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Mobilization of storage lipids is critical for the germination of oil seeds, as they supply carbon and
energy until photosynthesis commences in cotyledons. In this study, we determined the levels of plant
carnitine and associated changes in these levels from seed germination to cotyledon senescence. We
also examined changes in the content of unsaturated fatty acids throughout seedling development.
Carnitine levels peaked on day 3 at 14.5 nM in cotyledons and decreased sharply to 7.2 nM on day
4. On development day 3 carnitine levels were maintained at around 3 nM until day 7. The un-
saturated fatty acid content dropped by half at the same time as carnitine peaked (day-3), and storage
lipids were almost depleted by day 5. Thereafter, carnitine was hardly detected until the second stage
of cotyledon senescence, at which stage the carnitine content was 6.8 nM, similar to that on day 4
at the time of fatty acid depletion in the cotyledons. Unsaturated fatty acids levels remained constant
in green cotyledons but slightly increased in the senescing cotyledons. The latter can be explained by
intracellular breakdown of membrane lipids. This is the first such discovery in developing cotyledons
and may offer clues regarding other roles of the acetyl unit transport system in plants. The expression
of BOU was closely associated with carnitine metabolism during seed germination and cotyledon
development. The results provide support for the possibility of carbon re-routing during the glyox-
ylate cycle in the supply of energy for early germination and development.
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Fig. 1. Epigeous growth of cucumber seedlings from day 3 to
day 6 after seeds were sown in wet vermiculite. Seeds
were imbibed in sterile double distilled water (DDW)
for 12 hr at 4°C prior to sowing. Seedlings were main-
tained in a growth chamber (Jeio Tech, Korea) at 25°C
and 70% humidity under continuous illumination. The
cotyledons of cucumber seedlings develop to a leaf-like
photosynthetic organ until the seedling establishes as a
young plantlet 40 days after sowing, after which they
undergo senescence. A, day-3; B, day-4; C, day-5; and
D, day-6.
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Fig. 2. Changes in the fresh weight of developing cucumber
cotyledon. An epigeous cucumber cotyledon develops
to 6~7 weeks before it senesces. Five pairs of dry seed
(kernel only) or cotyledon samples were used to meas-
ure fresh weight of cotyledons at each stage of develop-
ment. The data expressed are mean + SD of ten individ-
ual cotyledons (p<0.1). Mean values are presented for a
single cotyledon. DAI, days after seed imbibition; D, dry
seeds; 0, imbibed seeds for 12 hr in sterile DDW at 4C.
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Fig. 3. Changes in unsaturated fatty acid content in cucumber
cotyledons from dry seed to day 40, the second stage
of cotyledon senescence. After measuring fresh weight
from a seed kernel or a cotyledon, lipids were extracted
from 10~25 mg of whole seeds (kernel only) or slices
of a cotyledon in independent experiments. The seed coat
was removed from dry seeds (D) and the seeds were
then crushed in extraction solution. Changes in detect-
able unsaturated fatty acid content from dry seeds, and
from early germination to senescence, were evaluated
for a single cotyledon via colorimetric detection (at 540
nm). Unsaturated fatty acid content shown is the mean
+ SD of three independent experiments (p<0.05). DAI,
days after seed imbibition; D, dry seed (kernel only).
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Fig. 4. Changes in carnitine content during the development of
cucumber cotyledons from the early stage of germina-
tion on day 3 to fully grown green cotyledon at day-10,
as a photosynthetic leaf-like organ, and in the second
stage of cotyledon senescence at day-40. Carnitine con-
tent is shown for a single cotyledon at each stage of
development. DAL days after seed imbibition. Colori-
metric detection was performed at 570 nm. The carnitine
content shown is the mean + SD of three independent
experiments (p<0.05) with five repetitions excluding both
the highest and lowest amounts based on the mean of
three independent experiments.
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Fig. 5. A proposed model of lipid mobilization pathways [1, 18].
The triacylglycerol (TAG) form of seed storage lipid un-
dergoes catabolic degradation to fatty acids through acyl
CoA within the lipid body. This metabolite undergoes
B-oxidation in specialized peroxisomes (also known as
glyoxysomes). The glyoxylate cycle produces several im-
portant metabolic intermediates —malate, oxaloacetate,
citrate, isocitrate, and glyoxylate—by supplying carbon
to form acetyl CoA from the seed storage lipid. The role
of the glyoxylate cycle is to be the primary route of lipid
mobilization for carbon energy supply in oil-seed plant
germination. An additional possible carbon transport
route through BOU between peroxisomes and mitochon-
dria using carnitine molecules is presented. Solid arrows
indicate conventional primary transport route and bro-
ken arrows represent the proposed secondary transport
route of carbon sources during cucumber cotyledon
development.
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