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Abstract-The free sterol and phosphofpld of the leaves and roots of Trwxm aestzvum var MEC seedhngs, grown at 
different temperatures, were determmed Durmg growth, free sterols increased m the leaves and roots at optimum 
temperature (21”) whereas m the cold treatment (1”) they remamed slgnmcantly unchanged despite an increase of 
cholesterol of the leaves mdlcatmg a higher degree of regulation of membrane structure under cold condmons 
Phosphohpld from both groups of plants increased m the leaves and in the roots durmg all the expemental permd, 
although at a lower degree m the cold treated plants The molar ratio of free sterol/phosphohplds suggested a less 
ordered membrane structure m the cold treated leaves and roots 

INTRODUCI-ION 

It has been inferred by many authors that wmter wheat 
exposed to low temperatures undergoes metabohc 
changes wmch lead to an mcrease m resistance This 
increase during cold acchmatuatlon was at first attnbuted 
to increased total phosphohpld and higher levels of 
unsaturated fatty acid [l] m the membranes synthesmed 
by seedlings growmg and adaptmg to low temperature 
[2] These changes were assumed to have mcreased 
membrane fluidity 

Later De La Roche et al [3] found, at least m wheat 
seedlings, that increased unsaturatlon of membrane fatty 
acids 1s not essential for the adaptation to low tempera- 
tures Furthermore Pomeroy and hson [4] observed 
small changes m the fluidity of membrane polar hplds m 
wheat seedlings during acchmatmation, but these changes 
were not correlated with freezmg tolerance Other hpld 
factors, such as sterols, also might vary and hence alter the 
properties of membranes Indeed, it has been suggested 
that mteractlon of free sterols with phosphohplds stabll- 
lzes membranes and permeability control [S] 

Very little 1s known about the effect of temperature on 
sterol metabolism in wheat even though its importance on 
membrane structure 1s obvious Davis and Fmkner [6] 
showed that shoots of wheat plants grown at 10” had 
higher total sterol content than shoots from plants grown 
at l”, whereas roots from the same plants had the reverse 
pattern Wlllemot [7] found that low temperature caused 
an increase m total sterol content but had little effect on 
sterol composition and total sterol to phosphohpld ratio 

Knowledge of the changes m amounts of mdlvldual 
sterols of the free sterol fraction m wheat seedlings grown 
at optimum-temperature and under cold-acchmatlultlon 
condmons 1s required m order to clarify further the 
biochemical mechanism underlying cold-acchmatuation 

For this reason we were interested m whether the free 
sterol content and composmon, and the free sterol to 

phosphohpld molar ratios were affected, when comparmg 
Tnhcum aestzvum seedhngs grown at optumnn tempera- 
tures (21”) and at below optunum temperatures (1”) for 
cold acchrnatlzatlon 

RESULTS 

Growth of wheat seedhngs was more pronounced 
under the optimum temperature (control, 21/1Y 
day/night) than under the low temperature treatment (1” 
day/night) (Fig 1 and Table 1) The height of seedhngs 
increased m the control whereas m the treated plants it 
remained unchanged over all the expenmental period The 
shoot dry weight of the first group of plants increased five 
tunes whereas the cold-treated plants showed about a 
three-fold increase durmg the same penod 

In wheat roots the dry matter was slgmficantly lower 
than m shoots and ns increase followed the same pattern as 
m shoots for the 21/1Y day/mght treatment On the 
contrary, in the cold-treated plants only the shoots 
showed a dry matter increase 

Measurements of solute leakage showed that there were 
no slgmficant differences m the relative amount of leakage 
between the treatments (Fig 2) The relative amount of 
leakage at 1” was indeed smnlar to that observed at 21” at 
every sampling date throughout the expenmental penod 
Furthermore the mlury evaluation by Sakumaran and 
Welser [8] showed no damage m cold treated seedlings 

The free sterol content of the shoot and root tissues, 
measured on a pg/plant basis, was higher m the control 
than m the treated plants (Table 2) Under optimum 
temperature condmons, sterol content increased up to the 
thud harvest date, afterwards it remamed unchanged, 
whereas the cold treatment left the sterol level slgmfi- 
cantly unmodified 

The major sterols of winter wheat from both groups of 
plants were sttosterol and campesterol, followed by 
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Fig 1 Effect of two temperatures on growth of T aestlvum 
seedlmgs over the experunental penod (U, 21”, O--O, 1”) 

stlgmasterol, cholesterol was present m small quantities 
(Tables 3 and 4) Dunng plant growth, m the leaves of the 
control sltosterol and campesterol had a behavlour very 
snmlar to-that of free sterols, stlgmasterol increased up to 
the same tune as free sterols afterwards it decreased, and 
cholesterol increased stgruficantly over all the expenmen- 
tal period In the low-temperature plants sltosterol, 
campesterol and stlgmasterol levels remamed the same 
but the cholesterol level increased up to the second harvest 
date after which it remained unchanged 

In the roots of the control, cholesterol, campesterol and 
sltosterol contents showed an increase while stlgmasterol 
had a similar pattern to that observed m the leaves The 
changes in response to cold temperature were similar to 
those for free sterols 

Phosphohpid content was always higher in shoots than 
m roots, and these showed lower values under low 
temperature than the control (Table 5) Besides m these 
two parts from both groups of plants, phosphohpld 
increased durmg all the expenmental period, although to 
a lower degree m the treated plants The low temperature 
induced a decrease of free sterol to phosphohpid molar 
ratio (Table 6) and so this ratio appeared very low in the 
leaves In roots, although this ratio was higher than m 
shoots, we noticed a similar behaviour 

DlSCUSSION 

Leakage at 1” was similar to that of the 21” treatment 
throughout the experimental penod, mdlcatmg that the 
winter wheat plant vlablhty was the same at both tempera- 
tures (Fig 1) 

From the data m Tables 2-6 we can determine if 
changes m free sterol content, sterol composlhon, phos- 
phohpid and free sterol to phosphohptd ratio occur after 
transfer of the plants from 21” to 1” In this experiment on 
winter wheat the amounts of free sterols were always 
higher m shoots than m roots and they increased m both 
plant parts durmg the plant growth m the optimum 
temperature treatment. 

Free sterol comparative values for the two parts of plant 
have not been reported, but Davis and Fmkner [6] found 
a very similar pattern for total sterols When we consider 
what happens at l”, the free sterol content of shoots and 
roots appears slgmficantly unchanged over all the exper- 
imental period even though the dry matter Increases 

With regard to the absolute amounts of each sterol we 
noticed that m both shoots and roots low temperature 
influences their evolution Whereas at 21” every sterol 
increased durmg plant growth, at 1” slgnticant dfierences 
did not appear either durmg successive growth stages or 
for the first stage, with the exception that cholesterol 
increased in the shoots about two fold after a week of 
treatment, thereafter remammg at the same level 

The relative amounts of the sterols (calculated from 
Tables 2-4) did not vary greatly among the plant parts or 
between treatments, as was observed by Davis and 
Fmkner [6] Davis and Fmkner [6] and De La Roche [9] 
observed a shift towards sltosterol in low temperature 
treated winter wheat but auf data did not show any 
increase m this sterol Because the only observed variation 
was in the cholesterol content of the shoots two expla- 
nations can be considered Low temperature could m- 
fluence either (a) a common intermediate for sterols other 
than cholesterol or (b) the movement of mevalomc acid 
from its site of synthesis to the site of synthesis of the other 
three sterols as suggested by Davis and Fmkner [6] 

It has been suggested that free sterols play an important 
role m the structure of biological membranes and the 
increase of permeablhty and fragdlty of erythrocytes 1s 
well known [lo] In higher plants, among free sterols it 
was found that cholesterol, at low concentration, was 

Table 1 Effect of temperature on dry matter levels (mg/plant) of T aestmm shoots 
and roots over the expenmental penod 

Dry matter 

Seedhng Shoots Roots 

age 
(days) 21°C 1°C Means 21°C 1°C Means 

12 248Aa - 248Aa 132Aa - 132Aa 
12+7 466Bc 326Aab 396Bb 29 2 Ba 158Aa 225Ba 
12+ 14 743Cd 428Bbc 58 5 Cc 617Cb 188ABa 402Cb 
12+21 1174De 679Cd 926Dd 750Db 247ABa 498Db 
Means 658Bb 420Aa 448Bb 18 1 Aa 

For compansons among means the analyst of varrance test was used Means with 
capital letters m common are not agnticantly different at the P = 0 05 Means with 
small letters m common are not slgmficantly different at the P = 0 01 



Free sterol and phosphohpld m Trttzcum aestruum 2481 

I I 
1 

1 I I 

12 12+7 12+14 12+21 

SEEDLING AGE (DAYS) 

Rg 2 Cellular leakage as a percentage of total conductmty for 
T aestluum seedlings at two ddferent temperatures over the 

expemental penod (O--0,21”, O--O, 1”) 

more effecttve than calcium chloride, the classic mem- 
brane stabdlzer, m preventing the methanol-induced 
leakage of betacyamn from red beet disk and the effective- 
ness decreased m the order cholesterol, campesterol, 
stlgmasterol, sltosterol [ 11,123 This hypothesis has been 
confirmed [13] m rmcelles with different proportlons of 
phosphohplds and phytosterols A crItIca point for higher 
plants IS that cholesterol IS generally present m small 
amounts, whde the maJor sterols are sltosterol and 
stlgmasterol Nevertheless for cholesterol Wood and 
Paleg [13] found that the concentration needed to act 1s 
very low, because only shght changes m Its content could 
change the permeability and function of the membrane 

When we examme the data from the shoots, we find 
support for this suggestion This behavlour nught be 
related to the greater effectiveness of cholesterol than 
other sterols m stabllrzmg nrembrane structure, and this 
fact may be a contrlbutlon m overcommg the negatrve 
effect of low temperature This hypothesis did not find 
corroboration m the root sterol content which did not 
show any sqquficant change m free sterols during the 
growth at 1” The phosphohpld of shoots and roots 
Increased dunng cold acchmatlzatlon as already pomted 
out by Willemot [7], although his data, expressed in pgg/g 
fr wt, are not really comparable with ours Also Horviith 
[ 141 showed a strong relatlonshlp between phosphohpld 
content and level of hardmess 

As the amount of phosphohplds reflects the amount of 
membranes the increase m the phosphohpld content 
could be interpreted as cold acchmatlzatlon dependent 
augmentation of membraneous mater& in leaves and 
roots of wheat, even If it appears unhkely wlthout a 
parallel increase m free sterols that are structural com- 
ponents of membranes The molar ratlo of free sterol to 
phosphohpld m the shoots of plants grown at 21” shown 
m Table 6 closely resembled that obtained by De La 
Roche [9] m a total membrane fraction of winter wheat, 
suggesting that most free sterols are locahzed in the cell 
membranes The ratio was at its lowest dunng acclimatiz- 
atlon m the roots and m the shoots and this suggested a 
less ordered membrane structure 

EXPERIMENTAL 

Plant moterral Winter wheat (7’rntlcum oestzvum L cv MEC) 
was germinated tn pots with basal perforation, filled to a uniform 
level with a steam sterlhzed perhte Umformly szed seeds were 
planted in each pot at a depth of 1 cm and mamtamed m the dark 
at 24” for 2 days Then they were grown at 21” and 15” day/n&t, 
a 16 hr photopenod, an 85% relative humidity and a light 
mtenslty of 18 GO0 lux 

Half strength Hoagland’s 2 soln was used durmg seedling 
growth Twelve day-old seedhngs were dlvlded m two groups one 
group continued to grow under unchanged condrtlons as the 
control, and the second group was transferred to a cold chamber 
1” day/night with the other condltlons unchanged Plant matenal 
(three rephcates of 150 seedlings each) was collected after the 
twelve day penod and on the lst, 2nd and 3rd week of further 
growth from both temperature regimes 

At each harvest date, the aenal parts were separated from roots, 
the wet wt, seedling height and number were recorded, and all 
samples were lyophlhzed and stored under N2 at -20” untd 
analysed 

Z.tpld extra&on and sterol analym Extraction, purlficatlon 
and preclpltatlon of the sterols were as previously desmbed [ 151 
Indmdual sterols were ident&% by GLC, cholestane was the 
internal standard, and for their quantltatlon, corrections were 
made for differences m detector response The column was glass 
(3 m x 4 mm) and packed with GP 3 % SP-2250 AW-DMCS 
100/120mesh The operatmgcondmons were column, 235”, flash 
heater, 280”, detector, 300”, N, was the tamer gas at 40 ml/mm 
Phosphohpld was determined by the method of Allen [16] after 
sample extraction with CHCI,-MeOH (2 1) [17] 

Table 2 Free sterol evolution (pg/plant) of T aesttoum shoots and roots at two 
different temperatures over the experlmental period 

Free sterols 

Seedling Shoots Roots 
age 
(days) 21°C 1°C . Means 21°C 1°C Means 

12 260Aa - 260Aa 166Aa - 166Aa 
12+7 552 Bb 276Aa 414Bb 402Bb 120Aa 261Bab 
12+14 1012Cc 308Aa 66OcC 623 Cc 79Aa 351cbc 
12+21 1079Cc 33 1 Aa 705Cc 699cC 145Aa 422Cc 
Means 726Bb 294Aa 472Bb 128Aa 

For comparisons among means the analysis of vanance test was used The 
sigmticance of the letters IS the same as m Table 1 
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Table 5 Phosphohpld content (&plant) of T aestwum shoots and roots at two different 
temperatures over the expenmental penod 

Seedhng 

age 
(days) 21” 

Shoots Roots 

1°C Means 21°C 1°C Means 

12 2267Aa - 2267Aa 634Aa - 634Aa 
12+7 36 29 BCab 29 21 ABab 32 75 Bb 9 53 BCab 6 79 ABab 816Aa 
12+14 398OCc 35 46 BCab 37 63 Bb 1824Dc 7 22 ABab 12 73 Bb 
12+21 7547Dc 4443Cd 5995Cc 1843Dc 10 93 Cb 14 68 Bb 
Means 43 56 Bb 3294Aa 13 13 Bb 782Aa 

For compansons among means the analysis of vanance test was used The stgruficance. of the 
letters IS the same as m Table 1 

Table 6 Free sterol/phosphobpld molar ratlo of T aestwum shoots and roots at two 
ddi’erent temperatures over the expenmental penod 

Free sterols/phosphohpld molar ratio 

Seedling Shoots Roots 

age 
(days) 21°C 1°C Means 21°C 1°C Means 

12 008Bb - 008Aa 02ocbc - 0 20 ABab 
12+7 012Cc 006Aa 009Aa 032Ed 014Bab 023Bb 
12+14 019Dd 006Aa 012Bb 026Dcd 008Aa 017Aa 
12+21 011 Cc 006Aa 008Aa 029DE!d OlOABa 019ABab 
Means 012Bb 006Aa 027Bb 013Aa 

For compansons among means the analysis of variance test was used The 
slgmficance of the letters IS the same as m Table 1 

Leakage A solute leakage technique was used to assess 
membrane mtegnty dunng cold aazbmamtlon of winter wheat 
[8] The relative amount of leakage was expressed as percentage 
of the maxunum conductlvlty, measured after kllhng the samples 
by munerslon m hqmd mtrogen All obse.rvations are the means of 
three replicates Statlstlcal analysis was performed using the two 
way analysis of vanance 
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