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MAPK(mitogen-activated protein kinase) 7 7 'V —® Ser/Thr ¥ 7 —E |3 k4 REE
RAERBSEEIE L TV, — iR MAPK 13, % OIEE(LL— T IZHEET 5 Thr-Xxx-Tyr

(TXY) £F—7® Thr & Tyr & LD MAPK 7 —BilZk-oTY VEMfbEn b Z LItk
ST, FOXF—PEEEFEELL, EOICFRELAAv—2FHR L TERNIIBITTS, —F
T, BB A D= AL TEMET S MAPK b#EINL TV D, Hl2id, INK2a 2 13 RO
FEE LICREL A ~—%ER L. ZOXA~—RNTHAIZTXY €EF—7® Thr & Tyr &
BOY VEMbT D& T, TOXF T —EEEEFEELL T, BRIZBITT S,

Nemo-like kinase (NLK)i%. MAPK |Z#ERIZ3ELL L7 Ser/Thr ¥ —E TH 5, NLK
e RERERFE Y VERMLT A I & T, SRRV TN GERK AT 5, &, T v
k PC12 MIIEIZ BT, MR EEF NGF @< 7428 NLK @ [ —BE®EDIEMEL)
& THRE h SR R ORI~ DO BEE) 2EE L., Eah/z NLK 23 #iE5Eik
BEICEBRTAZEDHRESN TS, 72, PCI2 #IlEIC NLK %2@8%%FH T 5 & NLK
BEDF T —PIEEEENICERZRELZRTIELRNVEIN TS, LHLREL, Th
5 OBRICBW T, NLK O X —EiEH & MIENRELSIET 50 F#EIc o Tidig s
Ao ERRBB S LTV AR, BEBRIEVLZ L 12, MAPK @ TXY £F— 71234 T 2 ELA3 NLK
T Thr(286)-GIn(287)-Glu(288) L 72> T\ 5, ZD Z & H> 6 Thr-286 @ U »E{b7 NLK
DEMAGICEETHAAREMENSHFECE S, LvL, Thr286 2 U VE{LT 5 F T —Eidsk
FPIREESNTRY, ZHETIZ, NLK ® Thr-286 % Val ([Z&# L 7= EE{& NLK, NLK
T286V NEDY VELEREZE - TWAZERDNoTEY ., ZOZ b, Thr28e O
U EEA NLK BEICE D b DO THDABEMSPEIFFTE 5, AR TIE, NLK ARES
A=—%FHETHZ L TEED Thr286 # VU VEMEL, BRELTEOF T —EEEEZE
L L TEBITT A & 2MmET 5,

CURTO#FFECik NLK T286V B2 Y VE{IEHEEZ K-> TWD Z L idddo TV,
NLK T286V MR —FEEME LE > T ANENEEIT SN TWiehoTe, £ZTET,
IhERELZEZANLKT286V % —EBiEHE L7202 B LT, RIZ NLK
2 Thr-286 2 BTV VEMLT 52008 D W EBRET 5729012, NLK @ Thr-286 @ U »E{L%
BT HTF P (B pNLK #ifk) #{Esk L7z, #i pNLK Hifkit HEK293 fifgiZid
TR L TH~ NLKWT (B4R NLK) #58< 38 L. NLKK155M (ATP & EALICE
BEEALTX T —BEMEZLDEZERE NLK) 25 <RB# Lz, 202 &b, NLK
2 Thr-286 # B Y VEMLd 2 AREMNRENTZ, K\ T, NLK 0BV »ER{EAs NLK
DIEHICBWTEENE D ERFT 572012, BV VEME L7z NLK &R Y B bl
HL7 NLK OFF—VESEZERLZE A, AR Y VB EEE 72 NLK AV FF—E
EHEZED, BY UBME L7 NLKIZITIE & A EEERENZ b o7z, LLEDOREREM
b, NLKOBC Y VEMER BB O X —BREEEE(LT 5 FTReEN R I i,

iz, INLK 7" intermolecular manner TH & ® Thr-286 # U VB35 & W5 Gk
BT, INETFATIZODEREToZ, £9. GFP # /{+%® NLK (GFP-NLK)
& Flag # 7f+& ® NLK (Flag-NLK) % ZhZhEMMIRIC KRR S E-0ObITHER L,
GFP-NLK # Flag-NLK % in vitro \ZBWTHEEY VELT A0 ERF Lz, £ ORKRER.
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GFP-NLK 7’ Flag-NLK ® Thr-286 % % O X F—EIEMHEEFEAICY VT2 Z &3\ 5
MITIg o7, 23T, NLK 7% intermolecular manner THH % Y VE{LT 572 DIZRE
FA=—%BRLTNENE I DE, KEBEEERE SVRR o N7 4 —I12 LY
BEt LTz, TORER, NLK BREX A v —2FMTEI E0NHLMNIRo7, 72, NLK
K155M % NLK T286V HHREX A v —Z M TE I &6, NLK OFREX A v —K
X —PEECED Y VEBMLIESIIRTELRNZ ERghoT, —JFF T, B NLK &RE
0y lit-] DHREREEBBEO—DIZB N TERETCWIERLRAKOERZEA L L ER
NLK. NLK C425Y iR EF A v — 2 WM TE T, ERE~T o EAREHR L TND Z &
Bbhotz, LIBTORFZEN G, NLK C425Y B0 X F—EiE%R L B O ) VEBLIEEO RS
ERoTWAZENRESNTEY, 20t LROBERELDLETEZLS L, INLK D
REXA<—FREDB| X4 L7, NLK @ intermolecular manner |2 £ 5 B & @ Thr-286
DU B E . NLK BEHEET D] SV REEENREZ LIS,

AR & 512, MEANTEED NLK OTEHEL & BE~ORENMEET 2 Z L 2 E TIZH
EINTNDE, FZC NLK OERELFA<—ERCEDY VEMbE OBREZBRT L,
HeLa fifa% B\ C NLK EEZEAOHBANRBEL R Lz 25, NLKK155M, NLK
T286V i NLK WT [@#k. #2568 < BTE L. XEREYIZ NLK C425Y 13IZIZBEET . AR
EERICBET DI ERbhotc, TNHDOFRRNL, INLK OFREX A ~—EH NLK O
ZREICNATH D) EEZLND,

WIZ, HEATEEDO NLK IZoWTOfENT %2, NLK %< BRI 5MiakTh s PC12
MAEZRWTITo, 9. FAERZ o~ b5 7 40 —I2& 0, NEN NLK 2SROAED
PC12 MIRBIZB W TIBERZEESE L LTHEEL. NGF Y7 T MR L THRES A ~—%
T DI ENgholz, WICHNENE NLK ORBELZFEZ A, ROEDO PC12 fifalC
BWTHIADERO IV CEBERIZREE L. NGF fliE%. AR L OHIRaR &SI B/E
THIEBHALNITRo T, MA T, NGF HlIEIZE U THEMSE NLK @ Thr-286 © U B2
EREEMT D Z L EBALNIRoT2, ZTROHDORERIX, NGF 740 NLK OFREX A
v R E{EET D2 L TNLK ORERMSLED Y VB LEDESE(LEFEET L2 L 2R
w5,

%2, NLK @ PC12 fifaizis i) 2 Hifazei i 8 284812, NLK @ Thr-286 ®Y v
BB E X A v — D ERFRERIT OV T, PCI2 #AIZE VT NLK WT %
BRIFEHT D & MIRER AP FE S 17225, NLK T286V ° NLK C425Y Z#FIFHH LT
LSRR FE ISR o, Lz -> T, NLK @ Thr-286 @V (b & FEX A
< —TRIE NLK 12 L 2SR OFEIZNATH D Z ENRINT,

U EDRERNS, NLK OFREF A < —TaA NLK OIEHLICBITHAEERA N T
HDHZEWRENT,
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In light of her profound interest in the cellular signaling pathways that regulate
vertebrate development, Ms. Shizuka Ishitani addressed a question on how the activity of
Nemo-like kinase (NLK) is regulated. NLK is an evolutionarily conserved MAPK-like kinase
that phosphorylates several transcription factors and fine-tunes the activities of the several
cellular signaling pathways, such as Wnt/ 8 -catenin signaling and Notch signaling. However,
the molecular mechanisms that regulate NLK activity have been poorly understood.

She first showed that NLK undergoes intermolecular autophosphorylation at Thr-286 on
its activation-loop and autoactivates via the autophésphorylation. Analyses using an
antibody recognizing Thr-286-phosphorylated NLK revealed that NLK phosphorylates itself
at Thr-286. Mutation of NLK at Thr-286 extinguished not only the autophosphorylation
activity but also the kinase activity. Dephosphorylation of NLK dramatically reduced the
kinase activity.

She also observed that homo-dimerization of NLK is required for its activation.
Gel-filtration assay displayed that NLK forms the homo-dimers and this homo-dimerization is
independent of the kinase and autophosphorylation activities. Furthermore, a mutation at
Cys-425, which corresponds to the defect in the Caenorhabditis elegans NLK homologue lit-1,
prevented NLK dimerization, rendering NLK defective in both nuclear localization and kinase
activity.

Additionally, she further demonstrated the NLK homo-dimerization and
autophosphorylation in physiological conditions. Inactive endogenous NLK were detected in
huge complexes and the external addition of Nerve Growth Factor (NGF), which has been
previously identified as an NLK activator, induced dimerization and Thr-286
autophosphorylation of the endogenous NLK proteins in rat PC12 cells. Correspondingly,
both dimerization and Thr-286 phosphorylation of NLK were found to be essential for
induction of neurite-like cellular processes by NLK in PC12 cells.

These findings, a part of which has already been published in Molecular Biology of the
Cell, 2011, suggest that dimerization is an initial key event required for the functional
activation of NLK and also provide an enhanced understanding of the mechanisms of NLK
activation. Recent studies have shown that NLK plays important roles in vertebrate tissue
development and several human pathogenesis. Therefore, these findings might contribute to
elucidate the molecular mechanisms of these events. Taken together,v we adjudge that the
ability of Ms. Ishitani as a research scientist is satisfactory for conferring doctor degree on

her.
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