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Division of Cold-Adaptation Biology (Matsuo Uemura)
Molecular Mechanism of Plant Freezing Tolerance: Cold Acclimation and Freezing Injury

Elucidation of mechanisms of plant freezing tolerance is still very important and critical to prevent
crop plants from being injured by late fall and/or early spring frosts. It is well known that the primary
site of freezing injury in plants is the plasma membrane and maintaining the integrity of the plasma
membrane is of the most importance to survival under severe cold conditions. Our research
objectives, in part in collaboration with Yukio Kawamura’s group, are to understand structural and
functional alterations in the plasma membrane that occur actively during cold acclimation. To achieve
our research goals, we have demonstrated cold-induced dynamic alterations in plasma membrane
compositions (Kawamura & Uemura, 2003; Tominaga et al., 2006; Minami et al., 2009; Yamazaki et
al., 2008 & 2009) and in other cellular components that may affect the performance of the plasma
membrane at low temperature (Sasaki et al., 2008; Nagao et al., 2009). In addition, we have recently
initiated to elucidate how changes in gene expression profiles involve in enhancing freezing
tolerance of plants (in collaboration with research groups in Iwate Biotechnology Research Center,
IBRC, and National Institute of Advanced Industrial Science and Technology, AIST). We welcome
applications from energetic and creative persons who are willing to join our exciting research projects
that will contribute greatly to the needs of people to secure their life.
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Elucidating the molecular components that regulate the auxin response under cold stress

The plant hormone, auxin controls the plant behavior from embryogeness to senescence. However,
little is known about the response of this hormone under abiotic stresses such as cold. In an effort to underdand
the mechanigtic basis of auxin response under cold dress, we have recently developed a new gravity response
assay using Arabidopsis roots as amodd sysem. Combining molecular and cellular gpproaches, we showed thet
cold dress primarily targets the auxin trangport system rather than auxin signaling and inhibits basipetd auxin
trangport by blocking the intrecdlular trafficking of the auxin efflux carier, PIN2 and PIN3. We dso
demondrated thet the inhibition of protein trafficking by cold sressis sdlective and independent of cdlular actin
organization and membrane fluidity. This work was published in Plant Cdl (shibasski et d., 2009). The future
agpect of the project would be centered on both dassical gendtics and system biology. By using the new assay
sysdem, we are planning to do alarge scale screening for mutantsthat show anormal gravity response under cold
gressfollowed by subsequent molecular and cdllular characterization of the mutated genes. The second gpproach
to identify the molecular components regulating the pathway would be through system biology. To this end, a
pilot proteomics project has been successfully established and we are expecting to expand the esablished system
to identify the proteins that show adifferential expression pattern in our assay system. The up regulated and down
regulated proteins-peptide will be divided in groups according to their presumptive function an effort will be made
to undergand their physiological role usng areverse genetic approach.

Thepossble candidetesareexpedted to haveaPhD. inmolecular biology, plant nolecular biology or ardated fied.
Applicantsshould haveexpaienceinmolecular biology, genedoning and proteomics Expaienceintranggeneeqressonand
Sgd transdudtionin plant sygamswill beanadvartagelbut not absolutdy necessary.



