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e A A H A B A T AR bl b p hE i

FPEEERSES > LERTEF FY T4 AL i mE R
v % small GTPase 7 o £ B ¥ e mps-one-binder 2(Mob2) 3~

v 5 %>t Mobl/phocein domain F-v F 72% > @ & fE* 7 - A

&

PIAKT A G Gy RIE D I L o T P R
fwre ? "% 4 Mob2 ih4 IE € e RaEpL it Moesin 2 &1 F-d
Crumbs e i ¥ o B BA Sa® wwe? > L Mob2 &
EEA GRS o B B dp T Mob2 Almie chd) i 2
TEFEEF A BB ¢ FIR o Mob2 ¢ 4 NDR > Sk
fe | FRVRpL F-v FEpR e o 84 T g P B A Mob2 € e

NDR & & ¥ + NDR apa it « A9 %7 > 3 B33 Mob2

112 Mob2 / NDR ¢ i@ mPe ) mE & £ o 8- A EE >
Mob2 22 NDR #_% ;gc} #- Moesin £ s i m i B e g fwre A i e

Bk od F2ELE R T < £ 4 Mob2 2% NDR 7 H
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Moesin gifis it ch NE T e AR kA L % o
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Cell morphogenesis is important for development and cell
functions. It is achieved by many protein complexes, especially
polarity protein complexes and small GTPase. Mouse
mps-one-binder 2 (Mob2) protein belongs to a Mobl/phocein
domain protein family conserved in yeast, Trypanosoma brucei, and
humans. It has been shown that knockdown of Dmob2 expression
alters subcellular localization of phosphorylated Moesin and Crumbs
in the Drosophila photoreceptor cell. In mouse N2A cells,
expression of Mob2 promotes neurite outgrowth. Together, these
studies suggest that Mob2 protein plays an important role in cellular
morphogenesis. Studies further demonstrate that NDR, a
serine/threonine kinase regulated Mob2 activity. Biochemical studies
demonstrate that Mob2 binds to NDR and regulates it
phosphorylation. In this study, | investigate whether Mob2 and NDR
participate in organizing actin cytoskeleton and modulate cell
morphology. | have characterized the subcellular localization of
Mob2 and NDR in NIH 3T3 cells. Over-expression of Mob2, NDR
or NDR/Mob2 in NIH 3T3 cells causes cellular process formation.
Further, | investigate whether Mob2 and NDR alter cell morphology
through regulates Moesin phosphorylation. Our results demonstrated
that over-expression of Mob2, NDR or NDR/Mob2 increase the
level of phosphorylated Moesin, whereas, down-regulation of Mob2

or NDR decrease the level of posphorylated Moesin. Hence, |
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conclude that NDR/Mob2 could promote cellular process formation

through induce Moesin phosphorylation.
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FeenF iy h M R A R B R o AT A VTR 2 T R
( apico-basal ) T =)= ﬂji‘ ki & > P o5 FF 1t o cell junctions
Flg Fenig D o T o Ry L AT P eiE i ’:@mvé;‘gg};—gitx}b
S LR T e B RERLS £ 0 UG dwe flE (cell polarity ) ((1den
and Collard, 2008 ) - &M im?s & 5 & B4Fd A 3+ (regulatory
molecules ) #lm®e chd @352 7 $HEA G Lipiamre ¥ (F
w| §_actin ¥2 mocrotubules) ;i ¥ &+ cndhie = (Li and Gundersen,
2008) - e iRt end A d fRME-0 Ao R T EG AN A
g4 F]+  (polarity cues) 1% o @ B Al EE 4 o iR
B b14e5 partitioning defective (PAR) ~ Crumbs ~ Scribble » iz & 3
T o AT R L RPN A e A B LR RS A S

AR B R R BApau ] D ARIBE RV o

oY

Fo opef fagde g P 2o gRg - B R AT (Goldstein and Macara,



2007; Assemat et al., 2008; Humbert et al., 2006 )

WA AT Y L RHEE A F AT AL - L0 oY TR
Yot Fl 3 B i 18> 7 5 1Y small GTPase i ‘w2 F 28 ¢ ajicsi v 7

(remodeling ) - :& {7z % % A & (lden and Collard, 2008 ) -

Small GTPase © £ w* %] it & 3 40 B ¢1 5 Rho ( Ras homologous)
BOFRSE 0 B R0 FRSEN R e 2~ e R (membrane
trafficking) &2 mPe 't F & 2 N KA fFmefmlid s B2 me {7 o %
# Rho GTPase &% *>tmPe 5+ > %’g d #2 2 membrane-associated actin

cytoskeleton 1z = & fw?2 | i

E“¥

o &+ Rho GTPase * ## 7 & % ch5 Rho
A~Racl & Cdcd2 > ferf 5t d 4 ¢t Fod B R2ET ;ﬁ d B_{E ik F-v
(actin) fim®e Wit B & A5 dRk e A BEOR R 0 @ @ o
PR A 4 R 414 © ((protrusion or extension) o B4R Ak R R
(lamellipodia) ~ 3 & &_ (filopodia) -~ & &_ (pseudopodia) ¥ ik
B2 (microvilli) % (Ridley, 2006) -
Pk R &

ok AT G A (7 et o SARELE T el R R D 75
ek gt F-v Sk (actin filament) » AR E Hwmie S TEARY @ o
Pe it s 4 o Rho GTPase # 7 Cdc42 27 Rac ¥ 7 fim®e mn S Ak 5

oo AR ] § RO A 1 e o F Cdc 42 i 1 pEE g



Wiskott-Aldrich syndrome protein (WASP) i % » £ H & N-WASP -
Mo it Arp2/3 45 88 > @B s Few Sin 707 aE W A e L s A A ek i
oo F it Rac PV &2 WAVE 45 & 815 % > 551t Arp2/3 # )k ieds
F-v 35352 (Ridley, 2006) - ATP erjic st 3o H 48 ( ATP-G-actin)
T oAUl Few Sienl x o jr“lr;{jém’?é o 0 A T4 » Frepactin B
B Botd hn BE S p gt oa @ e il o

Sk R &

Sk m XA ko (finger-like ) him e g

4
por s
_%&L
s
N
—=de
=
o
a\

Aok el Fo SO E TR B ARBE L e B R B E S
woo b ATP erjic s 3od H BP0 7 Ak % B_aweds Fod S5
~Frenactin E48 0 @ & f =47 #7903 F ADP enactin B 8
(ADP-G-actin) #-55 > 4* A& # e s & ik 27 fmie 5 # enig & v
oo CACA2 LI 5 B 4Rk % KehA5 X B 4p B » Cdcd2 & %ﬁ?d 7% v Dia2
12 s Stk B &0 fe 3 v gkdp O i fibroblastoid cells ¢ 7 % i
Cdcd2 iz 2R ¥ & Sk % K252 > v 4w ¢ 1 Rif/RhoF ~ RhoD 2 2

Wrchl = 7 @ fm®e 25 = S i 2 B0 » 257 B~ 1% Cdcd2 s it -

ML
eSS D b SRR R > 5§ E R
BV AT S ko MBI bldo | Flee o © A



Ezrin-Radixin-Moesin (ERM) 3-v B -2 fics £ 252 > @ Rho £ Rac

RIF 3 AR 4B 42 ERM sim 12 -

mr R A WA P AE TAAN Y PR ER LS
R e ¢ LGEd P AEA W A L iR e 2 A

F4 001 RS me A A S B PHER -

s Rk ime § B B RARMA (L im0 & B % M ergg R ¢
FEHT50 Bl E R R G 8BBR Lwme & BR LwmeFT
ZA ( zonula adherens ) junction » = 12 ZAjunction 4 % "8 w ( apical
domain) % & & (baso-lateral domain) - H @ "B & x 4 % stalk
membrane £ actin-rich ¢ rhabdomere > d 4 v ke o P 5 5 B
M 3-6 W52 E 6 075 > Crumbs &2 Moesin o &4 7 % 2 ik is g
k fmre ¥ > Crumbs % i£ 3% stalk membrane ; £ i Moesin B 3%
rhabdomere base - ol Crumbs &2 Moesin > 52 A PF %z ¢ » 3
A s ? F1Mob2 (Dmob2) i+ $H8 kimie A i 5 2 B F & o

FHETRI2PE R AGT TS 4255 & 4 Dmob2 7 %

h-s

£

FRRT )RR RP] ) REF RS . 2 RPN A

F_‘~

75% i endf i Lmre v > T ¥ RT R me § A0 e A
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Dmob2 7 # 4™ » g ke a4k 4 3 Hp] * rhabdomere € % %
£ % o DmMob2 1% T P PR ke T 0 S g BB R F
Crumbs fegips it Moesin e £ =% > & Dmob2 *# i< £ R T >
Crumbs ¢ stalk membrane #5+¢ 3| rhabdomere base ; & i* Moesin R
d rhabdomere base # 4z 3| % % ¢ (Liuetal, 2009) o F]p & F &>
Dmob2 2 F g £ wme A i 4 L€ &M > 45 ¢ E- B o
B kme? gy o

Mob2 3-¢ F >t Mob 3-v i 2% > Mob 2> % % Mps One
Binder ( Luca and Winly, 1998) » ¢t 3-v F 7% 5 % & fE* A° #
P BPER F AT AN RE G R RIE 0 AR FY 5
Mobl 4= Mob2 ; % %#&+¢ 5 Dmobl -~ Dmob2 ~ Dmob3 ~ Dmob4 ; %
[ B Z A ¢ Bl Moblar Moblb~ Mobl_2A-Mobl_2B~ Mobl_2C -
Mob2 = T F-v o

- Bmob2 > & 705 B ke BAE e 75 - B Mobl/
Phocein domain > Mob #-v  #2% ¢ 75 39 ¥ £ 5 ¢ domain ( [l
— ) - Phocein % - 1 26kDa 3-5 % > fo Mob 3-v 5 2% ¢ k-
v R R AR £ A Helacell eh® 28 < # ] "odd i e
Purkinje cell thim?z ~ 48 2 #F% £ 2 ZAF+%R % (dendritic spine)
(Baillatetal., 2001) - d p = & % ¢ £ Phocein £ [F i¥ % chj-v F #

10



# 428 Phocein fe iR 4 ¢ 7 iy %8 &8 5 (¥ % (& Dynamin-1 £ &
fer) e us@vE (& Epsl5 o NDPK — 4= %% ) ~ U4 @ (&

Striatin £ = it * ) ¢ (Baillat et al., 2002; Bailly and Castets,

FymEdd o b FROELRF* F® ¢ 7 Mobl fv Mob2 - £ %
T & 0] E_Mobl » 2 yeast-two hybrid = ;X #3522 Mpsl & F i®#
o0 PEALE o Mobl & S e P AR dE A B Bl AR
7 B > Mobl 3 2 44 & k2 FAEZ RS e AR 0 g 0BT flne
A B R Hp AL B eniastk (Lucaetal, 1998) - Mob2 patin i &

Jn¥e dR 4 e = 4P BE ' 5 4 7 ¢ Schizosaccharomyces cerevisiae

-

FE* AtR® > Mob2 ¢ LR E &% &£ Iehe 2 5 ¥4 ) bud neck
B s P F iz i ? 5 Bt dEARY > Mob2 &8 Cbkl £ i * 143
B fpd A, 2E it 3 mie AFLE o @ &k Figlto
Schizosaccharomyces pombe ff# Ftk @ #- Mob2 2 ",ért SRR S
Wwita & IFA At EARY e pF € s e 2 ¢ it 3-d (actin)
e £ (Colman-Lerner et al., 2001; Hou et al., 2003 ) - a5\ 79 % 3
w3 e A N2A | Bp S wmwe P > X § &0 Mob2 v g4
BERESA R B AL T A SR A 3 R T 5 K Mob2 £ I
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BRIT @ AA SRR o B B % 0 Mob2 fime ] i 5

|
|
|
b
N
A
*

NDR % Mob &1 # $#14m% 4 £ 21 3| 5% 2

poae e Mob 3 < 3 1% eh3-v 5 NDR (nuclear Dbf2-related)
-0 B 7% NDR % jcfs (Kkinase) 3-v - i H activation segment
gL R 7 & 55 3 AGC (protein kinase A/IPKG/PKC-like ) j#
fr oo 72— 384 o NDR v FA:LF BT EFRAF R &
Schizosaccharomyces cerevisie ® 3 Dbf2p - Dbf20p 2 Cbklp ;
Schizosaccharomyces pombe # 3 Sid2p # Orb6p ; % is¢ 5
Tricornered » Lats/Warts » #f 555 # 4> ¢ 3 NDR1 > NDR2 » LATS1
BLATS2 o JH s e ey TRIAIE R RIFTH > it b 4p
oA B Sy hwme A EE Y 2 me k= % # 4+ (Hergovichetal.,
2006) -

v BH > NDR & N 473 S100B/hMOBLI association (SMA)
domain> #_Mob 4= NDR it * ai= % ( Bichsel et al., 2004; Millward et
al.,1998) > H¥F e F7F S EEMERIEF T RAR T ok 5
+ f R MobApE (% A ¢ B R E G activation segment » t m

$ 3 - BT p AP g (L4 NDRL 3 Ser28l)  C 4Rl
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7 hydrophobic motif> z 3 — Bk it =8 (A #7NDR1 5 Thrd44)

( Manning et al., 2002; Colman-Lerner et al., 2001 ) - NDR # =i i

Brlb e 7= BV AR 8k £ b s (Ste20-like kinase ) #-

2 REfLT @ B A X3RRI pE R IFY % 24 3 B4 > Mob B

= NDR =7 co-activator- § Mob ¥2 NDR & & ¢ » ¥ ¢ =% activation
segment sgERL (v L BEp N EERL 1L o

i >~ NDR 074 ic » % Schizosaccharomyces cerevisiae * > Mobl

2 Dbf2 £ I i5* Bipiwmre 5 SiAH 2 wve B A 2 5 Mob2 £ Cbkl &
e i®* A4tz A it (Colman-Lerneretal., 2001) - % ¥ e
Tricornered # ¥2 Dmobl1-4 i** (Heetal.,, 2005) - Tricornered ¥ #3
F1e R A g M ggkags 4 £ (Emotoetal., 2004)
Lats/Warts /| ¥_%-¥7 & Hippo pathway ® > Hippo /4 *" Ste20-like protein -
¥ & 1 Lats/Warts > dpdlimre 4 2 B = o f St de 4 ¢ INDRL e
NDR2 '# ¥ 22 hMob1A/B/2 i* > NDR1 s it 32 827 R4 9 »
¥ ¢ 5 NDR1 s cDNA ¥ 4 ¥ % #& Tricornered 4% %4 (Heetal,,
2005) :NDR2 Pl & % aid ohacnd 2 ot > 2 d LA TE R
2 ¢ 5 NDR2 £ actin & 5 4~ 32+ cri®* B} % (Storketal., 2004) -
mERERETEIATER R LY L2 DR F BRI EM
(kinase-dead) - Tricornered > ¢ *# i<if 4% w?e S-fefm Pz F 28 ¢ RSk 3
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v ePgEfe it Moesin 3-v B g kmie ¥ ihE R o

Moesin fim 35> T FER &£ 4

NN

|
{L\\J

w4 73 ¢ ¢ ar Moesin ¥ %ﬁﬂ PEuR o SEed T
Pz Al i5 o Moesin ( membrane-organizing extension spike protein) % -
BvBmesgEt J=v ( 4-CD44-~PIP2) B & Fdiwoe ¥ 28 ¥ figis
F-v g 4 Fov  (adaptor protein) o B3t ERM F-v 7Eeh- B o
P 3-v 72E @ 4£ Ezrin ~ Radixin 2 2 Moesin (Algrain et al., 1993;
Franck et al., 1993; Tsukitaetal., 1994) -4 tg4 2 Z H A ¥ ;x5 ERM
B PR BRRAATFIE F AN SLESY o A% 25 Moesin
— B %9 B o % us Moesin £ +f Jt & Moesin — k4% > C #heh
polyproline T 3 » p* % 3 & 73 a3t ef L & 4 ch Ezrin 2 Radixin ¢ >
hk P ERM 39 & % % Moesin & Moesin-like ( McCartney, 1996 ) -
itE Y HERM iR R 7 B3 R e i (identity )
N = %75 85%:4p i » & C .55 70%4p 02 ( Tsukita and Yonemura,
1999)

ERM # N =3 FERM domain ( Four point one ERM domain) -
LR ET B mie il cnded 24 > & FERMdomain 4 & %

a-helical domain» & {5 £ C =43 Hicsk 39 % & %% ( Filamentous-actin
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binding site) - Moesin f A4 E P> Ceayicii o B & B E N
HAETRORBELE > # Cpmizy Factin 24 > Nz3y @220
et F-v 2 & 0 R p A prd] (self-inhibition) sk Ay ( Bretscher
et al., 2002; Pearson et al., 2000; Taukita et al., 1997 ) - § £ 50 o
4 Rho-Kinase §& /& &3t jpcsi v % & B2 £ & ¥ %9 < Threonine
( Ezrin 1 T567 » Rdixin 7 T564 » Moesin £ T558 ) Eipi i {&

( Nakamura et al., 1995; Matsui et al., 1998; Pietromonaco et al., 1998 ) -
% N e C R enfilfed T e v ePifEd] > B 7 frimie g
F RO B EhNE T o Factin B £ C Mt kY B L RS
(Matsuietal.,1998) > @ ficsidv ¥ 4 € %2 - ERM 39 Fd #pk
Ve BERA X gl Fov S E e N St AR 4 e

AT rpie R L A s s i Yok a2 ((Polesello et al., 2002)

AR CRNPFEIR- BE A g R A IY £ rien P me
AR A FHH o lmie LR YRR B BRI Lwmr ik &

£ % i¥ Mob2 ~ NDR1 ~ NDR2 & Mob2 = NDR1/2 - A=~ & 2& % ¢

oy

% nfe Al A 2 R 0 A MR T A AU d A4 Moesin 3-v B e

Bt migdcholnd 65 BhE 2 4% 7 Fir% £ 42 Mob2-NDRL ~



NDR2 £t Mob2 = NDR1/2 - 4=~ & 4 £ ¥ € 3 4e gk I* Moesin 9 ;
@i * PREc T 3R 'E M Mob2 & NDR1/2 ch# 2 & 0] ¢ > Bipe

Moesin & o F]pt 2 i dap] Mob2 ¥2 NDR1/2 # ,%g\zl A ¥ Moesin #i

=

i a g mee Al o
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PR = i

NIH3T3 mm®e tk32 % & 25cm’ ez % = (flask) ¢ o B4 = =
MR L S EXRERT A2 - e likco A B3 37TCIEE 5%
ZF B %47 > ¢ * DMEM complete ( Dulbecco’s Modified
Eagle’s Medium > ¢ 7 1 % non-essential amino acid ~ 1 %
penicillin-streptomycin ~ 1 % L-glutamine ~ 10 % fetal bovine serum) &

(7 A o

=~ FRXR

B R AR &Y omob2 H A & pcDNA3L 7 a1+ & # 5 myc
% his i s &35 5 ndrl 2 ndr2 £ 5 & pAcGFP Fagt » F#t & 5
GFP #i % &35 - mob2 sShRNA % ndrl/2 shRNA RpEp @ B 73

- ;}ﬁ‘ﬁ"#‘ T ﬁ’;’}"‘ W 2E 2 o

ERN Lt T

(i) Lipofectamine / Plus Reagent

EABARFHY 3z 20w A ¢ i 3x10° e g
BPET RS KARFRY >N oo me R dr ¢ e 5x10°
$#co 2 & 27 3 penicillin-streptomycin 7 DMEM complete ¥ % 16 -|:

it T A o 4% 15 DMEM- * transfection medium (7
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# penicillin-streptomycin {= FBS > DMEM complete ) % n % & =
f¢ » 2z » 800uL transfection medium # ¥ - - 1.5ug 7 %8 ### & 100uL
transfection medium ¢ > ¥ 4c »~ 8 uL plus reagent ( invitrogen) - -]«
Fia g Rfets N F R R 15 4 48 o #% pe 4 lipofectamine
(invitrogen ) 5uL 1 100 uL transfection medium # - £ 748 41§73 %
3y Rgeis s FEE R L5 248 0 B 200Ul R & RIE S 4
rzoapmEggdr? o%xw JTCEAEHITY B | FEE

¥y R4 4o~ LEMLDMEM » £ 2cw 32 & 88 %
(i1) Fluorescent Arrest-In transfection Reagent

Bime bz SRR AT P BRI 60~80%% {50k (TR E L -

Aodg 4 2w L #-Fl Arrest-In Reagent /€ 4C*¥ £ > A3 B#HEE L 4
40w = FE > #-2ug DNA ## & 50uL transfection medium # >
10uL FI Arrest-In reagent 4§ >+ 50uL transfection medium # - -7 f&

P

n>»
[y

7 JReEELEEES A @ H%EF DMEM: * transfection
medium 5—";’-‘;%‘391’?’5' % =X {8 » 2% » 900uL transfection medium > Z_ {4 4v »
DNA/FI Arrest-In iR £ % 37TCR EHP B2 4 | FieBd 47

4¢ ~ 1.5mL DMEM complete » #4532 % -

T ~ B iR
AR PR MY AMF %Y o eEes kE (puromycin)
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SRR A e e o e G R R RRE R 150 3T & P 1
DMEM complete 35 % 24 /] P> 2_ {48 (7 B4 6 o Kf .7 DMEM >
% %% 3uM &+ % (puromycin) = DMEM complete i& {7 & 3

iE T2/ RIS Rmie e At T AR YRR 0 F 2 BLEZE o

B 15 30-80°C ehk iz mPe (DHS0 ) 2 ok wii o Fwin s
4t>‘i§§DNA’§'§§‘f=§f kb - L a2 12”42C’§“/£m’t'1‘7f/
FEMKRYT A4 0 4er 800UuLLB > 3 37CE % 457 2 175rpm &
Fritew L7 ;}ﬁoi%%@jé;_ﬁjfﬁgﬁ;.u ,—i%kgm\ F fﬁi"i’ PRS-
R EER Y B SRR F F 42 £ h LB agar plate + > 3t 37°C

2 % $5 ¢ B % 16~18 /] pF s 4 plate Ja4e o

A~ R FHAE

¥z 3 PR A3mL 73 2 FHTBEALBE &R -
W3TC~175rpm 2 & Y R B A 16~18 ) BF o B2 % (5 FiR
13000rpm 3o 5 445 0 4 “,fj 7% > e~ 150 uL Solution I (25mM
Tris-HCI pH8.0~10mM EDTA pH8.0~50mM glucose ) i 4#gim i #48 °
4¢ > 300 uL Solution Il (0.2N NaOH ~ 1%SDS) - « e} T i 3.
FMGRE > FFE = 3T A48 4o~ 225 ul Solution I11 (5M Potassium
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Acetate 60mL, pH5.5 » 11.5mL Glacial Acid » 28.5mL ddH20) |-« }
TREy R ERR AR FET 44 > 2 {82 13000rpm e
- &4 0 T FiR o 4o~ 20 uL RNase (10mg/mL; Sigma, St. Louis,
Mo., USA) - »* 37°C-kipt® i¥% 5245 > &% 4 » 600 uL
Phenol/Chloroform I vortex » z_ & 12 13000rpm &g~ L 4 48 > T & &

IR RAE o 4o 2 B 100% EtOH 4 0.1 & %8 4 <7 3M NaOAc
( 24.6g Sodium Acetate anhydrate in ddH20. Adjust the pH to 5.2 with

glacial acetic acid for 100mL ) -2 £353 {5 % **-20C k45 ¢ 2 /] pFid
DNA 5t % » 2_ {3 2 12000rpm 2w 30 4 4818 #5 T“L ik g 4o » 70%

EOH i+ & ¥ M5z » & 18 11 ddH,0 #-/t ik e DNA w3 o

SRS & i

B3 TR AW A 250mL 252 20 TBE LBR A
R 2 3TC ~175rpm 2 & fa ¢ R A 16~18 | 7 o RFirEH 1
250 mL & s g g ¢ oo @ B P A4 R B g 48 - IR 1 4200
rpm &t 20 A 403 %8 iR 0 4o~ S mLsolution | ATk FRE
TR-FREAS L S0mL B s g ¢ oo 4 » 10 mLsolution 11 /] s b
T Fadg fe=t 0 4o~ 7.5 mLsolution 1o o) P T Fmdd et 18 B TR
54 4 > 2 14000 rpm &ew 20 4 48 0 fc i b ik o e~ 0.7 B HAR 0
isopropanol > & ** % ;8 10 4 4&{$ 2 10000 rpm .o 10 4 45 > 2 Kﬁ—:i
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7% o 12 10 mL TE buffer (0.5 mL 1M Tris-HCI, pH8.0; 0.1 mL 0.5M
EDTA, pH8.0 for 50mL) w3 ikt~ » ¥ > B5C-RigH 5 ~ 48 > v »
10 mL 7ken5MLICl > & 3tk F T & 45 > 12 4000 rpm 3w 5 & 45 »
fc & i o4~ 20 mL isopropanol I & >k b 10 4 480 12 7500 rpm
g 20 & 4518 02 70 % EtOH B e ok 4= 703048 o gz 002 0.75 mL
TE buffer w3 /ciik 4> » B % 55°C ki 5 4 48> 4 » 10 uL RNAaseA
(10 mg/mL) ** 37°C-kizpt iv* 15 45 > 4r » 0.75 mL PEG solution
(13 % PEG, 1.6 M NaCl, 1z 0.22um filter i&jg ) T35 4 R F > &>k
_+ overnight - f& % 2 13000 rpm g 15 & 48 > 3 ﬂ,ﬁ% PEG solution >
vk 4 0 0.75 mL TE buffer w73 » 2. {84 » = B WA 5
phenol/chloroform » 3 4 & @& t& 12 13000 rpm &t 5 4~ 48 > 2 i + &
R EAF e =00 4o~ - B AR chloroform s g 4 BT 18
13000 rpm s 5 A48 0 B KRR o 4o~ B B HEFE 100% EtOH
2 01 28 3MNaOAc > % *-20Crk4a = -] p¥ & DNA ' >
z_t¢ 14 13000 rpm &t 10 4 48 0 12 70 % EtOH B %tk < DNA

v B f$ 12 ddH,0 #-iTiik e DNA 7% ©

NN 3818{? }E; ?‘gp\
AEAfY Bdlmie (s> R d-mie Bk o 2 Kﬁ% DMEM {4 12

IXPBS jjrikmd =t » £ 3] ) BT dmie o 3 AC MR AR P 1
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12000rpm &g« T A 48 0 FE R # ‘£ 1XPBS 54~ 7 Fev fEdr] A en
30 uL cell lysis buffer ( 10mM HEPES ~ 10 mM NaCl ~ 1.5 mM MgCI2
2 Im DTT) i*4cimPe » 2_ {8 #-mPe % 30k = L & 4% > 12 13000rpm

Yoz L AE SIS iR FP Dt TERIEE 0 T RAA

1~ &9 FRASIT

O ERRE o # % 10% 2 - 2 R AERERA R G OREUR TA
( sodium dodecyl sulfate poly-acryamide gel electrophoresis, SDS-PAGE )

TR0 WA o T L running gel » 7 10% acryamind > # H 3t F
% &+ % stacking gel » 3 5% acryaminde > %8 & & 5 0.75mm

2 W RE o L H B 43 e0d R X Y running buffer @ & % o -tmve B~

o

® 2. F-v F41* Bio-Rad Protein Assay A 3-v F T & » e » = A 2 -
£ # sample buffer ( 100mM Tris-HCI, pH 6.8 ~ 4% SDS ~ 0.2%
Bromophenol Blue ~ 20% glycerol ) > % ** 100 Cszis#h® 5~ 45 2
denature » z_{& .4 ¥r & gr.w > - protein marker ( Prestained Protein
Ladder » Fermentas) &£ F-o Fik&ik 5L » BRIt e o K
stacking gel ' 60 KiFi § 9= -+ &~ 48 (Fik 5 © i iF stacking gel &
Pofs o £ 80 R4FEET & running gel > K39 BT A F R S )BT

A B o
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LN F A ERE
#-F = & ¢ % (polyvinylidene difluoride, PVDF ) %3t % 3 &
Fov FRAR AL o B8 20100% 7 fE ¢ 4k ekdiis 0 4ok
PR h - SR240 480 MEIEE > LR BREERIY I A&
Broo THL AT A Y X ] R B AR Rl (25) -
Bl (1) ~KEEbr (357)7 B Fhy FFITA
A Hts o B-Fe0 FTR AMEE-d 3 jstacking gelein s o M R H

Bio-Rad¥ gz #& % wie =g ¥ (Transfer) o7 % o » LEF ik

Birrlz BiERllizeag A N Ei&E S o £ &A% PVDF

—\

Y
<

R ’Fﬁ‘g:/’j Ly R fg’fﬁifﬁﬁli’/)./gm/@‘\ ’ Tﬁ,’ e AL 2

FOBERE % 2F 0 0RBOTREFTHE 2 S AW D

LN

PVDF % % ;& %% % 5% % *5 2 4» chPBST % i3 e ¢ (%

0.2%TritonX-100671X PBS ) » & i ™ F - - B> 2 ip 26— 12

{
py

o AR TR o - R R R DI A F 2.5%
8P 2 4w ePBST P » 44°C ¢ 1% % over night - Ff = W PBST % 7% %
FHeZ S E S g A S e Bl e 2 (50 0N Bl
Bz BPEFied >N FRTE R ) L SPBSTH @73 %

Fkz G B ag R A RBRAES X AF L4 KPR

Jo& s BT BRAp o



- ik : Rabbit anti-mouse Mob2 (1:3000 ; # %z p @ )
Rabbit anti-ERM ( 1:1500 ; cell signaling )
Mouse anti-STK38 ( 1:1000 ; &£ %1% )
Goat anti-phospho-Moesin ( 1:1000 ; Santa Cruz )
= B3t @ anti-mouse-HRP ( 1:5000 ; Jackson ImmunoResearch Lab )
anti-rabbit-HRP( 1:5000 ; Jackson ImmunoResearch Lab )

Rabbit anti-goat-HRP ( 1:5000 ; abcam )

Lo LAY

B-imre B TR 'ER 20 A4S 0 B "fi“ &k % IXPBS Eix
Z = Rt pe ¥ H 2k (4% paraformaldehyde / 1IX PBS 5 EMS,
Fort Washington, PA., USA) ¢ PBS 2§ it* 30 » & F 2w (& > #
4_4% TR o 1 PBST ik = = o #-50uL 710%%: 2 o 5 (3
PBST ¥ ) g z2Ardrdl 5 -+ fftwesgt b e RE L
wF o RFE TR - TS R S L (blocking) o
216 740 PBST jfrie = =t o & * L fFff vt bleh- B g 50 4CieH
12 3 16 -] p& > 12 PBST i = = 1 F - &) (1:200) eh= &
M R F R T @R T - ] pF o 2 PBST % = =t 18 12 mounting

medium ( 20mL 10X PBS>100mL glycerol - 4g N-propyl gallate & 80mL
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ddH20>pHB.5) #f % i4 i * £ #s & & fickk LSM510 ( ZEISS, Germany )

— A8 Rabbit anti-mouse Mob2 (1:300 ; § 5% % p %)
Rabbit anti-phospho-Moesin ( 1:100 ; Santa Cruz)
Mouse anti-STK38 ( 1:100 ; £ #1238 )
Rabbit anti-Myc ( 1:100 ; Santa Cruz )
Phalloidin # -+ F-actin
= 348 Donkey anti-mouse-Texas Red ( 1:200 ; invitrogen )
Donkey anti-Goat-Cy5 ( 1:200 ; invitrogen )
Goat anti-Rabbit-Cy5 ( 1:200; Jackson ImmunoResearch Lab )

Donkey anti-mouse-647 ( 1:200 ; Jackson ImmunoResearch
Lab)

SYTOX &7 fmPe %
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[T N
~ ~ Mob2~ NDR % NIH3T3 fm® & ¥ thi Hi=§ :

5 7 f2 Mob2 2 NDR &_% 8 585 kv (actin) &iwre p g

s
-

FEiEE T NIH3TS Ptk a o ¥ % 0 M wiz R B 5 P & o
Mgk s (stress fiber) » g ad drsi kv BB e v Ba
(actin filament, F-actin ) & & & > #r1N P ¥ FEd b L5 ¥ kL

§ 2 ¥ RMAE ST R 2 LS E R m% N R

\1\4
9
o
e

“a
W\
(“’r
fin

TAL R

NIH3T3 % & &5 ragk a2 mre  (Swiss mouse embryonic
fibroblastcells) » £ % 1962 &4 A & fL& jig * - = 3|+ 4 % 0¥
BUip Pndriz > enfw?z & (Todaro and Green, 1963 ) o d 4 = )I;Jct‘ 2

Geo Pimtebhd 4 K At @R e > e A A L T h g &

A F TR EF Rma oA L R E R A wme R R B

—\

(Jﬂ
\

e ph A P E BT ) AR AT R E G kD RS ms
( Shelden, 1999 ) -
7B fE2 Mob2 2 NDR foiwm?e @ chi& =B > 5% -k ik
Rehm bt 24 ) Fid > SEATEFwe AR R 2 ¥l
MBBR o Fd ¥k T w0 % F AT EA

( phalloidin) &% actin filament> = ¢ P4 %] #_Mob2 2 NDR ( ] =

26



Z~® ) o
SO A A Mob2en o AP F %R UG 0] B Mob2 kg -
#F GST e & Mob2 2 £ 3= F i 54k > XS5 EFA" * £ 4
AWM AsE e AP R2ZA4 LEF B A D ] B Mob2
Gl 0 Bt e A B Ak F P T R Mob2 § pkinay
A Mob2 s LB i d wme LAY KL 2 T HEGFLE
MBBERSES TR AMB{rd BN T 7 B%I Mob2 £ 3R &iw
PR G Ao e b G R R R IR %o
FmEKRLF (BlZ ) o 50 FET_MOD2 B enE - > A
Mob2 A8 &2 i Fev it (Fimbe LB W X4 F 5 LRd foits
(pre-absorption) £ :iEFEAEF KL - LT pdEiE 2 F AR R
TEYRIRRE AR PRSP (B2 ) B
2 44 e Mob2 Fi8 ¥ & — ehypatimre b Mob2 3o o
% NDR e L B fR 0 > Vi a7 % andbufl v 7435 NDR1 &
NDR2 & 7| 4p e e33R & ( STK38 monoclonal antibody ) » F]pt 4 ¢ %

%7 PR EF NDRL 1 Z NDR2 4 Ji% o d 24 %7 R

—

FINDRFF AR e i 2 mie F e om - L1 AP Fhlme?
NDR ¢ # w4 #> i > (leadingedge ) ( Bz ) - i#F ézgk
¢ 3p 2V NDR2 3+ 4 R lwi 7 2 5+ (cytoplasmic/
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membranous kinase ) ( Devroe et al., 2004; Hergovich et al., 2005;

Stegert et al., 2005; Stegert et al., 2004 ) > NDR1 #4430 % & % R &
iz % ¢ j-v  (Devroe et al., 2004; Dveroe et al., 2005; Millward et
al.,,1995) » e ”ﬁ - JH”\’%J?#F]». NDR1 » # It fm¥e ?ﬁ‘l

( Hergovich et al., 2005) -

= ~Mob2 £ NDR # w7 7|

FTORAP R E FET Mob2 22 NDR &_F %4 fjic s v g o
Fle pcii g e R RE & w2 § Y £ e
Toa i hwre A4 A hse %o bldeit fmte £ kR RS SR &
ARt % A PREERERAWE? * E £ iE Mob2 £ NDR1/2
A E ¢ R B mre o] o 4 & NIH3T3 ¥ k¢ < € 4 3 Mob2 -
NDR 12 2 Mob2/NDR - 42+ & 4 i s Foh e flwredrvy £
LacZ s f-dlle » BB wve i F B3 A 2 s o

d 4 v prY e o R e p bR o - ] BF F-actin
¢ B B 2= dorsal stress fiber 2 & fi «h7k 3] & (circular bundle) »
S Iz ERIREEFTE B fr ] BF Factin ¢ A5 = stress fiber
A5 = stress fiber e F-actin <4 2> 7 € R I AFE - g2 £
AT mfe A fs b L %48 2 (Senju and Miyata, 2009 ) o F]pt S

wie d R L S 4 F A TR Mob2 2 NDR 4 0 & #-ime s %
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24 -1 pF o @ mre Wi b A Moo B 0 L0k Fou R dd-lmte F TR
A pE R e A £ AR Mob2 2 NDR eh% § 7+ & #7pb5t 4 £
B idrimie R F RS 2 G I RS R R e 23 b I

T A2

f%i’:

duowme lymi st otk A ¥ - HFExw
Am AL ERT G gk > P g ia L by Bbandis (BT ) o &

BI 7P d e ad _Myc 4 ¥ LacZ & Mob2 #& % chim e

-

%3¢ R GFP > % 4 4 4 NDRL & NDR2 # % shim®e » § ¢ B2 Myc

e GFP e fr B > % F FF4L NDR1/2 2 Mob2 #& 4 chim¥z o @

'

Wi

AN
N

B f3 e ch A i foipdledp AT FREF LR TP
MAERPEL wie B AL R e ALl P 2 REF SRS
fro St SRR Y F S IR B AL L R A L e L
PHG St B AL R S L hl ok B oY R imiedcp &
st BcE £ ORS00 EXcel i 7 A A 4 o
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LF s Mob2 x A Rehme? > (3 T0% Sk L mie B 4
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% > NDR1 = NDR2 7% 60 %> Mob2/NDR - 42+ £ 4 RezaR] 4

3 70%~80% i L wmie &5 &~ X > Ao Mob2 f- NDR &z ¢

#aw% T ME Y A4 e ¥ Mob2/NDR — 42+ & & JLotid 2 ehi
B H A B AT AR S A LB p PG ( ) o AR

BeptoP L adlhme R, il - BALRNEG g BA L
Lirdlleimre e > X3 13 Limre L3 A2 BA L7 23
SR E L we Ly - BA L S Mob2 + & £ 3R > Mob2 53 70%:hm
e Ak @B g 35%F F - BAAgiE- BA L & NDR&
Mob2 /NDR - A2 4 Jhenib &« #piv > 93 70%me 5 & 4 > @
Hoe 94 35%5 F - BAAQE- BAL(B- ) ofoipdleady2/3
fmie B - A X APt R EEom 0 Mob2 #2 NDR # & ¢ ¢ fmre 2 2
L B Rl s g e o A s LR R AR 0 S
o % e R s B 1 5 et (LSM Image Browser; Zeiss ) £
AEER (BN ) 8385 BALHE R B fs 2 Excell (7303
AP R RS e s L TEER AT AR o d B3R
% @i frdllemre cni L TR B % 4 30um e & Mob2 2 NDR =
T4 mreans LR R YA 2ad 25 5 50~60um ( B4 )
Flet o iz @ 5§ 4 i Mob2 142 NDR1/2 € H4c & L P& B o 57
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Mob2 & NDR & Mob2/NDR - 42+ £ % £ & F jtP- o ¥ 5B lm
e chjed FiE(TE 2 ELE2 > ¥ p-Moesin thi B R TR E 0 1Y
% Mob2 {= NDR #_% ¥ 2 ¥ Moesin #ifs i+ -
)3 BREE SR S50 4§ A& Mob2 fr NDR ¥ i+
FA - A2t B ART F €@ p-Moesin en& I H 4 > A G {oirdl

& g -tubulin ™2 % LacZ &+ ¥ i+

—\\

ST B S % A Mob2 A BEABT
p-Moesin eng 3 4r 3 2 > @ & NDR1/2 «~ £ % .2 Mob2 = NDR
—dxx B EAE T4 G AP % o p-Moesin e E ¥ 9 I e 4
B (BL ) o rgET kAP R TR X (ShRNA)
‘mP2 . Mob2 = NDR sh# L& » 5 &2 F # 5 p-Moesin cn# L E o
FAiparig * chshRNA M ¢ FIRR 73| F #EPEELRE K
%o & BAFIEG T B shRNA > #75 shRNA #84 # # pLKO.1 7 48
b FAEY 7 Tago # § Res @A (puromycin) RE A F > F

LA E A dmie s &R P e~ R R F R VB dmie AR AT

R AN ERARFIBRIRY - e | FHERRTEHL L%
BARES ZEARFOE R ORPBERY FORREEES R

Bt > e ¢ 28 o Rl F o Bz 1 UM heked & 5B
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MLt R TR A fed 2 BREE 0 2R 1S ¥ p-Moesin (h& IRLE

da P EEZ2 2 g 85 Fr A Mob2 % KART » PRI
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T E
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=) od & EEE%F > Mob2 22 NDR e RE ¢ B
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¥ e MOB ¥ ic € #-NDR # I|fm?2 3t » @ NDR & v et P5jcps
( ¥ #-NDR = hydrophobic motif Zif& it cjgcps ) #:i7 - & NDR 4%
Brfeis > m MOB B+ ¢ NDR 7% Kinase segment =i Bhig gk iv » i@
NDR £ % = & 54+ (Hergovich etal., 2005) -
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= F’ —
b 7~L—,E—'-

\\\
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PEMob 39 FHuaREE - 2%z ) 8F SH A w
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wrz 7@ % NDRL> @ NDR2 RIE_¢ 4 3w 2 fw#e Wiengov
FoNDR &2 P hR &P » afE® Fickids? 7R > i+
A PR A SRS S s AF DT R 7S
cerevisiae * NDR %22 # mitotic-exit network (MEN ) ¢ > MEN & 4
7% it small G protein Temlp » 4% ¥ /% i CdclS F-—v & jcfis > £ &1t
Moblp / Dbf2p I i¢ 2 gifz it fis Cdcldp j&im?s ¥ 45 Dlimbe P > B fS
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NDR jcfis » ¥ dc » 58 gt 2 @55 b oo

= ~ Mob2/NDR £ %z 1| &

Mob 72% ¥ ehd-v B B2 © AL 5 2 NDR jcfi= e co-activator »
37



Mob2 # &2 NDR 3-v F N SMA %35 & » i@ NDR = isit #
£ (activation segment) sgps it = 8L¥ p Agipc it > 3 NDR £ 3

L EM . AR '\"}I%Z- T EE5%7? ¢ v NDR2 & Mob2 % ¢ i@
@ dmie o i A SRR F]P AR %P AP EEST T Mob2 ~ NDR 14

% Mob2/NDR £ (% T » foh i otk %% 4] i s 4 o

Je B RS E M mE LAE A2 R R 0% K A
Lom s AHp o Mob2 Eibx & A3 NDR ~ & 235 & 5

b A f A H AR RARBRE B ARG L
LR et ME AR BT EL AN LR e X E AR
Mob2 = NDR * > <« £ 2R Mob2 +* = £ 2 IR NDR 5 { % +* b ehiw

A TR ARG HRTTHREEPR o

=

ATP & ADP i & » ATP ' & 50 ficsi B enf =h > 82 ATP & & ehflic 55
0 T b~ BB EAT 0 1 0 -0 H R B 2 U1k oh Foactin > 22
ADP 3 & cijlic s oo @2 4o 2 B i AR > ¢ ¢ F-actin 3 # -
F-actin %1 % ATP-G-actin % # - ADP-G-actin 3 & i 2™ » B (s

38



’lli'—-f@m}?é?ﬁ‘l géfqﬁ”ﬁb o » s ke AL E g P é\i‘%ui b4
FEfr? PR B RRE e ie e R R Gt )

B e

Mob2 £ NDR # it f5d $4ix % & ¥ 2 Faactin § 2 3 1%

% e
* e HE 0 E% v ¢ e F-actin shie & > #-F-actin 3 7w

hiE2 7P CNIH3T3 e k2 £ A3 AR A4 L F

v ®_%] % contact-inhibition> #A @ # % NIH 3T3 fm* k¢ < & 4 3 Ras

El

i mE A mE AL TRt E AR RRERT D EA AN
X o R RAPRBER TR P lmie g A LA T S #
(Shelden., 1999 ) - @ Ras #7ig = chimfe 3| jg % ( & Rho v F v/%

435 %748 (Khosravi-Faretal.,, 1995) o &3V i e B @ 5 AL

$ BB s i 2 B0 4T3 L e < £ 412 NDR &2

Mob2 @ aj = fm& » L P> £ 30 ¢ B Twmeafs 7 o

= ~ Mob2/NDR %-£ Moesin Zpi i :
B d MR klmie Ty P ¢ oo F Mob2 £ 2 pEERE
it + Crumb 22 gipg i Moesin 04 =% - Crumb § & _stalk #
7| rhabdomere base - p-Moesin ¢ j¢_actin-rich £ rhabdomere base # 1
cytosol » 7% Wbt sk mrz ¢ £ i3 A% L1 E e Tricorned B ¢

#14 p-Moesin ch& IE o AT HKY > AP F 3 %g;;ﬁéﬂg;
39



=~ % % 7L Mob2~NDR % Mob2 /NDR B ¥ 3 v p-Moesin 4 &

...\

% '# 1< Mob2 PR € > p-Moesin (7 > & %' M NDR % pFs 7
| | R > p-Moesin <HE - & m Mob2 {o NDR i -2 & Moesin
Sk (L iE AT o

#§ 4 ¢ % Rhokinase %2 & ERM 3¢ B & chmifis (s 427 >

@ Moesin ¥ i 4% F-actin £ sn%e %C b Fv B > ¥ 5 & Mob2 - NDR

o
=z
)
Py
El

B e 4% Moesin gifs it 0 p-Moesin 7N 23+
B mPe A b eni & F]pt p-Moesin ¥ * C % £ F-actin & & T #-F-actin

WA Flwe st > 2@ Factin € e ands i » @ e A E 4

g kREEY BRI Aweik? 1§ & :F Mob2 f- NDR &

s
E“h
a
o
‘F_M
pi

A2 R 2 ime ik f 4 Mob2 - NDR 4 1

[k
"
14
N
IRy
RS
=g
a

a
(ru\
bt

EE RS EE S o d S égkd Hirs A
#-moesin z ] 71* T e BP o Ry 2 2 R AR
PEREA e v S ¥ AR AL R R R T e 2T
% Moesin 3¢ 5§ ERM 3= B 3235 > o 39 B REY -9 F
(Ezrin ~ Radixin ~ Moesin) #i=flipe B 7|2 # g P ¥ E 5 4p0 & ¢ >
“rrd g Moesin *# i & IRPF v 3 Ezrin 27 Radixin 7 fx ap b AT 1F
T > Blwmed Ry ¥ g v+ L (Doietal, 1999) -

40



Mob2 # i NDR &co-activator » ¥ 5t ¥l 5 ~ £ 2 7 Mob2 T

\F‘lﬂ

~

L B RkE et s NDR o 91 4 B S A3 A
A a <~ B LINDRPFE > Vi Fl A e H P L K3 ¢ Mob2

i NDR E 1 > #rrlimPe g2k 5 & & £ A= > L #icp v Mob2 ~ &

22 NDR & {7 o @ 715 Mob2 ~ £ £ .87 NDR + £ 2 LT % § #

—_

p-Moesin 7€ ; Mob2 "% i< £ 7.2 NDR " i< & LT /nT % ¢

p-Moesin e L 50 0 FIPt AL E Mob2 B E_G d H- Moesin £ fé

=

L

IRE Sl PR R EE R T sk SRR #U,f Mob2 #_p & ® #&#-
Moesin Zifié i 2« § 55 d jF 1Y 2 @ F-v @ % Moesin Bt - v iy 4 o
PR F B i v 5 d pull-down assay Fx 7] & ¥ Mob2 £_F rx g £
NDR B 3 % & » 11 2 invitro kinase assay #% 3+ Mob2 2_% ¥ H jj#-
Moesin #ifis it & & Jf 5 NDR s » 4 ¥ 12 3 Moesin gipis i+ & 17 3
%5 2 NDR & Mob2 7 — T A_E &4 Moesin Bipk it > » 5 ¥ iv &L
P - Moesin gafe it o pt ot > AR %RESY o A H A hmre At
AR RN T P EREE Y p-Moesin i RE T ERF G2 R
~ 2% NDR/Mob2 pr 2 ¢ R R B8 %F 4ekh o ¥ ax 7] 5
NDR & /E & ¥ ¢t - i kinase #- C =4 hydrophobic motif #pk i+ = 2k~
BTt ((Bldrf A SEY L MST) 47 A E 4 E4 e hmse @ MST

41



30 Fen®F o g A R 4 £ 4 i Mob2 & NDR P 7 i i 7
EiMesndk om AP P AR E Moesin 5% (422 NDR 2 Mob2
Mo Fli e & Moesin & CxhE 5 — B ¥ 4B 1 e threonine » 7]
B F i - Moesin sPBEpL 1Y BT S 2 F ARBERL L i AL 0 Bl
alanine » *t w2z ¢ L id > L KERROT RA I 7 LT R

NDR ¥2 Mob2 i = a4 £ 252 %% > % { 4 rr T NDR/Mob2 £2 Moesin

B 1L enB 14 -

42



$4

Algrain, M., Turunen, O., Vaheri, A., Louvard, D., and Arpin, M. (1993).
Ezrin contains cytoskeleton and membrane binding domains
accounting for its proposed role as a membrane-cytoskeletal linker. J.

Cell Biol. 120, 129-1309.

Assemat, E., Bazellieres, E., Pallesi-Pocachard, E., Le Bivic, A., and
Massey-Harroche, D. (2008). Polarity complex proteins. Biochim.
Biophys. Acta 1778, 614-630.

Baillat, G., Gaillard, S., Castets, F., and Monneron, A. (2002). Interactions
of phocein with nucleoside-diphosphate kinase, Eps15, and Dynamin 1.

J. Biol. Chem. 277, 18961-18966.

Baillat, G., Mogrich, A., Castets, F., Baude, A., Bailly, Y., Benmerah, A.,
and Monneron, A. (2001). Molecular cloning and characterization of
phocein, a protein found from the Golgi complex to dendritic spines.

Mol. Biol. Cell 12, 663-173..

Bailly, Y.J., and Castets, F. (2007). Phocein: A potential actor in vesicular

trafficking at Purkinje cell dendritic spines. Cerebellum 23,1-9.

Bichsel, S.J., Tamaskovic, R., Stegert, M.R., and Hemmings, B.A. (2004).
Mechanism of activation of NDR (nuclear Dbf2-related) protein

kinase by the h(MOBL1 protein. J. Biol. Chem. 279, 35228-35235.

43


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Algrain%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turunen%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vaheri%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Louvard%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arpin%20M%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pallesi-Pocachard%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Le%20Bivic%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Massey-Harroche%20D%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Biochim%20Biophys%20Acta.');
javascript:AL_get(this,%20'jour',%20'Biochim%20Biophys%20Acta.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baillat%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gaillard%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Castets%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monneron%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baillat%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moqrich%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Castets%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baude%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bailly%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Benmerah%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monneron%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Biol%20Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bailly%20YJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Castets%20F%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cerebellum.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bichsel%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tamaskovic%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stegert%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');

Bretscher, A., Edwards, K., and Fehon, R.G. (2002). ERM proteins and
merlin: integrators at the cell cortex. Nature Rev. Mol. Cell Biol. 3,

586-5909.

Bryant, D.M., and Mostov, K.E. (2008). From cells to organs: building
polarized tissue. Nat. Rev. Mol. Cell Biol. 9, 887-901.

Chhabra, E.S., and Higgs, H.N. (2007). The many faces of actin: matching
assembly factors with cellular structures. Nat. Cell Biol. 9, 1110-1121.

Colman-Lerner, A., Chin, T.E., and Brent, R. (2001). Yeast Cbk1 and
Mob2 activate daughter-specific genetic programs to induce

asymmetric cell fates. Cell 107, 739-750.

Devroe, E., Erdjument-Bromage, H., Tempst, P., and Silver, P.A. (2004).
Human Mob proteins regulate the NDR1 and NDR2 serine-threonine
kinases. J. Biol. Chem. 279, 24444-24451.

Devroe, E., Silver, P.A., and Engelman, A. (2005). HIV-1 incorporates
and proteolytically processes human NDR1 and NDR2
serine-threonine kinases. Virology. 331, 181-189.

Doi, Y., Itoh, M., Yonemura, S., Ishihara, S., Takano, H., Noda, T., and
Tsukita, S. (1999). Normal development of mice and unimpaired cell
adhesion/cell motility/actin-based cytoskeleton without compensatory
up-regulation of ezrin or radixin in moesin gene knockout. J. Biol Chem.

2174, 2315-2321.

44


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bretscher%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Edwards%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fehon%20RG%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Mol%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bryant%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mostov%20KE%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Mol%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chhabra%20ES%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Higgs%20HN%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nat%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Colman-Lerner%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chin%20TE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brent%20R%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devroe%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erdjument-Bromage%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tempst%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Silver%20PA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devroe%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Silver%20PA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Engelman%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Virology.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Itoh%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yonemura%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takano%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Noda%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');

Emoto, K., He, Y., Ye, B., Grueber, W.B., Adler, P.N., Jan, L.Y., and Jan,
Y.N. (2004). Control of dendritic branching and tiling by the
Tricornered-kinase/Furry signaling pathway in Drosophila sensory

neurons. Cell 119,245-256.

Franck, Z., Gary, R., and Bretscher, A. (1993). Moesin, like ezrin,
colocalizes with actin in the cortical cytoskeleton in cultured cells, but

its expression is more variable. J. Cell Sci. 105, 219-131.

Goldstein, B., and Macara, 1.G. (2007). The PAR proteins: fundamental

players in animal cell polarization. Dev. Cell. 13, 609-622.

He, Y., Emoto, K., Fang, X., Ren, N., Tian, X., Jan, Y.N., and Adler, P.N.
(2005). Drosophila Mob family proteins interact with the related
tricornered (Trc) and warts (Wts) kinases. Mol. Biol. Cell 16,
4139-4152.

He, Y., Fang, X., Emoto, K., Jan, Y.N., and Adler, P.N. (2005). The
tricornered Ser/Thr protein kinase is regulated by phosphorylation and
interacts with furry during Drosophila wing hair development. Mol.

Biol. Cell 16, 689-700.

Hergovich, A., Bichsel, S.J., and Hemmings, B.A. (2005). Human NDR
kinases are rapidly activated by MOB proteins through recruitment to
the plasma membrane and phosphorylation. Mol. Cell Biol. 25,

8259-8272.

45


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Emoto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ye%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grueber%20WB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adler%20PN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20LY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20YN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20YN%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Franck%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gary%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bretscher%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Sci.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Emoto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ren%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tian%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20YN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adler%20PN%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Biol%20Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Emoto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jan%20YN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adler%20PN%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Biol%20Cell.');
javascript:AL_get(this,%20'jour',%20'Mol%20Biol%20Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hergovich%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bichsel%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Cell%20Biol.');

Hergovich, A., Lamla, S., Nigg, E.A., and Hemmings, B.A. (2007).
Centrosome-associated NDR kinase regulates centrosome duplication.

Mol. Cell. 25, 625-634.

Hergovich, A., Stegert, M.R., Schmitz, D., and Hemmings, B.A. (2006).
NDR kinases regulate essential cell processes from yeast to humans.

Nat. Rev. Mol. Cell Biol. 7, 253-264.

Hou, M.C., Wiley, D.J., Verde, F., and McCollum, D. (2003). Mob2p
interacts with the protein kinase Orb6p to promote coordination of cell

polarity with cell cycle progression. J. Cell Sci. 116, 125-135.

Humbert, P.O., Dow, L.E., and Russell, S.M. (2006). The Scribble and Par
complexes in polarity and migration: friends or foes? Trends Cell Biol.
16, 622-630.

Iden, S., and Collard, J.G. (2008). Crosstalk between small GTPase and
polarity proteins in cell polarization. Nature Rev. Mol. Cell Biol. 9,
846-859.

Jaffe, A.B., and Hall, A. (2005). Rho GTPases: biochemistry and biology.
Annu. Rev. Cell Dev. Biol. 21, 247-2609.

Ladwein, M., and Rottner, K. (2008). On the Rho'd: the regulation of
membrane protrusions by Rho-GTPases. FEBS Lett. 18, 2066-2074.

Li, R., and Gundersen, G.G. (2008). Beyond polymer polarity: how the
cytoskeleton builds a polarized cell. Nature Rev. Mol. Cell Biol. 9,

860-873.

46


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hergovich%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lamla%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nigg%20EA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hergovich%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stegert%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schmitz%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Mol%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hou%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wiley%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verde%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McCollum%20D%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Sci.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Humbert%20PO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dow%20LE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Russell%20SM%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Trends%20Cell%20Biol.');
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Mol%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jaffe%20AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hall%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Annu%20Rev%20Cell%20Dev%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ladwein%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rottner%20K%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'FEBS%20Lett.');
javascript:AL_get(this,%20'jour',%20'Nat%20Rev%20Mol%20Cell%20Biol.');

Liu, L.Y., Lin, C.H., and Fan, S.S. (2009). Function of Drosophila mob2

in photoreceptor morphogenesis. Cell Tissue Res. 338, 377-3809.

Luca, F.C., and Winey, M. (1998). MOB1, an essential yeast gene required
for completion of mitosis and maintenance of ploidy. Mol. Biol. Cell 9,

29-46.

Manning, G., Whyte, D.B., Martinez, R., Hunter, T., and Sudarsanam, S.
(2002). The protein kinase complement of the human genome. Science

298, 1912-1934.

Matsui, T., Maeda, M., Doi, Y., Yonemura, S., Amano, M., Kaibuchi, K.,
Tsukita, S., and Tsukita, S. (1998). Rho-kinase phosphorylates
COOH-terminal threonines of ezrin/radixin/moesin (ERM) proteins

and regulates their head-to-tail association. J. Cell Biol. 140, 647-657.

McCartney, B.M., and Fehon, R.G. (1996). Distinct cellular and
subcellular patterns of expression imply distinct functions for the
Drosophila homologues of moesin and the neurofibromatosis 2 tumor

suppressor, merlin. J. Cell Biol. 133, 843-852.

Millward, T., Cron, P., and Hemmings, B.A. (1995). Molecular cloning
and characterization of a conserved nuclear serine(threonine) protein

kinase. Proc. Natl. Acad. Sci. U S A. 92, 5022-5026.

Millward, T.A., Heizmann, C.W., Schéafer, B.W., and Hemmings, B.A.
(1998). Calcium regulation of Ndr protein kinase mediated by S100
calcium-binding proteins. EMBO 17, 5913-5922.

47


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20LY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lin%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fan%20SS%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell%20Tissue%20Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luca%20FC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Winey%20M%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Biol%20Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manning%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Whyte%20DB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martinez%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hunter%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sudarsanam%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Science.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsui%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maeda%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yonemura%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Amano%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaibuchi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McCartney%20BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fehon%20RG%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Millward%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cron%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Proc%20Natl%20Acad%20Sci%20U%20S%20A.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Millward%20TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heizmann%20CW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20BW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'EMBO%20J.');

Nakamura, F., Amieva, M.R., and Furthmayr, H. (1995). Phosphorylation
of threonine 558 in the carboxyl-terminal actin-binding domain of
moesin by thrombin activation of human platelets. J. Biol. Chem. 270,

31377-31385.

Pearson, M.A., Reczek, D., Bretscher, A., and Karplus, P.A. (2000).
Structure of the ERM protein moesin reveals the FERM domain fold

masked by an extended actin binding tail domain. Cell 101, 259-270.

Pietromonaco, S.F., Simons, P.C., Altman, A., and Elias, L. (1998).
Protein kinase C-theta phosphorylation of moesin in the actin-binding

sequence. J. Biol. Chem. 273, 7594-7603.

Polesello, C., Delon, I., Valenti, P., Ferrer, P., and Payre, F. (2002).
Dmoesin controls actin-based cell shape and polarity during

Drosophila melanogaster oogenesis. Nat. Cell Biol. 4, 782-7809.

Senju, Y., and Miyata, H. (2009). The role of actomyosin contractility in
the formation and dynamics of actin bundles during fibroblast

spreading. J. Biochem. 145, 137-150.

Shelden, E. (1999). Major role for active extension in the formation of
processes by ras-transformed fibroblasts. Cell Motil. Cytoskeleton. 42,

12-26.

48


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Amieva%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Furthmayr%20H%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pearson%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reczek%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bretscher%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karplus%20PA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pietromonaco%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simons%20PC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Altman%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elias%20L%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polesello%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delon%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Valenti%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferrer%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Payre%20F%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Nat%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Senju%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miyata%20H%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biochem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shelden%20E%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cell%20Motil%20Cytoskeleton.');

Stegert, M.R., Hergovich, A., Tamaskovic, R., Bichsel, S.J., and
Hemmings, B.A. (2005). Regulation of NDR protein kinase by
hydrophobic motif phosphorylation mediated by the mammalian

Ste20-like kinase MST3. Mol. Cell Biol. 25, 11019-11029.

Stegert, M.R., Tamaskovic, R., Bichsel, S.J., Hergovich, A., and
Hemmings, B.A. (2004). Regulation of NDR2 protein kinase by
multi-site phosphorylation and the S100B calcium-binding protein. J.
Biol. Chem. 279, 23806-23812.

Stork, O., Zhdanov, A., Kudersky, A., Yoshikawa, T., Obata, K., and Pape,
H.C. (2004). Neuronal functions of the novel serine/threonine kinase

Ndr2. J. Biol. Chem. 279, 45773-45781.

Todaro, G.J. and Green, H. (1963). Quantitative studies of the growth of
mouse embryo cells in culture and their development into established

lines. J. Cell Biol. 17, 299-313.

Tsukita, S., Oishi, K., Sato, N., Sagara, J., Kawali, A., and Tsukita, S.
(1994). ERM family members as molecular linkers between the cell
surface glycoprotein CD44 and actin-based cytoskeletons. J. Cell Biol.

126, 391-401.

Tsukita, S., and Yonemura, S. (1999). Cortical actin organization: lessons
from ERM (ezrin/radixin/moesin) proteins. J. Biol Chem. 274,

34507-34510.

49


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stegert%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hergovich%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tamaskovic%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bichsel%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mol%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stegert%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tamaskovic%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bichsel%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hergovich%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemmings%20BA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stork%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhdanov%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kudersky%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoshikawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Obata%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pape%20HC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pape%20HC%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oishi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sato%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sagara%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kawai%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yonemura%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');

Tsukita, S., Yonemura, S., and Tsukita, S. (1997). ERM proteins:
head-to-tail regulation of actin-plasma membrane interaction. Trends

Biochem. Sci. 22, 53-58.

50


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yonemura%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukita%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Trends%20Biochem%20Sci.');
javascript:AL_get(this,%20'jour',%20'Trends%20Biochem%20Sci.');

W2 P &

Bl- B MOb2 328 ® #7F B Z P H B e o o v 0 0 e 53
Bl Mob2 & NIH3T3 im s fk ¥ A TLrfe® o o o o o o o o o s 54
Bl= MOD2FBE & — M o o o o o o o o o o o o o o o o o 55
Bz NDR & NIH3T3 fm 2 a7 £ JLFiE o o o o o 0 o o o o 56
BlZ MOb2/NDR <« B 273 R mie A AL B 2 g o o o o o o 57
Bl= Mob2/NDR G4 mwe EmE AL o o o 0 o o o 58
B~ MOb2/NDR « E£ AT A L BB H4c s o o o 0 v o o oo 59
B~ confocal # F FIWH AR A L LR« v 0 0 0000 e 60
B4 MOb2/NDR +~ & 23R A L £ EH v o o o o 0 0 0 0 o 61

B~ Mob2/NDR + £ £ LT ¥ 3 4c p-Moesin ch& LE « + « + 62

BlL- SEABEAEITETMES FF o o o o 0 0 0000 63
Bl = Mob2 "% i< & € &> p-Moesin £ FLE « « « « « ¢ o o 64
B+ = NDR "% £ IR g ol p-Moesin FILE o o o 0 e e e 65

51



BlLte d LB FkLI LS5 FE K Mob2/NDR £ L& g R

p_MoeSin E’f"]%\, EJ?E-_L_ e o o o o e o o o o o o o o o o oo 66

Bl %75 Mob2/NDR s 5L E £ 73 w0 A & o e

X}

52



Mob1_2A
Mob1_28
Mob1_2C
Mob1A
Mob1B
Mob2

Mob1_2A
Mob1_2B
Mob1_2C
Mob1A
Mob1B
Mob2

Mob1_2A
Mob1_2B
Mob1_2C
Mob1A
Mob1B
Mob2

Mob1_2A
Mob1_2B
Mob1_2C
Mob1A
Mob1B
Mob2

Mob1_2A
Mob1_2B
Mob1_2C
Mob1A
Mob1B
Mob2

MSNPFLRQVFNKDKTFRPKRKFEPGT I RFELHKRAQASLNAGLD LRLAVQLPPGEDLNDW
M5-IALKQVFNKDKTFRPKRKFEPGTORFELHKRAQASLNSGYD LRAAVQLPNGEDQNDW
MA-LCLKQVFAKDKTFRPRERFEPGTURFELYKKAQASLKSGLDLRSYVVRLPPGESIDDW
M5--~FLFGSRSSKTFKPKENIPEGSHOYELLKHAEATLGS G-NLRMAVML PEGEDLNEW
M5---FLFSSRSSKTFKPKENIPEGSHOYELLKHAEATLGS G-NLRQAVML PEGEDLNEW
————— MDWLMGKSKAKPNGEKPAAEEKKVY LEPEHTKSRITDFEFKELVVLPREIDLNEW

VAVHVVDFFNRINLIYGTISDGCTEQSCPVMSGGPKYEYRVQDEQRFRKPTALSAPRYID
VAVHVVDFFNRINLIYGTICEFCTERTCPVMSGGPKYEYRUQDDLKYKKPTALPAPQVEN
TAVHVVDFFNRINLIYGTMAEHCSESSCPVMAGGPRYEYRUQDERQYRRPAKLSAPRYMA
VAVNTVDFFNQINMLYGTITD FCTEESCPVHSAGPKYEYHVADGTNIKKPIKCSAPKYID
TAVNTVDFFNQINMLYGTITEFCTEASCPVMSAGPRYEVYHVADGTNIKKPIKCSAPKYID
LASNTTTFFHHINLQYSTISEFCTGETCQTMAVCN-TQYYWYDER~-~-GKKVKCTAPQYVD

LLMDWIEVQINNEDIFPTNVGTPFPKTFLOQAVRKILSRLFRVFVHVYIHHFDRIAQHGSE
LLMDWIEVQINNEDIFPTCVGVPFPKNFLQICKKILCRL FRVFVHVYIHHFDRVIVHGAE
LLMDWIEGLINDEDVFPTRVGVPFPKNFQQVCTKILTRLFRVFVHVYIHHFDSILSHGAE
YLMTWVODQLDDETLFPSKIGVPFPRNFMSVAKTILKRLFRVYAHIVHQHFDPVIQLQEE
YLMTUVODQLDDETLFPSKIGVPFPRNFMSVAKTILKRLFRVYAHIVHQHFDSVMQLQEE
FVMSSVOKLYVTDEDVFPTKYGREFPSSFESLVKKICKYLFHVLGHIYWAHFKETLALELH

AHVNTCYKHFYYFVTEFNLIDPKELEPLKEMTSRMCH-~------mmcmmmcecec e
AHVNTCYKHFYYFVTEMNLIDREELEPLKENTTRMCH-~========cccmcmccceeee
AHVNTCYKHFYYFIQEFSLYDQRELEPLREMTERICH-------===--mmeeeeeee—-
AHLNTSFKHFIFFVQEFNLIDRRELAPLQELIEKLTSKDR- == ~===mmmmmm e e e e
AHLNTSFKHFIFFVQEFNLIDRRELAPLQELIERKLGSKDR-======m=mmmmeee e e
GHLNTLYVHFILFAREFNLLDPRETAVEDDLTEVLCSSPGNSGATCDGANSGASGAQNHY

KER 235

60
59
59
56
56
55

120
119
119
116
116
112

130
179
179
176
176
172

217
216
216
216
216
232

M- ] B Mob2 5257 % 36 2 P4 A 7 o | 5 mob2 & 7 2

£ % 705hp s 3 235 @Rk o ¢ Fon FEY o SR ¥ 24

Mob1 / Phocein domain ( % %7 % & ) -

53



phalloidin Mob2 Merge

%A DMEM 7 32 % 24 | PFis e F B ¥ g d - Fhgd 25 ra
Mob2 # 3R> sz B P o % ¢ % phalloidin %7+ F-actin» iz ¢ % Mob2 -

©d

K LER AR

v

54



Phalloidin

W= Mob2 s E & — & o % Mob2 i rFifa L g @ fois

.

BT LR

k4 Mob2 SUBLR B35 0 BT LS B- e

% phalloidin &7+ F-actin > =4 % Mob2 » &4

55



Phalloidin

] =
%A DMEM©® 2% 24 | B3 ET LB Y L HLLd X7
NDR # 33 fw¥e 12 22 m?e F P o % ¢ 5 phalloidin #%7+ F-actin = ¢

5 NDR» ¢ 5 mi ;o

56



NDR1/Mob2

(=3
NDR2 NDR2/Mob®

W7 MOb2/NDR + 437 &2 w4 &% 4 2% - Mob2/NDR
~E AR TR AL wmE s L o i2d 5 Myco K& mob2 &4
welacZ A B4 M %J 5 GFP> % NDRL & NDR2 + £ # i >
F¢ Lied o d L o N4 mob2 ¥ NDRL2 - 42+ # 4 i&

Scalebar=20¢m -

57



Proportions of cell have process
3

70 -
60 -
40_
30 -
20.‘ i
10
0

Mob2 NDR1 NDR1IMob2 NDR2IMob2

W= Mob2/NDR &S e L mi AL o X fhilgw w2 5
F e R BRI L AST 0 Y fhEE T B A L m i et b o & EJE eh
Mt % 4 LacZ: 31.7+11.6 % ; Mob2: 70.24+3.42 % ; NDR1: 61.23+
8.68 % ; Mob2 / NDR1: 79.71+7.72 % ; NDR2: 61.49+2.36 % ; Mob2 /
NDR2: 75.88t5% - % F % 2R &4 e F A2 (Tukey’s test,

SAS 1985, P <0.0001) -

58



Hl
-1

T T

LacZ Mob2 NDR1 NDR2 NDR1/Mob2 NDR2/Mob2
- MOb2/NDR—’<ﬁ:’&3£f§A\i$;g jﬁ%n °X$€‘J§:F‘?7—Fﬁm’?éf§‘_l fe

TR E R LI Y lgr 23 A L P i it i o

59



m N

confocal B FHWRIE,A L &R -

60

Select

e

Chan

A

Zoom

Display

]
Split zy

N\

Overlay

Palette

Overlay

N —

[OIO|[]

=S

Ill[8®




(um) 80 -

70 -

50 -
40 -
30
20
10
0

NDR2 NDR1/Mob2 NDR2/Mob2

Average length of processes

W1 Mob2/NDR < # £ A2 £ BRH 4 o X fhlf7 w2 57
THWEL L EST Y ki A L hT R B B2 ST o

A Mob2 2 NDR * B 4T » mie A L E B N 234 2dd & o
( Tukey’s test, SAS 1985, P < 0.0002 )

61



NDR1/Mob2
NDR2/Mob?2

LacZ

Mob2
NDR1
NDR2

<— p-Moesin

<— Moesin

<«—a-tubulin

p-Moesin

P 25
S
[
o 2
S
o
s
e
g
5, 1
Qo
Bos
°
4

0

Mob2 NDR1 NDR2 NDR1/Mob2 NDR2/Mob2

W+ Mob2/NDR + £ £ 7™ ¥ 3 4 p-Moesin sh& RE o d & -
BLE G chS % BE7 o Mob2 - NDR 8 jp+ £ 2% - 42+ £ 2
T % € ¢ p-Moesin 4 R E H 4r - Mob2 % 193+12.1%>NDR1 % 186
+35.6%°NDR2 % 178+50%>NDR1/Mob2 = 188+15.52%'NDR2/Mob2
% 173+23% - ( Tukey’s test, SAS 1985, P < 0.0129)

62



(%) Puromycin Selection

S

[y

v o N 0 W O

o o o o o o
i i Il Il |

- N w
o o o
i i I

Percentage of survival cells
ey
o

o

W-t- ShebiFelidmed 3505

R E S LD RS

63



v
F &
& &
) &
Q
o 02
(“é 60 mob?2
Qo & =100
7 E &
C— <— p-Moesin : ‘:
= % 20
g ol ‘
control shRNA mob2 shRNA
- — e Moesin pvalue = 0.007578
= p-Moesin
§100~
- <— Mob2 "
E 60 iz
g . l
&
5 20
W | <— a-tubulin £ o ,
control shRNA mob2 shRNA

W-L=- Mob2 " 4R € > p-Moesin 2 g o d & > ZLE 2 &
% Bt > Mob2 "% i< & IR € &0 p-Moesin £ & o Mob2 IR E : iF

#4261 20.18412.1 %; p-Moesin s IL & & 541 2 48.05+12.92 % -

64



Q.
P X
> \4
< N
S &
& QO
o b NDR1/2
§100»
”‘ w s | «— p-Moesin i *1
P p - 2o § 60
$ s o
2
i [
— P —————— i
Cm—— —— | e Moesin control shRNA NDR172 shRNA
p-Moesin
T <— NDR1/2 ;;,‘100
2 80
. 5 20
W S | <— o-tubulin ¢ v —
control shRNA NDR1/2 shRNA

WM-Lt= NDR®% K& &> p-Moesin2RE od & > 252 %
Agor > NDR *% i< £ 30 ¢ /& ° p-Moesin # 3. - NDR £ & & #7412

£117.2843.85 % ; p-Moesin e4 ¥ 5 324 2.6 19.8647.48 % o

65



p-Moesin Merge

Control shRNA

mob2/NDR shRNA

B-Lte o LAFLR I E5E% K MOb2/NDR 2 R E € 5
p-Moesin i & o % 4 12 phalloidin 77 fc s 3=v &2 w2 4] & 5

¥ ¢ &1 p-Moesin - Scale bar =10y m -

66



Control shRNA

mob2/NDR shRNA

67



5

>~
=H
_\\4;

TR
FPRAACEL P S FF oML
FEAAAELAPF A F R s

Rz Bl + 357 8
S

R YRR ¥ - TIa

Y e T T Iar

68



