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Abstract 

Radiation-induced high temperature-tolerant spring wheat mutant WH 147M and its 
mother cuilivar WH 147 (sensitive) were grown in phytotrons at day/night temperature 
of 37°CI18°C (stress) and 20°CI 12°C (normal) for 12 h each and fluorescent light 
(5.341/em2fh) for 12 h per day. Grains of WH 147M had A considerably higher con
tent of phospholipids than WH 147. In leaf samples of both the genotypes polar lipids 
constituted 80 to 90 per cent of the total lipids. But galacto-. phospho- and neutral lipid 
content was higher in leaf samples of heat-stress cd plants of both genotypes than the 
normal ones. Similarly, increase of monogalactosyl digJycerides (MOOG) predomi
nated over that of digalaetosyl diglycerides (UODO) under normal temperature. The 
mutant showed a higher content of galatolipid-bound linolenic acid and especially 
phospholipid-bound trans-c.-3-hexfldeeenoic acid than the heat sensitive WH 147. 
Following heat stress, increase in these parameters was Jess pronounCed in the mutant 
than in WH 147 . These observations indicate the role of membrane lipids in adaptation 
to heat stress. 

1 Introduction 

High temperature stress. an important yield--limiting Factor in wheat, is known to affect 
several membrane-associated processes, like photosynthesis, respiration, protein syn
thesis etc. (KAUR et al. 1988, SHANAHAN, 1990). Lipids, being important constitu
ents of biomembranes (lipoprotein complexes), are responsible for maintaining the 
membrane integrity. Changes in structu re and composition of lipids in response to heat 
shock have been observed in wheat (YANG et al. 1984). Whether these changes arc 
consequences of or causes of adaptation to heatslress is still uncertain. In th is context, 
comparative analysis of mutanls differing mainly in thermotolerance would elucidale 
Ihe role of lipid metabolism in adaptation to heat stress (KUNST et al. 1989). The pres
ent slUdy was, Iherefore, planned to lead 10 further understanding of high temperature 
siress-induced changes in various lipid components and lipid bound fatly acids in a 
spring wheal mutant and its mother varielY. 
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2 Materials and Methods 

Gamma ray induced, high temperature-tolerant spring wheat mutant WH 147M selfed 
up to M8 generation. (8EHL et al. 1986) and its mother cult ivar WH 147 (sensitive) 
were grown in pots filled with sterilised sand and organic manure. Soon after seeding. 
20 pots of each genotype containing four plants each were placed in phytotrons main
taining 37°Cfl8°C (stress) and 20°Cl \2°C (!Ionnal) day/night temperature for 12 h 
each and with fluorescent light(5.34 1 cm2Jh) for 12 h per day. 

Lipids were extracted in chloroform-methanol mixture (2:1 v/v) according to BLIGH 
and DYER (1959) using grain and leaf samples (from six weeks old plants). Before 
extraction, leaf samples were frozen in liquid nitrogen and ground in a monaro Lipids 
were extracted at the chlorofonn phase. After separating the proteins, the evaporated 
lipids were again put into solution and used for thin layer chromatography according to 
POHL cl al (1970). The individua l bands were extracted for quantitative determination 
of lipid components. such as acyl esters. phosphate. galactose, glycerol and free and 
bound fallY acids as described by HEISE and JACOBI (1973). 

3 Results and Discussion 

~Analysisofgrain samples for important storage lipid components (Table 
I) revealed that the mutant contained considerably higher contents of phosphOlipids 
than WH 147. However, the relative amOunt of fatty acids in various lipid fractions did 
nOI differ significanlly in both the genotypes (dala nOI given). 

Leaf [inids: Lipid components extracted from leaf samples (Table 2) revealed a slightly 
highcr quality of total lipid bound fallY acids in the mutant than in WH 147 under nor
mal temperature. Following high temperature stress. both the genotypes showed an 
increase in total lipid bound fatty acids - re!ath'c1y more pronounced in WH 147. Al
though galactolipids were comparable in both the genolypes under the same conditions. 
WH 147M showed a lower increase in these lipids than WH 147 under heat stress. 
Moreovcr, the ratio of monogalactosyl diglycerides (MGDO) to digalactosyl diglyc
erides (DODG) increased from 1.3 under nonnal conditions to 1.7 under stress tem
perature. The fatty acid composition of individual lipid components revealed that trans
t. - 3- hexadecenoic acid (trans-t. - CI6:1) in phospholipids increased in both the 
genotypes. four fold in WH 147 and two fold in WH 147M following heal stress. 
Similarly the heal stress resulted in the production of increased quantities of linolenic 
acid (C I8:3) in galaclo- and phospholipids in both the genotypes, which was lower in 
the mulam variety. 

Changes in proponion of membrane components of cells induced by high temperature 
stress are expected to be reflected in qualitative and quantitat ive changes in membrane 
associated dynamic lipid classes (KUIPER 1984). Although composition of storagc 
lipids is not necessarily related to that of membrane lipids. nevertheless, their chemical 
and physical nature may influence lipid metabolism at different temrera tu res. Thus. 
differences in phospholipid content in grains of the mutant and cultivar WH 147 
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prompted our interest to know about changes in leaf membrane lipids under nonnal and 
high temperatures. Several workers observed a correlation between thermal stability 
and changes in membrane lipid composition, particularly a decreased level of fatty acid 
desaturation (RAISON et al. 1982, LYNCH and THOMPSON 19&4. KUNST et al. 
1989). Such lipid changes influence membrane lipid nuidity vis· l-vis spat ial relatio-; 
ships and interactions between lipid-enzyme complexes (BARBER et al. 1984). 

In the present study the major and consistently quantita tive changes under high lem
perature stress were an enhanced MGDGlDGDG-ratio and an increased production of 
trans-6 3-CI6:1 residues of phospholipids and of linolenic acid (C I8:3) in galaelo and 
phospho lipids of both the genotypes. Although both the genotypes reacled to changes 
in temperature, the mutant exhibited such changes to a considerably lower degree. 
Changes in MGDGI MGDG-ratiQ may be either due to increased synthesis of MGOG 
as compared 10 DGDG, or to a different hydrolysis by galactolipase of both galactolip
ids (WlNTERMANS ct at. 1987). The high desatura tion degree of chloroplast lipids 
fou nd ina wide variety of species suggests its important role in rnai ntainingchloroplast 
structure and fu nction (YANG et al. 1984. BROWSE et al. 1989). Moreover, An in
crease in trans-6 3-C I6:1 is related 10 membrane appression (KHAN et a!. 1979. 
KUNST et al. 1989). Changes in its content alter the ra tio of appressed to exposed 
membranes in chloroplasts. It is possible that altered lipid composition and synthesis of 
specific membrane proteins confer increased thennal stabili ty upon chloroplas t mem
branes of the mutant (HONER et al. 1989). Synthcsis of heat shock proteins (BEHL et 
al. 1991) and high rntesof pholosynthesis (KA UR et al.1988) in WH 147M under high 
temperature stress furt her lend support to this view. It is, therefore. suggested that si
mul taneous measurement of heat stress mediated changes in lipids. proteins and ul tra
struc!ureand fun ctions of chi oro pi as I membrancs would bc useful inclucidatingcause 
and effect rclationship detennining heat tolernnce. 

4 Zusammenfassung 

Toleranz gegen hohe Temperaturen und verlinderte Lipide in einer Weizenmu
tat, 

Eine durch Strahlung induziene MUlante mi t Toleranl. gegen hohe Temperalur von 
Sommerweizen WH 147M und die Ausgangssorte WH 147 (hitzeempfindlich) wuch
sen im Phytotron bei einer TagINacht-Tcmperatur von 37118 0 C (S tress) und 2011 2 Q C 
(nonnal zu je 12 h unler Leuchtstoffiampen (5,34 J/cm1 I h) mit tilglich 12 h Licht. Die 
Komer von WH 147 M wiesen betrlichtlich mehr Phospholopide auf als WH 147. In 
den BHittern beider Genotypen ste lltcn polare Lipide 80 ... 90 % der Gesamtlipide. Je
doch waren die Gehaltc an Galakto-, Phospho- und Neutrallipiden in den Bl!lLlcrn der 
hitz.egeslreBten pnanl.en bcider Genotypen erh6ht gegcniiber nonnal. Die Zunahme der 
Monogalactosyl-Diglyceride (DGDG) Ubenrnf die der Digalaclosyl-Diglyeeride 
(DGDG) bei nonnaler Ternperatur. GegenUbcr der hitl.eempfindlichen Sorte WH 147 
haue die Mutante einen h/:iheren Gehalt an galaclolipidgehundener Lino!easiiure. Die 

t33 



Zunahmen dieser Verbindungen verliefen naeh dem Hilzes tress bei der Mulanle lang
samer als in WH 147. Diese Beobachtungen belegen die Funktion der Membranlipide 
in der Anpassung an Hitzeslress. 

Tolerancia conlra lempcraturas a ltas y lipidos cambiados en una mulaeion de 
trigo. 

Resumen 

Una mUiadon de trigo de verano WH 147 M COn toierancia contra tempcraturas altas. 
inducida por rayos, y ia yariedad madre WH 147 (sensible al calor) creeieron en ei 
n totrono bajo temperaturas variadas entre dia y ROche 37 fl8 C (stress) y2011 2 C 
(norma) y bajo lamparas fluorescent es (5,34 Jlcm Ih), dando una duracion del dia de 
luz igual a 12 horas. Los granos de WH 147 M conlenian nOlablemente mas fosfo
!ipidos que los de WH 147. En las hojas de ambos genotipos los lipidos polares con
stituieron 80 ... 90 % de los lipidos to tales. No obstante, e i conlenido de galactn- y fo s- . 
fn-lip idos y de los lipidos neut rales en las hojas de plantas aff«tadas por ei calor en 
ambos genolipos era eleyado en comparicion con ei de plantas no aff«ladas. Bajo tem
peraluras normales ei aumenlO de los monogalactosii-digliceridos (DGOG) supero ei 
mismo de los digalactosildigliceridos (DGDG). En comparicion con la variedad WH 
147,succeptiblealealor, ei mutanteeontenia mas acidoJinolea Ii gadoa galactoJipidos. 
Despues del effect o de calor ei contenido de dichas sustancias aumento mas lentamente 
en ci mutante que en la varicdad WH 147. Esas observaciones comprueban la fu ncion 
delos lipidosenlamembranaparala adaptacional cffccto decalor. 

Tolerance aU}( fortes tempira tures et transrormations des lipides d ' une Variele 
mutante de ble, 

Resume 

Une yarit te mutante de ble de printemps WH 147M, induite par radia tion, toltrante aux 
fortes temperalUres,etlavari~ te initialeWHI47 (sensiblealachaleur)poussaien t sous 

des tcmptratures de 37"C Ie jour et ISQC la nuit (condition de stress) et 20"C I 12"C 
(condilion normale) chacune sous des lampes nuorescentes (5,34 J/cm2lh). pendant 12 
heures d'tdairagc_ Les grains du bit \VH 147M renfermaient cons i~rablement plus de 
Phospholipides que ceux de la varittc non traitee. Les lipides polaires extrailS des 
feuill es des 2 genotypes representaient 80 a 90% de la quant ile tOlale des lipides. Ce
pendant, la quant ite de lipides galactosiques, phosphoriques et ncutres cxtraite dcs 
feuilles des plantcs des 2 g~notypcs soumis au slress de la chaleur t tai t superieure Ii. la 
norrnale. L'augmentation du taux de MGDG, sous temptrature normale, ~tai t superieu
re ii. celie du DGDG. La quant itt de lipides galactosiques associ ts a I"acide linolique de 
la yaritte mutante comparee A la varittc WHI47 (stress) est plus clevee.On obsen·e 
chez la variclt mutanle que I'augmentation de ces composts se manifeste plus lente
ITICnt que chez la varitte WH147. Ces observations justifient alors la fonetion 
d'adaptalion deslipidesmembraneuxaustresslilachalcur. 
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