Changes in carbon metabolism

Gas exchanges : photosynthesis ; respiration 

Glutathione Glutathione Reductase

-this metabolite acts to reduce Asc through glutathione reductase activity.

Reducing power (NADPH & NADH)

-these nucleotides are the driving force of the detoxifying system (for regeneration of ascorbate pool). 

It is necessary to

O 3 O 3
The sensitivity of a leaf to ozone lies on the stomatal conductance, on the existing scavenging system and the detoxifying capacity (regeneration).

The aim is to determine a subcellular model taking into account these aspects. Increasing tolerance to ozone by elevating foliar ascorbic acid confers greater protection against ozone that increasing avoidance (Chen and Gallie, 2005, Plant Physiology, 138, 1673-1689) Increasing the level of ascorbate through enhanced ascorbate recycling provided greater protection against oxidative damage than reducing stomatal area aperture.

Our data lead to hypothesize that O3-tolerance in bean depends more on a superior potential cultivar-specific ability more than stress-induced physiological and biochemical adjustments to avoiding and countering stressinduced oxidative damage. (Guidi et al., Environmental pollution, 2010, 158, 3164-3171) Good correlation between tolerance to ozone and high endogenous levels of antioxidant metabolites such as AA and GSH in tobacco (Pasqualini et al., Plant cell Environment, 2001, 24, 245-252) Ozone flux was best explained by stomatal conductance and symplastic (rather than apoplastic) ascorbate explaining 66% of the total variation in leaf flux. It is important to measure processes other than stomatal conductance to explain steady-state leaf-level fluxes of pollutant gases. (Eller and Parks, 2006, Plant Cell Environment, 29, 1742-1750).

Other factors than constitutive total apoplastic ascorbate contribute to the differential ozone tolerance of two clones of trifolium repens. The symplastic redox status could play a role (D'Haese et al., 2005, Plant Cell Environment, 28, 623-632).

The increase in foliar ascorbate under ozone stress in the sensitive poplar clone Eridano, with a greater stomatal conductance, was insufficient to counteract ROS accumulation and the consequent oxidative stress. The higher influx of ozone into Eridano leaves compared with the tolerant clone I-214 resulted in a lower potential detoxification capacity per unit of ozone influx. (Di Baccio et al., 2008, Tree Physiol., 28, 1761-1772).

Recent developments highlight the complexity of redox-dependent defence reactions and the importance of interactions between the reduction state of soluble redox couples and their concentration in mediating dynamic signalling in response to stress -i.e. reactive oxygen species (Noctor, 2006, Plant cell Environment, 29, 409-425).

COST 

  confirm that ozone stimulates the activity of the cytosolic enzymes providing NADPH.

FP0903

  indirect radiative forcing due to O 3 increase (part of nonassimilated CO 2 ) For comparison, estimates of the direct radiative forcing due to O3 increase only are shown by the square and the triangle Increasing ozone concentration in the atmosphere decreases plant productivity Ozone will lower the capacity of plants to sequester the increasing level of carbon (rise in atmospheric CO 2 ) Consequence: indirect radiative forcing of ozone, due to additional level of CO 2 in the atmosphere, which is added to the direct radiative forcing
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Poplar 60 ppb O 3 , 2 weeks 9.1 17.0 1.35 0.36 6.74 47.2 Effect Effect of ozone on of ozone on carboxylation carboxylation Rubisco & PEPc Norway spruce 200 ppb O 3 , 12 weeks
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Fontaine et al. (1999), Physiologia Plantarum Pelloux et al. (2001), Plant, Cell & Environment Dizengremel (2001), Plant Physiol. Biochem. Fontaine et al. (2003), Physiologia Plantarum COST FP0903, Rome, October 2010

Effect Effect of ozone on enzymes of ozone on enzymes linked linked to to catabolism catabolism Glycolysis, Krebs cycle and anaplerotic pathway

  

			Which metabolites/enzymes are relevant to measure?
			Ascorbate	-total Asc (symplastic + apoplastic) could be a good indicator
	Norway spruce Ascorbate peroxydases of ozone resistance.		Poplar
			200 ppb O 3 , 12 weeks			100 ppb O 3 , 24 days
					PEPc		5
	Relative activity (O 3 /C ratio)	5 10 1			G6PDH Fumarase PFK	Relative activity (O 3 /C ratio)	1 2 3 4	control ozone
		0					0
		0	2 0 Time of fumigation (days) 4 0 6 0	8 0		PEPc	PK Fum NAD EM	NADP EM
	Sehmer et al. (1998), Physiologia Plantarum; Dizengremel et al. (2009), Plant Biology
							COST FP0903, Rome, October 2010

Robusta (sensitive +++) Cima (tolerant) Carpaccio (tolerant) Parameters : Gas exchanges + Chlorophyll Growth + Leaf surface Ascorbate + glutathione NADP(H) + NADPH generating enzymes PEPc + RubisCo Guard cells transcriptomic Metabolomic

  Poplar Experiment in phytotronic chambers• 3 genotypes Pop. deltoïdes × Pop. nigra (Carpaccio, Cima, Robusta).

	Towards Towards a model for Ozone a model for Ozone Risk Risk Assessment Assessment : :
	from from atmosphere atmosphere to to cell cell
	• Ozone 120ppb
	Stomatal conductance
	Robusta
	Cima
	Carpaccio

The ozone group

The ozone group at at Nancy Nancy University University (4)