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DEPARTMENT OF VIRAL ONCOLOGY 
LABORATORY OF GENE ANALYSIS 
 
I. First Group 

The research projects carried out in this group are concerned with post-translational events 
in the expression of genetic information. Specifically, processes of protein translation, protein 
translocation across and integration into the membrane, membrane protein proteolysis and 
extracytoplasmic stress responses are investigated by combined molecular genetic, biochemical and 
structural approaches. 
 
1) A pair of circularly permutated PDZ domains control RseP, the S2P family 

intramembrane protease of E. coli: K. INABA 1, M. SUZUKI 2, K.-I. MAEGAWA1, S. 
AKIYAMA3, K. ITO, and Y. AKIYAMA (1 Medical Institute of Bioregulation. Kyushu 
University, 2 Institute for Protein Research, Osaka University, 3RIKEN Harima Institute) 

 
The σE pathway of extracytoplasmic stress responses in E. coli is activated through 

sequential cleavages of the anti-σE protein, RseA, by membrane proteases, DegS and RseP.  
Without the first cleavage by DegS, RseP is unable to cleave full-length RseA.  We previously 
showed that a PDZ-like domain in the RseP periplasmic region is essential for this negative 
regulation of RseP.  We now isolated additional deregulated RseP mutants.  Many of the mutations 
affected a periplasmic region that is N-terminal to the previously defined PDZ domain.  We 
expressed these regions and determined their crystal structures.  Consistent with a recent prediction 
(1), our results indicate that RseP has tandem, circularly permutated PDZ domains (PDZ-N and 
PDZ-C).  Strikingly, almost all the strong mutations have been mapped around the ligand-binding 
cleft region in PDZ-N (2).  These results together with those of an in vitro reaction reproducing the 
two-step RseA cleavage suggest that the proteolytic function of RseP is controlled by 
ligand-binding to PDZ-N.  
(1) Kinch, L. N., Ginalski, K., and Grishin, N. V. (2006) Protein Sci. 15, 84-93. (2) Inaba, K., Suzuki, M., Maegawa, K.-i,, Akiyama, 

S., Ito, K., and Akiyama, Y. (2008) J. Biol. Chem. 283, 35042-35052. 

 
2) Involvement of RseP, the S2P family intramembrane protease of E. coli, in proteolytic 

degradation of secretary protein signal peptides: A. SAITO and Y. AKIYAMA 
 

Signal peptides (SP) of secretory protein precursors are cleaved off by the action of signal 
peptidase.  It is believed that they are subsequently degraded further by the action of signal peptide 
peptidase (SPP), an intramembrane proteases, in eukaryotic cells.  Prokaryotic organisms including 
E. coli have no SPP homolog and little is known about the metabolism of their SPs.  Our previous 



results suggested that RseP, an E. coli S2P protease homolog, is involved in cleavage of SP of 
β-lactamase (Bla) in vivo (1).  We now extended this finding and showed that the cleavage of Bla 
SP indeed depends on proteolytically active RseP.  Purified RseP cleaved a synthetic peptide with 
the amino acid sequence of Bla SP, indicating that RseP directly catalyzes proteolysis of Bla SP.  
Mapping of the in vivo and in vitro cleavage sites showed that RseP introduces a cleavage(s) into 
the central hydrophobic region of Bla SP.  We found further that signal peptides of 12 other 
secretory proteins received RseP-dependent cleavage in vivo, supporting the notion that RseP is a 
general enzyme responsible for SP proteolysis in E. coli.  A combination of disruptions of RseP and 
FtsH, a membrane protease crucial for membrane protein degradation, resulted in synthetic growth 
defects even in the presence of suppressor mutations that rescue lethality caused by each single 
mutation.  Thus, RseP appears to have a role in proteolytic quality control of membrane proteins in 
addition to the role in the stress response. 
(1) Akiyama, Y., Kanehara, K, and Ito, K. EMBO J. 23, 4434-4442. 

 
3)  An attempt to identify cellular factors involved in “membrane stress response” in E. 

coli: T. HATTORI, H. MORI and Y. AKIYAMA 
 

The cell envelope of E. coli is composed of the outer and inner membranes and the 
periplasmic space in-between.  E. coli senses protein abnormalities in the periplasm and the outer 
membrane and induces expression of a set of proteins including cell surface proteases and 
chaperones, which is called ”extracytoplasmic stress response (ESR)”.  We found previously that 
generation of misfolded inner membrane proteins caused by a class of dysfunction mutations in 
SecY, a central subunit of the translocon, led to activation of ESR (1).  To gain insight into how a 
cell recognizes misfolded inner membrane proteins to induce ESR and how it copes with their toxic 
effects, we are trying to isolate multicopy suppressors against the secY351 mutant, a secY allele 
that specifically impairs membrane protein assembly/folding processes, using a cloned gene archive 
that covers all the predicted E. coli ORFs (ASKA library).  We are screening for clones that 
alleviate ESR and the growth defects caused by this mutation, and obtained several candidates. We 
will continue further screening and characterization of multicopy suppressors. 
(1) Shimohata, N., Nagamori, S., Akiyama, Y., Kaback, H.R., and Ito, K. (2007) J. Cell Biol. 176, 307-317. 

 

4)  X-ray crystal structural analysis of membrane bound ATP-dependent protease FtsH:  
R. SUNO1, 2, Y. AKIYAMA2, S. IWATA3 and M. YOSHIDA1 (1the Chemical Resources 
Laboratory, Tokyo Institute of Technology, 2Insitute for Virus Research, Kyoto 
University,  3Department of Medicine, Kyoto University)  

 
ATP-dependent proteases are involved in various cellular processes including cell division, 



cell differentiation, signal transduction, and stress response.  Among them, FtsH is unique, because 
it is the only protease that is anchored to the cytoplasmic membrane and the only essential protease 
for bacterial growth.  Some closely related homologues of FtsH have been found in eukaryotic 
mitochondria and chloroplast.  FtsH degrades not only misassembled subunits of membrane protein 
complexes for their quality control but also some short-lived cytosolic regulatory proteins for 
cellular regulation.  FtsH comprises an N-terminal transmembrane segment and a C-terminal 
cytosolic region, which consists of AAA+ (ATPases associated with diverse cellular activities) and 
protease domains.  Previously, we successfully crystallized and determined a soluble region of FtsH 
(sFtsH) containing ADP from Thermus thermophilus at 3.9 Å resolution. In the hexameric structure, 
a substrate polypeptide can reach the active protease catalytic sites through a tunnel leading from 
AAA+ domain of the adjacent subunit, but not from the central axial region. This raises a possibility 
of direct delivery of a polypeptide through this tunnel. Now, to understand the molecular 
mechanism of FtsH in detail, we examine the condition of crystallization of FtsH to solve the 
structure bound several kinds of ATP analogue to high resolution. 

 
5)   Biochemical analysis of the substrate-translocating mechanism of ATP-dependent 

Protease FtsH: R. SUNO1, 2, Y. AKIYAMA2 and M. YOSHIDA1 (1the Chemical 
Resources Laboratory, Tokyo Institute of Technology, 2Insitute for Virus Research, 
Kyoto University) 

 
In the sFtsH structure, the synchronized open-close motions of subunits in FtsH would drive 

the translocation of a substrate polypeptide to the protease catalytic sites. In fact, we proposed the 
model that one subunit of FtsH bound a substrate and sent it into the other subunit. We constructed 
reconstitution method of sFtsH to confirm this model. Both of Two mutants, E419Q and F229A, 
have no protease activity, because E419Q was mutated at protease catalytic site, and F229A was 
mutated at substrate-binding site. But, by reconstitution of sFtsH complex from subunits of both 
E419Q and F229A, the ATP-dependent protease activity of this hybrid sFtsH was recovered. This 
result suggested that E419Q mutant bound a substrate and sent it into F229A mutant, and was 
consistent in out model. Furthermore, we will examine ATP hydrolysis cycle of FtsH using the 
same reconstitution method. 

 
6)  Conformational transition of sec machinery inferred from bacterial SecYE structures: 

T. TSUKAZAKI1, H, MORI, S. FUKAI2, R. ISHITANI1, T. MORI3, N. DOHMAE4, A. 
PEREDERINA5, Y. SUGITA3, D. G. VASSYLYEV5, K. ITO and O. NUREKI1 
(1Institute of Medical Science, University of Tokyo, 2Life Science Division, Synchrotron 
Radiation Research Organization, University of Tokyo, 3Advanced Science Institute, 
RIKEN, 4Biomolecular Characterization Team, RIKEN, 5Department of Biochemistry 



and Molecular Genetics, University of Alabama)  
 

Evolutionarily conserved membrane protein complex, the Sec translocon, functions as a 
protein-conducting channel to facilitate secretory protein export and membrane protein integration.  
We determined the first atomic (3.2 Å)-resolution crystal structure of the SecYE translocon from a 
SecA (bacterial translocation motor)-containing organism, T. thermophilus, in complex with an 
anti-SecY Fab fragment.  The structure has revealed a significant conformational change from the 
previously determined archaeal SecYE structure (1), in that several SecY transmembrane helices 
are shifted to create a hydrophobic crevasse open to the cytoplasm.  Disulfide mapping and 
molecular dynamics analyses indicate that this "pre-open" state of the bacterial SecYE complex was 
induced by the Fab fragment and SecA, which in common bind to SecY residues at the tip of the 
cytoplasmic domain.  Our disulfide crosslinking experiments revealed that some of these SecY 
residues contact specific residues of SecA that are otherwise buried and unavailable in the isolated 
SecA molecule.  Thus, SecA may also undergo a major conformational change upon binding to the 
translocon.  These results suggest that the channel and the motor components of the Sec machinery 
undergo cooperative conformational changes upon their interaction, presumably as important steps 
for the entrance of the preprotein-SecA complex and enhancement of the ATPase activity of SecA. 
This study (2) and the simultaneously published work from the laboratory of Tom Rapoport (3, 4) 
represent major advances in our understanding of how secretory proteins are transported across the 
membrane through the interplay between the SecA ATPase and the SecYE translocon. 
(1) Van den Berg, B., Clemons, W. M., Jr., Collinson, I., Modis, Y., Hartmann, E., Harrison, S. C., and Rapoport, T. A. (2004) 

Nature 427, 36-44. (2) Tsukazaki, T., Mori, H,, Fukai, S., Ishitani, R., Dohmae, N., Perederina, A., Sugita, Y., Vassylyev, D. G., 

Ito, K. and Nureki, O. (2008) Nature 455, 988-991 (3) Zimmer, J., Nam, Y. and Rapoport, T. A. (2008) Nature 455, 936-943 (4) 

Erlandson, K. J., Miller, S. B. M., Nam, Y., Osborne, A. R., Zimmer, J. and Rapoport, T, A, (2008) Nature 455, 984-987  

 
7)  Identification of SecG Nearest Neighbors Using in vivo Site-directed Cross-linking: N. 

TANAKA, G. KOBAYASHI, N. DOHMAE1, K. ITO, Y. AKIYAMA, and H. MORI 
(1Biomolecular Characterization Team, RIKEN) 

 
While SecG, an auxiliary and dynamic component of the bacterial translocon, is thought to 

stimulate protein translocation by assisting in the SecA reaction cycles, its molecular mechanism 
remains poorly understood.  In order to study how SecG interacts with other cellular factors, 
including SecA, in vivo, we used the method of in vivo site-directed photo crosslinking developed 
by P. Schultz (1).  After systematic examinations of the SecG sub-domains (two transmembrane 
(TM) segments, one cytoplasmic loop and one periplasmic tail), we found that the cytoplasmic 
region approaches SecA and SecY alternately (2).  In addition, two cross-linked adducts of different 
SDS-PAGE mobilities have been observed when pBPA (p-benzophenylalanine, a photo reactive 



amino acid derivative) was introduced into positions 52 and 72 near the membrane boundaries of 
the second TM segment of SecG.  They did not cross-react with antibodies against any other Sec 
factors examined.  To identify the partner proteins of the cross-linked products, we have been 
attempting to purify them by affinity chromatography using either SecG antibody-conjugated resin 
or metal chelating resin.  In the latter case, we use His6-tagged versions of the SecG (pBPA) 
derivatives.  Purified samples will then be subjected to mass spectrometry analysis. 
1) Chin, J. W. and Schultz, P. G. (2002) ChemBioChem 3, 1135–1137; 2) Kobayashi, G., Ito, K. and Mori, H. (2006) Annual Report 

Inst. Virus Res. 49, 60-61 

 
8)  Coupling between membrane insertion and release of elongation arrest of MifM:  S. 

CHIBA and Y. AKIYAMA 
 

Bacillus subtilis mifM encodes a single N-terminal transmembrane (TM) region and the 
C-terminal ‘arrest motif’ that interacts with the polypeptide exit tunnel of the ribosome to induce 
translational elongation arrest of mifM (1).  Elongation arrest of mifM allows for efficient yidC2 
translation by unfolding a secondary structure of the mifM-yidC2 mRNA.  Because SpoIIIJ 
(YidC1)-dependent membrane insertion of MifM releases the elongation arrest, yidC2 is expressed 
only when SpoIIIJ activity is lowered.  Thus, SpoIIIJ and YidC2 may serve as the primary and a 
backup membrane protein insertases, respectively.  Systematic mutant analyses revealed that 
insertion of more than 10 amino acid residues between TM and the arrest motif of MifM resulted in 
loss of SpoIIIJ-dependent release of elongation arrest.  These and other results suggest that 
elongation arrest is released only within a limited time window during membrane insertion of MifM.  
Dynamism of membrane insertion rather than just membrane tethering of MifM seems to be crucial 
in the release of elongation arrest of mifM. 
(1) Chiba, S. and Pogliano, K. in preparation. 

 
9)  Peculiarities in the Biosynthesis of SecM: K. ITO, S. CHIBA and Y. AKIYAMA 
 

SecM is unique in that its translation is subject to elongation arrest within the ribosome, 
whereas the engagement of its N-terminal region in the Sec secretion reaction releases the 
ribosomal stall.  We have refined in vivo experimental approaches to this protein and are now able 
to detect directly SecM peptidyl-tRNA, either in its steady states by immunoblotting or in its 
transient states by pulse-labeling/immunoprecipitation.  We plan to explore various combinations of 
"arrest sequences" and "release cues" in vivo to understand the generality and specificity of this 
emerging class of regulatory mechanisms (see also Chiba and Akiyama, this volume).  Meantime, it 
was found that newly synthesized SecM behaves differently according to the expression levels.  
While instability was noted previously for secreted SecM molecules that were also highly 



overproduced, we now found that SecM expressed at a lower (more physiological) level cannot be 
detected unless its secretion is blocked, even if it carries a Met6 sequence at the C-terminus, which 
was previously shown to stabilize the highly overproduced SecM.  Thus, SecM may be 
co-translationally or co-translocationally degraded by some unknown mechanism. 
 
II. Second Group 
1)  Analysis of molecular mechanism underlying keratin-associated protein 13-induced 

activation of canonical wnt signaling pathway: S. YANAGAWA 
 

Low-density lipoprotein receptor-related protein 6 (LRP6) is a component of cell-surface 
receptors for Wnt proteins and Wnt is known to promote recruitment of Axin by LRP6 thereby 
inhibiting β-catenin’s degradation.  I found that Keratin associated protein (Krtap) 13, a 
cysteine-rich cytoplasmic protein which contains six tandem repeats of 10 amino acids with the CQ 
motif, binds to both the intracellular portion of LRP6 and a Wnt signaling effector, Dvls and that 
Krtap13 overexpression markedly stimulated TCF-dependent-reporter activities in both HEK293T 
cells and Drosophila S2R+ cells.  Krtap13 is a cytoplasmic protein and Krtap13 never induced 
production of any Wnt proteins in 293T cells.  Thus I concluded that Krtap13 activates Wnt 
signaling in the absence of Wnt, probably by mimicking some aspects of normal Wnt signal 
transduction.  Krtap13-mediated activation of reporter activities were counteracted by Axin, 
suggesting that Krtap13 functions upstream of β-catenin.  Actually, Krtap13 overexpression 
induced accumulation of β-catenin and its fly homolog Armadillo in 293T and S2R+ cells, 
respectively.  Furthermore, RNAi experiments revealed that Dvls are required for Krtap13-induced 
reporter activation.  The finding that Krtap13 binds to both LRP6 and Dvls and that Dvls are 
required for Krtap13-mediated activation of Wnt signaling suggested a possible molecular 
mechanism by which the overexpression of Krtap13 activates Wnt signaling.  

  Recently, Bilic et al. (Science 316, 1619-1622, 2007) reported that Wnt treatment induces 
plasma membrane–associated LRP6 aggregates (namely, LRP6 Signalosomes) that functions as a 
platform where Dvl and Axin co-polymerize.  In view of these findings, Krtap13 appears to be a 
unique tool to analyze molecular mechanism of Wnt receptor activation. 
 
2)  Modulation of HPV-infected Cell Proliferation and Invasion by oncogenic Ras Protein: 

S. YOSHIDA, K. SASAKI, A. SATSUKA, N. KAJITANI, H. NAKAMURA and H. 
SAKAI 

 
HPVs are small DNA viruses that require unscheduled S-phase entry in terminally 

differentiated epithelial keratinocytes for viral genome amplification. Two viral proteins, E6 and E7, 
are considered as main factors of HPV-induced tumorigenesis.  E6 and E7 protein binds to and 



degrades p53 and pRb respectively, inducing cell cycle progression and abolishes cell cycle arrest 
and epithelial differentiation.  HPVs are associated with more than 90% of all human cervical 
carcinoma, but it is understood that HPV infection alone is not sufficient for cancer formation.  
Cervical carcinogenesis is considered as the multi-step process accompanied by host mutagenesis.  
Ras, that is a host proto-oncoprotein, is activated in approximately 30% human cancers, and also 
activated in progressive cervical cancer.  Its activation is related to the cancer metastasis, resulting 
from the induction of matrix metalloproteases.  The mutation is particularly detected in high-grade 
cervical lesion.  We are investigating the effects of Ras activation on HPV-infected cells.  

First, we introduced active-form of H-ras expression in primary keratinocytes expressing 
HPV oncoproteins, and analyzed the cell growth potential and the regulators for cell cycle 
checkpoints.  We found that the single activation of H-ras in keratinocytes induces premature 
senescence, but E7-expressed keratinocytes could escape from the senescence.  It was indicated that 
pRb pathway was important for ras-induced senescence in keratinocytes.  Second, we analyzed the 
effect of ras activation on the HPV-infected epidermis using the (organotypic) raft culture system.  
We found that the E7 and H-ras expression conferred invasive potential on the epidermis into basal 
layer.  This invasion resulted from up-regulations of MT1-MMP and MMP9 by H-ras and E7, 
respectively.  This invasion was suppressed either by MEK or MMP specific inhibitors.  It is 
suggested that HPV-infected cell could acquire metastasis by ras activation.  E7 and constitutive 
active MEK1 expressed cells partly reproduced the invasion induced by both E7 and H-ras 
expressions, suggesting that the other activity of Ras contributed to the invasive potential. 

 
3)  Molecular mechanism of bystander cell death induced by HIV-1 infected cells: H. 

NAKAMURA, A. SATSUKA, N. KAJITANI, S. YOSHIDA, K. SASAKI and H. 
SAKAI 

 
Human immunodeficiency virus type 1 (HIV-1) infection causes rapid CD4-positive T cells 

depletion that is one of the hallmarks of acquired immunodeficiency syndrome (AIDS). Although 
infection of HIV-1 directly causes the cell death, bystander apoptotic cell death is induced, resulting 
the massive loss of CD4-positive T cells in infected individuals. Thus, studying the biological 
mechanisms of bystander effect of infected cells is essential to understand AIDS pathogenesis.  

In order to investigate the molecular basis of bystander cell death induced by HIV-1 infected 
cells, we are intending to infect NL43 mutants containing single or combined deletions of Nef, Vif, 
Vpr, and Vpu, to CD4-positive T cells, and analyze whether or not these viral factors are involved 
in depletion of CD4-positive T cells. 

 
4)  Identification of Novel Function of Human Papillomavirus E4: N. KAJITANI, A. 

SATSUKA, S. YOSHIDA, H. NAKAMURA, K. SASAKI and H. SAKAI 



 
HPV infection begins in the basal cells of the epithelium, and as these cells divide, 

differentiate, and migrate toward the surface of the epithelium, the virus is able to complete its life 
cycle. The viral life cycle depends on the differentiation of the epithelium, but how the life cycle is 
controlled is not well understood. It is interesting that viral oncoproteins cause the increase of 
cellular proliferation and/or transformation, but terminally cellular differentiation of epithelium is 
required for the viral life cycle is completed. 

The expression of E4 occurs in the upper layers of the epithelium, coordinating with the 
onset of viral genome amplification and the expression of viral late genes. It is known that E4 
disrupts the keratin networks. It is also known that E4 induces G2/M cell cycle arrest. But it is not 
known well about the details of E4. To investigate novel functions of E4, we performed yeast 
two-hybrid assays and got several candidate proteins as which interacts with E4.We carry on the 
analysis about the interactions between the each candidates and E4 in vitro or in vivo. In the future, 
we will ascertain the function of E4 and its involvement in viral life cycle. 
 
5)  A novel human papillomavirus type18 replicon and its application in screening the 

anti-viral effects of cytokines: A. SATSUKA, N. KAJITANI, S. YOSHIDA, H. 
NAKAMURA, K. SASAKI and H. SAKAI 

 
Human papillomaviruses (HPVs) infect to the basal cells of the multi-layered epithelial 

organ. The infection induces benign tumors, such as warts and condylomas, which occasionally 
progress into malignant tumors. Although the analysis of HPV life cycle is essential to elucidate the 
mechanism of the virus-induced tumorigenesis, it has been hampered because of the lack of suitable 
assay system for analyzing the virus lifecycle in vitro. In this report, we developed a new system for 
the analysis of the HPV lifecycle. The new system consists of a novel HPV replicon and an 
organotypic “raft” culture, by which the HPV DNA is maintained stably in normal human 
keratinocytes through long period and the vegetative replication of HPV is reproduced. It will 
promote the biochemical and genetic studies on the HPV lifecycle and the tumorigenesis. 

We confirmed the usefulness by evaluating the anti-virus effect of cytokines. To examine 
the usefulness of the system, the anti-virus effects of three cytokines(IFNβ, TGFβ, TNFα) were 
examined with it, and the results suggested that the IFNβ treatment was effective to anti-HPV 
therapy in the early stage of the HPV-infected lesions, while the TNFα treatment or the induction of 
inflammatory response might have detrimental effect on the lesions. This system will be adapted to 
the screening for the other anti-HPV compounds. It also allows manipulating the genetic elements 
of both host cells and virus, thus it becomes accessible to analyze the regulatory mechanisms of the 
virus lifecycle and the virus-induced tumorigenesis. 
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├ D2 D2 D4 D4

4 レ

 

 

HPV ⑾ よ  

HPV STD Sexually Transmitted Disease

HPV ⒬ HPV

HPV ⒬ さ

HPV HPV 々

HPV 々

HPV

HPV 々

HPV HPV 々

よ

E4 E5 ┘

々 ぜ  

 

HIV-1 よ  

HIV

HIV-1 よ ㎰ CD4 apoptosis

“bystander cell death”

さ ┘  

 

ぞ LRP6 Krtap13 Wnt よ  

Wnt Canonical Wnt ㊪ Low density lipoprotein receptor related 

protein 6 (LRP6) Frizzled 々 Wnt β-catenin Axin

々 Ub/ よ Wnt 

Axin LRP6 β-catenin よ β-catenin



㈻ β-catenin ㌹ TCF Co-activator Wnt

ぞ LRP6 Keratin-associated protein 13 

(Krtap13) Krtap13 197 Krtap Cys-Gln

 

TCF 293T S2R+

Krtap13 Wnt/Wingless ㊪ Krtap13

Wnt ㊪ ぞ Krtap13 

Axin ㈻ Krtap13 Ⅴ β-catenin

Krtap13 293T , S2R+ β-catenin Armadillo

㈻ Krtap13 Wnt ㊪ さ ㈻ Dvl

Krtap13 Dvl さ Krtap13 Wnt ㊪ よ

Ⅵ  

 




