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Many environmental conditions can lead to water deficit

-drought
-saline habitat

-low temperature (cold)
because water leaves cell and formsice crystalsin intercellular spaces

-transpirational water |0ss



CcCCC
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Fig. 224
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Osmotic adjustment

Increasein number of solute particlesin a cell
Critical rolein helping plantsto acclimate to drought ot saline conditions

Osmotic adjustment No osmotic adjustment



Fig. 22.6 Compatible osmolytes
Organic compound, that is highly soluble and non-toxic
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Fig. 22.7
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Distribution vary in order to support osmotic equilibrium
among membrane bound organelles

Salt-stressed spinach leaf cell

Vacuole Cytosol

Fig. 22.8 spinach, high cytosolic glycine betaine allows the cytosol
to achieve osmotic balance with vacuole which contains toxic ion and solutes



Genetic engineering of drought-tolerant plants

-Introducing biosynthetic enzyme for osmolytes
I.e. tobacco and Arabidopsis expressing mannitol-1-phosphate are more salt-tolerant

-Over-expression of Na*/H* antiporter
Arabidopsis with such transgene can grow at 200mM NaCl (50% of sea salt conc.)

- Change of aguaporin gene expression
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Aquaporin; water channels

Membersof MIP (major intrinsic protein) family located in plasma membrane
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Regulation of MIP expression can regulate permeability of plant cellsto water



ABA playsarolein responses to water stress
by regulating stomatal closure and induction of gene expression
but not all water-deficit-responsive genes are induced by ABA

ABA-induced gene

Pro- and Ala-rich

DNA-binding
domain



Freezing stress

Chemical potential of iceislessthan liquid water
Vapor pressure of extracellular ice isless than that of water in cytoplasm
Asiceisinitiated in intercellular spaces, water moves out of cytoplasm

toward extracellular space

Freezing tolerant plants:
1. promote extracellular ice formation, preventing ice crystal in cytoplasm
2. Accumulate antifreezing proteins in apoplast, slowing ice formation

™~
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_ HyO s temperature
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Cell wall Plasma Ice formation

membrane in cell wall
Fig. 22.15




Cold acclimation

1. membrane stablization:

change in membrane lipid composition,
fatty acid desaturation in membrane phospholipids
change in abundance of membrane sterols and cerebroside

2. osmolytes and antifreeze proteins accumulate
antifreeze proteins form oligomeric complexes, whose large surfaces
interact with ice and inhibit its growth ans recrystalization

3. changes in gene expression
still poorly understood



Oxidative stress

Read 1189-1197

Fig. 22.35
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Fig. 22.38
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Fig. 22.40
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Antioxidants Subcdllular location

Ascorbate (Vit. C) Apoplast, cytosol, plastids, vacuole
b-carotene plastids

Glutathione reduced (GSH) cytosol, mitochondrion, plastid
Polyamine cytosol, mitochondrion, plastid, nucleus
a- Tocopherol (Vit. E) cell membrane, plastid membrane
Zeaxanthin chloroplast

Antioxidant enzyme:

Ascorbate peroxidase cytosol, plastid stoma, plastid membrane
root nodule

Catalase cytosol, glyoxysome, peroxisome

Dehydroascorbatereductase cytosol, plastid stoma, root nodule

Glutathione reductase cytosol, mitochondrion, plastid stoma,
root nodule

Monodehydroascorbate plastid stoma, root nodule

reductase

Superoxide dismutase cytosol, plastid, peroxisome, root nodule

Table 22.6 and 22.7




Fig. 22.37




