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Lipoąuinones of Winter Wheat Grain in Relation to Vernalization

Wpływ jaryzacji na lipochinony ziarna pszenicy ozimej

BnMSHMe npoBM3aitHM Ha nwnoxMHOHbi 3epeH oshmoh nuieHHUbi

INTRODUCTION

During vernalization of seeds a number of significant changes in the 
development of plants take place, which either enhance or enable flower dif- 
ferentiation. Vernalization causes an increase in the activity of oxidizing and 
hydrolytic enzymes (13, 20), which, in conseąuence, leads to an increase in the 
number of free saccharides (8) and amino acids (9). A higher ratio of 32P in- 
corporation into the sRNA, rRNA+mRNA and TB-RNA fractions of the leaves 
of vernalized plants is also observed, as compared with that in the non-ver- 
nalized control (6). The chilling effect occurs then on direct change in seed 
metabolism. Despite the numerous studies on vernalization, we are still far 
from being able to elucidate the mechanism of the action of Iow temperatures 
on plant development.

It appears from the studies of S i r o n v a 1 (ąuoted by 12) that light effect 
(photoperiodism), which also influences flower differentiation, exhibits modi
fications in the ultrastructure of leaves, especially in membranę properties and 
in generał composition. This author proposed a hypohtesis on the role of the 
plastid apparatus in floral induction.

There is a lack of data on the influence of vernalization on the plastid 
apparatus of plants. Therefore, the study of the dynamics of some lipids taking 
part in the formation of plastids in vernalized grains seems to be appropriate. 
It is known from the present studies that chilling affects the unsaturated 
fatty acids and the phospholipid and glycolipid components of winter rye (21), 
and influences the level of “-tocopherol in the initial growth stage of wheat 
seedlings (5).

The influence of plant growth and age on the level of lipoąuinones was 
studied by many authors; the results, however, are not unambiguous. B a r r 
and C r a n e (4) found the occurrence of PQA * and PQB * in dry seeds of oats, 
corn, broad beans and peas. During the greening of etiolated seedlings PQB 
vanishes and PQC, «-TQ and vitamin Ki appear. It is believed that PQB does

• Abbre v i a tions: PQA — plastoąuinone A; PQB — plastoąuinone B; PQC — plasto
ąuinone C; a~TQ — a-toc°Phero1 ąuinone.
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not appear in the green parts of plants, although B a r r and C r a n e (3) 
found it in smali amounts in some plants. PQB synthesis takes place by the 
end of ontogenesis, in the process of wheat grain formation (14). If, however, 
we take into consideration the fact that PQB persists in seeds only till their 
germination in response to light, this compound can be treated as a storage 
form of plastoąuinones, which occurs in seeds.

As it was mentioned earlier, compounds indispensable for further develop- 
ment and growth of plants are mobilized during vernalization. The purpose 
of this paper was to study the behaviour of lipoąuinones under the influence 
of Iow temperatures. The role of lipoąuinones in the formation of thylakoid 
membranes and the function of some of them in photosynthetic electron trans
port entitle us to study their dynamics under the influence of factors acceler- 
ating the generative development of plants.

MATERIAŁ AND METHODS

Dańkowska biała, the winter wheat variety, was used to examine the 
effect of chilling on the dynamics of lipoąuinones. This variety of wheat from 
the Plant Breeding Station at Danków reąuired 60 days of vernalization. The 
grains were surface sterilized with 0.1% mercuric chloride for 20 min, rinsed 
in glass distilled water and then soaked in the dark at 24°C to reach 40% 
humidity. The materiał thus prepared was vernalized at 2±1°C for 60 days 
according to Lewicki (15). The embryos and endosperm were collected every 
5 days and analyzed for lipoąuinone content.

Control, non-vernalized grains, taken as a comparison, were in the same 
morphological stage as the vernalized ones.

Lipoąuinones were extracted from the materiał with acetone and Petro
leum ether and separated by thin layer chromatography on silica gel GHR and 
developed with chloroform and isooctane (80:20, v/v) (2). The amounts of 
benzoąuinones were stimated according to Lichtenthaler (16).

Vitamin Ki was analyzed as described by Lichtenthaler and Te vi n i 
(18).

The chlorophyll concentrations were determined by the method of A r- 
n o n (1).

The results obtained, being the arithmetical mean of five repetitions, were 
expressed in relation to grain number.

RESULTS

In this paper the presence of three homologues of the plastoquinone-9: 
PQA, PQB and PQC was shown in wheat grains, both in the germ and endo
sperm (Table 1). In the present studies the composition of individual plasto
ąuinones in the wheat grain has not been determined (11, 18).

As seen in Fig. 1, grain germination brings about an increase in the amount 
of plastoąuinones and «-TQ. This is evident because imbibition of water by 
seeds acts as a triggering mechanism for the biosynthesis of these ąuinones 
(23). The increase in lipoąuinones (except PQB) develops successively over 
the entire period of vernalization. This refers above all to the synthesis of PQA, 
the amount of which after 60 days of vernalization is double the hight of that 
in the non-vernalized grain. A higher content of benzoąuinones results from
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the morę advanced development of the grains subjected to the influence of 
Iow temperaturę, and from their reąuirement for the development of pro- 
plastids and chloroplasts.

The amount of PQB decreases in the course of vernalization. This decrease 
is also observed in non-vernalized grains, however, at a much slower ratę.

Table 1. Lipoąuinones content in winter wheat grain

Organ
pg/100 organs

Total
PQA PQB PQC

Germ 1.2 1.5 0.6 3.3
Endosperm 3.3 2.4 2.0 7.7
Whole grain 4.5 3.9 2.6 11.0

days

Fig. i Dynamics 
Vernalized grain,

o-1 a-2 »-3 *-t
of lipoąuinones during vernalization of winter wheat grain; 1 — germ of 
2 — endosperm of vernalized grain, 3 — germ of non-vernalized grain, 4 —

endosperm of non-vernalized grain

It is known from numerous studies on the biochemistry of vernalization 
that chilling increases the activity of hydrolytic enzymes (20). It could thus 
be assumed that, during vernalization, hydrolysis of PQB (ester) takes place, 
the result of which is an increase in the amount of PQC (alcohol). Because 
of lack of quantitative conversions of PQB to PQC, such an assumption is not 
certain; however, it is very likely.



32 Tadeusz Baszyński, Irena Bieńkowska, Maria Król

On the basis of the results of this paper, and the presence of PQB found 
by B a r r and C r a n e (4) in the seeds and etiolated shoots from a number 
of plants, as well as the fact that PQB synthesis takes place during naturation 
of wheat grains (14) we can state that PQB is strictly connected with dormancy 
and the heterotrophic phase of plant growth. These facts lead us to assume 
after B a r r and C r a n e, that PQB merely acts as storage from of seeds.

During vernalization the benzoąuinones are synthesized de novo in germ. 
The increase of benzoąuinones in germ considerably exceeds the loss of these 
compounds in the endosperm.

Changes in the level of lipoąuinones from vernalized and non-vernalized 
grains in response to light are in generał similar to those observed by other 
authors (7, 4, 10, 11, 17, 22). The studies of these authors did not concern, how- 
ever, homologes of plastoąuinones and their dynamics in vernalized seeds. 
In vernalized plants (Table 2) a morę intensive synthesis of all the compounds

Table 2. Effect of illumination on lipoąuinones and chlorophyll content in non- 
vernalized and after 60 days of vernalization of winter wheat grain (in paranthesis, 

increase in compounds examined after 24 hrs illumination is given)

Hg/100 organs
Organs

PQA PQB PQC a-TQ Vit. Ki Chlorophyll

Non-ver-
nalized
germ 12.6 ( + 2.01 3.3 (-4.2) 12.8 ( + 4.4) 4.5 (+0.1) traces 25.9 ( + 25.9)
endo-

sperm 2.2 (0.0) 2.1 ( + 0.1) 2.7 ( + 0.9) 1.1 (0.0) — —
whole

grain 14.8 ( + 2.0) 5.4 (-4.1) 15.5 ( + 5.3) 5.6 ( + 0.1) traces 25.9 ( + 25.9)
% + 15.6 -43.2 + 52.0 + 1.8 + 100.0

Vernalized
germ 27.4 ( + 6.8) — (-2.9) 18.1 ( + 7.5) 7.4 ( + 2.4) 4.2 (+4.2) 57.4 (+57.4)
endo-

sperm 2.6 ( + 1.2) 3.0 ( + 1.7) 3.5 ( + 2.1) 1.7 ( + 0.3) — —
whole

grain 30.0 ( + 8.0) 3.0 (-1.2) 21.6 ( + 9.6) 9.1 ( + 2.7) 4.2 ( + 4.2) 57.4 (+57.4)
% + 36.4 -28.6 +80.0 + 42.2 + 100.0 + 100.0

analyzed, except PQB, takes place, as compared with non-vernalized ones. 
Exposition to light for 24 hrs causes a decrease in PQB content and in verna- 
lized plants — their complete disappearance. It should be stressed that the 
disappearance of PQB does not take place only in light, but also occurs during 
vernalization. Light only significantly accelerates this process.

Thus the differences in the composition of benzoąuinones in vernalized 
and non-vernalized plants, both in darkness and in light, do not concern 
qualitative but quantitative changes.

We did not detect vitamin Ki in etiolated tissues as reported by Lichten- 
t h a 1 e r (18), irrspective of their being vernalized or not. After only 24 hrs 
of illumination we found considerable amounts of vitamin Ki in vernalized, 
and only traces of it in non-vernalized grains.
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CONCLUSIONS

1. Winter wheat grain contained three benzoquinones: PQA, PQB and 
PQC, both in germ and endospetm.

2. Moreover, a-TQ synthesis appears during germination and vernalization.
3. Vernalization causes increased accumulation of PQA, PQC, a-TQ and 

PQB decrease. These changes chiefly concern the germ, and their ratę is much 
higher than that in non-vernalized grain.

4. Changes in the level of the lipoquinones examined, active in synthesis 
of the plastid structure and photosynthetic electron transport, from vernali- 
zed grain, in response to light, are greater that those in non-vernalized ones.

REFERENCES

1. A r n o n D. J.: Cooper Enzymes in Isolated Chloroplasts. Polyphenoloxidase in Beta vul- 
garis. Plant Physiol. 24, 1—15 (1949).

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

3. B a r r R., Crane F. L.: Comparative Studies on Plastoquinones. III. Distribution of
Plastoquinones in Higher Plants. Plant Physiol. 42, 1255—1263 (1967).

4 B a r r R., C r a n e F. L.: Comparative Studies cn Plastoquinones. V. Changes in Lipophilic
Chloroplast Quinones during Development. Plant Physiol. 45, 53—55 (1970).

5. Baszyński T., Arnold D. and Król M.: The Dynamics of Tocopherols during Verna- 
lization of Winter Wheat Kernels. Ann. Univ. Mariae Curie-Skłodowska sectio C 22, 129—135 
(1967).

6. Filek W.: Fractions of Nucleic Acids in Secdlings and Leaves of Winter Wheat in the 
Vegetative and Generative Development Phases. Acta Soc. Bot. Pol. 42, 209—222 (1973).

7. Gaunt J. K., Stowe B. B.: Analysis and Distribution of Tocopherols and Quinones in 
the Pea Plant. Plant Physiol. 42, 851—857 (1967).

8. Grzesiuk S., Kulka K.: Mono- i disacharydy w procesie jaryzacji ziarna żyta ozime
go. Acta Soc. Bot. Pol. 31, 89—93 (1962).

9. Grzesiuk S., Kulka K.: Wolne aminokwasy w procesie jaryzacji. Acta Soc. Bot. Pol. 
32, 312—325 (1963).

10. Griffiths W. T., Th r elf a 11 D. R. and Goodwin T. W.: Observations on the Na
turę and Biosynthesis of Terpenoid Quinones and Related Compounds in Tabacco Shoots. 
Kur. J. Biochem. 5, 124—132 (1968).

11. Hall G. S., Laidman D. L.: The Pattern and Control of Isoprenoid Quinone and 
Tocopherol Metabolism in the Germinating Grain of Wheat (Triticum vulgare). Biochem. 
J. 108 , 475—482 (1968).

12. Hirschauer M., Reyss A., Sarda C. and Bourdu R.: Effects of Photoperiods 
on the Development of Chloroplast Lamellae of Lolium multiflorum. Proceed. Ilnd Intern. 
Congress on Photosynthesis, Stresa June 24-29 1971, eds G. Forti, M. Avron and A. Melan- 
dri, The Hague 1972, 2519—2525.

13. Kentzer T.: Badania nad rolą endogennych giberelin w procesie jaryzacji pszenicy 
ozimej. Acta Soc. Bot. Pol. 36, 7—22 (1967).

14. Król M.: Chloroplast Lipoquinones in Ontogenesis of Winter Wheat. Ann. Univ. Mariae 
Curie-Skłodowska sectio C 29, 59—75 (1974).

15. Lewicki S.: Jarowizacja zbóż. PWRiL, Warszawa, 1952.
16. Lichtenthaler H. K.: Die Verbreitung der lipophilen Plastidenchinone in nicht- 

-grllnen Pflanzengeweben. Z. Pflanzenphysiol. 59, 195—210 (1968).
17. Lichtenthaler H. K.: Die Verbreitung und relative Konzentration der lipophilen 

Plastidenchinone in grlinen Pflanzen. Planta 81, 140—152 (1968).
18. Lichtenthaler H. K., Tevini M.: Die Wirkung von UV-Strahlen auf die Lipochi- 

non-Pigment-Zusammensetzung isolierter Spinatchloroplasten. Z. Naturforsch. 24 b, 764—769 
(1969).

19. Lichtenthaler H. K.: Light-Stimulated Synthesis of Plastid Quinones and Pigments 
in Etiolated Barley Secdlings. Biochim. Biophys. Acta 184, 164—172 (1969).

20. R e i f e r I., Kleczkowski A. and Solecka R.: Badania nad wpływem jaryzacji na 
aktywność niektórych enzymów w pszenicach ozimych. Acta Biochim. Pol. 3, 41—51 (1956).

3 Annales, sectio C, t. XXX



34 Tadeusz Baszyński, Irena Bieńkowska, Maria Król

21. Thomson L. W., Zalik S.: Lipids in Rye Seedlings in Relation to Vernalization. Plant 
Physiol. 52, 268—273 (1973).

22. Threlfall D. R., Griffiths W. T.: Biosynthesis of Terpenoid Quinones [in:] Bio- 
chemistry of Chloroplasts, ed. T. W. Goodwin, vol. 2, Academic Press, London 1966, 255— 
271.

23 W a 1 lw o r k J. C., C r a n e F. L.: The Naturę, Distribution, Function and Biosynthesis 
of Prenyl Phytoąuinones and Related Compounds. Progress in Phytochemistry 2, 267—341 
(1970).

STRESZCZENIE

Celem pracy było zbadanie dynamiki lipochinonów w procesie jaryzacji psze
nicy ozimej odmiany Dańkowska biała. Jaryzację przeprowadzono w sposób kon
wencjonalny według Lewickiego (15) przez okres 60 dni. Lipochinony oznacza
no w odstępach 5-dniowych oddzielnie w zarodku i bielmie metodą Lichtentha
lera (16), zaś witaminę Kj — metodą Lichtenthalera i Teviniego (18). 
Ponadto oznaczano zawartość lipochinonów i chlorofilu w ziarnie jaryzowanym 
i niejaryzowanym po 24-godzinnym naświetlaniu. Chlorofil oznaczano według me
tody A r n o n a (1). Kontrolę stanowiło ziarno niejaryzowane podkiełkowane do 
stanu, w jakim znajdowało się ziarno jaryzowane.

Stwierdzono, że:
1. Ziarno pszenicy ozimej zawiera, zarówno w zarodku, jak i bielmie, trzy ben- 

zochinony: PQA, PQB i PQC.
2. W czasie kiełkowania i jaryzacji syntetyzowany jest a-TQ.
3. Proces jaryzacji powoduje większe nagromadzenie PQA, PQC i a-TQ w ziar

nie oraz spadek zawartości PQB. Zmiany te dotyczą głównie zarodka, a tempo 
tych zmian jest wyższe aniżeli w ziarnie niejaryzowanym.

4. Zmiany w poziomie lipochinonów, aktywnych w syntezie struktur plasty- 
dowych i fotosyntetycznym transporcie elektronów, spowodowane 24-godzinnym 
naświetlaniem są wyższe w ziarnie jaryzowanym aniżeli w niejaryzowanym.

PE3IOME

ABiopbi M3yHann flMHBMMKy /innoxnHOHOB b npoąecce spoBMsauMM o3mmom mueHMUbi 
(copT flaHbkOBCKa Bana). flpoBM3anMB npoBOflMJiacb TpaflMflMOHHbiM cnocofioM no Jl e- 
BMUKOMy (15) b TeneHue 60 flHeii. flnnoxMHOHbi KOHTpojinpoBanncb Mepea «a>Kflbie 
5 flHefi b 3apoflbime u aHflocnepMe no MeTOfly JlmTemaiiepa (16), a BMTBMMHbi K, 
no MeTOfly JltUTemanepa m Tcbhhh (18). KpoMe toto onpeflensnocb coflepma- 
HMe jiMnoxnHOHOB m xnopo4)Mnna b spoBH3npoBaHHOM m HespoBM3MpoBaHHOM aepHe no
cne cyTOMHoro o6nyqeHMJi. Xnopocf>Mhh noflCHMTbiBanca no MeTOfly ApHOHa (1). Koh- 
TponbHbiM óbino HespoBM3npoBaHHoe 3epHO Ha oflHHakOBOM srane npopacTdHMB C npOBH- 
3MpOBaHHblM 3epHOM.

KOHCTaTMpOBaHO, mto:
1. 3epHO O3mmom niueHMhbi coflepwm kbk b 3apoflbiuje, Tak m b 3HflocnepMe 3 6eH- 

3oxhhohb: nQA, nQB, nQU.
2. B nepMOfl npopacraHMH m spoBM3auMM CMHTe3MpyeTca a-TQ.
3. riponecc apoBM3auMM BneneT Óonbujoe CKonneHMe nQA, nQLf m a-TQ b 3epHe m 

yMeHbUieHMe coAepwaHMB nQB. 3tm M3MeHeHMS npoMCxoflST b ochobhom b 3apoflbiuje, 
a TeMn mx 6ojibine, qeM b He»poBM3npoBaHHOM 3epHe.

4. M3MeHeHMB ypOBHB aKTMBHblX hMnOXMHOHOB B CMHTe3e nnaCTMflOBblX CTpyKTyp M tpo- 
ToCMHTeTMMeCKOM nepeMeiąeHMM 3/ieKTpoHOB, (Bbi3BaHHoe cyTOMHbiM o6nyqeHMeM) 6onee 

3HaMMTehbHbl B BpOBM3MpOBaHHOM 3epHe.


