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Abstract

Homeoproteins are important transcription factors for axis pattern,
organogenesis, cell proliferation,differentiation and so on.They all contain a
homeodomain,which can form HTH (Helix-turn-Helix ) motif to bind to
DNA then regulated gene transcription activity.The nucleocytoplasmic shuttle
of transcription factors is a conserved mechanism to fine-tune their activity.
It is a complex process for nuclear translocation of macromolecules,which
need the participation of transport receptors,cargos and other
components,and it is energy dependented.

Arx, belonging to the paired-like homeoproteins,is required for the
development of pancreas and central nervous system (CNS).It has two
functional nuclear localizaiton signals (NLSs), NLS1 is located at amino acid
82-89,and NLS2 at 327-388, the latter one is overlapping with homeodomain.
NLS1 is a classical NLS, its nuclear localization activity is blocked by
Bimax2,a specific inhibitor for imp o/ pathway.Moreover,NLS1 is recognized
by imp a3,imp a5 but not imp a1 in vitro,and imp a3/B1 or imp a5/31
heterodimer is responsible for nuclear translocation of Arx via NLS1 in
nuclear import assay. It is futher demonstrated that K84 and R87 are
important for the activity of NLS1.

Import of Arx via NLS2 is mediated by several pathways.Using an in
vitro nuclear import assay, we show that import of Arx via NLS2 can be
mediated by imp B1,imp 9, or imp 13, with binding being strongest to imp £1.
All binding is sensitive to RanGTP. Experiments based on precise domain
deletions indicate that NLS2 binds imp 87, imp 9, and imp 13 and includes
both an importin binding subdomain and a regulatory subdomain with
arginine residues being important for function. Moreover, Arx can be
co-precipitated with these importins when NLS2 is present. Although nuclear
import of Arx can be mediated by these three importin Bs, imp 81 seems to

play the major role judging from in vivo. small interfering RNA ablations and



the in vitro import assay. This is the first evidence to show the role of imp 1
in nuclear import of paired-type homeodomain proteins. We propose a novel
and possibly quite general mechanism for nuclear import of paired-type
homeodomain proteins which is critical for development.

Nkx2.2,belonging to the NK2 homeodomain transcription factors, is also
critical for the development of CNS and pancreas. There are two basic amino
acid clusters located at each terminus of homeodomain,named nBC1 and
nBC2. In this study,it is demonstrated that either nBC1 or nBC2 is able to
interact with imp a isoforms,nBC1 is recognized by imp a1,imp a3 and imp
ab,and nBC2 recognized by imp a3 only in vitro. When fused with
B-gal-EGFP,respectively,they both induced the nuclear accumulation of
chimeras proteins, and this process is depend on imp o/
heterodimer,because it is blocked by Bimax2.Nevertheless,the nuclear
import of wild type nkx2.2-B-gal-EGFP is not affected by Bimax2.1t suggested
that members of imp B were required, but not classical imp o/
pathway.Moreover,lt is proved that imp 81,imp 4,imp 13 can interact with
Nkx2.2 via homeodomain and mediate its accumulation in nucleus in nuclear
import assay.

The results shown that nuclear translocation of different homeoproteins
are mediated by multiple but different imp Bs pathway, and need the present

of an intact homeodomain.
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K1 Aritaless & [F]J 5 R 45 Kt 5 DNA B4R F A4 45
Fig 1 Crystal Structure of Aristaless Homeodomain in complex with DNA

Miyazono et al., EMBO J,2010.
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