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Fizg. 1. Protein synthesis, cell growth and histolegical characteristies of p36-deficient mice.

(al We compared overall protein synthesis in wild tvpe and p38 deficient MEFs by
antoradiography of the (¥3)-methionine incorporated into nascent proteins (opper) and
alan by the phosphorvlation of elF28 (P-Eif28: lower).

L

(
(
(
(

bl We compared growth rates of wild-type and p@8-deficient MEFzin = 3 for each genotepe).

1 Gross morphology of E15.5 wild-type and p38-deficient embrios.

d) Hematolin and ecsin staining of long and heart tiszoes lsolated from neonatal mice.

g) lmmunchistochemleal staining of long and heart sections with antl body to PCHA

{darkbrown). The sections were counterstained with S0% dilution of Harre's hematoxvlin (hlue).
if) Immuone-floorescence staining of long and heart sectlons with antibody to Ki67. The Kig7

positive cells were detected by confoeal laser scanning microscopy (green). Scale bars

=12.5m, except geale bar In hematozvlin and eosin staining of heart = 250m.
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Fiz. 2 Defect in the differentiation of alveolar type I cells and surfactant prodoetion

in longs of p38deficient mice

la) Long morphology of wildtype and p3fdeficient mice at EIRS and PI.

Seale bar = E0pm.

i) Lewel of HIF-lo in brains of P1 mice. Tobolin was veed a8 a loading contral.
iel We determined the produvetion of the long sorfactant proteins (3P-A, SPB and SP-C) in
the proteing extracted from the neonatal lones by western blotiing.

dde] FEY 4% g 84 ==Ew
He B A|F BT Yekoh(Fig. lef)
d= AEde] A4 AR Aabdel @9
70 B 5 107 42 2490 FA24 HE F
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B42 Control Cell lysate
L p38 KRS WRS YRS QRS FBP - s Gr G Cp
" ] .
LexA-p38 | ; J
C IP: ci-myc WCL
myc—-pd8 = + = +
HA-FBP - + = + MADY STVEPPSSGEAGGGEEGEVVNDAFKDALORARQ TAAK IGEDAGTSLNSNOYG
YGEEOKR PLEDECOFPOAKKV P PQNDSFGAQLFFMHQQOS REVMTEE YEVFDGMVG
HA-FBP = 2 | FIIGRGEEQISRIQOESGCNIQIAPDEGELPERS CMLTGTRE 8VRSARRL LD TVEK
! GRPAPGFHHC IAVOEIMIPEEAGLVIGKGEET IKQLOREAGVEMVMIQDGE
@NTGADKPLR I TEOFYKYQQAKENVLELIRD)GIFREVRANEYGSRIGENEGIDV
PIPRFAVGIVIGRNGEMIKK IQHOAGVRIQFKPDDGTTPORIAG ITGFPOROJHARELT
myc—p38 = - - TDLLREVQAGNPGGEPEPGGRERER GCNWHMG P FEELOEFNF VP TEKTELIIGK
GCETIKSISQOSGARTELORSPPENADPNNELFTIRGTEQOIIYARQLIEEKTGGE
P VNFLGEFVFHGPHGVPEPHGFFGPFGRGTEMGPYNPAFYNPGFFGFAFPHGEFAPYA
—— BOEWENAY FHRGCOA P EDPAKAGADEN S ARWAAYYAHYYOOOM P PEARPAG
Mock p38 WCL AFATTQTNIQECCAFPARPAGOVD Y TKAWEEY ¥ KKNGOAVPARRGAFFGEQFDY
EARWAEY YROQARY Y ADTSPOGEMPCHEP PAPQGEFNHARSHHHLY
FBP -_—

WCL GST GST-p38

FBP

Fiz. 3. Interaction of p38 with FBP.

(a)

We determined the interaction of p38 with the indicated proteins by veast twe— hybrid
aszay. KRS OWERS, VRS and QRS stand for  Ivssl-tryvptophanyl-  tyrosyl- and
glutaminyl-tEMNA synthetase, respectively. Positive interactions are indicated by the
formation of bloe  eolonies on ¥PD mediom  containing  S-brome—d-chloro-
Findolyl-b-D-ealactoside.

Top: The proteing that were copurified with GST° (&) or GST-p38 (Gp) were separated by
SDEPAGE. A protein of abowt 28 kDa was specifically detected from the proteins
coporified with GET-—p38. Middle: We identified this protein by peptide fingerprinting
veing MaALDI-TOFE analysis. The peptides that mateh with parte of movse FDP
(R IR9E8578) are underlined. Bottom: The copurifiation of FEP with GET-p38 was
cenfirmed by westerrhlot analvsis with antibody to FEP. WCL, whole—cell lvsate.

Top: Colmmuneprecipitation of myep38 and HA-FEP In 293 cells. 1P, immone
precipitation: WCL, wholerell lysate: Battem: Colmmonoprecipitation of endogencos p38
and FEP in 293 cells.

o #2 x| FEPFEcRRE SaF duhs
2 2otiFig. 3b). T wEEY 4 4E
£& g 9499 AFE myetagged p38
imye-p38) % hemagglotinir-tagged  FBP
(HA-FEP) Al¢] o3 W9de dw=zle] 2%

B A G 2 Fek (Fig Ze). FEPE A=
223 a3 <1dsg B fo eitrod B9 24
A4 piEE FEPY Cerminal 58« %A
e HAF RS, @F 5% 98 B
=] HHw, 443 o] =ibs] N-terminal 549
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Fiz. 4 p3dependent obigoitination and degradation of FBP.

(a) Levels of c-mie, FEP and p38 in the lomgs of neonatal littermates. The bar graph
indieates the relative lesvels of ecmye In the longs of wildtype and p38-deficient
miceln = T each).

i) The Increase of the p38 level by transient transfection (0, 0.5 and Zpg of the p38
plasmid) decreased the levels of FEP and e-mye in 293 cells.

(r) We determined the effert of FEP and p38 on the expression of M by BT-PCE. Gapd
wags naed as 3 loading contral.

(d) The p3fstimolated degradation of FEP in 293 cells treated with evelohesimide. The BER
level was monitored by western blotting at the indicated times after the cycloheximide
treatment.

le]l The p3f—dependent ubignitination of FEP In 293 cells treated witH ALLN (263
proteasome Inhibiter). We introdvced the indicated amounts of the p38 plasmid into
the cells, immuonoprecipitated (IP) the proteing extracted from the cells with antibodsy
to FEP and immonoblotted (IB) them with antibodies to FEP and ohigoitin (Ubi).

if) We also determined the uobigoitination of FEP by the coespression of Ha- uobigeitin
with different amounts of the p38 plasmid in 293 cells. Ublguitinated FEP was

detected by western blotting with the antibedy te hemagelotinin (Ha) WCL,
wholevell lysate.
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Fig. 5. The effect of p38 on cell proliferation and differentiation and its role in the
TGE-£ signaling pathway.

(a) The effect of p38 on proliferation of the indicated cell lines. We monitored cell proli-
feration by the Incorparation of radicactive thymidine.

() To see whether the anti-proliferative effect of p38 was relieved by the cosapre ssion of
cmye,  we  transfected 293 reells with the ndicated plasmids and determined eell
proliferation.

(e The effect of 038 on generation of long sorfactants in the epithelial primary cells and
carcinoma ASA9 cells, We compared prodoetion of the sorfactants and of p38 and e-mse
by BT-PCE (left] and western blotting (right). AR was vsed as a loading control for
ET-PCRE and tubulin az a loading contral for western blotting.

(d) The effect of TGF-52 on the level of p38 in different cell lines. TGE-52 did not ine
crease the level of p38 In HCTI16 cells. which lack the twpe 0 TGE-5 receptor.
Toknlin was osed as a loading contral

le) The time conrse of the TGF-f—dependent increase of p38 In ASLY cells. The TGRE-#
—dependent increase of p38 decrased the lesels of FBP and cmie and restored the
production of SP-C. Tubuolin was weed as a loading control.

if) The fonctional importance of p38 in TGRE-F sigraling, We compared the eipression of
the TGF-# target genes, Cubndblencoding plf) and Fol (encoding fibronectin), by
ET-PCE in normal and p38-deficient MEFs that were treated with TGFP-S2. Gapd was
need as 3 loading control.
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ooty gels] 47 WM FEPS emye
2 FEE s|lafd. FEPE cmyed] FErF oF9
‘Azt FEAde e AFE 2o BE @EHld
EE89e] HY H4 | FA dEEd (Fig
4a). FEPH FAGEE)S Txe pits ZR¢
Sl Hag 5 @ aEy, piEE FEPE
A s FE B SEd g -
die BT #hE). p3gg dWAE EWsmlE
2 FEPS cmyed] B 3R o Ed(Fie
db). e-myed  2RES] d® p3eg  A%E
ET-PCERA A5 =8 3AEs9389 cmyes] 2
B2 FEPSE $d4 vhebs B2ekd] wm REPMH)
A ZHEd pigg FEOREE cmyed
FEP-dependent 2% =k Fiz. 4e). p3gs
%] 2034 ZE #F= FERY BES 23#
o} (Fig. 44d).

=84 Fu|FER A N—=kE-Leunorleucinal
(ALLN), 265 Z=HolobA® 2e A Eo= FEP
H pifidependent FhEdd| oRlsher] opdHE
Algs] 2zbck ALLNE oF= 5034 EA,
FEPH Fx& p3ad sy e asrck
(Fig. de). Aldel FRPY © =& 279 3A
EE9A pang B g S gkn ClRE RBE
& fulFEed g A veg Bok(Fig de). 2
#AEL fETH<E" FEPE vEES #R]Fo
FEPE HFe|TFE°18E hemagelotinin-tazzed
FEFED 2 p3ad T 2@ 28 2
chiFig Af). FEPE A 22 L AEs= €92
FEP J& p38d 52 cmwed] 8% ¢
3 PEPS #EFHC1AE f8) @594 B
Fo(Supplementary Fig. 2).

el p3ed] Wikewn HZyl FshEA] opd
AE 2ok A8 948 EdaTaL AERd
I aldad p3mE cebd adm o E 2214
Zo] 4 ZhAAFg 217 e el SacstdEE

d&=|hFig Ha). pisd] ¥ o FFE p3gd
el comyed] BF 28 H8 FewiFe. b,
AL emyed BF piaAe] 4E 20 Fas
A FEEA G =lch el dEle] 2aE 4E
# dAZEHAA, pieE AW 24989 Sp-Bs
Sped] EEE hAAF| D emyed BEE HHH
Ch{Fig. fe).

AT 24 A9 &4 &8 xaEn
AL dodFfe TGRIREs 38 fEAks o)
T E¥eA 2 Aldelk pisd B dE o
HEE Z2& g A Hn 23E my fEs
apA]wk, TGR-fHindoced AA739HT dEidd
(Fig. Ba). =@ TaF« 8 9% 2 p3s
g FEDR opdRE B #8 Tarfs
P38 T4 A9lE 71E ATE skl ToR-
P2E A= 293 DUidsHlA p3gs] 529 F
A Stk a3y B 1 TGE-R S EH 289
HOT116 HZe opa¥(Fig. 5d4). p3as] Fvt
TriF-f-dependent= FEPZ cmyed] 28l 94
Hi EPes] A Hd BEEg(Fiz Sa)
TGE-P FAHEA 2HEHes TP FHds p38
+ B 5 2lEd] ohdAE fRe FdHES
TGR-frF E3E p-38-deficient HZE 2] &«
T3 hlE pikref 2000 melB2zdg®s] i
AFE B oldskd. o)A Es fA o
E3E A9 AX-A TGRIHA m3RE EH
BHGFR 5 SRS TR HNE FRHAM
388 7159 Fa4L BEEd

P35 BAY 24 FEPE By H8) 4Z
"ipddls x4 2 Feld TGRHE AZ BERYE
(Fig. Ga)3t BGHa JA8« &3 2y=o=
ABLY HE WelAM pigs "WAATE /2R
o (Fig. Bb) $2= HELA & DUlds HZES
Ax ohErbA R f448 2otE S (delEe
HAA A &8 2™z e plsn 239 S8
W AelE GEHAE eEdd EEE ERE
7 B3 p3ed 92 Fe= GGE<] 2R
ED KRS FEPSE] AEFE ¢ 2] $HE



100

] HEY 2] B CRNA FAEY FEUR p38d 43 FUSE-binding protein® cmye¥ Doweregulation

a Nucleus Cytosol

b
TGF-p — + - +
p38 |—— o “| TGF- —

HSP70| ] Tor-p+ [

‘a 4
c LexA—p38 — Baz=
1 320 S _FBP = 600 1000
[ ] R o e
18 83
84 161 Multi-ARS complex TGF-3
84 225 ".r.
162 320 '@ -
—
(Cytoplasm) {Nucleus)
*‘— Ubiquitin
d IP: p18 1D

‘ Degradation |-d— FBP =—Ubiquitin

TGF-j - + - + —-—
RRS | | c—r:y(: +

P38 | ] [~ ——| v
P18 | —— cm— | Lung differentiation ‘

Fig. 6. TGFE-£ indoced noclear translocation of p38.

(a)

(b

Comparigon of the p38 level in nuclear and evtoplasmic fractions of A%49 cells that
were untreated or treated with TGF-52 POMNA and heat shock protein (HSE) 70
were nsed as noclear and eyvtoplasmic markers, respectively.

Immuonofluorescence staining of p38 in ARD cells with moncelonal antibody to pl38.
p3d and noclear DNA were visovalized with secondary antibody  comjogated to
floorescein izothiocsanate (green) and propidiom iedide (red). respectivelsy.
[dentification of the peptide reglon of p38 that is respensible for interaction with FEP
or KRS Poeitive interaction was determined by the bloe eolonles in seast two—hsbrid
analysls

The effert of TGF-F on formation of the muolti-tRRA synthetase complex. We im-
monoprecipitated (IP) the complex with antibody to pl8 from the TGR-S—-reated and
mntreated 293 eells and  determined  the coprecipitation of p38 and  the
commples-forming  enzyme argindl-tENA  sinthetaze (BRS). We then checked the
amennts of pld, p38 and arinvl4ENA synthetase in the immmuonodepleted 0
sopernatants, which represent the portion of the respective proteins that were not
batnd to the molti4ENA synthetase complex.

Schematie representation of the TGF-F signal pathway incloding p38, FEP and c-mye
required for alveclar twpe I cell differemtiation in lomg. p38 & Increased and
translocated to the nocleos by TEF-F and mediates ubiquitination of FEP, which is a
transeriptional activator of c-mye. The ukbiguitinated FBEP is a then subiected to 263
proteasome-mediated degradation, leading to the dewnregulation of c-mwe that is
required for long differentiation. ARS, aminoacyl-tENA synthetase.



SIEFE AleH AdE 2003 12 101

o] glcke AL BeFoh (Fig. 6e)
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METHODS
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FEPS] g #42 ubiguitins] g B A X
s HE 64 BESF 8 (Banta Croz)
T/ n AEES Uy 22 fele Ed o
Zrvlce 913" ®© HaA-obiqitin(®T Z2H)
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page HHE =EEE FBPY  degradationdh
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