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The Role of Cortical Microtubules in Moss Protonemal Cells
During Dehydration/rehydration Cycle

CHEN Zhi-Ling®  OUYANG Hao-Miao*> LIU Xiang-Lin*  XIA Gui-Xian' "
U Institute of Microbiology ~The Chinese Academy of Sciences Beijing 100080  China
% Capital Normal University ~ Beijing 100037 China

Abstract Plant cells response to water deficit through a variety of physiological processes. In this work we studied the function
of microtubule cytoskeleton during dehydration/rehydration cycle in moss ~ Atrichum undulatum protonemal cells as a model sys-
tem. The morphological and cytological change of protonemal cells during dehydration and rehydration cycle were first investigat-
ed. Under normal conditions protonemal cells showed bright green colour and appeared wet and fresh. Numerous chloroplasts
distributed regularly throughout the cytoplasm in each cell. After dehydration treatment protonemal cells lost most of their chlo-
rophylls and turned to look yellow and dry. In addition dehydration caused plasmolysis in these cells. Upon rehydration the
cells could recover completely from the dehydrated state. These results indicated that moss had a remarkable intrinsic ability to
survive from the extreme drought stress. Microtubule an important component of cytoskeleton is considered to play crucial roles
in the responses to some environmental stresses such as cold and light. To see if it is also involved in the drought tolerance dy-
namic organization of microtubules in protonemal cells of Atrichum undulatum subjected to drought and rehydration were examined
by indirect immunofluorescence combined with confocal lasersharp scanning microscopy. The cortical microtubules were arranged
into a fine structure with a predominant orientation parallel to the long axis of the cells in the control cells. After dehydration the
microtubule organization was remarkablly altered and the fine microtubule structure disappeared whereas some thicker cables
formed. When the cells were grown under rehydration conditions the fine microtubule arrays reappeared. These results provided
a piece of evidence that microtubules play a role in the cellular responses to drought stress in moss. Furthermore we analyzed
the effects of the microtubule-disrupting agent colchicine on the morphology recovery of the protonemal cells during rehydration
process. The cells were incubated with colchicine followed by drought stress treatment and rehydration in the presence of colch-
icine to prevent recovery of microtubule organization. Results from immunofluorescence showed that microtubule arrays were bro-
ken down into smaller fragments. Compared to the cells treated with drought stress alone the cells treated with drought stress in
the presence of colchicine could not recover after rehydration treatment. The morphology resembled those of the drought treated
cells with obvious plasmolysis phenomena and loss of chlorophyll content. These results support the notion that microtubules

were involved in the deccication tolerance mechanism in Atrichum undulatum .
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Explain of Plate
1-A
Plate [ -A  Morphology and cytology of protonemata during dehydration/rehydration cycle
a. b. c. d.

a. Light micrography showing protonamata with an appearance of green and fresh control ~ b. Morphology of dehydrated protonemata yellow-and dry-looking
dehydrated treatment  c¢. Protonemata morphology restored to normal state rehydrated treatment  d. Light micrography of control protonamata cytology showing
filamentous protonema is comprised of multiple cells and numerous disc shaped chloroplasts distributed regularly in each cell e. Cells showing plasmolysis in de-

hydrated protonamata f. Cells recovered from plasmolysis and many chloroplasts distributed regularly in each cell again rehydrated treatment

1-B /
Plate 1 -B  Microtubule organization in moss protonemal cells during dehydration/rehydration cycle
a. b. c.
d.
a. Confocal images showing fine cortical microtubules array in control protonemal cells b. Disorganized microtubules array under dehydration randomly orientated
large cable replaced fine orderly arrays ¢ d. Microtubules reorganization in protonemal cells during rehydration fine cortical microtubules array reoccurred in ¢

phragmoplast microtubules array also reorganized in d

1-C
Plate | -C  Morphology cytology and microtubules array after rehydration of protonemata treated by colchicine and dehydration
a. b. c.
a. Unrecovered protonemata showing yellow and dry appearance b. Unrecovered (bllﬁq@wggﬁb&gﬁms R QWW&QWMH}@Q@S Shfw,dr] diffused dots.p,



