




















































In mature non-vascular tissue, the vacuole occupies 90% of the cell volume, playing a 

role in maintaining cell size and structure, which increases the cell's surface area 

exposure to sunlight (in the case of leaves), and facilitating photosynthesis. It is 

energetically cheaper to increase surface area through water uptake than to synthesise 

protein. Vacuoles are capable of storing sugars, polysaccharides, organic acids, proteins, 

flavour compounds, and colour compounds. 

Since plants are imrnobilised and do not possess an excretory system, the vacuole acts as 

a micro-kidney by filtering and sequestering potentially toxic ions from the cytosol. V­

A TPases and V -PPases help maintain a homeostatic balance in the plant cell by inducing 

or facilitating the transport of ions into the vacuole. These enzymes primarily translocate 

protons out of the cytosol into the lumen of the vacuole. The pH of the vacuole in higher 

plants is generally around 5.0-5.5, but it can decrease as in the case of the lemon fruit 

vacuole to 2.5. The most acidic vaeuole recorded is that of a brown alga Desmerestia sp. 

with a lumenal pH of 0.6 (Taiz, 1992). 
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Figure 1.4 A model of primary W pumps, W -coupled transporters and channels in a 

simplified plant cell. A plasma membrane ATPase (P-type) pumps H+ out of the cell, 

generating a proton electrochemical gradient (inside 2120 m V relative to the outside). An 

electrogenic V-ATPase and an H+-PPase (pyrophosphatase) acidify the vacuole. The 

proton-motive force provides energy for uptake and release of solutes across the tonoplast 

through antiporters (open circles), symporters (hatched circles) and channels (squares). 

Primary ion pumps are shown as filled circles. C+, A2 and S refer to cations, anions and 

organic solutes, respectively. The V -ATPase also acidifies endomembrane compartments, 

such as the Golgi body and coated vesicles. InsP3, inositol triphosphate; ER, endoplasmic 

reticulum. (Sze et al., 1992). 
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Vacuolar acidification is vital for a variety of cellular processes which include ligand­

receptor dissociation and receptor recycling that follows receptor-mediated endocytosis, 

intracellular targeting of newly synthesised lysosomal enzymes, protein processing and 

degradation and coupled transport of small molecules (Nishi et at., 2002, and Forgac, 

1999). 

1.6 V -ATPases - an insight into their structure, subunit composition and function 

Vacuolar proton adenosine triphosphatases (V -A TPases) (Figure 1.5) are a family of 

highly conserved ATP-dependant proton pumps responsible for the acidification of 

intracellular compartments in all eukaryotic cells (Kawasaki-Nishi et at., 2003). They are 

present in all eukaryotic endomembrane systems which include vacuoles, lysosomes, 

endoplasmic reticulum and the Golgi bodies. All endomembrane systems need to be 

energized through the activity of electrogenic pumps such as V -ATPases (Finbow and 

Harrison, 1997). The physiological roles of V -A TPases such as control of cytosolic pH 

homeostasis, driving secondary transport of nutrients and ions, and regulating protein 

sorting are only beginning to be appreciated. 

1.6.1 Saccharomyces cerevisiae V-ATPase subunit composition and structure and its 

comparison to F -ATPases 

The S. cerevisiae V -A TPase has served as a model in trying to understand the function, 

subunit composition, and macro- and micro-structure of the macromolecule for all 

biologists. S. cerevisiae cultures are easy to cultivate, have a relatively fast reproduction 

cycle, are easy to isolate proteins from and S. cerevisiae was one of the first eukaryotes 

whose genome was completely sequenced. 
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