Cellular Dynamics Laboratory

IMAMOTO, Naoko

1. —
*4
importin importin Kid/Kinesin-10
importin importin
GTPase RanGTP Kid DNA
RanGTP
Kid importin importin Kid
Kid
Tahara et al., J. Cell Biol., 2008
importin
Kid
heat shock cognate 70 (Hsc70) 7
hsc70 hsc70
- importin (importin transportin )
Kose et al., J. Cell Biol. 2005
hsc70 hsc70
in vitro hsc70 Hsc70 ATP/GTP
GTP Ran hsc70
importin
importin
in vitro
hsc70
hsc70
Hsc70 importin hsc70
Ran importin
hsc70
RCAI
7 10
500 1000
~66MD GFP
1nM nM

Tokunaga et al., Nature Methods, 2008 msec



importin

importin
21 importin
importin 6 importin
importin importin
importin 3 21
importin
importin
importin 0
importin importin
importin
importin
(SILAC)
2.
*7 *3 *1 *6
BSI
G1
“Pore-free island” Maeshima et al., J. Cell Science, 2006
Freeze-fracture HelLaS3
Pore-free island
HelLa
NUP133-YFP 488nm
bleach
cDNA
cHS4
cDNA (Yahata et al., J. Mol. Biol., 2007)
cHS4
Wendt et al., Nature, 2008
Pom121 1 5
Pom121 cDNA
Pom121
POM121 Williams-Beuren
POM121
Pom121 MRNA
Pom121
HelLa Pom121

19



Poml121

Pom121
(Funakoshi et al., FEBS Lett. 2007)
LAP2a(lamina-associated polypeptide 2a) *2
LAP2a
LAP2a
LAP2 (lamina-associated polypeptide 2) A-type
Lap2a
RNAI LAP2a Knock
down

*3

DNA
SPring-8 BL45XU X (SAXS) SAXS
X
6nm 11nmn
SPring-8 BL29XUL
X CXDM CXDM
3
5 *3 ;
Iwai et al. Apply Phys. Lett, 2008
3.
*6
Ki67
RNA
Ki67
Ki67
Ki67
Ki67
Ki67
*2 *1
DNA o (Pol.o) DNA Pol.a
Mcm10, Ctf4 Pol.ax
Pol.ax Pol.a p180
tsFT20 EGFP p180 p180 Pol.ax
Time-lapse photoactivatable GFP mRFP-p68
p180tSFT20 de novo plSOtSFTZO
p180tsFT20
tsFT20 p180tsFT20
Pol.a Pol.a
*2
ORC

Cdc6 Cdtl MCM



ORC ATP

Cdtl Cdtl Mcm6 Orc2
geminin
in vitro
OrclDN/2DN/3-5 DNA OrclDN
/ 2DN/3-5 ATP DNA DNA ATP
DNA DNA
DNA OrclDN / 2DN/3-5 Cdc6 Cdtl
ORC Cdc6 Cdtl DNA
in vitro
Vedecnik™® 1
Geminin
RNAI
" 2 3 2 v % e

In eukaryotic cells, most of genomic information is stored in the cell nucleus. The main subject of our laboratory is to
understand the nucleocytoplasmic transport and organization of cell nucleus to uncover new aspects and principles on
regulation and maintenance of nuclear function. Our current effort has been focused on dissecting the dynamic
behavior of nucleocytoplasmic transport machinery, transport pathways, and functional relation between nuclear
envelope and chromatin structure in the context of live cells and cell-free reconstituted systems. We are taking cell
biological, molecular biological, and biochemical approaches coupled with newly developed imaging techniques.

1. Nucleocytoplasmic transport

(1) A novel mitotic role of importin p and small GTPase Ran

Nucleocytoplasmic transport factors mediate various cellular processes, including nuclear transport, spindle
assembly, and nuclear envelope/pore formation. In this study, we identified human chromokinesin Kid (hKid) as an
import cargo of the importin-a/p transport pathway and determined its nuclear localization signals (NLSs). Upon
the loss of its functional NLSs, hKid exhibited reduced interactions with the mitotic chromosomes of living cells. In
digitonin-permeabilized mitotic cells, hKid was bound only to the spindle and not to the chromosomes themselves.
Surprisingly, hKid bound to importin-a/b, was efficiently targeted to mitotic chromosomes. The addition of
Ran-GDP and an energy source, which generates Ran-GTP locally at mitotic chromosomes, enhanced the
importin-b-mediated chromosome loading of hKid. Our results indicate that the association of importins-p and -a
with hKid triggers the initial targeting of hKid to mitotic chromosomes and that local Ran-GTP-mediated
“cargo-release” promotes the accumulation of hKid on chromosomes. Thus, this study demonstrates a novel
nucleocytoplasmic transport factor-mediated mechanism for targeting proteins to mitotic chromosomes.

(2) Analysis of the mechanism of nuclear import of 70kDa heat shock cognate protein (hsc70)

Hsc70 accumulates into the nucleus from the cytoplasm during heat shock stimuli. We have reconstituted the heat
shock-mediated nuclear import of hsc70 in an in vitro transport assay, and revealed that nuclear import of hsc70 is
cytosolic factor(s)- and Ran-dependent, suggesting strongly that hsc70 is transported by the Importin b family
molecule. We developed the system for identification of nuclear transport pathway, using Importins-depleted
cytosol and recombinant protein of importins in an in vitro transport assay, and examined nuclear import carrier(s)
of hsc70. However, any importin was not able to mediate effectively nuclear import of hsc70. We are proceeding
to the biochemical purification of new carrier protein.

(3) Interaction of nucleocytoplasmic transport receptor and nuclear pore complexes examined using highly inclined
and this beam illumination.

We developed a simple illumination method of fluorescence microscopy for molecular imaging. Illumination by a
highly inclined and thin beam increases image intensity and decreases background intensity, yielding a
signal/background ratio about eightfold greater than that of epi-illumination. A high ratio yielded clear
single-molecule images and three-dimensional images using cultured mammalian cells, enabling one to visualize
and quantify molecular dynamics, interactions and Kinetics in cells. Using this method, we found that 100-200
molecules of importin b is capable to bind a single assembled nuclear pore complex with dissociation constant raging
from 0.3 +0.2/-0.1nM to 70 +50/-30 nM. A mechanism concerning how importin b can rapidly transit through NPCs,
which provide such high affinity binding sites for this molecule, remains to be elucidated.
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2. Nuclear envelope and chromatin structure

(1) Analysis of nuclear pore dynamics and formation during cell cycle

Nuclear pores, sophisticated gateways between cytoplasm and nucleoplasm, are the most notable structures on the
nuclear membrane. Through investigation of the dynamic behavior of nuclear pores, we found a novel nuclear
subdomain, a “pore-free island”. This pore-free island changes significantly during the cell cycle and cell
differentiation, suggesting that the nuclear structures are dynamically regulated reflecting the physiological state
of the cells. Currently, we are examining how the nuclei and nuclear pores are assembled and regulated during cell
proliferation and differentiation.

(2) Analysis of human POM121

Pom121 is one of the integral membrane components of the nuclear pore complex (NPC) in vertebrate cells. Unlike
rodent cells carrying a single POM121 gene, human cells possess multiple POM121 gene loci on chromosome
7011.23, as a consequence of complex segmental-duplications in this region during human evolution. In HelLa cells,
two “full-length” Pom121 are transcribed and translated by two distinct genetic loci. RNAi experiments showed that
efficient depletion of both Poml121 proteins significantly reduces assembled NPCs on nuclear envelope.
Pom121-depletion also induced clustering of NPCs, indicating its role on maintenance of NPC
structure/organization.

(3) Analysis of nuclear envelope components required for cell proliferation.

We examined components of nuclear envelope in clinical colorectal cancer tissues. Interestingly, LAP2a was found
to be strongly overexpressed among the proteins examined in all cases. Member of LAP2 (lamina-associated
polypeptide 2) family are candidate proteins involved chromatin organization through attaching nuclear
membranes to the underlaying lamina and chromatin. In human cells, three different forms of LAP2 mRNA, LAP2a
(75kDa), LAP2b (51kDa) and LAP2g (39kDa), are generated by alternative splicing from a single gene. LAP2a is
structurally and functionally different. It shares only the N-terminal 187 amino acid region with the other isoforms
and localized throughout the nucleus. In order to examine a role of LAP2a in cell proliferation at cellular level,
knockdown experiments of Lap2a were carried out. LAP2a-knockdown significantly reduced the growth rates of
several cancer cell lines. The effect showed good correlation with knockdown levels of LAP2a. LAP2a-depleted cells
showed abnormal nuclear shape and increased number of multinucleated cells. Since LAP2a interacts with lamin
A/C, RB and BAF, their collaboration in the cell proliferation is now under examination in our lab.

(4) Analysis of chromosome structures

Mitotic chromosomes are essential structures for the faithful transmission of the genetic information at each cell
division. However, how the two meters of DNA that is present in each human cell is packaged into compact mitotic
chromosomes (a 10,000-fold shortening) remains largely unknown. To address this question, at RIKEN SPring-8 we
are investigating chromosome structure using small angle X-ray scattering analysis (SAXS), which makes it
possible for us to detect internal regular structures in non-crystal materials in solution.

3. Chromosome segregation and replication

(1) Novel mechanisms involved in proper behavior of mitotic chromosomes.

In our previous studies, we showed that Ki67 antigen, a perichromosomal protein, had a role in proper behavior of
mitotic chromosomes. We went on to purify the protein complex containing chmadrin (Xenopus homolog of Ki67)
from Xenopus egg extract and revealed that the complex contained various enzymes whose involvement in mitosis
has not been described. We then focused on analyzing the significance of these enzymes during mitosis and tried
to understand the molecular bases on which these enzymes functioned cooperatively with Ki67 antigen. Based on
the assumption that these enzymes modulate certain functions of known mitotic regulators, search for substrates of
these enzymes has been on the way.

(2) Sequestration of aberrant DNA polymerase alpha in the cytoplasm suggests a quality control mechanism

DNA polymerase alpha is essential for the onset of eukaryotic DNA replication. Due to a single point mutation in
the DNA polymerase alpha p180 subunit, the temperature-sensitive mouse cell line tsFT20 exhibits heat-labile
DNA polymerase alpha activity and S phase arrest at restrictive temperature. We show that p180tsFT20 |ocalizes in
the cytoplasm at restrictive temperature while its wild-type counterpart enters the nucleus. Time-lapse
fluorescence microscopy with EGFP-tagged or photoactivatable GFP-tagged p180tsFT20 variants and inhibitor
analysis revealed that the changes in protein localization after temperature up-shift are due to the inability of
newly synthesized p180tsFT20 to enter the nucleus and to the proteasome-dependent degradation of nuclear-localized
protein. Moreover, p180tsFT20 synthesized de novo at restrictive temperature does not associate with the second
subunit of DNA polymerase alpha, p68. Finally, we show that RNA interference of p68 results in a decrease of the
overall p180 protein level and in a specific increase of cytoplasmic localized p180. Taken together, our data
suggest the presence of a quality control mechanism that prevents the nuclear expression of aberrant DNA
polymerase alpha.

(3) Analysis of pre-RC formation.



The assembly of pre-replicative complexes (pre-RCs) at origins of DNA replication is highly regulated and conserved
in eukaryotic cells. From yeast to human, pre-RC assembles in a stepwise manner. At first, the origin recognition
complex (ORC) is loaded on the origin, then Cdc6 and Cdtl, and finally Mcm2-7 associate sequentially. Pre-RC
assembly is inhibited by geminin, which is a negative regulator of DNA replication in metazoan cells. To
understand how the pre-RC formation is regulated, we tried to develop the /in vitro system for pre-RC assembly.
First, using gel mobility shift assay, we analyzed the DNA binding activity of mouse Orc1DN/2DN/3-5. Mouse
Orc1DN/2DN/3-5 bound dsDNA in an ATP-dependent manner. In addition, the sequential assembly of Orc1-5, Cdc6
and Cdtl onto DNA was reconstituted. Now, we are trying to reconstitute of pre-RC on Xenopus nuclei using
purified recombinant proteins.
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