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Eukaryotic cells have highly developed membrane structures called organelle. In order for
organelles to function properly, phospholipids, major components of the organelle membrane,
must be maintained at an appropriate composition. Most phospholipids are synthesized from a
high-energy intermediate phospholipid CDP-diacylglycerol (CDP-DAG). Two types of
CDP-DAG synthetic enzymes are present in eukaryotic cells. Cdsl, which is widely
conserved from bacteria to human, is a multi-spanning membrane protein. Another enzyme is
Tam41, which is almost exclusively present in eukaryotic cells, lacks transmembrane
domains.

In order to clarify the mechanism by which these two proteins with different structures
exert the same enzymatic activity, I decided to determine Tam41 structure. To this end, I first
searched for Tam41 protein that can be purified as a soluble protein. Among various proteins
tested, I found that Firmicutes bacterium Tam41 (FbTam41) was a protein that met this
criterion. I confirmed that FbTam41 directly catalyzed the CDP-DAG synthesis in vitro and
functionally substituted yeast Tam41 in vivo. These results demonstrate that FbTam41 is a
novel CDP-DAG synthase in prokaryotic cells. I succeeded in determining the crystal
structure of FbTam41 lacking the C-terminal 18 residues in the cytidine triphosphate
(CTP)-Mg** bound form at a resolution of 2.6 A. FbTam41 consists of the NTase and WH
domains, and possesses a positively charged pocket. Biochemical analyses provided insights
into the positions of the substrate, CTP-Mg?*. In particular, Arg123 and Tyr173 sandwiched
the cytosine base of CTP by 7- n interactions in a planar conformation, and Asp40 was
proximally located to Mg?*. These amino acid residues were indeed critical for the CDP-DAG
activity

Moreover, I predicted and evaluated the structure of full-length FbTam41 containing the
C-terminal amphipathic o-helix, which was missing in the crystal structure. Based on the
modeled full-length structure, I propose potential mechanistic insights into the CDP-DAG
synthesis by FbTam41.
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