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Abstract

The application of molecular technologies to marine microalgae is still at a very early stage. The recent
development of several transformation systems, particularly for diatoms have greatly expanded the research
and commercial potential of these organisms. Two different projects will be summarized, one addresses a basic
research question, while the second explores a commercial application.

The first project uses a diatom transformation system to answer a very basic question about how these
algae target proteins to the plastid. Diatoms and related algae have complex plastids that are surrounded
by four membranes, compared to only two for higher plants. All of these membranes must be crossed for
nuclear encoded plastid proteins to reach their site of action. Fusion proteins were constructed combining green
fluorescent protein with the targeting presequence of the plastid protein AtpC. A series of deletions were made in
the targeting presequence to map functional domains. These fusion proteins were transformed into the diatom
Phaeodactylum and the location of GFP visualized with fluorescent microscopy. Through this approach it was
possible identify the at least two different functional domains of the targeting presequence and confirm that
multiple targeting signals are required for complete protein import into the plastid.

The second project describes the use of metabolic engineering to dramatically alter the growth mode of a
diatom cell. Most microalgae are obligate photoautotrophs and their growth is strictly dependent on the gener-
ation of photosynthetically derived energy. The photoautotrophic diatom Phaeodactylum can be engineered to
grow on glucose in the dark through the introduction of genes encoding glucose transporters. Both the human
and Chlorella kessleri glucose transporters facilitated the uptake of glucose by P. tricornutum, allowing the cells
to metabolize exogenous organic carbon and thrive in the absence of light. This work demonstrates that a
fundamental change in the growth mode of a cell can be accomplished through the introduction of a single gene.
This work also represents a critical step toward large-scale commercial exploitation of obligate phototrophic
algae through the use of microbial fermentation technology, eliminating significant limitations resulting from
light-dependent growth


