WBUINENIC K 2 BHEMEBREERETCbl-bDFEH &
ZTDRENTF FEICK 2 HHIDOEA

N - hBET - BT PSRN - BOAS—

TEERFRFEBEANN ZNA F 4 A 2 ZTF5EE

Unloading-mediated Expression of a Muscle Atrophy-related Gene,
Cbl-b and Its Regulation by Soy-protein-derived Peptides

Takeshi NIKAWA, Reiko NAKAO, Chiaki UENISHI, Katsuya HIRASAKA and Kyoichi KISHI

Institute of Health Biosciences,
The University of Tokushima Graduate School, Tokushima 770-8503

ABSTRACT

The ubiquitin-proteasome pathway is a primary regulator of muscle protein turnover,
providing a mechanism for selective degradation of regulatory and structural
proteins. This pathway is constitutively active in muscle fibers and mediates both
intracellular signaling events and normal muscle protein turnover. However,
conditions of decreased muscle use, so called unloading, remarkably stimulate
activity of this pathway, resulting in loss of muscle protein. In fact, we previously
reported that expression of several ubiquitin ligase genes, such as MuRF-1, Cbl-b, and
Siah-1A, which are rate-limiting enzymes of the ubiquitin-proteasome proteolytic
pathway, are significantly up-regulated in rat skeletal muscle during spaceflight.
Moreover, we found that Cbl-b-mediated ubiquitination and degradation of IRS-1, an
important intermediate of IGF-1 signal transduction, contributes to muscle atrophy
during unloading. Therefore, we hypothesized that inhibition of Cbl-b-mediated
ubiquitination and degradation of IRS-1 leads to prevention of muscle atrophy during
unloading. In this study, we aimed to evaluate oligopeptide as an inhibitor against
ubiquitination of IRS-1 by Cbl-b. We synthesized various oligopeptides that may
competitively inhibit the binding of Chl-b to IRS-1 on the basis of their structures and
screened inhibitory effects of these synthesized oligopeptides on Cbl-b-mediated
ubiquitination of IRS-1 using in vitro ubiquitination systems. We found that two
synthetic oligopeptides with specific amino acid sequences effectively inhibited
interaction with Cbl-b and IRS-1, resulting in decreased ubiquitination and
degradation of IRS-1 (Patent pending). In contrast, we also found inhibitory activity
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against Cbl-b-mediated ubiquitination of IRS-1 in soy protein-derived oligopeptides,
whereas its inhibitory effect was weaker than those of synthetic oligopeptides. Our
results suggest that specific oligopeptides may be available as a functional food
against the muscle atrophy, especially through downregulation of the Cbl-b-mediated
IRS-1 degradation. Soy Protein Research, Japan 10, 96-104, 2007.

Key words : muscle atrophy, ubiquitin ligase inhibitor, soy-derived peptides
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TC, MHEEH [10% 7 ¥ RIEIMLE % & T Dulbecco's
modified Eagle's medium (DMEM)] % H v T248:
R L7-. ¥iHi% Hanks' Balanced Salt Solution (4
mM NaHCO,;, 137 mM NaCl, 5 mM KCI, 0.8 mM
MgSO,, 0.3 mM Na,HPO,, 5.5 mM glucose, 0.4 mM
KH,PO,, 1.26 mM CaCl,; HBSS) 12#t%, 10 MO
LA L AMHH#S5-(and-6)-carboxy-2', 7'-
dichlorodihydrofluorescein diacetate (carboxy-H,
DCFDA) mixed isomers (Molecular Probes) & %= ®
DCFDA#EH BHEHPluronic® F-127 (Invitrogen) % i
L, 37C, 204-M e L7z, B2 HBSSICH# 2
3D-clinorotation (ki) HI#tk, HOGBBEE CHIE
L72. 5 mM N-Acetyl-L-cysteine (NAC) (Zcarboxy-
H, DCFDA & [FE R LHBSS ARG (28 72 7 b
DI L7z,
TIRINERENS T2 F—ET v &L

e N LATATITVENTITA~Y— ;5
CACCACCCTGGTTGTCCACAGG-3'k5'-
CTTTCGGCGCCGTAGCTGTCCA-3'% H\v»TChl-bi
f+ o Eifit—2,072 bpd 5 +249 bp % pGL3-Basic
Vector (Promega)lcflAAA T T A I FEER L 72,
[A#£125'-CACCGAGCTCGGCATTGGCTCA-3'&
5'-CTTTCGGCGCCGTAGCTGTCCA-3'%# Hw
T kit —111 bp2 5 +249 bpE TDcDNA%, 5'-
CACCGGTACCCTGGGTCCTGT-3'&¢5"-
CTTTCGGCGCCGTAGCTGTCCA-3'% H\v» T kit —59
bp2* 5+249 bpE TOCDNAZ AL, 77 A3 FIZ
subcloneft. L7z, #iIBRE£EFESmal /Xhol 77 7 A > b
(—292 bpA 54249 bpF THcDNA) &, MluI /Xho
17572 (4217 bp?* 54249 bp F THDcDNA)
% Z N FNpGL3-Basic Vector \[ZHLAIAA 2.

7 H 7V EHBLCOSTHINL % 37°C, 5 %CO,D 41
T, 100pug/mLA ML 7 b= A2, 100 IU/mLX
=) Y GE G OREET & BV C24RE I RR R L 72,
$E ML OWERERE M I2 % 2, FuGENE6 (Roche) % Fi\»
TERONZ Y —% bR T2rvavy i 48
M, 10 M#EEELKET C240FMEEE L, lysis
buffer (Promega) 200 L-CHINE % XL 72, ARk
Wetk, 4°C, 12,000 g, 25 M OS5 Tl L7z LiE
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10 xL & Luciferase Assay Reagent (Promega) 20 L% iR
EL, VI A= —THlEL.
TV TRTvtA

COS7#lifig %10 M H,0, % 721ZPBST 3 IR AL L,
130 mM NaCl, 5 mM KCI, 8 mM MgCl,, 0.5 mM
DTT% % %10 mM Tris-HCl (washing buffer) THIlE
ZHEL L7z, 0%, 5mM KCl, 0.5 mM MgCl,, 0.5
mM DTT#% & 20 mM HEPES-KOH (hypotonic
buffer) THIlLZBEREL 72, S 512, HLZOLEY
%500 mM NaOH, 1.5 mM MgCl,, 0.2 mM EDTA-
NaOH, 25% Glycerol, 0.5 mM DTT% & 20 mM
HEPES-KOH (extraction buffer) T4 C, 1Hf#
L7, @k, L %0.5 mM EDTA-NaOH, 50
mM KCl, 10% Glycerol, 0.5 mM DTT % & 20 mM
HEPES-KOH (binding buffer) Ti#&#rL, #%7zAH
i e L7z, 75 pmol® & Hioligo nucleotide % T4
kinase (NIPPON GENE) % fi\w T y-[*P]ATP
(amersham biosciences) THa#k L, Probe% fER L 7.
7z A B & N F N DProbe #binding solution
(5 mM MgCl,, 2.5% Glycerol, 1 mg BSA, 1% NP-40,
50 mM KCI) FC30RAIL, 6%7Z7UNT I RY
JVCL40 V, LEEEMIKREI L7z, IV a etk +— b
FIFTT T 4 TR AT 7.
3D-clinorotation (= RITiEE%)

L6 #37C, 5%CO,D5MT T, 100 xg/mLA
LT R4 Ty, 100 IU/mLR=3 Y v GEEHHg
s % T, 1E13100% 3 Y 7V Y b E CHEAE
B, 7o VNER Wz LEBR, A2
/2%y NPMS-VIOGREAIZEE L7z, X#l11.0 rpm,
Y#13.0 rpmD G CllgniiE Lz, 3 tu—)Lk
LT, MoF5MFEZ0s T cHEEELZbDEAY
7o, —HOEBRTIZ1I0 MDD mitogen-activated
protein kinase (MAPK) #ERHEH] (Calbiochem)
Z 1 IREMIRTALEL L 72,

Real-time reverse transcription-polymerase chain
reaction (RT-PCR) %

FMRNAIC KL 4 M oligo-dT primer, 10xM
random primer, 0.5 mM dNTPs (Promega), 100 U
M-MLYV reverse transcriptase (Promega) % /1242C,
60551, 95°C, 5 4rMMHE S %47V, cDNA%Z &
B L7z, &8 L72cDNAIZPower SYBR® Green PCR
Master Mix (Applied Biosystems) & 7°J 4 ~—%
Z, PCRIILZAT 572, W27 o4~ —fH*%
Table 112773 . NEPEEH®E & L Cglyceraldehyde 3-
phosphate dehydrogenase (GAPDH) % fiv»7z. PCR
RoeiE, £950C, 24rM~7Le— ML, 95C, 105
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BTs v 7R AT —ErREHILS . Z20H%,
95C, 15 oL, 60C, 1Mo TI4~—¢&
DFEE, cDNAMEILZ40H A 7 ViR L7z,
JIARATOY ME

7 AEE (30,4g) ASDSILH, HUTZULT 3
FrVCBRIKE 21707, FVHDOIZAHE % £ 3
K470y 71y r%E (ATTO) 2HWT
Polyvinylide difluride (PVDF) fi& (Bio-Rad) (Z#zE
L7, 5%, PVDFEZ 4 BMEEI VI HEAL VT
1 7ay > 7L, 0.05%, Tween-20% & +PBS
(PBS-T) T#ei L7z, kIZ, BZE XK [HiEgri
f& (Santa Cruz Biotechnology), ¥iCbl-bbifk (Santa
Cruz Biotechnology), HTMAPK$UA (Cell Signaling) |
E37TCT1IREMBIL S 72, Bhiff:, & 5 kPuE
[Fi H +F IgGHifk (Amersham), 72139t~ RA1gG
Pk (Amersham)] £37CT 1 WMRIG S &7z, %
1, Enhanced Chemiluminescencelfiti > A 7 4
(Amersham) Z WV CHRE n L7z72 ABE &%
L7z,
RNATSEICK B BIEFD/ v 757>

Lo#iE #37C, 5%CO,D5MT T, HWiEREZH
WV C24REIR AR L 72, BiHb % Opti-MEM (GIBCO) 12
#1 2, Lipofectamine 2000 (Invitrogen) % f\>T100
nM® & % Egr-1, Egr-2, Egr-3 siRNA (B-Bridge
International, Inc., Table 2IZ/R¢) # FF5 A7 =
7 a v L7, T2k, Fig. 73R L 72K 3D-
clinorotation¥3& L7z, D% 7= AV F T
V-7 = —-2aua RV AREGER (v R
— ) 12X D EmRNAZ 0 L7z,
EHRRIEXF -3 2T vEda

LY F T AL, BE#EL72Cbl-b, IRS-1, B
£ 1°0.5 mg/mL E1, 1.8 mg/mL UbcH7 (E2), 8.0
mg/mL GST-Ub% & trbuffer II (0.5 M NaPB, 0.1 M
Mg-ATP, ERS, 50 mg/mL Ubc-CHO, PPIS-II, 50
mM peptide) ZHW:7z. ThbELETRAL, 37C
T4 REOC S 72, KIDEWIZSDS-PAGES VT
BEL, el CHUIRS- 1ML 2y 2 Ay T 0y b
kL7,

] R

B{EX b L ZIC & BCbl-bRBDFE

At A N L 212 & A Chl-b mRNADRIHE FME L
7z. Lofp3FMiigic 8w, 100 M e 250/{1M@H202%
HELLEZH, TNEN6KRMELERE -2 &
% Chbl-b mRNAD# K %R L 72 (Fig. 1).
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Fig. 1. Oxidative stress-mediated expression of Chl-b. L6 myoblastic cells were treated with hydrogen peroxide for the
indicated times. Amounts of Cbl-b and GAPDH transcripts were measured by semi-quantitative RT-PCR.

EEHM/NEH (3D-clinorotation) IC& 2E{EX b L
ADFEE

Bt A N L AR E (carboxy-H, DCFDA) % Hif
WL L 7-L6f% 3R % 3D-clinorotation |Z MR §& S ¢,
MamostmEzZBHE L. gy ba—
(Vehiclefl#) Tl3m a3 2Mfgidlonido
72 (Dataz/x&79). —J7, 3D-clinorotation!(Zfit L 7>
LoMig IS, HOMH L 7-#ilfig & FAZEEDRRILA kL A
DOEREPBE I 7. N-Acetyl-L-cysteine D RijLEL 12
L ZoEidEk L.
b RCbl-b 7’ HE— 2 —fif

t FCbl-biE R DOLA b L AIREHEZ V> 7
7 —E¥T7 v ALY L7z, Chl-b#E{ZF D L
=202 bpx &tV T 7 27— ¥ -1, HO,
MEICREL TV Y 7 27— CiFkeBmns €7
(DataZz /R &), Fii—292 bpB L O°—111 bpz &
VT 2T —ERT Y —H FERICH0 RS L7227,
=59 bpB L 217 bpr LN T T 2 T —EXRY
¥ =ik, HO,WKIEE L o7z, ZOMAIZLD,
Cbl-b it EE T OMIL A b L A& saisE R —111
bp7 5 —60bplCHFET B Z L Ab Ao 72,

FITIOMHEEE 32070 =724, YV 7
N7 v A #7072, HOME B QLI 0T 72
AFBEIZ, Probe 18 X UProbe 2ICF&T A b D37
o728, Egr-1Splo a vt 4 AR EHT 5
Probe 3IZH,0,ICKILT AR AHEOHGE & 6 2
HZENTET.
Unloading X k L 212 & BEgr$ KU Cbl-bDFEIR

L6553 »3D-clinorotation | & % Egr$ & O°Chl-
b mRNADFEH XY — > 2 i) L7z, BIRRWZ &2,
3D-clinorotationf 1.5 [ CEgr D BB Y — 7 12
EL, 03 5(21.5KMZEIZCbl-b mRNADZEH &
BR L7 (Fig. 2A). 2+ 5 D3D-clinorotationi £ %
FEIIAAE LNV TLHEEETE 72 (Fig. 2B).
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Egri&fzF/ v 7 47 22L& BCbl-b mRNAFEAD
-7

Unloading 2 b L 212 & 0 & LS 5Egrft D 9 5,
EOEgr ik bEELZEHE L L TVL00 %75
7:®, Egr-1, Egr-2, Egr-3®siRNA#% Hv»TCbl-b
mRNAFEBUI T 2B 2 T L7z, 301, £
NZNDSIRNADFERMEZ R L7z, 2NN DsiRNA
SRR AE T O FBLE & R R AYICK30% % THpH| L 72
(Fig. 3A, Band C). L22L7%&2%%, Egr-1, Egr-2,
Egr-3Z N2 DOsiRNARLHE T I3D-clinorotation (2 &
%Chbl-b mRNADFEH LA ZIHITE o7z, 2RI,
T RTDsiRNA% [ HFIZALEE S 5 & Cbl-b mRNAD3E
B EAHZEWICEIG] S n 7z (Fig. 3D). L EofE v
5, Egr-1, Egr-2, Egr-3i3Unloading X b L A2 &L 5
Col-bEBO EEZ LM EMEHFTH Y, T
FEWSUETE 5 2 LR sz,

ENRTF NIZE BEgrEIEOIMH

Cbl-b® EE LSRG FHE N+ CTdh 5 Egr~DOREAXT
F NOMEEZHT L7z, 7)) V= HRORERTF
N#EASclinorotation | & A Egr-1& Egr-30 383 LA %
AEIZHHI L7 (Datazx/RE ). Egr-20058311213 13
EAERER o7z,
IRS-1DAEXFLICHT 2 ARELABERARNY
FRFDHFE

KE-AHEL, pHEEfLSH A ZLTT ) V=
v (118), p-aryzrzyy=r (718), VERIua74
D3FWENFLZENTEL, FHBHRDORT T K,
BLUOINSLOREWTH L EKRLIAHEHEDONR
7% F (SPI : soy protein isolate) %\ T, Cell-
freet ¥ ¥ F 4 —2 a7 vt %fro7 (Fig. 4).
BUZRS & 912, 11SHiG 2R L7284, IRS-1oL
YT oAbidE L <l & 7z (Lane 6). LA LSPI,
LPZRIML THIRS- 1O ¥ ¥ F U EidiT & A L
SN o7z (lanes 3, 4).
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EEHERICE TS, XTFFEDIRS1IEXF 1t
HER

COS7HIFEIZCbl-b, IRS-1, ¥ FF v 2l
5L, IRS- 1O EFF Lp5ke 2 %5 (Fig. 5, upper
panel). Z®DXF 1 7 LI, Cell-freei1 ¥ ¥ F 4
—3ar7 vt A CChl-bHEFHEATER S NIRRT
7o AEEHSRIISHESG @M L, ZORFR% L 7.
ELEL5DORTF FHIRS-1O L FF AL E I L 72
(Fig. 5). 7, PUIRS-1HRTRIEILIEZ AT o 72
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Fig. 2. Increase in Egrs and Cbl-b expression caused by 3D-clinorotation. A: Amounts of Egrs, Cbl-b and GAPDH
transcrpts were measured by real-time RT-PCR. The amount of an interest gene was showm as its ratio to
the amount of GAPDH (n=3 per group). B: Western blotting. Proteins (30 mg/lane) were subjected to SDS-

PAGE.
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W/NEJIE 7V TH 5 3D-clinorotationZ & V) H,0,
WLER & AR OB A b L A DSLOAG MM I HRE S
LI EEIML. X510, kA LA (HO) B
HLChl-bDFEBAFLET L b hrolz. #2T,
b A b L A %4 L7-UnloadinglZ £ A2 ¥ F 1
i — ¥ ORBHEMEGERE 25 F LNV THLNICT S 7
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Clinorotation: — + + + + +

siRNA: — — Egr1 Egr2 Egr3 y;?gcihc
D Cbl-b

3

<

o

£

o

=

=

s

[}

2 1

Clinorotation: — + + + + +
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Fig. 3. Effect of Egr siRNA on Cbl-b expression. A, B, C. Egr knock-down. L6 cells were pretreated with 100 nM
Egr-1, Egr-2, or Egr-3 siRNA for 72 hr. Then, they were subjected to 3D-clinorotation for 1.5 hr. Amounts
of Egrs and GAPDH transcripts were measured by real-time RT-PCR. The amount of an interest gene was
showm as its ratio to the amount of GAPDH (n=3 per group). D: Effect of Egr knock-down on Chl-b
expression. L6 cells were pretreated with 100 nM Egr-1, Egr-2, or Egr-3 siRNA for 72 hr. Then, they were
subjected to 3D-clinorotation for 3 hr. Amounts of Cbl-b and GAPDH transcripts were measured by real-
time RT-PCR. The amount of Cbl-b gene was showm as its ratio to the amount of GAPDH (n=3 per group).
Non specific; negative control siRNA, All; all treatment with Egr-1, Egr-2, Egr-3 siRNA.
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IRS-1 (Substrate):
Cbl-b (E3):
UbcH7 (E2):

E1: -

GST-Ub:  +
Peptides:

o+ o+ o+ 4+

+ o+ o+ o+ o+

SPI

WB: IRS-1  MMSTD

(kDa)

200 —

180 —

Arbitrary unit

Negative Positive SPI

control control

Poly-ubiquitinated
IRS-1

<= |RS-1

LP

78

118

Fig. 4. Effects of soy-protein derived peptides on IRS-1 ubiquitination in cell-free ubiquitination system.

W, b hChl-bEfZFOFuE—% — iz iTo 7.
Z LT, k& MCbl-b#fmTDEERIGM D5 Lt —70
bpfHEIZERL A N L RAIE I FAET 5 2 L RS
M7z, 510, ZOERIEA L AISEHEBIC 38R
BN FEgr-1, Egr2, Egr-375fadoI &m0,
Z N5 Egr#EAsUnloading X b L A 0 5 7% &A1 D
—DOTHhHIEDRBEENT. EgridZn7 4 ¥ F—F
ALV ERALY, BRI T % < b il
WxRFET LR AR L, STSFRMWTHFEINS
ML EEEZET CH 5, Egr-2% 72 13Eer-3#8 5T
KIE~ 7 ADOTHNBIZB VT, Chl-bOFSEHIH S h
B L) BBRER G e b FLE DR % SRR 52
KEZABHEHKRTF N 7)) o= VW57,
Egro3sB 2 M3 % & HIZIRS- 102 ¥ ¥ F L x H
PICHET 2 2 L2 RHB L7z, ZOBEOHEIZEE
FeRFhEFR T 5 (FaF R 77 2006-185089). L2
Lo, 7)Y = YHRATF Fidfk4 T F
DREMTH L DT, ZORBIFEPL L FF
{LRHERRIITI. 277 ¥ = VIS OE RGO FE
MHEBTH 5.

102

118 glycinin peptides

FLAG-Ub: + + +
IRS-1 (Substrate): + + +
Cbl-b (E3): - + +
Peptides (ug/mL): 0
IP‘: ant.i-IFlS-1 Ab » ‘ MMSTD
WB: anti-FLAG Ab (kDa)
Poly-ubiquitinated
IRS-1 — 200
IRS-1 ==p> —180
IP: anti-IRS-1 Ab
WB: anti-Cbl-b Ab
Cbl-b =P — — 120

IP: anti-IRS-1 Ab
WB: anti-IRS-1 Ab

o — o ]

1 2 3

Fig. 5. Inhibitory effects of peptides on IRS-1
ubiquitination in COS7 cells.
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INFTOET, "AZIEFF ) H—YChl-bAE & Y IZ X B HEMOIEKEETO—
DTHHIEXHLMILTE, 22T, ZOHEMHEERERT-Chl-bdUnloading A b L A2 &
DR Z I S 2 LE 2 IH] 9L, Unloadingll & 2 M HIHI T 20 Tld 2w

heERI F9, FHITIAMT v bOERHIIBITAHCbl-b mRNADRIH A L ILA M LA
OERERM L7, ZOBLA ML A, BEm/NE))BREEE 7V Td 4 3D-clinorotation |ZBE#

L7ZRIPIZ D E L TWAB S E 2 ERE L2, RIS, V725 —E¥T7 vk 45 VY 7 b7 v A
ZHWTCCbl-b#EEF O LMICHELET AERILA L RSB ERZHIF L. ZofE%, Cbl-bL
Uit—111 bp2» 5 —60 bpDALE ICERAL A b L R IREFEILAAE L, Z OISEHEIRIHE G % WG
KNFEgrxFE L7z, & 512, 3D-clinorotation & H,OMLEE (243 % Egr & Chl-biE D5/ V¥ —
R ELABPTBY, AL A% CTEgr mRNADOREBIATTH L, D158/ 12Cbl-b
mMRNADFEBLER L7z, KIZ, RNAT 0 % v T EDEgrasChl-b D 5B I e b B 24 &
FLTWADh»whERR L7z, Egr-1, Egr-2, Egr-3Z NN DOsiRNAMLHE TlZ3D-clinorotation!Z &
%Cbl-b mRNADOFEIRIZIZE A EZIL L o7z, L LGH5, TXTDsIRNAZ FIRFIZALEE S
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