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INTRODUCTION

Chloroplast lipoquinones comprise three groups of compounds: plasto-
quinones (PQA and its homologues PQB, PQC and PQD), tocopherol-
quinones (e-T and ¢-TQ) and naphtoquinone (vit. K,).

The synthesis of these compounds takes place with the simultaneous
formation of the interior structure of chloroplasts (28, 37, 42, 43, 48). From
the studies carried out in recent years by Bishop (13), Krogmann
and Oliviero (29), Trebst (47), Crane and Henninger (20)
it is known that plastoquinones participate in photosynthetic electron
transport. There is, however, no evidence to indicate if the accumulation
of plastoquinones in leaves, occurring in much higher quantities than
might appear from the role attributed to them so far, is connected with
some other processes. This can be concluded from the data concerning
the function of «-T in plant development (6, 7, 10, 15, 36, 39, 40, 41),
the structure of which — particularly its oxidized form o-TQ —
approximates the structure of plastoquinones. Therefore, a comparison
of the distribution of plastoquinones in the ontogenesis of winter-wheat,
subdued to the effect of low temperature and control growing under
noninduced conditions, might render some initial information as to the
role of plastoquinones in plant development. The role of plastoquinones
in the developmental processes is not known at present. Fragmentary
studies of Bucke and Hallaway (16), Tendille et al. (45),
Barr and Crane (5), reported the appearance of the particular
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hemologues PQs in various stages of plant development, but they do not
allow more general conclusions.

In this paper, then, it was decided:

1) to study the dynamics of lipoquinones in the ontogenesis of winter
wheat;

2) to examine the distribution of the above compounds in single
leaves in definite growth stages;

3) to determine the composition and amount of lipoquinones in the
wheat seed during its maturing.

MATERIAL AND METHODS

The material used in the studies consisted of kernels of winter wheat of the
Dankowska white variety which came from the Plant Breeding Station in Dankéw.
Wheat seeds were vernalized according to Lewicki's technique (30) for 60 days.
After this period, the kernels were sown in experimental plants. At the same time
non-vernalized wheat was sown. The material for tke analyses from the vernalized
plants was taken in the particular phenological stages according to Rudenko (quot.
35). They involved leaves, stems, spikes and kernels. The above-ground portions of
non-vernalized wheat were examined every 15 days from the beginning of tillering,
because — except for the first phenological stages, i.e., shoots, the stage of the third
leaf and tillering — no other stages could be distinguished in its growth. In both
experimental series (vernalized and non-vernalized wheat) a medium sample of all
leaves present on the stalk was taken for analyses. From the beginning of the shoot
stage (stem-formation) (vernalized wheat) the individual leaves were also analyzed.
Plastoquinones were analyzed according to Lichtenthaler’s method (33). The
content of plastoquinones was spectrophotometrically measured on the basis of differ-
ence in extinction between the oxidized and reduced form, with the use of KBH;.

Extinction-measurements were carried out at a wavelength of 225 nm, El”c‘m — 198
for PQS (19), for a-TQ at a wavelength of 262 nm, E}tm— 397 (21). o-T and PQAH,

were identified from the reaction of Em merie and Engel (23). The content of

PQAH, was calculated assuming E'lq'cm— 225 whereas a-T was calculated according
to the formula of Gr e en (24), assuming E:"‘cm— 98. Vit. K, was determined accord-
‘ng to the method of Lichtenthaler and Tevini (31). Chlorophyll was de-
termined by the Hager’'s and Bertenrath's method (27). The results obtained are
presented in pg/g of the dry matter or of the whole plant, or in uM/mg of chlo-
rophyll.

The studies were carried out in 1970 and 1971. In the 1970—1971 experiments
a great coincidence was found in the course of dynamics of the compounds studied.
The data presented in this paper concern 1971.

RESULTS

1. THE DYNAMICS OF LIPOQUINONES IN THE ONTOGENESIS OF VERNALIZED AND
NON-VERNALIZED WHFEAT

The content of benzoquinones (PQA, a-TQ and their reduced forms
FQAH,, o-T) and naphtoquinone vit. K; — in terms of the chlorophyll
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unit — increased with the age of the plants. Particularly in the final
stages of growth, vernalized wheat showed an intensive increase in
quinones (Fig. 1). In the non-vernalized wheat, the content of quinones
remained at the level of the early stages of development of the vernalized
wheat. The expression of lipoquinones as units of chloryphyll does not
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seem justified because of the low content of chlorophyll in the final
stages of ontogenesis. Rapid decomposition of chlorophyll during the
period of leaf-aging causes an increase in the content of lipoquinones.
This increase, however, is misleading, because it does not result from an
increased synthesis of these compounds. For this reason, the dynamics
of lipoquinones was also expressed as the units of dry matter.

The curve of the benzoquinones content in the leaves of vernalized
wheat, expressed as units of dry matter, has a quite different character.
It is a single-peak curve, maximum of which fell on the period of flower-
ing (Fig. 2).

In the leaves of non-vernalized wheat, a lack of a distinct maximum,
and a considerably lower level (2—3 times) of the compounds studied
were found. Absolute values remained at the level of the early stages
of development of the vernalized plants. An exception was PQAH,, which
remained almost at the same level, both in vernalized and non-vernalized
wheat with a slight tendency to increase in the flowering period of
vernalized wheat.

PQC, being a hydroxyl-derivative of PQA, appeared in the leaves of
vernalized wheat in a phase of 10 days after stem formation, and the
highest accumulation of this compound took place in the period of milk-
-ripeness. In the non-vernalized wheat, PQC appeared within 49 days
after the shoot stage. PQB was found in the leaves by the end of the
ontogenesis in the stages of earing, flowering and milk ripeness — but
only in the vernalized wheat (Table 1).

Tab. 1. The content of PQC and PQB in leaves of vernalized, and non-vernalized
wheat in pg/g of dry matter

Phenological stages

10 days

after the i fl . milk wax full

stooling carne O\verine ripeness ripeness ripeness

stage
PQC 19 7 13 28 8 4
PQB —_ 11 48 13 — —
Days since shooting
33 49 64 79

PQC -— 22 31 18
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The amount of naphtoquinone vit. K; was found to decrease steadily
up to the end of the studies, after a rapid increase in the first stages
of development (falling in leaves of vernalized plants in the stage of the
third leaf, and in non-vernalized — in the stage of tillering). No distinct
accumulation was observed in the period of plant flowering. The content
of vit. K; in both experimental combinations was similar, and about
10 times lower, than that of benzoquinones (Fig. 2). In order to determine
whether the synthesis of lipoquinones took place during the entire onto-
genesis, the general condition of these compounds in the whole plant
is presented, taking not only the leaves into consideration, but the stem,
ears and seeds as well (Fig. 3).
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Fig. 3. Plastoquinones in different development stages of winter wheat in pg per
plant; explanations as in Fig. 1

The curves for vernalized wheat are similar to those concerning the
dynamics of the compounds studied in the unit of dry matter. The level
of lipoquinones was not observed to increase by the end of vegetation.
Only the maximum of ¢-T and a-TQ was shifted to the stage of milk
ripeness. It can thus be assumed that the synthesis of lipoquinones does
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not take place by the end of plant vegetation. In non-vernalized plants,
the level of the compounds studied was exceptionally low, due to the
development having been inhibited in the initial phase of ontogenesis.

Variations in the content of plastoquinones in relation to the age
of the leaf can be most easily observed in the individual leaves. Upon
development, the lower leaves die off and those located higher and higher
reach their maximum growth. The curves illustrating the content of the
plastoquinones studied for one unit of chlorophyll in the third and fifth
leaves are substantially similar to those concerning plastoquinones analo-
gically expressed (per chlorophyll unit) of all quantities taken as whole

(Figs. 4, 5, cf. Fg. 1).
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It was found that with the age of the leaf the level of all plasta-
quinones studied increased per chlorophyll unit. It should be stressed
that the ccntent of the compounds studied was higher in all leaves of
vernalized wheat. Expressing the data in terms of dry-matter units, it was

5 Annales UMCS, sectio C, vol. XXIX
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Fig. 6. Lipoquinones in 3rd and 5th leaves of winter wheat in pg/g dry matter;
explanations as in Fig. 1

found that for each leaf the maximum of lipoquinones appeared in
a different stage of ontogenesis (Fig. 6). A part of the older leaves died
off before the plant reached full development. For example, the second leaf
reached the highest level of PQA in the stooling stage, the 4th, 5th and
6th leaves — in the flowering period, and the values were 780, 974 and
666 ug/g of dry matter, respectively. Older leaves reached the maximum
of PQA in the early stages of plant development, younger ones did so
later. These variations were similar for the benzoquinones left. It should
be noticed that in the leaves of non-vernalized wheat, no distinct uniform
maximum of the content of plastoquinones was observed.
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2. LIPOQUINONES IN THE PROCESS OF SEED-RIPENING

In the ripening seed, all quinones which appeared in leaves, were
represented. Their amount rapidly decreased with ripening. o-TQ already
disappeared in the stage of wax-ripeness of the seed, and vit. K, did so
in full ripeness (Table 2). Detailed studies of the homologues of plasto-
quinones in the ripening seed made it possible to observe a decrease
not only in the content of PQA, but of PQC as well, the amount of which
was about 3—4 times smaller than that of PQA. In the stage of wax-

Tab. 2. Lipoquinones in ripening grain of winter wheat

Grain pug/g driyy matter
ripeness PQA PQAH, 0-TQ vit. K, Total
Milk 243 38,4 4,0 6,0 72,1
Wax 5.8 10,5 = 2,0 18,1
Full 3.2 6.8 T fub 10,0

Tab. 3. Homologues of plastoquinones in ripening winter wheat grain
in pg/g of dry matter

Grain PQA PQB PQC
ripeness

? ne % ng % 1g %
Milk 24,0 80,5 —— _ 5,8 19,5
Wax 12,9 34,1 17,8 51,0 4.2 149
Full 5.0 17,8 23,2 71,5 1.4 417

Tab. 4. Tocopherols in ripening winter wheat grain

ng/g of dry matter

F}rain o-T B_T a;-T Bg-T Total
ripeness
g % e % ne % e % ng
Milk 158 29,0 129 237 7.6 14,0 18,1 33,0 54,4
Wax 174 30,1 108 187 44 16 252 43,6 57,8

Full 164 22,0 16,1 21,6 TR i 7 346 46,4 74,4
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-ripening PQB ap-peared the amount of which was still higher in full
ripeness (Table 3).

The dynamics of tocopherols in the ripening wheat seed were similar
to that found in other cereal crops (Table 4). The total increase in the
total of tocopherols during seed-ripening was accompanied by a decrease
in the participation of trimethyl-derivatives and by increase of dimethyl-
-¢erivatives. This image corresponds to the previous belief that the de-
methylation of «-T appears with seed-ripening.

DISCUSSION

This paper deals with the fate of lipoquinones in ontogenesis of winter
wheat. It is known from the papers of Lichtenthaler (34) and
R o j ek (38) that, prallel to the development of thylakoids and the synthe-
sis of chlorophyll in chloroplast appear lipoquinones, reaching a high level
only after several hours of the illumination of the etiolated leaves.
Further synthesis of these compounds has not been closely studied. The
influence of the age and development of plants on the level of isoprenolic
phytcquinones and chromanols was studied by several investigators, how-
ever, the results of these studies are difficult to be interpreted for the
following reasons:

1) the results of the studies are expressed in incomparable units;

2) the conditions of the development and growth of the plants studied
are not specified. In some studies, e.g., seasonal variations in the content
of lipoquinones in relation to the season of the year were observed,
without taking into consideration the developmental stages (3, 44).

In this paper the dynamics of plastoquinones in wheat leaves was
studied with regard to the content of chlorophyll and dry matter; at the
same time these compounds were balanced in the whole plant. In the study
of the dynamics of lipoguinones, attention was concentrated on plasto-
quinones, e-T and a-TQ and vit. K;.

The qualitative content of plastoquinones in the above-ground parts
of wheat agreed with the data of other investigators. It is known from
the studies of Egger (22), Barr and Crane (3), Threlfall
and Griffiths (46) that the basic plast-quinones of green tissues
are: PQA, PQB and PQC. In this paper it was shown that FQA is the
dominating quinone in wheat leaves. Moreover, it was found that PQB
did not occur in the leaves of non-vernalized wheat; it appeared in the
later stages of orftogenesis.

A number of authors (2, 3, 18, 44, 49) okserved a distinct increase
in the content of plastoquinones per chlorophyll unit in older leaves,
in comparison with younger ones, The increasing accumulation of plasto-
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quinones in relation to chlorophyll with the development of plants,
particularly by the end of ontogenesis (also shown in this paper), does
not find any reasonable explanation. Chlorophyll can be the proper
fiducial point of lipcquinones only over the period of full photosynthetic
efficiency of the leaf, because in this time, as it is known, plastoquinones
are concentrated in about 95% in thylakoids. With the aging of plants
the level of chlorophyll decreases and plastoquinones are accumulated
in plastoglobules (1, 3, 22, 25). So far, the concentration of plastoquinones
in the globules has not been explained. With the ageing of plants the
lamellar system undergoes decomposition; chloroplasts become photo-
synthetically less active. Lichtenthaler (32) showed that with the
ageing of chloroplasts the number and size of globules increased. In such
a situation, the reason of the apparent increase in lipoquinones in the
stage of plant againg is the dramatical decrease in the accumulation of
chlorophyll after the following period.

The accumulation of lipoquinones calculated in relation to dry matter
of the material studied showed distinct differences in the level of lipo-
quinones in vernalized and non-vernalized wheat. The highest accumula-
tion of lipoquinones in the leaves of vernalized wheat fell on the flowering
period. In non-vernalized wheat such a maximum was not observed.
This does not exclude the role of PQ played in the transition of plants
to reproduction, although a similar dynamics of a-T earlier permitted
to point out the role of ¢-T in replacing thermo- and photoinduction
(7, 10, 15, 36).

When analyzing the accumulation of lipoquinones in the particular
leaves it was possible to determine the maximum falling on the flower-
ing period of wheat applied to each leaf or, if it was the result obtained
from the analyses of all leaves. Each leaf reaches the maximum of,
accumulation of lipoquinones in the stage of its full development, and
even in the initial phases of becoming yellow.

This would coincide with the regularity for o-T found Both and
Hobson-Frohock (14), verified by Baszynski and Ozga (8),
that its level depends on the rate of plant growth. This can be observed
till the time when degradation processes begin to dominate over those
of synthesis. Thus the behaviour of lipoquinones would resemble the
dynamics of a-T, which can be interpreted by the structural similarity
of these compounds, their biosynthesis and their joint occurrence in
chloroplasts. The maximum accumulation of lipoquinones in various leaves
falls on different developmental stages of wheat. It can be distinctly
roticed when comparing the distribution of lipoquinones in the 3rd and
Sth leaves of vernalized wheat.
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The data of the total content of lipoquinones in the plant give fuller
evidence of the synthesis being inhibited after the flowering period.
The total balance of the compounds studied, comprising both the above-
-ground portions and the ripening grain, does not indicate their possible
synthesis after flowering. In this stage of plant development the mem-
branes of chloroplasts undergo degradation, whereas these subchloroplastic
structures are indispensible for the synthesis of lipoquinones (9, 11, 12, 34).

It is difficult to explain the impossibility to find FQC in leaves of
vernalized and non-vernalized wheat in the first stages of development,
particularly in the light of Barr’s and Crane’s studies (5). According
to these authors, PQC appears immediately after exposing etiolated leaves
to light. The appearance of PQC is accompanied by vanishing PQB, and
PQC, therefore, should also occur in the first developmental stages of
wheat.

In vernalized wheat PQB appeared only by the end of ontogenesis, and
solely in the 5th and 6th leaves, and in the ear and ripening grain. It was
not in the leaves of non-vernalized wheat.

When comparing the dynamics of a-T and «-TQ in ontogenesis of
vernalized and non-vernalized wheat, it was shown that the level of both
compounds was higher in vernalized wheat. A distinct concentration of
these compounds was found to exist in the flowering period of wheat.
These facts are in agreement with the hypothesis set up earlier (6, 39)
that the transition of plants to reproduction depends on the action of a-T.
This hypothesis was confirmed by studies of several authors (7, 8, 10,
15, 36).

There is, however, lack of evidence which would indicate the role of
a-TQ in the transition of plants to reproduction. It could be assumed from
the results obtained that «-TQ plays a similar role as that of a-T. As it
was shown, the highest a-TQ level occurred in the flowering period. The
easiness of a-T to oxidize to a¢-TQ (the second redox-system in chloro-
plasts besides plastoquinones) could explain the role of a-TQ in flowering.
It was however, found by Griffiths and Threlfall and Good-
win (26) that a-TQ cannot be formed a-T, but later studies of Bucke
(17) pointed to the possibility of such conversion. The increase in a-TQ by
the end of ontogenesis can be interpreted by the increase of oxidation
processes. Bar and Arntzen (4) found 8-TQ in ageing leaves of
maple and tobacco, and they reported that the appearance of 6-TQ resulted
in oxidation of 3-T. Oxidation processes could be then characteristic
of chloroplasts undergoing degeneration with age.

Positive correlation between the content of vit. K; and chlorophyll
was observed. This quinone, as it is known, is connected with chloroplasts,
and strictly speaking, with their lamellar structure. Chlorophyll synthesis
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was not observed to be followed by an addition synthesis of vit. Kj.
Tendille et al. (45) found that the content of vit. K; and chlorophy!ll

remained at the same level.

The studies on the dynamics of plastoquinones in wheat grains showed
that as their ripening advanced the content of PQA and PQC decreased,
and PQB appeared in the phase of wax ripening. If we assumed that PQB
increases with maturing of kernels, and, as it was shown by Barr and
Crane (3), disappears as soon as the germinating seeds are exposed to
light (and PQC appears), PQB could be considered as an emergency form
found in seeds. If the loss of PQB was correlated with the appearance
of PQC and conversely, the possibility of the following correlations
between the homologues of plastoquinones in plant ontogenesis could be
assumed:

estrification
=22 S =

PQA PQC PQB

hydroxylation ey aToIyaTse?
Irn the final stages of ontogenesis (ripening phases of grain) the balance
would be shifted to the right, whereas in the processes of seed germination
and greening of etiolated seedlings — to the left. The elucidation of this
assumption is being studied.

A separate problem to be solved is, whether estrification reactions
take place in ripening grain or ready-formed PQB is transported from
leaves. The alternative is supported by the appearance of PQB in top
leaves at the end of ontogenesis.

The qualitative composition of tocopherols of wheat grain agrees with
the earlier data of Green (24). Their behaviour during grain ripening
corresponds with the conviction based on detailed studies of Baszy n-
ski (6) that ripening is followed by the increase in mono- and dimethyl-
-derivatives due to demethylation of trimethyl-derivatives.

CONCLUSIONS

1. It was found that the composition of plastid lipoquinones of wheat
leaves corresponds to the pattern found for higher plants.

2. Leaves of non-vernalized wheat did not contain PQB.

3. It was shown that the content of lipoquinones expressed in terms
of the unit of chlorophyll mass did not indicate proper changes of lipo-
quinones in ontogenesis of plants. The content of dry matter is a better
fudicaal point.

4. The content of lipoquinones depends on the developmental stages
of wheat. The maximum accumulation takes place in the flowering stage.
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5. In the individual leaves the highest accumulation of lipoquinones

is connected with the optimal development of the leaf and its physiological
functicn.

6. In the process of kernels’ maturation the content of PQA and PQC

decreases, but that of PQB increases. ¢-TQ and vit. K, are not detectable.

=

10.

11.

12.

13.

14.

15.

REFERENCES

Bailey J. L., Whyborn A. G: The Osmiophilic Globules of Chloroplasts.
I1. Globules of the Spinach-beet Chloroplast. Biochim. Biophys. Acta 78, 163—174
(1963).

Barr R, Henninger M. D, Crane F. L.: Comparative Studies on Plasto-
quinone. II. Analysis for Plastoquinones A, B, C and D. Plant Physiol. 42,
1246—1254 (1967).

Barr R, Crane F. L.: Comparative Studies on Plastoquinone. III. Distribu-
tion of Plastoquinones in Higher Plants. Plant Physiol. 42, 1255—1263 (1967).
Barr R, Arntzen C. J.: The Occurrence of 8-Tocopherolquinone in Higher
Plants and its Relation to Scnescence. Plant Physiol. 44, 591—598 (1969).

Barr R, Crane F. L.: Comparative Studies on Plastoquinone. V. Changes in
Lipophilic Chloroplast Quinones During Development. Plant Physiol. 45, 53—55
(1970).

Baszynski T.. Investigations on the Synthesis and Function of Tocopherols
in Plants. The Synthesis of Tocopherols in the Ontogenesis of Short-day and
Long-day Plants. Materialy XXXVI Zjazdu PTB, Lublin 1964, 1—24.
Baszynski T.. The Effect of Vitamin E on Flower Initiation in Calendula
officinalis L. Grown in Short Day. Naturwissensch. 54, 339—340 (1967).
Baszynski T., Ozga M.: Distribution of Tocopherols and Natural Growth
Regulators in Etiolated Pea Seedlings. Ann. Univ. Mariae Curie-Skiodowska,
sectio C 22, 137—143 (1967).

Baszynhski T., Dudziak B, Arnold D.: «-Tocopherol Synthesis in
Streptomycin-Treated Cells of Euglena gracilis. Ann. Univ. Mariae Curie-Sklo-
dowska, sectio C 24, 1—8 (1969).

Baszynski T., Kr6l M.: The Effect of «-Tocopherol on the Generative
Development of Hordeum vulgare Grown in Short Day. Zesz. Nauk. Uniw.
M. Kopernika, Torun, Nauki matem -przyr., Biologia 13 (23), 57—60 (1970).
Baszynski T.: Distribution of Plastid Quinones along the Leaf in Different
Stages of Plastid Development of Zea mays L. Seedlings. Ann. Univ. Mariae
Curie-Sklodowska, sectio C 26, 187—198 (1971).

Baszynhski T., Dudziak B, Arnold D.: Light-stimulated Synthesis of
Plastid Benzoquinones and Pigments in Cells of Euglena gracilis in Absence of
Photosynthesis. Ann. Univ. Mariae Curie-Sklodowska, sectio C 26, 199—206 (1971).
Bishop N. J.: The Possible Role of Plastiquinone (Qs) in the Electron
Transport System of Photosynthesis [in:] Ciba Found. Symp. Quinones Electron
Transport. Ed. G. E. W. Wolstenholm, D. M. Connoro, Brown and Co., Boston
1961, 385—409.

Booth V. H, Hobson-Frohock A.: The a-Tocopherol Content of Leaves
as Affected by Growth Rate. J. Sci. Fd. Agr. 3, 251—256 (1961).

Bruinsma J.,, Patil S. S.: The Effect of 3-Indoleacetic Acid, Gibberellic
Acid and Vitamin E on Flower Initiation in Unvernalized Petcus Winter Rye
Plants. Naturwissensch. 50, 505 (1963).



16.

17.

18.

19

20.

21.

26.

218

28

29.

30.
31

32,

33.

31

35.

Chloroplast Lipoquinones in Ontogenesis of Winter Wheat 73

Bucke C, Hallaway M.: The Distribution of Plastoquinone C and the
Seasonal Variation in Its Level in Young Leaves of Vicia faba L. [in:] Bioche-
mistry of Chloroplasts, Ed. T. W. Goodwin, t. 1, Academic Press, London and
New York 1966, 153—157.

Bucke C.: On the Interconversion of a-Tocopherol and a-Tocopherolquinone
in Broad Bean Chloroplasts [in:] Progress in Photosynthesis Research.
Ed. H. Metzner., t. 1, Tibingen 1969, 325—331.

Coic Y.Tendille ©,Gervais C.: Variation des quinones chloroplastiques
de feuilles de tabac par rapport aux chlorophylles sous l'influence de l'age et
de la nutrition azotée. Ann. Physiol. Vég. 7, 57—70 (1965).

Crane F. L.: Isolation of Two Quinones with Coenzyme Q Activity from
Alfalfa. Plant Physiol. 34, 546—551 (1959).

Crane F. L, Henninger M. D.: Function of Quinones in Photosynthesis.
Vitamines and Hormones 24, 489—517 (1966).

Dilley R. A, Crane F. L.: A Specific Assay for Tocopherols in Plant
Tissue. Anal. Biochem. 5, 331—341 (1963).

Egger K.: Die Verbreitung von Vitamin K; und Plastochinon in Pflanzen.
Planta 64, 41—61 (1965).

. Emmerie A, Engel C.: Colorimetric Determination of «a-Tocopherol

(Vitamin E). Rec. trav. chim. Pays-Bas 57, 1351—1355 (1938).

Green J..: The Distribution of Tocopherols during the Life-Cycle of some
Plants. J. Sci. Food Agric. 9, 801—812 (1958).

Greenwood A. D.,, Leech R. M., Williams J. P.: The Osmiophilic Glo-
bules of Chloroplasts. I. Osmiophilic Globules as a Normal Component of Chloro-
plasts and Their Isolation and Composition in Vicia faba L. Biochim. Biophys.
Acta 78, 148—162 (1963).

Griffiths W.T.,, Threlfall D. R, Goodwin T. W.: Nature,, Intracellular
Distribution and Formation of Terpenoid Quinones in Maize and Barley Shoots.
Biochem. J. 103, 589—600 (1967).

Hager A, Bertenrath Th.: Verteilungschromatographische Trennung von
Chlorophyllen und Carotenoiden griiner Pflanzen an Diinnschichten. Planta 58,
564—568 (1962).

Heath O. V. S.: The Physiological Aspects of Photosynthesis. Heinemann
Educational Books LTD, London 1970, 3—40.

Krogmann D. W, Oliviero E.: The Specifity of Phytosynthesis as a Cofac-
tor for Photophosphorylation. J. Biol. Chem. 237, 3293—3295 (1962).

Lewicki S.: Jarowizacja zb6z. PWRIL, Warszawa 1952, 16—23.
Lichtenthaler H. K, Tevini M.: Die Wirkung von UV-Strahlen auf die
Lipochinon-Pigment Zusammensetzung isolierter Spinat-Chloroplasten. Z. Natur-
forsch. 24b, 764—769 (1959).

Lichtenthaler H. K.: Plastoglobuli and the Fine Structure of Plastids.
Endeavour 27, 144—149 (1968). -

Lichtenthaler H. K.: Die Verbreitung der lipophilen Plastidenchinone in
nicht-griinen Pflanzengeweben. Z. Pflanzenphysiol. 59, 195—210 (1968).
Lichtenthaler H. K.: Light-stimulated Synthesis of Plastid Quinones and
Pigments in Etiolated Barley Seedlings. Biochim. Biophys. Acta 184, 164—172
(1969).

Listowski A.: O rozwoju roflin. PWRIiL, Warszawa 1970, 19—35.



74

36.

37.

38.

39.

40.
4).
42,
43

14.

45.

46.

47.

48.

49.

Marianna Kroi

Michniewicz M., Kamienska A.: Flower Formation Induced by Kinetin
and Vitamin E Treatment in Cold-requiring Plant (Cichorium intybus L.) Grown
under Noninductive Conditions. Naturwissensch. 51, 205—296 (1964).
Miihlenthaler K.: The Ultrastructure of the Plastid Lamellae [in:] Bio-
chemistry of Chloroplasts. Ed. T. W. Goodwin, Academic Press, London and New
York 1966, 49—64.

Rojek H.: Wplyw bliskiego ultrafioletu na synteze barwnikéw i chinonéw
plastydowych w procesie zielenienia etiolowanych siewek pszenicy. Praca magi-
sterska, UMCS, Lublin 1971, 1—35.

Sironval C.: Relation entre la nature de l'insaponifiable des limbes et la
floraison chez Fragaria vesca L. var. semperflorens Duch. Bull. Classe de sci.
Acad. Roy. Belg. 36, 779—783 (1950).

Sironval C.. La photopériode et la sexualisation de traisier des quatre-
saison a fruits rouges. Compt. rend. de recherches IRSIA 18, 1—229 (1957).
SironvalC, ElTannir-Lomba J.: Vitamin E and Flowering of Fragaria
vesca L. var. semperflorens Duch. Nature 185, 855—856 (1960).

Sitte P.: Struktura i ultrastruktura komoérki ro$linnej. PWRiIL, Warszawa
1970, 166—199.

SzarkowskiJ W, Goltaszewski T.: Struktura chloroplastéw. Post. Bioch.
13, 275—292 (1967).

Tendille C, Gervais C.: Analyse des quinones transporteurs d'électrons
dans la luzerne. Variations des plastoquinones au cours de la croissance. Ann.
Physiol. Vég. 5, 193—201 (1963).

Tendille C, Gervais C, Gaborit T.: Variation de la teneur en com-
posés quinoniques et en a-tocophérol de divers tissus végétaux chlorophylliens
sous l'influence de facteurs modifiant le taux des chlorophylles. Ann. Physiol.
Vég. 8, 271—283 (1966).

Threlfall DR, Griffiths D. T.: Biosynthesis of Terpenoid Quinones [in:]
Biochemistry of Chloroplasts. Ed. T. W. Goodwin, t. 2, Academic Press, London
and New York 1967, 255—271.

Trebst A.: The Role of Benzoquinone in the Electron Transport System.
Proc. Roy. Soc. (London) 157 B, 355—364 (1963).

Weier T. E, Benson A. A.: The Molecular Nature of Chloroplast Mem-
branes. [in:] Biochemistry of Chloroplasts. E. T. W. Goodwin, t. 1, Academic
Press, London and New York 1966, 91—113.

Wellburn A . R, Hemming F. W.: Long Chain Polyisoprenoid Alcohols in
Chloroplasts [in:] Biochemistry of Chloroplasts. Ed. T. W. Goodwin, t. 1, Academic
Press, London and New York 1966, 173—180.

STRESZCZENIE

Celem pracy bylo: 1) zbadanie dynamiki lipochinonéw plastydowych

w ontogenezie pszenicz ozimej; 2) przeSledzenie dystrybucji tych zwigz-
koéw w lisciach poszczegolnych pieter w okreslonych stadiach rozwoju
pszenicy; 3) ustalenie skiadu i iloSci lipochinonéw w ziarnie pszenicy
w trakcie jego dojrzewania.

Badania prowadzono w latach 1970 i 1971 na pszenicy ozimej odm.

Dankowska biala jaryzowanej i niejaryzowanej. Oznaczano zawarto$¢
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lipochinonéw PQA, PQB, PQC, a-T, a-TQ oraz wit. K, w okreslonych sta-
diach rozwoju pszenicy.

Wykazano, ze sktad lipochinonéw plastydowych lisci pszenicy odpo-
wiada skladowi innych dotychczas zbadanych roslin wyzszych. W lisciach
pszenicy niejaryzowanej nie stwierdzono PQB. Maksymalna akumulacja
lipochinonéw (z wyjatkiem wit. K,) przypada na okres kwitnienia. W lis-
ciach poszczegdlnych pieter zawartosé¢ lipochinonéw zalezy od rozwoju
liscia i jego sprawnosci fizjologicznej. Ponadto wykazano, ze wyrazanie
zawartosci lipochinonéw na jednostke masy chlorofilu, szczegolnie w kon-
cowych stadiach ontogenezy, nie ujawnia wlasciwej dynamiki lipochino-
now. Odpowiedniejszym punktem odniesienia jest zawarto$¢ suchej masy.

W procesie dojrzewania ziarniakow pszenicy zmniejsza si¢ zawartoS¢
PQA i FQC, natomiast PQB wzrasta. «-TQ i wit. K; nie zostaly wykryte.

PE3OME

Lens paborei: 1) nccnegoBaHme AMHAMUKM NAACTHAOBLIX NUNOXMHOHOB B
OHTOreHe3e O3WMOM NWeHuUbl; 2) paccmoTpeHue AWMCTPMByuUnM 3TuX coeam-
HEHWM B NMCTLAX OTAENbHbIX 3TAXEA B ONpPefeneHHbIX CTaAMAX Pa3BUTHSA
NWeHuKLUbl; 3) yCTAHOBNEHME COCTaBA W KONWYECTBa NUNOXMHOHOB B 3epHe
NWeEeHMLLI BO BPEMA €ro CO3PEBaAHMUS.

Onbitel Benuce B 1970 u 1971 ropax Ha spu3MpoOBaHHOW M He APU3MPO-
BAHHOM O3umoMW nuweHuue copra [laHbkosckas 6enas. Onpepenunu copep-
waHue nunoxuHoHos PQA, PQB, PQC, a-T, a-TQ, a trakxe sutamuHa Ki 8 onpe-
AENeHHbIX CTaAMAX PA3BUTUA NLWEHMUbI.

[oka3anu, 4TO coctas NNACTMAOBbLIX NUNOXMHOHOB NMUCTbEB NLIEHULb! OT-
BEYaeT COCTaBy APYruX, MCCNEeAOBAHHbIX A0 CMX NOP BbICWIMX PACTEHUH. B
NUCTbAX HEe APU3IMPOBAHHOMW NLWEHWUbl He koHcTatuposanu PQB. Makcumans-
Has aKKyMynsauusa NMNOXMHOHOB (33 mcknioueHuem sutammHa K;) npoucxogur
BO Bpemsn uBeTeHWn. B nucTbax oTaenbHbIX 3Ta)ked copepmaHue NMNOXMHO-
HOB 3aBMCHT OT PAa3BMUTMA NKUCTA U ero (PYHKLMOHANbHOW (PU3MONOTrMHECKOMH
cnocobHocTu. Kpome TOro ycTtaHOBNEHO, UTO BhipaXkKeHue cerpmanun.nuno-
XMHOHOB Ha eAWHWMUY Macchl xnopodwuna, ocobeHHo B nocnefHMX CTagUax
OHTOreHe3uca, He BbISBNAET XAPaKTEPHOM AWMHAMMKKM NMNOXMHOHOB. bonee
NOAXOASWMM HCXOAHBIM NYHKTOM SBNAETCS COAEPMAaHMe CYXOW Macchl.

B npouecce co3apeBaHWs 3ePHOBOK MLIEHWLLI MOHMIKAETCA COAepIKaHue
PQA u PQC, a PQB pacter. «-TQ u ButamnH K, He Bbinn BbifsBneHs!.
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