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investigates the formation of long-chain hydrocarbons in the free-living alga Dunaliella bardawil. A
combination of growth experiments, cell fractionation, and mass spectrometry analyses has been
used to pinpoint the mechanism of hydrocarbon synthesis. The results show that free fatty acids
(FFA) are first converted to alkanes and waxes by Delta11-desaturases located in the chloroplast

stroma. We propose that stromal Delta11-desaturases may have evolved from a Delta4-desaturase
and function in the production of FFA. These stromal FFA would then be oxidized by peroxisomal
Delta7-desaturases to make longer chain FFAs. The resulting metabolites would be converted to

alkanes by stromal alkane synthases, and waxes by stromal fatty acyl-CoA: fatty alcohol
acyltransferases. Alkane and wax precursors are then channeled to the endoplasmic reticulum (ER)

membrane where they are esterified by acyl-CoA: diacylglycerol acyltransferases. The research
examined three questions. 1. Do stromal fatty acid desaturases exist in higher plants? 2. Do stromal
fatty acid desaturases act in the formation of end products of the fatty acid or lipid metabolism? 3. Is
is possible to increase the formation of alkanes and waxes in Dunaliella? The approach taken was to
introduce into Dunaliella genes that encode the enzymes involved in fatty acid metabolism. The fatty

acid- and lipid-related genes of Dunaliella are expressed in Arabidopsis thaliana. Therefore, the
availability of Dunaliella as a model system allows the monitoring of the behavior of these genes

under normal, basal conditions as well as in the presence of chemical and environmental factors.1.
Field of the Invention The present invention relates to an ink-jet printing apparatus and an ink-jet
printing method, which have a mechanism which exchanges a printing head having ink ejection

nozzles and a cleaning member. 2. Description of the Related Art An ink-jet printing apparatus is a
printing apparatus which is configured such that ink droplets are ejected from a printing head (
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