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The research projects carried out in this laboratory are concerned with post-translational events
in the expression of genetic information. Specifically, intracellular processes of protein folding,
protein translocation across and integration into the membrane, and protein localization to the cell
surfaces, as well as proteolytic control of proteins are investigated by combined molecular genetic,
biochemical and structural approaches.

Newly synthesized non-cytoplasmic proteins must traverse the membrane. Instead of directly
moving through the lipid bilayer, they utilize proteinaceous components of the membrane.
Genetic and biochemical studies of the E. coli system revealed that several integral membrane
proteins participate in this reaction. Among them, SecY, SecE and SecG are the principal
components, which constitute a channel-like pathway for the trans-bilayer movement of
polypeptides. The driving force for translocation is provided by the SecA translocation ATPase as
well as by the proton-motive force across the membrane. Our research is aimed at understanding
how SecY interacts with other integral and peripheral membrane components, as well as with the
translocating polypeptide, thereby facilitating its transit. Recent focuses have been on the
architecture of the translocation channel within the membrane and its dynamic interaction with the
protein-driving SecA ATPase. In order to gain molecular insights that are relevant to the
intracellular functioning, we are taking genetic, biochemical and structural biology approaches.
Our studies also include additional aspects of intracellular protein dynamics such as processes of
membrane protein integration and proteolytic control of membrane proteins. Nascent protein
interactions with the ribosomal internal components, found in SecM (secretion monitor) is also
being exploited. Finally, we are investigating into the cellular system that supports correct

disulfide bond formation of cell surface proteins.

1) Multiple Dimeric Assemblies of SecA: H. MORI, K. ITO and D. G. VASSYLYEV'

('Biochemistry and Molecular Genetics, University of Alabama)

Molecular mechanisms, by which SecA drives preprotein movement into the SecYEG
translocon remain elusive. SecA is a versatile ATPase assuming multiple cellular localizations
and conformations. Whereas it is known that its soluble form is dimeric, we must conclude now
that the versatility of SecA extends to the modes of subunit arrangement in dimers. Crystal
structures show not only different protomer orientations, including anti-parallel, parallel and
intertwined, but also completely different subinit interfases (1-5). Among them, we have
determined the parallel dimer structure of SecA from Thermus thermophilus (1). By disulfide and

other chemical crosslinkings between appropriately introduced cysteine pairs, we have shown that



both 7. thermophilus and E. coli SecAs can assume the parallel, anti-parallel and intertwined dimers

in solution and that these structures are in equilibrium such that one of them can be trapped by a

covalent linkage. Notably, disulfide-tethered dimers thus prepared proved all inactive as the

translocation motor. We suggest that the dimeric forms of SecA must be dissociated substantially

or completely (6) before interacting productively with the translocon.

1) Vassylyev, D. G., Mori, H., Vassylyeva, M. N., Tsukazaki, T., Kimura, Y. Tahirov, T. H. and Ito, K. (2006) J. Mol. Biol. 364,
248-258

2) Hunt, J. F., Weinkauf, S., Henry, L., Fak, J. J., McNicholas, P., Oliver, D. B. and Deisenhofer, J. (2002) Science 297, 2018-2026;

3) Sharma, V., Arockiasamy, A., Ronning, D. R., Savva, C. G., Holzenberg, A., Braunstein, M. Jacobs, W. R., Jr. and Sacchettini, J.
C. (2003) Proc. Natl. Acad. Sci. USA 100, 2243-2248

4) Zimmer, J., Li, W. and Rapoport, T. A. (2006) J. Mol. Biol. 364, 259-265;

5) Papanikolau, Y., Papadovasilaki, M., Ravelli, R. B. G., McCarthy, A. A., Cusack, S., Economou, A. and Petratos, K. (2007) J.

Mol Biol., in press
6) Osborne, A. R., Clemons, W. M. and Rapoport, T. A. (2004) Proc. Natl. Acad. Sci. US4 101, 10937-10942

2) Crystallization and X-Ray Diffraction of the SecYE Translocon From Thermus
thermophilus in Complex with a Fab Fragment: T. TSUKAZAKI', H. MORI, S. FUKAI',
R. ISHITANI', A. PEREDRERINA’, D. G. VASSYLYEV?, K. ITO and O. NUREKI'
('Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology,
*Biochemistry and Molecular Genetics, University of Alabama, U.S.A.)

The SecYE complex in prokaryotes functions as the core component of translocon, the
polypeptide-conducting channel in the membrane. Prompted by possible advantages of thermal
stability of proteins from thermophilic bacteria, we have been attempting at determining the
structure of the Thermus thermophilus Sec machinery. Our initial crystals of 7. thermophilus
SecYE (TSecYE) alone never diffracted beyond 6 A, despite the thorough optimization of the
sample preparation-crystallization conditions. To circumvent the difficulty, we prepared a specific
monoclonal antibody against TSecYE, with an expectation that the antibody binds TSecYE and
provides additional hydrophllic surfaces for crystal contacts. We have indeed succeeded in
crystallization of a TSecYE-Fab complex, which gave markedly improved diffractions, at least 3.2
A, revealing a space group of C2. We anticipate the first three-dimensional structure of a

translocon that utilizes SecA as a translocation-driving device to be solved in the near future.

3) Use of the in vivo Site-Specific Crosslinking Approach for Analyzing SecG Nearest
Neighbors: G. KOBAYASHI, K. ITO and H. MORI

Following our success in applying the in vivo site-specific crosslinking procedures to the
analysis of interaction between translocon (SecY) and traslocation motor (SecA) (1), we now

applied this method to characterize the interacting properties of SecG, an auxiliary and dynamic



component of the bacterial translocon. It was found that the cytosolic loop of SecG approaches
SecY and SecA alternately, in such a way that it is adjacent to the azide-fixed state of SecA, being
consistent with the notion that it facilitates the SecA's ability to undergo translocation-driving

conformational changes.
1) Mori, H. and Ito, K. (2006) Proc. Natl. Acad. Sci. USA 103, 16159-16164

4) Proline Receives Slow Transpeptidation by the PURE SYSTEM Translation Reaction: H.
MUTO and K. ITO

During our characterization of the in vitro translation of SecM in the PURE SYSTEM
translation mixture, composed of purified translation/transcription factors, we noticed that ribosome
nascent polypeptide complex directed by any mRNA that was truncated after a proline codon was
only slowly released upon reaction with puromycin. If this phenomenon is specific for this
translation system, then it is possible that E. coli contains a factor that accelerates the formation of a
Pro-X peptide bond.

5) The E. coli Rhomboid Protease, GIpG, Has an Intramembrane But Accessible Active
Site that Can Hydrolyze an Extramembrane Peptide Bond: S. MAEGAWA, K. KOIDE,
K. ITO and Y. AKIYAMA

RIP (regulated intramembrane proteolysis) proteases including the thomboid family members
are suggested to catalyze proteolysis of a transmembrane region of substrate membrane proteins
within the lipid bilayer. However, little is known about how they carry out hydrolysis of a peptide
bond in a hydrophobic lipid environment. To gain insights into this problem, we examined the
reactivity of cysteine residues introduced around the active site of GlpG, the E. coli thomboid
protease, with membrane-permeable and impermeable thiol-alkylating reagents. Our results
indicate that the active site residues of GlpG are open to the periplasmic aqueous milieu. This
notion obtained with native, membrane-integrated states of GIpG complements the recently
reported crystal structures of this enzyme, in which the active site dyad is embraced within a
hydrophilic cavity inside the membrane in a manner segregated from the lipid components. We
examined similarly the environment of the cleavage site regions of model membrane protein
substrates. Unexpectedly, they proved to be located in a completely accessible and hydrophilic
environment, namely outside the membrane. We also have evidence that a kink of the substrate
transmembrane region facilitates presentation of the periplasmically-exposed cleavage site to the

intramembrane active-site cavity of GlpG.



6) Environment of the Active Site Region of RseP, an E. coli RIP Protease, Assessed by
Site-Direct Cysteine Alkylation: K. KOIDE, S. MAEGAWA, K. ITO and Y. AKIYAMA

RIP plays important roles in a variety of cellular processes in diverse organisms, but its
molecular mechanisms remain unclear. We have been characterizing RseP, a RIP protease of E.
coli belonging to the S2P family. While structural information is not yet available for the S2P
family RIP proteases, we employed the site-specific cysteine modification assays as described last
year and in the preceding report by Maegawa et al to probe the environment that surrounds the
RseP active site. Our results suggest that the active site residues of RseP reside within a folded
proteinaceous structure at the membrane-cytoplasm interface (1), revealing a contrasting feature to

the GlpG active site that is located in the intramembrane cavity open to the aqueous milieu.
1) Koide, K., Maegawa, S., Ito, K., and Akiyama, Y. (2007) J. Biol. Chem., in press

7) Crystal Structure of DsbB-DsbA Complex Reveals a Mechanism of Disulfide Bond
Generation: K. INABA,' S. MURAKAMIL> M. SUZUKL®’ A. NAKAGAWA,’ E.
YAMASHITA,® K. OKADA,* and K. ITO (lPresently, Medical Institute of Bioregulation,
Kyushu Univ., *Institute for Scienetific and Industrial Research, Osaka Univ., *Institute for

Protein Research, Osaka Univ., *Nara Institute of Science and Technology)

DsbB is an E. coli membrane protein that oxidizes DsbA, the periplasmic dithiol oxidase. To
understand how disulfide bonds are generated and introduced into secreted proteins, we have been
attempting at determining the three dimensional structure of DsbB for the past several years. Now,
we have succeeded in solving the crystal structure of DsbB in a complex with DsbA and
endogenous ubiquinone at 3.7 A resolution (1). The structure of DsbB contained four
transmembrane helices and one short horizontal helix juxtaposed with Cys130 in the mobile
periplasmic loop. Whereas DsbB in the resting state contains a Cys104-Cys130 disulfide, Cys104
in the binary complex was engaged in the intermolecular disulfide bond and captured by the
hydrophobic groove of DsbA, resulting in its separation from Cys130. This cysteine relocation
prevents the backward resolution of the complex and allows Cys130 to approach and activate the
disulfide-generating reaction center composed of Cys41, Cys44, Arg48 and ubiquinone (2). We
propose that DsbB is converted by its specific substrate, DsbA, to a super-oxidizing enzyme

capable of oxidizing exclusively this extremely oxidizing oxidase.

1) Inaba, K., Murakami, S., Suzuki, M., Nakagawa, A., Yamashita, E., Okada, K. and Ito,K. (2006) Cell 127, 789-801
2) Inaba, K., Takahashi, Y.-h., Ito, K. and Hayashi, S. (2006) Proc. Natl. Acad. Sci. USA 103, 287-292



8) Functional Studies of Membrane-Integrated DsbB Using Reconstituted DsbB
Proteoliposomes: Y.-h. TAKAHASHI, K. INABA" and K. ITO (Presently, Medical

Institute of Bioregulation, Kyushu Univ.)

Whereas the quinone-coupled DsbA oxidation activity of DsbB has been assayed in vitro using
purified components, such assays invariably use detergent-solubilized DsbB preparations.
Although we showed that menaquinone, a supposed electron acceptor from DsbB in anaerobically
growing cells, can support the DsbB-mediated DsbA oxidation in vitro, the reaction rate was
extremely low as compared to the ubiquinone-supported reaction (1). This raised a possibility that
menaquinone might be much more effective in vivo, where the reaction should take place in the
presence of the topological and diffusion constraints given by the membrane. We have succeeded
in reconstituting proteoliposomes containing purified DsbB, which were then subjected to reaction
with a quinone and reduced DsbA. In this assay system, the rate of menaquinone-dependent DsbA
oxidation was much more closer to that of the ubiquinone-dependent one, in comparison with the
assays after detergent solubilization. Membrane-integrated DsbB may interact readily with

membrane-partitioned menaquione molecules.

1) Takahashi, Y., Inaba, K. and Ito, K. (2004) J. Biol. Chem. 279, 47057-47065
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