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Importin B mediates nuclear import of a variety of cargo proteins in many different
ways. In the course of screening importin B binding proteins, | identified human
kinesin-like DNA binding protein (hKid). Kid is a chromokinesin that possesses
microtubule binding motor domain and DNA binding domain, and generates a polar
ejection force that pushes chromosome arms away from spindle poles. Kid is
essential for chromosome alignment on metaphase plate. In this study, | functionally
characterized the interaction between importin o/ B complex and hKid, and mapped
the essential sites for interaction of importin o/p complex and hKid. hKid bound to
importin o directly and formed trimeric complex with importin o/pf heterodimer. When
examined using digitonin permeabilized cell-free transport assay, hKid migrated into
nucleus, and the migration depended on trimeric complex formation with importin a/p
heterodimer. hKid lost the binding to importin o, when critical residues on the surface
of NLS-binding pockets of importin o were mutated, and nuclear import of hKid was
competitively inhibited by classical basic NLS substrate. Therefore, for mapping the
NLS(s) of hKid, | focused on the basic amino acids clusters present in hKid protein.
hKid possesses a putative basic NLS site 556RKRKL560, previously reported as a
NLS in Jun (Jun-like NLS). However, introduction of point mutations in this putative
NLS region reduced, but did not abolish the binding of full-length hKid to importin o/
complex in solution binding assay. By searching the conserved basic amino acid
region through the sequence comparison with human Kid and Xenopus Kid, | found
the second putative basic NLS site of hKid in 400KRAR403 residue. Introduction of
point mutations in this second putative NLS region, in addition to the mutations
introduced in the Jun-like NLS region, abolished the binding of full-length hKid to the
importin o/p complex in solution binding assay. Solution binding assay using mutant
hKid proteins, in which mutations were introduced in the either of each NLS sites,
showed that the affinity with importin o of Jun-like NLS is stronger than that of second
NLS. In digitonin permeabilized cell free transport assay, introduction of mutation in
either of each NLS reduced the nuclear migration activity of hKid, but did not inhibit
the transport completely in the presence of recombinant importin o/, Ran, and
energy sources. In contrast, when mutations were introduced in both NLS sites, hKid
failed to accumulate into the nucleus. In the expression experiments in living cells, |
confirmed that introduction of mutation in either of each NLS did not inhibit the
nuclear migration of hKid, but introduction of mutations in both NLS sites abolished
the nuclear migration of hKid. These results showed that the 400KRAR403 and
556RKRKL560 residues of hKid are both functional basic NLS sites which are
essential for interaction with importin o/p complex, and these two NLSs are likely to
function cooperatively. However interestingly, in the presence of crude cytosolic
extracts, introduction of mutation in either of each NLS prevented nuclear migration of
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hKid in digitonin-permeabilized cell-free import assay. This indicates that importin o/p
binding to hKid regulates the association of some component(s), which is present in
the crude extract, with hKid. Such regulation mediated by importin o/f could be
important for function of Kid. GTPase cycle of Ran plays an essential role in mitosis
by mediating binding and releasing of importin a/f complex from target proteins. My
present data showing that the hKid functionally associate with importin o/ complex
raise a strong possibility that Kid is an another target protein in mitosis that could be
regulated by GTPase cycle of Ran. Two NLS sites identified in this study locate at the
outside of known functional domains of hKid, such as the kinesin-like motor domain,
the coiled-coil domain and the helix-hairpin-helix DNA binding domain. Inactivation of
either or both NLS seems not to disrupt the known function of hKid except for its
importin o/ binding activity. Present characterization of the interaction of hKid and
impottin a/p complex, and the use of NLS-inactivated hKid proteins constructed in
this study, would help us to provide further information to understand the mechanism
of regulation and function of Kid during mitosis, as well as unknown function of this
protein during interphase.
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REEE 1L, B 5 E (K importin BICHEE T2 & /37 H % yeast two hybrid &%
TR Y == T ETV, TO—2& LTI BEXFRT Y Kid (kinesin-like DNA binding
protein) % [R7E L 7=, Kid IX polar ejection force & MFiEN 5, HRMYE KL F RO
FiIZmpbE 2 NEERMT T, REAOTHR~DEIZ2H > TVEE—F—45F
Th b,

HH, E-HIaEMEERFO 1 2 TH D55 FE GTPase Ran 25, IR gL L 7= flfa
SEREN BNEDOTA T I ARHEAEEMICEELREE 2B TWDL I EhHEIN.
HIRE 5> BRI Ran OFIE T CHEET AR FORIENBEERBIWIZED LN TWD, HEE
(%, Ran il T CHBET 2RI ORF 2, BENFET 5 MMIIE Ran KFHI 2L
PR (R importin BIZxt LHEEEE & 2> TV D AHEMEIZE B L, importin B & Kid D
AR OfET 21T/ o7, E bKidd s m—=2 7 L, KIBECTRAIELY a5~
MR B ERER L, B importin B, R importin oo, W KRB IEAL Y 7T L EETE
% o7 importin a D BEREEHWTHAERELITR o7, £OFR. Kid 1T importin
a% 4 L T importin BIZFEART HZ & F7-. importin o’ Kid D EMEZ /ENLKS 70
ERHBLTCODIENRBEEINT, B IA 47 MllaZ F T2 in vitro DEEER TIE,
Kid 2% importin o, importin B, W TNZ Ran IZEF L TEHERNICEEEIND I %R L,
Kid/importin o /importin B® 3 HFHEE KK Ran THITH SN AR LD THHZ L %
TR L7, & 512 Importin o TREFHk S5 Kid OFEKRE 21TV, & b Kid [ RELRI
BbhAAHEMEDH D 2 S OEEMEERINZLHSI EAEMRICRLE, 20 OHEMERES)
HEAIWREREZ DS b KidZHAWT, WERF & OREER, in vitro R I AR
K DMEEEORE LTV, ZNOBEBIEHRBELR 7T L E L THRELTVD I LR
MR T DEREE,

AT, TTIEHL SN TV D HERPWMEDOBTREE-TZ DO THDHA, Kid &\
SEURIBEIE, FOBBEDCEEMENPL W DD TN —T BRI E TR
DTWAIZ bbb T, KFFEO LS RFEMAMBITIII N ETIThbhA Ty, BHE
B, WOICHEREHIC)H 2 ORITERBR LR H D, TOFKR, EHEko—RKETE2EE |
Kid Varversr b2 o "B A {bFERICHELRAD Z LI LTERY ., ZOoRF
OHRERIH A Z2 5 LTEELRMR A/ TV D,

Kid 7% importin o /BT Ran DI FTRATHZ L 2R LEANEOEREND, 205
FHAMIASHPITINT, Ran DFHLWF—5 v P THDZ EHMITERIND, Kid O

NEREMEZERERS 7T ADORE] &, @k 7 A0 A NOIEBRZEPL LK) T
2 BREARY 7T LOEYMZENERE LT 5REES D D, MEIZIZB T, BRTE
b 7 nid, MIBE»OEA~BITTA2720ICH D5, 5 M T Kid 75 Ran O #|#H T TH
RET 5% E. Kid OBRELS 7TV, BUNEDE A F I 7 AREEET K 2 6l 2
VITAMELRY DD,

AL, GHROBNEL AT I 7 A, HEEER., REESEOMRITICKESEBRKL
DDLAREEDH DL LT, BLAXOKEIZEL TWD LTI, £o, FER
WBITAREPDHEENBCOMERNFLT CICEZMMER L +LSICEIEL TR, £
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