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@ Yeast two-hybrid screening
Epithin®] N-terminal Z3tdhad A A

1. Epithin® 7]%5%3 g9z HA . . .
pithin®} 71 2 44 @ Proteomics 7]&& ©|&3% Epithing]
1xbd ® - ; 2% gwd A
¥ 2. NEZAZ A A5 (;te;rlm;al 7}_{%3 9 3 Asous
PiXQ] 7]% 7‘% ‘31,?%}7‘5}»3 ﬁ X T (dcmam) H ==
o A
® [Pix9 in vivo GEF assay &#
@ Epithin®] E4TAAHA B8 AT in
vitro screening system ¥
® Chemical library screenings %%
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V. A4
7}. Epithin®] N-terminal 2 & g™ A& Filamin® £g

Yeast two-hybrid screeningg £33t Epithin® cytoplasmic tail®ll Filamin9
C-terminal 97} 2¢s-& #e&Act Filamin® N-terminaldl actin 2% H#HE
ZEA @A Z X Epithin® actin filamentsE @271 98-S v, 3§ PMAY
o8} %5+ Epithin® translocation, 43 % shedding®l % Filamino] 274 A<
A4S st JY&S o

1}, Epithin®] 23 @A Tie-2 (Angiopoietin-12] 48-A|)e] &2

AREAPHZEY 298 AFL 3 Angiopoietin-19] 483, Tie-27} Epithin
cytoplasmic tailel Z¥3-& MALDI-TOF MSWH o2 35ttt Epithind Tie-2
S FAY THAAAYE Tie-2¢9 ligand binding F 7t HGEES TEIH o,
Angiopoietin-1°] &3 Tie-29] downstream Akt®] phosphorylation®] &3] 4%
S #aEY. o] A3t= Epithino] Tie-22] negative regulator2A], A A3 Ad ¢
°ol& "AF e 4o AFxHdE F243 4T8E F 7 JE AATH

t}. Chemical library screeningg %38 Epithin® 484 AdA 4

10,000% 9] A EA3EE library 256 Epithin®] &4 ASHAE #AAe A7, 740 D5,
834 D4, 834 D5, 836 E10 & 4Yl7}A chemicalo] H) X3 & FX(50uM)oA] Epithin
ol F48 50%°1d AsEs FAstgnt @A o] lead chemicalEd TXE AR
specificity &} efficacy7} B & AHPAES 2= dF7F FlFolt. ol g Epithine] &
284 A A= Epithin® 54 AT ¥k ofel dMEHe] AdAANEZA HLE 7he
dE JHAL Ut

MULDI-TOF MS analysis @ yeast two-hybrid screening< %39, pPixe] 23
WA 2 MAPIb, adducine, actin, tubulin® MX FZ2F 233 #HAE Jez FH5H
M AS S 5ASI Y. 53] MAPlbE microtubule®] stabilization®l] ZHoldts ©
‘ﬂ%—li o] @A) 1C1(Light chainl)ol#t= ¥¥ 3} BPixe proline-rich #9171 2%
J% ek Eat olyg} pPixe LC1o 984 microtubule’d 22 o] 5dE HIPL=
ols3} Ay #AF YT microtubule®] ZH BPix7t #AE 7S Al



v}, Membrane recyclingg %A 3tE BPix isoform® 7% &<l

BPix<] isoform%® W& isoformelE $lE calponin homology(CH) 71 5ARHE 7HA
I 9= PPix-bLS EFEPt o] isoforme A FEl @& Al endocytosis®d YFY
macropinocytosis® Z7HA17S  #agnh of Ad¥E pPix-brel endocytosis?l
regulation 3] A Xo]Feo] B4l @49 membrane recycling H8& =2 F
QLS wal guzp Yuh. =d CH 7IsA %Y microtubuled /43t tubulindt
actin filament® T43tE actino] 23t A E HI Wl

v, AFolEA AT 7|utr|E 2 A time-lapse imaging 71&E9 & ¥

BPlx—- L1gs| /\]Z_ A EE Cell Observation Chamberol A incubation stHA] & #& 7]
AA 2 pPix-bLol 93 S EHE endosomeEo] AEZIEH
AR Gh £33 PPix-bE L& F A FolA filopodia®] =3
de #FE F 93\31‘3}. o] A\&de) FgoR Holgle ME olF & AANCE =
A F A Hol FF AFolBA AATY rurlEs - vzt o

A}. BPixe] A= AZEAA (knock-out mouse) A|Z Z 8

BPix9 in vivo 71¥E &7 9% MR FL e PPixe FAAV REHA FE
knock-out mouse Ed-E A X3t phenotypes B3 Aolth & AFAFA =
A Fgrort 2003d 8€EE ©|F NIHY Lab. of Mammalian Genes®l A%<l
Dr. Heiner Westphal# &% 2. & BPix% isoform knock-out mouse Ax ATFE A2t
st & A targeting vector’t B &3k 91X o] targeting® ES cell clones X3S
¥, o]Z embryod injection3t®] chimera mouseZ TE=ix A FS IPFo|t}h PPixY
isoform knock-out mouse® A FsHA @ E7le 59 Ulmthgel Klaus-Dieter
Fisher #tAlele]l AR W30 2 ubiquitousdtA L@HE BPix-a®) knock-oute] early
embryonic lethality® ®o ¥ Z8o] 9122 ¢A =7 HEolth
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7}. Epithin®} Filamin®] 4328
2 AFZ23 Filamin®e) 4328 o)) Epithin®l shedding®} activationo] =&
A2 YEoe 2 Filamindt 43#&ste @A T Epithin® shedding ¥}
activationg Zdste diido] A& FetEs Aol

1}, Epithin®} Tie-2 (angiopoietin—19] +=&-#))9 Az z&
Tie-2¥ AAIERINZ A F23 9L 3= Angiopoietin-19] FEAMo|2 2,
Epithinol] 4o ¢]3 Tie-29] down-regulatione AAEHRFA A FA3 v
7F ok ARER 4L g9 AP x 4 HAolmR Epithing] E4x4 &
T3 4] AZAAAFTAE 82 Aol Ak

o}, Epithin®] 484 A 3A
Epithin 5013 ¢ S A sjA= Epithin®] AEW 7lsdTd ZA 719 ZHelm,
Epithinc] #& ZAo2 FAHE GAEY Holg A= ARAZAY AL 7te
gl .

2 AT A 22 fPix 2PN EY FA
MAPIb, adducine, actin, tubulinE 3 BPix9 A3 282 PPixol] 23 AL
Aol 522l cytoskeleton®] ZA71ZA o] 7jodd Ao, AXelFA Al
25 A% NZE targeto.2A 9] 7hsAdol gl
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wl, Membrane recycling® Z&3l+& BPix isoforme 7]%
BPix®] =4 isoform%) BPix-br®] endocytosis® U%<! macropinocytosis® % 7FA]
71e AoZ YJehgt) o] AxE PPix7t A EolEo] Z42 2 membrane recycling<
FAE T USS BAF B oly} pPixe] AL FTUHAIIE WRo] AEHA o
M X 2] macropinocytosisE F7FAA drug deliverysol &34 Alg&2 754 o]

4.
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v}, Time-lapse imaging 7| €< &§
Time-lapse imaging 71€& IUdA 7@ z7|dA Ae 7I€2A, FF dofs)
T AMXEe olFAS ZAHFE chemical® screening, A FEol%E H7pUFZ o o Fd

7Rl e2 A4 89 Aol
Ab BPixe] F A& HFAA (knock-out mouse) A&
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SUMMARY

The results of the 1st stage in this project is summarized as following

1. Screening of the regulatory proteins for Epithin

- Identification of Filamin and Tie-2 as regulatory proteins for Epithin

2. Screening of the PPix regulatory proteins implicated in the cytoskeleton
rearrangement

- Identification of MAP1b, adducin, actin and tubulin for PPix binding proteins

3. Screening of the chemical inhibitors for Epithin
- Selection of 4 lead compounds

4. Screening of the BPix regulatory proteins implicated in the membrane recycling
- Enhancement of endocytosis triggered by BPix—br,
- Identification of Dynamin, a key regulator of endocytosis, for a BPix bmdmg

protein

5. Establishment of time-lapse imaging technology
~ Set-up and utilization of the microscope system equipped with COz chamber

and temperature—controlling chamber
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= © 4% O

7+ A B (inflammatory disease), $HA) X )
o, Al ZolEAde daolsls o3 AHE 5o 84

O AE7} olF37] AaiAE AEY F2AS uiste Axgride
29 Ao olg lamellipodium, filopodium® #-& protrusiond 34

Foze) AEe] ol @asteh

O wWeH B A7daE AEsde Bajel welsh: T

AEe] o]l (cell migration)2 AAZAQ A £ A BFolu, o= x=ZF o =AY
3t "Mz 43 AAg8H g4, &4 AT ZHHA HA

AT B RHAY 2de AATYAY ool g% HUAA A
% EsagelAe oY 2, MY WYL B4R <
ol s

Type I =HddiFs|as

(Type II membrane serine protease)¢! Epithin® A Ao AYuld L M Ee

g zde A= Rac/Cdcd2e] &4 011}01 guanine

nucleotide exchange

protein(GEF) BPix¢] ATl &4 ZA7FL AFsta, olss 3 AxolsAdxa

9 ﬂiﬂiﬁ%%il«%ﬂag S PAICIT] q
21005 . )

AFMEZ R &5t

@5 Hu

\\%g (inflametory disease) _/

a9 1. AxelE 84

(1) 71«4 54

© AxolFe A4

rok

zde BFE AWe

d 3 Ak iasy

M 3Eo]E (cell migration)e GAIES Ao} oA o]zA A
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o 93t NAMEAEA (angiogenesis), 4 Z 2 2] 3 B(wound healing)S AE Al FE0]
T, Y FIRAAR WANE oF, FriH2A BLES WAAZE VARG
Al A 3te] 9% chronic inflammatory diseased] TWHFHOZ Fubs = FAoln,

© A TolEAe Aode AEXY7AY] —?:8]}5&7@, A F AT (cytoskeleton) o] WH3ko}
AEe] 32 AojgdozA GAdE + Ut

O AE7L olFs7 Al E AEY 3

FAolt}, HITolEd b 23 AL e AEFZATL actin cytoskeletono] 7,

AFEo|F A E  actin cytoskeleton®] A del 2}s) lamellipodia, filopodia$t 2o| Al

FolEd "ed qExTxrt FAddol F duA Yk I} ATolTE HME A
g

FASL de ATSHAZY WAsrt ¥

o A%
¢ ﬂl‘ﬂl

29 o]BWFoT AT &M Fo] Fusolol st (17 2). ol T W3
g f9sE ATASAYAZ B ATE AT|5E 2AT £ Y WU A
A& €+ o
Celf-coll sontact
dtstm\ption Endosoms recycling
) Adtin reorgardzation
, \/
S
ECM degradation —¥ BpEras
g 2. AF¥elEY 99
O AEZFAZ A3} AXxolFe dEHolA g, =AYAA HEI}F o] F3t7] 2]
e MEolss Walste AExYgridoely, Ax7 1‘3}:‘(basal lamina)& w3 st] AE
b olEY & gl B2E WEE 3 T A5t 2B AXYAS Fo
e G4 FHFAVIELGAERT A TolE S AdstE AL &2

At (2F 2).

O AEXEZAT AME R AXY F Aojrle

- Rho family GTPases®] 43 Rho, Rac, Cdcd2:= A XLol¥ & Fidsles AEAd
AR FAHY G e AZGWA=RA, Ract Cded2el &4 3= actin
cytoskeleton®] AWMAE Futsted A FolEo HQ3I lamellipodia, filopodiat el A
< FEIH (2™ 3).

- B AdA9ME Rac/Cded2& BASA 7= GdA e AdsdBzddd pPix
FA8a, HT 4 Az BPixd] 7lee ATste] o dMiAe vlw

..14...



% AE9 actin cytoskeleton®] A
Wdy  MAxe #3FZE 9 :
membrane  recyclingo] 2 873%
endocytosis el olitol A
Axe] olgAel AfEE T3

ﬁ q_ S €158 WAVE { WASP

Cell Migration (3|32 0| 5)
Endocytosis (LI Z5HR)
Cancer Metastasis (2t710()
Anglogenesis (B 21419)
Differentiation (#5})

PAK €= 7]

Argm eom;}!é‘x

© Ax7id &3l Aolrl<=

Al A AE7 22
o] R ot Aale A= 29 3. AEEE HEse dzded
F3a Yok, ofFAdE ALY olFE Wiste AELrIEEC] Tk &
Al

29 o]¥2 A
proteotysis

AEY7NEE Eafstes dld R

- 27t a8 Axgrd 287
2o dxAY AL uPA(urokinase

type plasminogen activator)—

plasminogen—plasmin—>MMPs(matrix =, oo &  Eoadherin
metalloprotease)¢] 22 ¢ @HAR L — H i
A cascaded] FAFoT (2¥

4). a9 4. AESVIA 28 AR

- B AgddMEe AEute] 43+ type II serine proteaseql Epithing H%ZE ¥
A, 2 715E 478 23 3ok HI Epithin® uPA9] 7@“?%7“0‘ pro-uPAZE %
B active? uPAE WEE AL Z3 dSel wEHon], E£Y Epithing AlZ9

scattering2 %38+ HGF(hepatocyte growth factor)<] ﬂ”ﬂoﬂ Zh-g5to] wis A
t} ojs} e AFNEL Epithino] G AR H T4 9 cascaded FAFANA A7 A
o] BE S/HAA AXY o5 s EAT F USE BHAFL Yvh. I Epithins
APAY, S dojAe] & 4Fo FAAPDE Hiso] glvt. 222 = Epithin
o] FHELE ATolFS 8 "ot AXYVAY RIHE AT F dve Lol

)
2+ 92 Aotk

=

X

T

o

_15._



M2 d =2 7lsie o
(1) =99 7esF

O G 99z dF8 1S 853 Texas e Alfred G. Gilman¥} Virginia th¥}
°] Rich Horwitzs°] o1& Al¥0]5 ¥ 3] (Cell Migration Consortium)= Al o] % ¢l
B3 N2FH WY ES o8 wilede AZAEHAHE HIWL et AEolES
Aolste AEA e MES BFE 3x gon o2 93] 2001d vjZZ PR AYNAM 8
ot g A3 E AYen Ja, FF 53z 3MgW T 2l AFHE FIE A
4 wg A Fojt} o]elox University College London®l $1&¥ Alan Hall, Harvard
univeristy®] Joan Brugge, Yale University®] Thomas Polard% o] o] #ofe] tixA <l
AT AEo|

W =222 HEHQ MX ols4d Ao Ji=

HIE2 Olsd FHX M HZE2HAZ2 &4

—Rich Horwitz, GFP labelled cDNA library ~Thomas Polard, actin branching
-Donald Hunt, Fourier transform mass &4

spectormeter

—Joan Brugge, retroviral cONA libarary

HIEZS Oils40 SRst MSEGIFE a3 HEJE 2alaae MHollR g
—Alan Hall, small G protein ~Heparanase
—Daonald Hunt, integrin binding protein &4

AEEX: News focus, Science, vol. 296, 606609

H Aol MEo]EMANE 93 AT targete 2 A A BPixet Epithing £ 74
oﬂfﬂ 199793 1999l ZtE HEE T35t R1d FAAER @A ol&E& drst
T 9 dAFAE] AT Fou olgY FoAo] AAHHUA dAFAEe] 53]

HEe Folth

@® dx3 pPix #AATH
~ Scripps Research Institute®] Dr. Gary Bokoch
— Imperial College ¢ Dr. Louis Lim
- Cornell Univ.¥ Dr. Richard Cerione
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@ ulxA Epithin #34+#
- Georgy Town &3 tjst Eunl=1] ¢AlE 9 Dr. Richard Dixon
- U.C. San Francisco®] Dr. Charles Craik

2) Ul 7esF 2 =

O AFolEd Ao7l&dd digh I o
a8y HITE AXAETERY dFAEe
A1

= AzAGAZY g A7 &) Y A TFATAY HAAZ AL
ATFAL FERY R neutrophil?] ©]ERAL AFstn Jx, FFHEVELY FF
Z2uA} AN L integrin-mediated A EEFo| B3I AT E o, WAHIHA =

(chemotaxis)& f2ste Alo]

x
»
Fae
HE AYFRATLY EHFRAYLS HAALY Fy
NEAYH
}.

A ZUolMEe eAg AdAds glentolo g} 2 EE Ao ARG wvpole Hl
AoA rEH ez AF olFAY Tt HE AXIFAT Z2HE 53 FUAY A
ot} AAXF AL Ao AFEAY HATAA o8 BSE EATH aHY ¢
Aol A, AAY X&, 9= We 5L A=Y dolA Zte]l He AT oA
71 & o) i 7l xA T i FAE oA uwlud Aot o] Rope] A &HH I AAlE
M-S g e AXolsA 73S oz AdNE targete] HE T d ol o]
of g =A7S HHWE FHo] AFH = ] Eofe] AA

_10
4 grsy) Aste] A&HA AUo] 27
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HEAS O
H 3 F A g 2 21
dF & a4 + A 3
Epithin®| cytoplasmic tail® baitZ 3t 184" AF wjole
cDNA libraryol A Epithin®] 2% ©¥la-g& ZAgk A3} actin
23 949l filamin B7} Epithin®] cytoplasmic domain¥}
A & Jduie AMAS #2893 ol= pull down assay
(29 5)%} co-immunoprecipitation assay(1¥d 6)& &g
T UM
nput Pult down
GST GSTNGE
¢ be- GSTNES fusion proteln
e Filamin B His fusion proteh
- GST protsin
Yeast t 29 5. Filamin B9} Epithin
cast two cytoplasmic domain®] 2%
hybrid
screening = P : Anti-N
= Epithin + - +
1Hds ol Fiag-N55 ~ o+ -
Epithin2} His-Filamin B(H1-C) - + +
N-terminal T '
2 @ o Hl'] 2 97 T S 1B : Anti-His
2]
= a5t I8 : Anti-N
Total Cell Lysates
87— » iB : Anti-His

1% 6. Filamin B9} Epithinel 2%

oldel oz Ruo] <3 filamine von Willebrand
Factor(VWF) receptor®] 3%+ subunite]Y, integrins¥ #&
transmembrane protein® cytoplasmic domain®l Z &3}
cortical actin®l} stress fiber& transmembrane protein® ¢1
AAN7le 988 dvE Aol & 4w A v weky g o
2] transmembrane protein®} 7°] Epithin%® filaming £33t A
FEAQ F-actin® 45288 4 e, £ o3 F3zhe
o] Epithin®] cellular localizationt} Epithin® A 3letE ojy 3k

Bdo] e=A dopEE Ao] ger FEH (AT spyolnh
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dTUE

4 7 2

Proteomics
7l=g
o] &gk
Epithin®]
C-terminal

A% gz

A4

Yeast two hybrid screening®2& £7 %‘3}7’43} AAA =

AR &4 Epithing] 71A& AME7] A% A A=, Eplthln-‘—]r
ZAgsle g dS co-immunoprecipitation 7?% oz Falahy7l
95  FEpithin®] N-terminal regiong 23E  antibody S
CNBr-sepharose®l] cross-link 3}¢ affinity columng A2ts}a,
Epithin® 2d3lz e 427186 AHEFE As=z 319
co-immunoprecipitationg $3sFHAHE 7).

A. B.

Epsl
FlagTe2 - &+ +« o« 4 s

W arti Flag antbody (M2}

W andi Epdhin artivody (45}

Cefl braates i
1P; anti Epithin N termingl srtibody

W andi Flag ardlony (MO

W andi Epfthin artiborly (FS)

Coll lysates 1
1 sl Flagg antibody (43

338 7. (A)Epithin®] 294, (B)Epithin?® Tie2®] 2%

-39 39 AdA #elE & 9%l Epithin® % fragment?!

Epi-S%} N-terminal fragment(INTF), 28] 3 columnollA] o]
Z 2 Epithin® antibody(IgG)et & wdz o]9]d], o7
JEA Y] g A E g ZE o AL, o]ES MALDI-TOF #d
o=z id‘ﬂﬁﬂ @J‘} ¥13 22 Epithin 2g¢dwad s 57‘30}%
T AN ] Tie29} 22 bl A2 Epithine] |
substrate 7}%3 o] ARE o]o] gk A LA 04318
Epithin®} o] E2] A& 280 /1A guE FAsjor &
=3

O

n vivo
%3

Aol

1. Epithin Z -z

Similar to splicing factor 3b
Simitar to DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 1
HSP70s

Eukaryotic elongation factor-2 kinase
Ras-GTPase-activating protein SH3-domain binding protein 2

SAEE

Cre ot 5t

aatd

y-actin

Receptor-activated cation channel TRP4
Endothelial-specific recptor tyrosine kinase(TEK, Tie2)
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A8

e

T 2 #

BPixd A%

EEERER

BPixE bait® o]&3t yeast two hybridE 33 ZHi}
AE A2 23 dids #¥d 222 MAPIbeke
microtubule 2% A& FAsIh 53 MAPLb FollA
LClolgte H8% pPix/t A¥sids ¢ Wi &3 fPix
o] ol" Ag 7iTA FA7F LC1ge A TAsteAE
ZALGE A3 V)& gEA AR E2 A2 B0 oy
Ade @oditte AL gtk B9 obdE LC19 23
A AL e microtubule® BPix7}F ol F3te] 13tol] A¥AY
= Aol YR

GST-8H3
GET-DH
GET-PH
GETPR
GETGRI
GET-INS
input

G8Y

FlagLLl
18 anti-Flag

1 Coomassie staining

19 8 BPixst MAPIb LC19 2%

BPix-a

¥ 9 PPixet MAPIh LC19 MXE 4
colocalization
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pPixe] A%

ELEREE

calponin homology(CH) 71
Wz ol CH domaine A

o121

ER B

o] B =Hol JoerZ BPixe] CH 7]
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