undergo
any greater changes in the course of studies and the curves were similar
in both cases. Thus it is assumed that a-T synthesized in the extra chloro-
plastidic part of the cell is independent of light. The content of «-T in
the streptomycin-treated cells was considerably smaller when compared
with that in the light-grown green cells. The reduction of a-T synthesis
in the streptomycin-treated cells in relation to the control ones seems
to indicate that light does not induce this synthesis if the cell is deprived
of mature chloroplasts. This is also evidenced by the fact that indepen-
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Fig. 3. a-Tocopherol and chlorophyll formation by cells of Euglena gracilis, strain Z,
exposed to light of 24,000 lux in the presence or absence of streptomycin.
Explanations as in Fig. 1

dently of illumination, only small traces of a-T occur in the chlorophyll-
-free part of the Acer negundo and Pelargonium zonale leaves in com-
parison with their green part (15).
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The increase of light intensity required for saturation of photo-
synthesis (Fig. 3) in experiment III aimed at obtaining some preliminary
information concerning a possible participation of photosynthesis in the
«-T formation. The level of a-T being independent of light intensity
seems to exclude the participation of photosynthesis in supplying pre-
cursors, although the ratio of a-T to chlorophyll is different from that
in other expariments.

The present studies showed the necessity of the well developed
chloroplast fine structure for the synthesis of the main quantity of «-T.
The a-T synthesis in leaves, as demonstrated by Booth (6), can also
take place in darkness in the presence of mature chloroplasts. The
necessity of a suitable chloroplast structure is also stressed by G ood-
win (13) in his attempt to explain the regulation of terpenoid synthesis
in chloroplasts of high plants by an enzyme segregation and specific
permeability of the plastid mebrane to melavonic acid.

The role of light should thus be limited to the formation of the
chloroplast structure indispensable for the synthesis of its components,
including a-T. Taking all this into consideration, the hypothesis of
Gaunt and Stowe (11) and that of Threlfall and Grif-
fiths (25) on the light independent nature of a-T synthesis seems
to be reasonable.
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STRESZCZENIE

Badano wplyw streptomycyny na synteze a-tokoferolu oraz akumu-

lacje chlorofilu w komérkach Euglena gracilis. Kultury rosty na podtozu
Pringsheima i Pringsheima na swietle o intensywnosci 1°, optymalnej dla
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rozwoju chloroplastéw i akumulacji chlorofilu, oraz 2°, wymaganej dla
nasycenia fotosyntezy. a-Tokoferol oznaczano metodg Bootha. Chlorofil
(a + b) okreslano wedlug Arnona.

Stwierdzono, ze synteza o-tokoferolu jest mozliwa jedynie w obec-
nosci dojrzatych chloroplastéw i do wyksztalcania struktury chloropla-
stow ogranicza sie rola swiatla. Przedstawiono wstepne dane, wyklucza-
jace udzial fotosyntezy. Wykazano, ze a-tokoferol, obecny w pozachloro-
plastowej czesci komérki, nie ulega istotnej zmianie pod wzgledem
Swiatla.

PE3IOME

MccnepoBanuch BAMAHUE CTPENTOMMIIMHA Ha CHMHTE3 o-TOKOdeposa u
Ha aKKyMyJaawuio xJjgopocduiia B kietkax Euglena gracilis. Kyabrypb!
pociau Ha cyberpate Pringsheima n Pringsheima Ha cBeTy mHTEHCMBHOCTH
1°, onTUMaJBLHOrO AJA Pa3BMTUA XJOPOMJACTOB M AKKyMyJdlUMM XJIOPO-
¢uana, a TakxkKe Ha CBETYy MHTEHCMBHOCTM 2°, HEOOXOAMMOM AJA HachI-
HieHUA POTOCUHTESA.

a-Tokoepos onpepenanca no Meroay Byca, a xmopodwman (a+b) —
no McTony ApHOHa.

YcTaHOBJIEHO, YTO CUHTE3 «a-TOKO(EpOJsa BO3MOKEH TOJBKO B IpPU-
CYTCTBMM 3PEJBIX XJOPOMJACTOB M STMM OrpaHMYMBAETCA pOJb CBETA.
IIpuBomATcA npeaBapuTesibHbI2 OaHHblE, MCKJKOHaKIMe ydacTue HOTO-
CMHTE3a. YCTAaHOBJEHO, YTO O-TOKOMEpOJ, MPUCYTCTBYIOLIUIA BO BHEXJIO-
pPOIJIACTOBOM HacTy KJETKM, NOJ AEMCTBMEM CBETA U3MEHAETCA Hecylle-
CTBEHHO.
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