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In this project, we have developed production techniques for membrane proteins and
extracellular proteins using mammalian expression systems and applied the established
techniques to support for researchers working on biochemical and structural analyses of
disease-related proteins and/or development of therapeutic strategies.

In the research support, we have worked on five projects and performed six consultation
activities in total. A representative result is structure determination of protein (-mannose
kinase (POMK) by x-ray crystallography, which was the support for Dr. Yoshiki Yamaguchi of
RIKEN. POMK is a type II membrane protein containing a kinase domain in the C-terminal
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extracellular region although the sequence similarities to general protein kinases are relatively
low. POMK is a sugar kinase and phosphorylates the 6-position of O-mannose in the core M3
trisaccharide of the a-dystroglycan. It is known that Aberrant O-mannosylation of a-DG leads to
severe congenital muscular dystrophies. For crystallization, we first designed truncation
constructs of the kinase domain of murine POMK, and found that the fragment between
residues 45 and 349 showed a high expression level in HEK293 cells, but it also showed
heterogeneity due to incomplete MN-glycosylation. Therefore, we next collaborated with Dr.
Satoko Akashi of Yokohama City University, who also belonged to the PDIS project, and
performed mass spectrometry to analyze the occupancies of N-glycosylation at each site. Based
on the results, we eliminated the incomplete N-glycosylation by introducing mutations to the
consensus sequences. We obtained diffraction-quality crystals from the homogeneous protein
sample and the structure was determined by the S-SAD method with the diffraction data
collected using low-energy x-rays of Photon Factory BLi-1A, KEK, which has also been developed
in the PDIS project. We also determined the crystal structure of the POMK-substrate complex
and analyzed the catalytic mechanism as well.

In the development of research techniques, we have designed and made an improved version
of high-density cell culture system, which have achieved the space-saving and improved
operability. In addition, we applied the PA-tag system to purification of membrane proteins. For
instance, we succeeded in the one-step purification of full-length PA-tagged EGFR, which is
known as the drug target for cancer therapies. We also simplified the in-vivo biotinylation
technique by expressing the target protein and biotin ligase from a single vector containing the
internal ribosome entry site.

Furthermore, we have determined the crystal structure of ApoER2 ectodomain in complex
with the fragment of extracellular protein reelin. In the process of structure determination, we
collaborated with Dr. Masaki Yamamoto’s PDIS group of RIKEN to assign the reliable model to
highly mobile region in the crystal packing. ApoER2 is a close homologue of LDLR implicated in
the clearance of LDL from blood plasma to maintain the LDL level. It is known that deletion or defects
of LDLR causes familial hypercholesterolemia. Since no structures of the full-length LDLR ectodomain
in complex with LDL or any other ligands have been determined due to the technical difficulties, our
structure of ApoER2-reelin complex is expected to serve as a structural basis for analyzing the
pH-dependent ligand capture and release mechanism conserved among the LDLR family members.
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