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involved two cl  ges of absolute alcohol for 10 minutes each. Material was
placed in two chan__s of 100% acetone (10 minutes each), before being
placed in a 50% sin, 50% acetone solution for 4 hours, followed by their
placement in 1(. /6 resin overnight. Polymerization took place for 16 hours
at 60°C. The « edded samples were sectioned on a Reichert Ultracut-S
(Leica) ultramicrotome, stained in uranyl acetate and lead citrate
(Reynolds 1963), and examined in a JEOL200CX transmission electron

microscope.


































The micrographs in Figure 8 show the ultrastructural status of fully turgid
mesophyll cells (100% RWC). These were highly vacuolated, with some
vacuoles containing a densely staining material which has been termed
“osmiophilic vi olar material” (OVM), (Wellburn and Wellburn (1976);
Goldsworthy and Drennan (1991)) (Figure 8a). Chloroplasts, with a novel
thylakoid stack arrangement (Figure 8 b & c), were distributed around the
per _ ater of tI cell (Figure 8a). Each stack was offset relative to the
adjacent thylakoids, causing the granal stacks to “lean” from one side of
the chloroplast to the other, often traversing a major part of the length of
the plastid. The direction of leaning varied within a plastid, and this
arrangement has led to the description of these stacks as “staircase” grana
(Wellburn and Wellburn (1976)). The cytoplasm had a granular
appearance, and the nuclear material was evenly dispersed (Figure 8a).
Mitochondria did not have well defined cristae, but they were densely

stained, indicating an active state (F___re 8b).
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In desiccated material (ca 1% RWC), cells were reduced in size, due to cell
wall folding (Figure 10a&b). The central vacuole became fragmented into
smaller compartments (Figure 10a), and the plasmalemma became
separated from the cell wall in places, but remained continuous at cell-to-
cell junc s (Figure 10a&b). Distinct surfaces outlining the chloroplasts
and mitochondria  :re still evident. The chloroplasts remained circular,
and the thylakoids became swollen in appearance (Figure 10c&d).
Although the chloroplasts did not retain their “staircase” arr gement, the
thylakoid membranes remained intact. In contrast to these thylakoid
membranes, cristae were no longer evident inside the mitochondria

(Figure 10d).

Following rehy: ition to 50% RWC, the large central vacuole had
reappeared, and "’ : plasmalemma had once more become appressed to the
cell wall (Figure 11a&b). . nere was little evidence of membrane damage in
any organelles (Figure 11). Nuclear material was somewhat coagulated
relative to the fully hydrated state (Figure 11a), and mitochondria still had
electron transparent regions within them (Figure 11b). The thylakoid
membranes remained swollen, and had not returned to their staircase

L snt _ ___re 11 b&c).

- — 7
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FLUORESCENCE ANALYSIS

The » v/Fm ratio for M. flabellifolia at relative water contents above 80%,
were similar to those reported for a variety of plants at full turgor
(Sherwin, 1995). Averaging at 0.76, this is indicative of intact and fully

functional photosynthetic apparatus.

In contrast to the chai __ s in quanti__ efficiency with decreasing RWC
reported for non-resurrection plants, (i.e. where photosynthetic efficiency is
maintained until 30% RWC, whereafter it declines suddenly (Sherwin,
1995)), Fv/Fm for M. flabellifolia shows a linear decrease with decreasing
RWC between 80 and 40%. Fv/Fm for M. flabellifolia is also unusual in its
stability around 0.3 at water contents below 40%, compared with those of
non-resurrection plants, ...1ich continue their linear decrease to values

around 0.1 (Sherwin, 1995).

The linear relationship of Fv/Fm between 40 and 80% RWC, during both
the dehydration . 1 rehydration processes, may be indicative of an ordered
sequence of events enabling M. flabellifolia to prepare its photosynthetic
apparatus for either desiccation or photosynthesis. The deliberate
deactivation of photosystems, and their arrangement into a stable state
before water att : 1 ; dropped to levels 1. = for any __=tabolic
activity (appearing from this data to be at water contents below 40%,)
might be part of the mechanism by which M. flabellifolia is able to tolerate
repetitive desiccation and rehydration. A shallow decrease between 55 and
18% RWC reported for the resurrection plant Craterstigma nanum was
also suggested to be indicative of a deliberate shut-down process (Sherwin,
1995), however no stabilisation below 18% RWC was observed for this
plant.

The stability of Fv/Fm for water contents below 40%, would appear to

indicate that light stress is not responsible for the decrease in this ratio
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The novel chloroplast ultrastructure of M. flabellifolia suggests that it may
contribute tow: s this plants ability to tolerate desiccation. In the turgid
s e, the offset position of the grana increases contact with the stroma,
whilst decreasii _ the appressed membrane surface area. Whether this is
invol 1 in a reduction of en___,6 transfer between PSI and PSII is :
erestir possibility, considering that this :chanism might decrease the
abil: _ * the 1ce of hazardous reactions associated with excess

1 .diance.

During dehydration the chloroplasts become swollen, but maintain their
outer __ >mbrane structure, whilst the thylakoid membranes remain intact,
losing their staircase angement. iuese distinct changes in chloroplast
structure might  part of a protective process occurring in M. flabellifolia.
The dedifferentiation of the granal stacks, reducing appressed and non-
appressed surfaces, and rather widening to fill the entire chloroplast
volume, might be indicative of mechanical support and chloroplast
packaging, conferring protection during desiccation and subsequent

rehydration.

During water stress, the cell walls undergo some folding which decreases
« 1 volume, ad probably contributes to the prevention of plasmo _ iis
during the low water contents experienced by the cells. As noted earlier in
the discussion, there is no disruption of the plasmalemma, although it
undergoes localised separation from the cell wall, maintaining contact at
cell-to-cell junctions. The apparent reduction in number of plasmodesmata
present in these cells might also be part of the mechanisms minimising
plasmalemma disruption during dehydration. The mitochondria of M.
flabellifolia do not show any novel changes during the dehydration-
rehydration processes, however the development of electron transparent
spaces within them suggests that respiratory processes might be halted in

the desiccated state.
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CONCLUSION

This study has h _ lighted some of the remarkable aspects associated with
desiccation tolerance of M. flabellifolia. The structural stability, shown
across the complete range of water conditions, can only be described as
incredible. Although it is not yet possible to suggest an all-encompassing
strategy operating in this pl: ', modifications preventing deterioration of
the membranes would appear to be superbly effective, as is the
maintenance of chlorophyll content, allowing rapid recovery to maximum

levels of plant p:  luctivity upon availability of water.

Knowledge of how plants avoid irreversible damage from dehydration is

portant for the preservation of seeds and germplasm. Its possible
application in cereal ps, where drought is one of the most important
factors limiting crop yields worle...de, further highlights the potential
contribution arising from research in this field. Understanding, and
., oiti1 _, the resistance of some plants to environmental factors such as
not only drought, but also water-logging, temperature extremes, and high
salinities, are regarded not simply as physiological and ecological problems,

but increasingly as important goals of internationally economic, political,
s 7 e nd s and Pritchard, 1989).

Improved knowledge obtained from investigation into the physiological
processes observed from resurrection plants such as M. flabellifolia, can
only further our understanding of the role played by water in maintaining
structural and functional integrity of membranes and macromolecules. The
controlled metabolic shutdown which occurs as plants pass into a state of
anhydrobiosis may provide valuable insights into the functional

significance of the metabolic responses of water deficits in mesophytes.
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