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Abstract-Mitochondrial fractions were isolated at various stages of germination, from wheat coleoptiles of 4 
different genotypes: WRH, Capitole, male-sterile Capitole (MSC) and F, hybrid obtained by crossing MSC with 
WRH. The ADP:O value-s were the highest in F, and in MSC and decreased during germination. The oxygen con- 
sumption was weaker in F, and in WRH than in the other genotypes. Quantitative differences in polypeptides exist 
between the different genotypes. On germination, increase in the polypeptides of high MW was more rapid in F, 
than in the other genotypes. The fatty acids of the mitochondria of F, and MSC are characterized by an abundance 
of linoleic acid. The content of this fatty acid decreased during germination more rapidly in F, and in MSC than in 
the others. The cytoplasm of Triticum timopheeoi has a marked influence on mitochondria of MSC and F,. This 
cytoplasm confers better oxidative properties which can be correlated with changes in their biochemical constituents. 
However the F, hybrid differs from the other genotypes in many biochemical features. 

lNTBODUCTlON 

Little information is available concerning the relation- 
ship between nuclear and/or cytoplasmic information 
and biochemical properties of mitochondria isolated 
from higher plants [ 1.23. The studies may be conveniently 
performed with wheat coleoptiles. In the present work, 
we used two inbred lines (WRH 69002 and Capitole), a 
cytoplasmic male sterile form of Capitole and the F, 
hybrid obtained by crossing MSC (9) with WRH (S). 
This F, hybrid is fertile, its T. timopheeoi cytoplasm 
(sterile) being restored by nuclear genes present in the 
male parent. This paper reports striking differences 
between the biochemical properties (oxidative capaci- 
ties, protein and lipid composition) of mitochondrial 
preparations isolated from these 4 genotypes of wheat 
coleoptiles at various stages of germination. 

RESULTS AND DISCUSSION 

Oxidatiue properties of the mitochondrialfractions 

Mitochondria isolated by the ‘rapid’ technique from 
wheat coleoptiles are probably contaminated by other 
cell fractions, but this method allows the best preserva- 
tion of mitochondrial integrity. With this technique 
which consisted of submitting cell homogenates to high 
acceleration for a short time, the ADP:O values with 
a ketoglutarate (rxKGA) as a substrate although weaker 
than the theoretical ones, were not too far removed from 
values indicated by other workers [3, 41. Interestingly, 
the ADP :0 values (Fig. 1) decreased during germination 
for each genotype. A striking difference is observed 
between F, and MSC on one hand, and C and WRH on 
the other. The mitochondria of F, have the highest 
ADP : 0 values at all stages of germination; the difference 
is very large after 5 days growth It is of interest that the 

male-sterile Capitole presents ADP :0 values higher than 
those of the fertile one (which differs only in the cyto- 
plasm). The 0, comsumption (expressed in pAtom 
O/min/mg mitochondtial protein) is weaker in the F, 
(37.7) and WRH (25.2) than in MSC (72.8) and C (59.9). 
The F, hybrid phosphorylating system seems to be more 
efftcient, although the ADP:O of the hybrid are always 
higher than in the other genotypes, even the female 
parent, and the 0, consumption is weaker, like the male 
parent. All these data are in agreement with a higher 

2.5- 

I .5- 

I I I I 
3 4 5 6 

Days of germination 

Fig. 1. Oxidative properties of mitochondrial fractions isolated 
from wheat coleoptilca The ADP:O ratios. measured with 
o( KGA ss substrate, are the mean of8 determinations0 Capitole. 
D MSC (female parent). A F, = MSC x WRH 0 WRH (male 

parent). 
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efliciency of the mitochondria isolated from the scutellum 
of maize [5] and wheat [6, 7] in the hybrid than in the 
parents. However all these cbservations were restricted to 
seedlings at a definite stage of germination (2.5 days) and 
to the 2 parents and hybrid The present data, obtained 
on wheat seedlings extend these observations, since 
changes during germination and the isogenic line on 
7’. aesticum (fertile) cytoplasm of the female parent were 
also analyzed. We can therefore see the typical influence 
of cytoplasmic male-sterility on mitochondria. 

Protein composition 

Electrophoretic separations performed on mitochon- 
drial fractions revealed the presence of more than 24 bands 
for each preparation. Fig. 2 shows that, mitochondriai 
preparations obtained from the seedlings of all 4 geno- 
types 3 days after germination do not strikingly differ 
from each other. The main bands designated by their 
MW x 10s3 namely 21.5, 30, 39, 48, 67, 94 were always 
found In addition a band 54 exists in MSC, C, and in 
WRH, while in the F, hybrid there are two other bands 
(52 and 57). During germination, changes were noticed: 
54 disappears and was replaced by 52 and 57 bands in 
the mitochondria of WRH, Capitole and MSC. 

To follow the changes conveniently, the mitochondrial 
polypeptides were classified in 3 groups differeing by 
their MW: group 1 comprises polypeptides from 94 to 
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Fig 2 Electrophorctic patterns of polypeptides of mitochondrial 
fractions isolated from wheat coleoptiies after 3 days of germi- 
nation. The number indicated at the top of major-bands 

correspond to the M W m kilodaltons. 

62, group 2 from 62 to 45 and group 3 from 35 to 24. It 
may be noticed that during germination a decrease in the 
relative amounts of proteins of low MW (group 1) (Table 
1). This change was noticed for all thegenotypes but not at 
the same time. Again the F, hybrid shows a more rapid 
change. These data are in agreement with the studies of 
the oxidative properties, since evolution of the mito- 
chondria differs in F, hybrid and in the parents. 

Lipid constituents 

The fatty acids play an important role in membranes 
probably controlling physiological activity [S, 9, 10, 121. 
It was of interest to study the total fatty acids of wheat 
mitochondria. After 3 days of germination, a net difference 
exists in the fatty acid contents of the mitochondriat 
pellets isolated from the 4 seedling populations (Fig. 3). 
MSC is richer in fatty acids than its fertile counterpart, 
thus richness seems to bea chatacteristic of the male-sterile 
cytoplasm. During germination a general decrease, 
greatest in MSC was noticed, and the amount reached 
homogeneous values exepted for MSC. Relative to the 
amount of proteins, the amount of fatty acids is almost 
constant, indicating a strict balance between the bio- 
synthesis and the degradation of fatty acids during the 
fife of the cell. This is in agreement with the results of 
other workers [9]. The fatty acid composition is qualita- 
tively the same in the mitochondria of the 4 genotypes, 
but quantitative variations characterize each day of 
germination. 

The main unsaturated fatty acids are oleic, Iinoleic 
linolenic acids, and the saturated ones palmitic and 
stearic acids. Palmitic acid is abundant in the F, hybrid 
and in MSC, and decreases after 3 days of germination. 
Interestingly linoleic acid, the major fatty acid of wheat 
mitochondria, undergoes striking variations. After 3 days 
of germination, linoleate is particularly abundant; its 
amount strongly decreases during germination for 5 days, 
and then increases again. These variations of linoieate, 

Table 1. Polypeptide composition of mitochondrial fractions 
isolated from 4 genotypes of wheat coleoptiles Total protein 
weight is indicated for each group of polypeptides, group I : 
polypeptides from 94000 to 62000; group 2: from 62ooO to 
45000; group 3: from 450@3 to 24000. (Arbitrary units corres- 

ponding to triangulation of major Peaks). 

Days of Total proteins : 
Genotype germination Group 1 Group 2 Group 3 

Capitole 3 16 28 29 
4 20 36 29 
5 23 36 26 
6 23 46 22 

MS Capitole 3 19 26 39 
(female 4 21 31 36 
parent) 

: 
26 30 34 
30 36 25 

WRH 3 17 29 46 
(male 4 24 31 34 
parent) 5 21 30 34 

6 28 38 30 

kc x WRH : 
18 37 35 
27 36 34 

5 32 38 30 
6 31 40 23 
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Fig 3. Variations of fatty acid composition of mitochondrial 
fractions isolated from wheat coleoptiles during germination_ 
The amounts of the total fatty acids (total FAX of pahnitic 
(C,,J, okic (Crs:J. linokic (C,,,J and linolcnic (C,,,J acids 
are indicated in p&O Capitole. m MSC (femak parent), A F, = 

MSC x WRH, 0 WRH (male parent). 

are in a major part responsible for the changes in the total 
amount of fatty acids, since the amounts of the other 
fatty acids show only slight variations during germination. 
These variations of linoleic acid content may be explained 
by changes in the rhythm of biosynthesis and of the 
degradation of this fatty acid It is known that the 
biosynthesis of linoleic acid is strictly regulated in the 
life of the plant celL The oleoyl CoA desaturase, a key 
enzyme in the biosynthesis of linoleic acid, is only active 
during short periods in the life of the cell corresponding 
to the formation of new biomembranes [9]. 

The F, hybrid is character&d by an accumulation of 
stearic acid 5 days after germination. One is tempted to 
correlate the changes in physiological activity with the 
changes in fatty acid content. ADP:O values change 
during germination in parallel with the quantity of 
linoleate, and MSC and F, which have the higher ADP :0 
values also have the higher linoleate content. The peak 
of stearic acid at 5 days in the F, hybrid can also be 
correlated with its higher eficiency at the same time. 

EXPERIMENTAL 

PIant material. The experiments were performed co the 
following material. The two inbred lines: WRH 69002 and 
Capitole: a cytoplasmic male-sterile form of Capitok (MSC) 
and a F, hybrid from the crossing of MSC with WRH 69002. 
The seeds were humidified with C&I, (lo-.M), on paper sheets 
in plastic trays. After 3, 4, 5 and 6 days at a temp. of 23”. the 
aerial part ol the seedlings, (except scutellum), called coleoptile 
in the text, was removed. Coleoptiks (6 g) were immediately 
cooled to 0”. 

Isolation of mitochondria Tissues were ground with sand, in 
sucrose 0.5 hf. Pi buffer 67 mM. EDTA lo-” M. BSA (0.1 X) 
and cysteine chloride (0.5%), pH 7.4. The grinding medium is 
a modification of sol9 given in ret [3, 11, 131. The homogenate 
was filtered through 4 nylon sheets (48 mesh). After centrifuging 
at loo0 g for 15 set, the supernatant was centrifuged at 40 Ooo g 
for 2 min; the mitochondrial pellets were carefully resuspended 
in 1 ml of grinding medium The protein content of mitochon- 
drial suspension was determined by the method of ref. [14]. 

Oxidatiueproperties. The oxidative capacities ofmitochondrial 
prepns were determined by the amperometric method of rd [15-J. 
The medium was mannitd 0.3 M, KCI 10 mM, MgCI, 5 mM, 
HCI lOmM, K,H,PO, 10mM BSA 0.1% (pH 7.5). Mito- 
chondria were introduced in the assay mixture (final vol. 3 ml) 
at 27”; a-ketoglutarate and mafonate (final corms 1OmM and 
2mM resp) were added to start the reaction. ADP (final concn 
of 0.3 M) was introduced after a few min. ADP:O values and 
QO,, calculated as described in ref. [ 151, were determined on 8 
different amperometric traces, obtained from 4 different mite- 
chondrial isolations 

Electrophoresis of mitochondriol proteins The mitochondrial 
proteins were solubilised and electrophoresed using SDS poly- 
acrylamide gels 1163. Mitochondrial suspensions were mixed 
with equal vol. of Tris SDS 4 “/ glycerol 40 “/ mercaptoethanol 
10%. and heated at 100” for 3 min. The solubilised proteins 
mixed with bromophenol blue, were electrophoresed for 4 hr 
(4 mA/tube) in geb (7 cm long x 0.7 cm i.d.) [ 163. The proteins 
in the gels were detected by Amido black (0.4%) staining, 
densitometric readings at 600 nm and triangulation of the peaks 
allowed a determination of the relative importance of the bands. 
A linear relationship was established between the log of MW 
of the proteins and their mobility in the gels With 7.5 % acryla- 
mide, the linearity was correct for polypeptides from 94 to 20 x 
lo’, verified by using proteins of known MW: u+ @, f subunits 
of RNA polymerase (respectively 39 000, 155 Ooo and 165 000). 
BSA (68 OOO), trypsin inhibitor (21 500). 

Analysis of fatty acids. The fatty acids of the pellet were 
extracted and methylated [ 171. The Me esters were analysai by 
FID GLC, using a solumn (6 mm x 5.3 m) containing 20% 
butane-dial-succinate on silanised Chromosorb W (6&80 mesh), 
isothermal (190”) with Na as carrier (U,ml/min). The intro- 
duction of a known amount of Me heptadecanoate in the Me 
ester soln allowed the determination of the amounts of each 
fatty acid. 
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