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To clarify the whole picture of epidermal growth factor (EGF) signaling pathway, we identified proteins from the
EGF-stimulated A431 cells by anti-phospho-tyrosine antibody column chromatography. Over 150 proteins were detect-
ed including previously unidentified proteins as well as well-studied proteins. Among these proteins, we picked up four
proteins that had not been known in EGF signaling pathway and analyzed their functions. We report the functions of
these proteins in this article. 1) CFBP interacts with CD2AP family proteins and functions as a key component in
downregulation of EGF receptor protein level following EGF stimulation. 2) Ymer is found to be phosphorylated and
ubiquitinated upon EGF stimulation, and functions as a regulator for the downregulation and endocytosis of EGF
receptor. 3) CLPABP binds to mitochondria-specific phospholipids, cardiolipin, through its PH domain, and its com-
plex includes various proteins related to mRNA metabolism. 4) GAREM is associated with Grb2 and Shp2. Each as-
sociation affects the ERK activity. Finally, we discuss the possibilities that these proteins can be used as a novel biomar-
ker protein for cancer and other diseases.
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FFr—VYEMNERTHIENGIAES. IEMHL
EGF S BKEL D 7 FIVREITIHRDSE 5 )N
BEhFos U e, FRTY CB{Eh 2
F—=RMPEID, BANEERPED> T, &
TFIGESTOFOL U ik, H D5 T
&, 72N BEOMEE, BEOERD XA v
FELTHE, BIOGHTIE, SH2 KA > (Src
homology 2 domain), PTK K A-{ > (protein tyro-
sine kinase domain) tW-o7-, U EMLFOI >
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295, 0k, EGF ZR/RFTRICIBNVT, ¥
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K& >N EDREZ A2 70T, EGF 251K
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Fig. 1. Isolation of Proteins from EGF-stimulated Cells by
Affinity Column Using Anti-phosphorylated-tyrosine An-
tibody

We prepared whole cell lysates drived from A431 cell line with and
without EGF stimulation. The whole cell lysates were applied in phospho-
tyrosine affinity column to isolate proteins. The purified samples were sepa-
rated by SDS-PAGE and visualized by silver staining. The figure shows that

EGF stimulation increased proteins which were retained in the affinity

column. Consequently, we could identify over 150 kinds of proteins.
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3. CFBP (CD2AP family-binding protein)?
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Fig. 2. CFBP

(A) Schematic representation of the primary structure of CFBP
isoforms. CFBP long form (CFBP-L) is composed of nine exons, and the
truncated forms lack the region from Ala235 to Glu253 (CFBP-S), or that
from Asp139 to Ser178 (CFBP-LA4ex5). Numbers of amino acid residues in-
dicate the boundaries of exons. (B) Effect of expression of CFBP on the
amount of EGF receptor in response to EGF stimulation. COS-7 cells were
transfected with mock vector, the expression plasmid for FLAG-CFBP-S or
that for FLAG-CFBP-S whose tyirosine 204 is replaced with phenylalanine
(CFBP-S Y204F) . Cells were stimulated with EGF for time indicated above.
Whole cell lysates were prepared from these cells. Protein levels of EGF
receptor, CFBP and its mutant were monitored by immunoblot with antibo-
dies specific for them.

WEEICBIT 2 mEIda <, MOy >N E EDH
FEENE DM STz, HEEOHEHI S TE/2
Moz, bbb, ZUOIZ, REELRKZHN
72HgEic & 0, EGF §illi%ic &> T, CFBP @ Long
form % 7X Short form @ 204 HFHDF O > (Y204)
MY CEEEnS ZEEHSMNILE E5IL, Z
DY INTEEMEET BT OREZTTLY, CD2AP
(CD2 associated protein) = B WWH L /=. CFBP g,
CD2AP % CD2AP EAHH[EMED H 5 CIN8S (Cbl-in-
teracting protein of 85 kDa)  SH3 K X > (Src
homology 3 domain) & ITZ7Y > 5ICHEET 2SO
J2Uy FHEEBZENL THET DI Do 7.
CD2AP 13 T Hifd DS > )X 7 B CD2 D #E & K+
ELTRESN/ZTTHS.Y CD2APIE, 5
IO EGF AR Z1EFF LT D E3 1 EFTF >~
HEEEE Td 5 Cbl (Casitas B-lineage lymphoma)
EHEEERETEL, Y M, S fiEICBIT L
ZHREROWEERET D ENHLN LR ST
Z). 5)

CD2AP (34 & 75 pli & R 752 B4R O 73 fige il 12 5
EBNHDHZENAOGNTVWSE D, bhlbiid
EGF (K7 #y72 EGF Z 5K D /3 f#1ZB1J % CFBP
DL, TORER, CFBP ZmERE &
=M TlE, EGF 224K O N 1T I TNT 57

Y204 DV DAL ETH D ZEEZHSNIZL -

[Fig. 2(B)].

CFBP (2%, 7 3 /RECH|THK) 34 % HH R 1% % F7
D% )NV & CFBPH 2\ 71E 9§ 5. ZhoHDy >
NV L, EGF Z A/ KRERD & UMK Ly >
IN 7 DRI AT B W T EE A E 2 R
#HEIKRD 1 DTdH S ESCRT (endosomal sorting
complex required for transport) I OFEREIZBITS
BRI T, MVBI2 Okt hREOZ (MVBI2A KUY
B) &L T, Morita 5 DHIFEIC K DS/ 9
MVBI12 O it D& &K B IR+ & O #E & fE T 192
M5 273 7 2/ RFRFLITH Y % ESCRT-1-binding
boxes XN S MHEKICEF L T, CD2AP/
CINSS [IHifEhE £ & > X7 8 O NFETT O )
C, ESCRT #&RIIHI THEET 579, CFBP/
MVBI12 & CD2AP/CIN85 D AH A E I Ml st &
SN E ORI EIC B W TEER RS 2R
EEZONS.

4. Ymer?

ZDF NTHEIX, iz ibo 72449, C3orf6
(Chromosome 3 open reading frame 6) &L T
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[Fig. 3(A)], "o bbb IFEL D Ymer BRI Z
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EGF filik7ryicy) v Bieand 2 & &2 L
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DERJERAMNDBITS 7 F )L & L T <. Penengo
S51%, FHIEFTF HEE B AL 2 MIU (motif in-
teracting with ubiquitin) domain 7% Ymer I[ZFEET
HZEEWMELE DR/ OAEFF M NB T &
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Fig. 3. Ymer

(A) Schematic representation of Ymer isofoms. The positions of
tyrosine-phosphorylation sites and MIU domains are shown. Numbers of
amino acid residues indicate the boundaries of MIU domains and Ymer long
form specific region. (B) Effect of Ymer overexpression on amount of EGF
receptor. COS-7 cells were transfected with mock vector, the expression plas-
mid for FLAG-Ymer Short form (Ymer-S) or that for the FLAG-Ymer
Short form whose tyrosine 145 and 146 are replaced with phenylalanines
(Ymer (Y145F/Y146F)), followed by stimulation with EGF for the indicat-
ed times. Whole cell lysates were prepared from these cells. (C) Effect of over
expression of Ymer on internalization of EGF receptor followed by stimula-
tion with EGF. Immunofluorescence staining in COS7 cells with expressing
FLAG-Ymer-S (a—d). Cells were treated with (c, d) or without (a, b) EGF
for 15 min. Cells were processed for co-immunofluorescence staining using
anti-FLAG (green) and anti-EGF receptor (red) antibodies. The nuclei were
visualized with Hoechst 33342 dye (blue). Cells expressing FLAG-Ymer-S
(upper) were indicated by arrows. The scale bars represent 10 um.

®, AEFF UG RAAL 2 ZFHD I &IE, EGF
SRR R A h— ZABES 2OX T EIZHEL
THLNDHYMTHS. £, Dbiud, Ymer
D EGF ZAAKR LT BYA b— 2 ifilkaEIc 7 O
U UL ER Z & [Fig. 3(C)], EGF %%
BAREDHENERICMIU RAA RN ETHS T
EEHLEMNILTWS, Ymer ODF O3> U EE(L
P MIU RAA > ORENCEL T, £ZHmsnT
WRWEGHHD, FRDMENNEEINSD.

5. CLPABP (cardiolipin and phosphatidic acid-
binding protein) !>

DY INZED cDNA X, K1Y ® cDNA
=TI ATy hTru—r3INkd
DTH5. 611 7I ) ENSRDBY I)NVET, i

85 192 211 318 611
[ [ pHL [ PH2 ]

a. GFP-CLPABP c:anti- B-tubulin

b: a-cytochorome ¢

d: Merge

Fig. 4. CLPABP

(A) Schematic representation of the primary structure of CLPABP.
The number of amino acid residues indicate the boundaries of PH domains.
The locations of the two PH domains are described as PH1 and PH2. (B)
Subcellular localization of GFP-CLPABP. COS-7 cells were transfected with
the expression vector encoding GFP-CLPABP (a). The cells were processed
for coimmunofluorescence staining 36 h after transfection using anti-
cytochrome ¢ (b) and anti-g-tubulin antibodies (c). Merged images of the
panels are shown (d). The magnified images of the white box in panel d are
also shown below.

FIR7s @ & U Tid, NRIEMNIZ 2 DD PH R A
4 > (pleckstrin homology domain) Z#D & WD

ZENFETFT5NS [Fig. 4(A)]. bhbhid, 2o
PH RAA NI b2 R TICERNICEET S
fEE, W oHFIES R, TORMENTHDHRA
Ty FUURERRMICHEE TSI EEHSMNITL
2. £/, CLPABPI3II b RUFZH > \VE
Thd>hrahc®Fa—TY oy hT—=r&
HJFIET S [Fig. 4(B)].

CLPABP L H#i&B T 20 TORRZIT o2&
%, MEANO mRNA (KHICBE 5T 282 < D08 >~
INVEERE L. Th6D0F )87 EE RNA &
RNA FEki19 LI XN 5 RNA O JRTE, &M,
RN AT % I 5 AR 2 BT 2 al Rt R IZ
N7z,

I 517, CLPABP 25 O#EAKICIE, > hrno
LAcZI—RT2Z2mRNADNEGENTNSZ EHH
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S5MICL=. Zid, CLPABP 28, > ~ZrOAhc
@D mRNA EEEGEKRZEED, HIVPFVE S /FA
TyFOUBENLT, T FICRUTICEETS
ZEIZEHST, YA OAc DFREFHIEICHRDS T
W2 ZE&ERBLTWS, CLPABP O#fElZ EGF
SRR TS 7 FIAGREE DOfRD DD S Tid7s
WY, EGF ZARREEE OGP 0F S Ml il 7z
EDRINTHEIL TR F —DFZEIHED > Thb
nHEMENE Z 5N 5.

6. GAREM (Grb2 associated regulator of ERK/
MAPK) !9

IO INTEW, 8157 X M50, CK
fiicroy >y y FHEEERD [Fig. 5(A)]. 453
FHOF O > (Y453) 7 EGF FIEUK AR >
Bl d 2 EMNME I N TN, 2110 Z 0D H

A)

1 135 423 511 s%0 875
I P-rich
(B)
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- GAREM
| - - oV= =Sl PERK1/2

|w . L T —— -.l ERK1/2

mock GAREM AP-rich

©)

mock GAREM AP-rich

Fig. 5. GAREM

(A) Schematic representation of the primary structure of GAREM. The
location of the proline-rich region (P-rich) and tyrosine-phosphorylation
sites are shown. The number of amino acid residues indicated the boundaries
of P-rich. (B) Effect of GAREM expression on ERK activation in response
to EGF stimulation. Whole cell lysates were prepared from COS-7 cells
transfected with empty vector (left lanes), the expression plasmid for FLAG-
GAREM (center lanes), or that for the FLAG-GAREM AP-rich mutant
(right lanes) and then stimulated with EGF for time indicated. Proteins were
compared by immunoblotting with anti-GAREM (upper panel), anti-
phospho-ERK1/2 (middle panel), and anti-ERK1/2 antibodies (lower
panel). (C) Effect of GAREM expression on transformation of the cultured
cells. NITH3T3 cells were transfected with mock vector (left), the expression
plasmid for wild-type GAREM (center) or that for AP-rich mutant (right) .
Cells were cultured in soft agar for 14 days. Three independent sets of experi-
ments were carried out, and the representative set of the colonies are shown.
The scale bars represent 200 um.

RRIIARHMTH-o =, bbbk, 7ou Uy FHE
187 Grb2 (Growth factor receptor-bound protein 2)
D SH3 B AL EMAEMRHL, ULl /z Y453
7Y Shp2 (SH2 domain-containing protein tyrosine
phosphatase 2) @ SH2 R AA > EMHEMEHAT S Z
L ZH 5N L. GAREM |3 Grb2 #4r L T EGF
ZRIKEMEERTSZEbDho7. £, b
b, 105FHOFOL > (Y105 U Ul
NBZEEZHSMT L Y105 DY D E{kIT Grb2
EDOMBEMERICEEZ LT TNTNLNCEDLD
BEWND 20 EZHS N TR,

W72 W5 D5 R, GAREM i 3 78 31l il Tl
EGF Hl#ik 707 ERK &k /L, Yoy >
U F IR R U 72 8 BAR DM BT TlI2E D)
RBMHLNRNT NS [Fig. 5(B)], GAREM 78
ERK {EEHIEICE G L THB D, ToMiEIIZ7 o
U2y FHEHENEETHL ZENbho/z. X
7=, bbbk, GAREM 73l D B E i #1c 5
ADEEERNDZ=DIT, VINTH=TvkA1%
fT> 7. GAREM % J8 X ¥ 7= NIH3T3 fifaid v
Jh7H—EMca0-—Z2FR LA, T2k
O—=)L70y >y FEs e RIE U AR KE 7
Hag-flati3laoo—oEmkidAssNkho iz
[Fig. 5(C)]. 2D Z &5 GAREM ISMifL DAY A
fLizHBES5 L, 2oy >0y FEBNEE
THDHIENREINT.

1. EIEAOIEH, SBOEZE

INET, BRALEHRS T FIVGEEST4DOD
5%, 3 DIiEMEIL EGF 24K M, # L <1
TR 7 FNVREOHEIZHEDEHDOTHo/-. B
TR/ LD1Z, EGF ZRIKIIFEA N AfE L
BRHOONEN, =, DAMERICBT 2705743
7 AEHTTIX, DADHT AT L, IBEEDMR
HEMAT, NMAX—H—DlFESEELT—
Thd. N1AI—H—I3BEOHEBEOZK 21T
1375 <, FEROEER - HETRICFIHT S 2 &N T
5. UL, BDAUBRIZBWTHAIN TSN
AAR—=H—FDOITNTH5D,17 RALTEH
FRIMRDENDEZATH 5.

bbb, INE TITHEREEMITZTT> TE72H
W 7 FIREDTD, N AX—h—ELTOH]
REZ2I5ICERTAZEZHNELT, IFTE
T2 A SRR AR 12 BT % Ymer @ mRNA J 5] %
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<—Long form
Ymer

Fig. 6. Comparison of Ymer mRNA Expression Level

mRNA expression level of Ymer short form is higher than that of long
form in various cancer cell lines examined. Quantitative-PCR was carried out
using oligonucleotide primers specific for Ymer mRNA. The amplified DNA
fragments derived from Ymer mRNA are indicated by arrows in the upper
panel. Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) mRNA was
used as a control. To assess the relative expression levels of Ymer transcripts,
a reverse transcriptase-PCR assay was performed using RNA prepared from
eight different human culture cell lines.

<—Short form

reverse transcriptase-PCR (RT-PCR) {ETHN/Z. D
EGF AR ZBEFRE L T3 A431 #ilfd TIX
Ymer @ Long form 7%, fOMEL D HFHEL TH
52 ENbho7z (Fig. 6). I s OHIZIE EGF
ZREFIFEHL T nD, EGF 28K 7 v 3
J—D A N—T&H5 Her2 Z@BENHHL T3
HbDOHHD. Her2 |3 EGF ZARAKLLNTIT Y RY
A= AINEHENEWS ZENHENTHD,®
Ymer 7%, RERTFZEARO@BEFHEBNERK &7 -5
TWBENADREBNA A= —E U THAET S 1]
REEDEASNS.

8. &HYIC

bNONORITEED, BE<DU CEi7ToT
FIVAMFEICE > T, EGF ZBMR RV F I
IR THEET D HREME D H B 5 NI E 0TI E%
SHEEESNTWS., ZOHT, HERFS >N H
TEERICHEEMITT S22 LT, XDAFEMIC
EGF XK &N Uic 7 FIVInEER R S 1
g, EREMEZORBICEHTEZSEEZEA TN
5., £, IS, HEIBEERNDORECINA T
X —HN—DEZEZOIZAEADISH B R ENS.

SR AWIERICH AL THEWE, #REST RS
KRG PR BIERER L > ¥ — DRI ERH
%, WHEEOER, ZL T, ERERKES FEEY
(B REBEEY) Wty — - BES TEHY
(B EBETOT4 7 ) HFEHM O R O
BIZ, T THESESHEL EFET
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