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Reversible cellular and metabolic changes induced by dehydration in
desiccation-tolerant wheat seedling shoots
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Wheat seedlings obtained after 2 or 3 dayvs of seed permin-
ation in darkness at 200C (Le. with a 0.5-0.7 cm Jong coleop-
tile) were sill viable afier dryving in darkoess in ambient
comditions which redweed the shoot moisture content to
about 0,30 g H20 g " dry mass (DM). Coleoptile and primary
leal growth resumed upon rehyvdration, but primary roots died
and new roots regenerated. In the present work we have
investigated whether desiccation tolerance of the shoot
{coleoptile and primary leal combined) was related to some
reversible collular or metabolic changes induced by dehy-
dration. Nop=dehyvdr ated shoots were high in moisture content
(4.0-50 g H,0p "DM) and exhibited an active metabolism
a% indicated by a high energy charge (EC =0.85) and cells
with wdl developed mitochondria, endoplasmic reticalum,
polvsomes and Golpi bodies. Dehvdraton induced changes
in cell membrane propertes since it redoced in vivo capacity
of the shoot to convert l-aminocyclopropane 1-carboxvlic
acid (ACC) to ethyvlene (e, ACC oxidase activity), This
effect was already observed at 4-5h of déhydration, namely
when shoot moisture content dropped down below about
30gHO0p "DM, and ACC-dependent ethyvlene production
became almost nil when shool moisture content reasched
1.0g HyO ¢ "DM. Dehydration also resulied in decreases in
ATP and mon-adenylic iriphosphate nocleotide (NTP) con-
tents down to 1-2% of their initial values, and in EC valoe

to 020, Concomitant with water loss, sucrose content of the
shoot increased and was maximal {about 330 mgg " DM,
namely three-fold thai of non-dehydrated organs) after 2
davs of drving. Upon rehvdration, shoots regained their ori-
pinal moisture content within 3 davs, during which they pro-
gressively recovered apparent normal metabolism. Reversal of
extemsive dehvdration-associated cell wall folding occurred
between 2 and 3 davs of rehydration, when the uirastructure
of coleoptile and primary leal cells also provided evidence of
intensive autophszic adivity, indicative of the removal of
damapged cell components. Concomitantly, apparently unda-
maged organelles and endomembranes persisted in the cyvio-
plasm. Restoration of 60-70% of ACC oxidase aclivity and
B80-90% of EC walue occurred within 48 and 18 h, respec-
tivelv. However, the valwes of the ATP/ADP and NTP/ATP
rativs remained lower than in control non-dehvdrated shoots,
indicating that pot all metabolic deterioration induced by
dehydration was completely repaired. Differences in relation-
ships between shoot moisture content and ACC-oxidase
acvity or energy metabolism during dehvdration and upon
rehvdration, and cell olrastruiure snalvses suprest  that
desiceation tolerance of wheat seedling shoot is rdated to
mechanisms imvolved in the maintenance of cell strocture dur-
ing water loss and the cell capadiy to repair the dehydration
damage.

Introd wetion

During germination, orthodox seeds lose their wlerance to
dehydration after radicle protrusion and elongation (Senar-
atna and McKersie 1983, Leprince et al. 1994, Lin etal.
1998, and references therein). However, the stapge of dewel-

opment at which the perminated seeds become desiccation
intolerant depends on the spedes. For example, desiccation
occurrng 36 h after the start of imbibition kills sovbean
seads (Senaratna and McKersie 1983), whereas wheat seed-

Abbreviatibns — ADP, adenosine diphosphate; AMP, adenosine monophosphate; ATP, adenosine tiphosphate; EC, energy charge; ACC,
l-aminocyclopropane |-carboxylic acid; NTP, non-adenylic triphosphate nucleotides E, adenylate pool
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