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mTOR ESE A LiFiHEER Rheb AR S H PRIER

M, BFRACERIETRTFEY, SR
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[HE] a6 WE mTORF 58P LW HEE A Rheb XIS AL, & WE Rheb (Ras homolog
enriched in brain) B 5 41 Jii k7 (pCAG-Insulator-Rheb) , 3K H i3 55 2] B6 /N AYIRIG N, 7= 4 4 B 5 3235 Rheb BY%E 3L /N,
PO 28 M A 13,5 K B IR 2R 4 41 (mouse embryonic fibroblast cells, MEFs) , PCR % % 2 [ B 2 J5 #E 47 W8 5 5 2
fb, R RS 12 K MEFs N = BEH 09 & & 40 O Yo i 45 52 S22 B PCR J ik K6 0BG 7 40 Ji 45 5 7 S IR
PPARY Ml C/EBPa AT B . K W Rheb FENG T AL BE R MFE . £ F MR T £ 87835 Rheb 193 H
ANEBEEY , I HoR I B 7E & R 38 Rheb J5 . 7T LU #F MEFs P /9 A2 100, = H b = 4805 4L O e a4 B X, JF B s
7 440 L 5 P 5 S F PPARY Al C/EBPa IR AT+, 4% Rheb i 235 LS T LU 5 8 15 40 0 (9 501k

[%423] Rheb; mTOR; A5/ 20 M0 ; 20 M 43 1k
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Role of a regulating protein in the upper stream of mTOR signaling pathway Rheb in adipocyte differentiation
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[Abstract] Objective To observe the effect of Rheb, a regulating protein in the upper stream of mTOR signaling
pathway, on adipocyte differentiation. Methods (1) The recombinant plasmid pCAG-Insulator-Rheb was constructed and
injected into the embryo of B6 mouse to produce transgenic mouse over-expressing Rheb. (2) The mouse embryonic fibroblast
cells (MEFs) were collected from Rheb transgenic mice on pregnancy day 13. 5, and they were induced to differentiate into
adipocytes after identified by PCR. (3) On differentiation day 12, the MEFs were subjected to Oil Red O staining and the
contents of triglyceride in the MEFs were determined; moreover, the expression of special transcription factor PPARYy and C/
EBPa was examined by real-time PCR, and all of the above parameters were used to assess the role of Rheb in the differentiation
of adipocytes. Results We successfully constructed the transgenic mouse model over-expressing Rheb. We found that mouse
over-expressing Rheb promoted adipogenesis in MEFs and increased the content of triglyceride in MEFs; moreover, the
overexpression also greatly changed the results of Oil Red O staining and greatly promoted the expression of adipocyte specific
transcript factor PPARY and C/EBPa. Conclusion Over-expression of Rheb can promote the differentiation of MEFs into
adipocytes.
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SRR DX TR T A EZ YT, Rheb AMAAALE T, BITCHEPER GDP-Rheb 54
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G PER) GTP-Rheb, & FR AEKHFHA1E, LK
BN 8 R B E B, Rheb 25 GTP
454 W GTP-Rheb, K #EHAEY #AEH X F 22
LA TSCL/2 7R R SEE 1, TSC/2 A&
— o P P B L R R — A GTP B IE L A
REITE Rheb A% & fir LA 1 GTP [ 16 M. M1 ke
GTP-Rheb 7K f#} GDP-Rheb. ffi Rheb %1%, Kt
ol 22 B, 42 = Rheb 19 335 K 70T DL 30
mTORC1 ) 3 ", [H BF Chang 45 AN
Chakrabarti % IR [A] J7 T E 55 mTORCL 2 5
THRACH SR . $2 78 mTORCL i P A 2F B IG . i #0
il mTORC ¥ 4 W AT LAk 20 i i (9 B L 9 B 4% 41K
PUE IR E B, £ mTORCI {5 5 38 %
Ll E, Rheb 4 F mTORCI A L%, %F mTORCI
TG R EE A H L mTORCL 2 5 )8
AR B AR T BBt & 32 3] Rheb B, 76 AHF
FEH L IRATHY A T Rheb B A2 A 4 B 5 Rk 5 L
/N LULERAE Rheb B3R B 51 mTORCL & PR &
Ji A2 A5 F N 17 43 Ak 7 AR AR R AR L DT i — 25 iE
Rheb & &2 585 IR AT R,

1 MEFTEE

1.1 ##

1.1 @i i Esk HEK 293T 40, 45 %%
T RIEAE R IK R pCAG-MCS ¥ H 7 5% BE Rk 2
20 A= W 2 9256 % pDMIL9-T Vector W F H [ K %
TaKaRa A ®] ; DHS5« 1 H "1 [ E i Bio Teke A H] .,
1.1.2 FE®K# DMEM B:3RE a4 i (£
Gibco 2~ ®]) , JR K H B Trypsin (3 E Amresco 28
"D, ZH I (DMSO, £ E Amresco A Al), 3-5
T 1-H LB IS (IBMX, 5 [H Sigma 2 #]) L W4T
O (Oil Red O, 3 [ Sigma 23 &) , Gk 5% Y2 ik 7 &
(Hi 1+ Roche 24 7)) o 52 e sl 3 & ([ K 3% TaKa-
Ra A7), A B v 9 D) 55 3% 352 /6 (95 8 New
England Biolabs 23 wl) . kL /48 /vp 32 320 5% & (o
[ K AR N 7 /18 [ Qiagen 24 ), &2 4 DH5a (R
[ i Bio Teke 24 w)), i & 2 (P} 22 o 05 78
AL TG & (P E b st de b B 48 A &) L Tubulin
Mouse mAb $t & (& [H Sigma /A ), S6 Rabbit
mADb fl pS6 Rabbit mAb $i & (£ E CST A+,
Anti-rabbit IgG,HRP-linked Antibody.Anti-mouse
IgG,HRP-linked Antibod(3%[® Santa Cruz 2~ #]),

Rheb Mouse mAb Hi ik o1 4 52 55 [ 1l

1.2 F4 % pCAG-Insulator-Rheb # # i

1.2.1 R # %M PCR 7% S B A4: A (wild
type, WX HR/NEL B6 /N UM Z25 13, 5 R IRJG
B £F 4E 40 9 (mouse embryomic fibroblast cells,
MEFs) , %X J& #% B8 Invitrogen A &) #2 it 1) RNA 2
BT 4280 MEFs N B RNA, FREH R U &L RNA
i I TaKaRa 24 A 42 fit (19 3 5 & /% 5% 24 cDNA.,
FELLE cDNA B, #5947 PCR 78 S i, S0 4
F N 50 pls B .94°C WM 3 min, 94°C 78
30 s.53°CiR K 30 s.72°CHEM 90 5,30 MG . 5
72°C #Eff1 10 min, PCR ¥ #4514, Liizs 9, 5'-
AGT GAA TTC GCC GCC ACC ATG CCT CAG
TCC AAG TCC CG-3'; FiE51#. 5-TAT GCG
GCC GCT CGA GT CAC ATC ACC GAG CAC
GAA GAC-3', ETFHEsI ¥t 45 &4 EcoR 1
(GAA TTO M Not T (GCG GCC GO BFYINLpi .
1.2.2 EARGEWMEMLEE PCR k3w
A EcoR 1 #l Noz I R 14 g VI Az sl 14l 586 bp
(/I8 BRUF A 8 Rheb 560K 7 B, #5 t F Br 5 TaKaRa
AR T 2K pDM19-T Vector | T4 Ligase
PEATHESE E A ME.16°C . 12 h, W3 Yk
Bio Teke 23 ) 4 fit 1 13 B 43 5% fb i A I 52 25 DH5q
KIGFFTE L SR 5 B 5 A0 7 Wy 47 35 BR 7 BR Uk A 3
37°CHEFE 12~16 h, PR SO RE B V6 & T LB WK
B3 T .12~ 15 h J5 JH TaKaRa 2> @) 2 {1
P8 TR /N B B ) G 2R AT TR BRI, 4 B SR
1 AT 126 B NR W B8 e i VK , e 156 i B /N IE 1 119 5T
#, SR G M4 New England Biolabs 23 & 6 B it 17
EcoR T 1 Nor T BRI ¥4 P94 il XU B, DT % /1N B
Rheb HAZEE N T Vector [ EEYI T ok, ¥ XU V]
FEYIAT 190 35 e B S AL VK L P TaKaRa 24 &) 42
BE 0 B IR Jig Il IR &5 EA TR V) S H I By
WIS, S8 J5 5 T licrs 300G B i 1 B F )RR 09 O ik 3%
Heift AN BB 3R Gk #Hi ik pCAG-MCS, #4 2 & 41 i kL
pCAG-Rheb, ffi Rheb H Y3 H 3K 15 pCAG J& zh T
Fel, fe)a B Sal 1 BamH [ ¥4 pCAG 3 3
FIF51 1 Rheb H 9 3H M pCAG-Rheb 5 41 i ki
A3 N ER NG R CE SR SV RN S
P R 3 AT 75 2 5 4 OB pCAG-Insulator-Rheb,
505 EcoR 1 5 Not 1 .Sal 1 5 BamH 1 #1 I-
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Ceu [ = 41 BR il ¥4 P9 U1 il Xt 44 £l 4 04 5 41 5 hr
pCAG-Insulator-Rheb #1741 25 (1) i U] %5 % . %) 20
U E I BRI Invitrogen 2 R, B0 % 1E
B A 4 2 T 7 5 il pCAG 5 31 F % 51 9 Rheb
I 1 25 R 3% 22 pig it R 2455 5K 3 g e b A7 T A% R i
St K8 Rheb B5 A4 B 4 B i Rk B3 /N RL,
1.2.3 F4RAwe it HEK 293T @0/ 400
KT 10% FBS # DMEM 4 33 %&b, O %2
KW HEK 293T 4 f, B/ EDTA 11 1k J5 #
A6 FLAH, T 37°C & 5% CO, 1 1H 1R 9% B 46 5
I 24 h(HI A K% BETE 80% ~90%) . ¥ 48
22 A9 Fe 1IE 7 A 24 Bk pCAG-Insulator-Rheb
AT BRI e, YRR 43k 2 21 . 25 R IRZH (R R
B Y TR R R P X R A B Y 46 1 1 X BB BORD)
Xif BRSO B M (EGFP) 1925 [ Bk
ok A TR E R F LR,

1.2.4 RO TEANEAR LA E EAH
ikl pCAG-Insulator-Rheb # 4t HEK 293T 4 ifl
48 h J5 4 B i S 2R L #5147 12 % SDS-PAGE 41
B EE A ZE PVDF K L& 5% IR
Wiy TBST & 2 h, 1 : 1 000 # B Rheb
PURAE N —P0,1 ¢ 5 000 Fi BEAY Goat Anti-Rabbit
IgG fE —#t1.ECL B,

1.2.5 REABRMKELEANELF A Tk
YL A8 h R X AT ISRV (F 4.5 g/ L Hi %
B PBS)2 h, SR 5 $2 BUR AR (1R pS6 1 3R 3K 1
{50, o DT ez W) B A4 Jo0 7 2 5 LA A N P Tl RE

1.3 Rheb # X B ) K8 MEFs # 4% H
PCR J7 % 5% Rheb F5EH/NRBEEF A, 5 0
PR B, R T R A D 7 B PR/ U I 4 2
Rheb 3 kM0, FHBEES 2 RIER CT 0.5
mmol/L IBMX, 1 umol/L dexamethasone, 1 nug/
ml insulin; [ :1 pg/ml insulin) #£47 MEFs 4 g 69
VLSRG [ S KAd k5 1 KL
3 KA FRIEGR T L b5 BB 1 d SN 1T, B
ForARAE 12 R, AT BB TR kA O B
o, FH =T bR I ) SR I MEFs 48 i Y = 1
Hh A&, SERTE B PCR KBS B 40 M 5 S 1k 5%
F T PPARy Ml C/EBPo BB .

1.4 %54 KA SPSS 13. 0 B R g b 47
it oM B Bl DL s FoR 4 iE) e BCR ¢
Krg, K26 7KF (o) M 0. 05,

2.1 FE%E WM ErEA R pCAG-Insula-
tor-Rheb 47 1% 3 Ji5 Bl 5 I 0L Uk, B0k R 422 5 K /)N
PEIER, &R ILE 1A, A EcoRT 5 Not 1,
Sal 15 BamH T Fl I-Ceu T — 41 BR il 4 4 VI i 17
g V) % 7 L AR JOORE 1 B L BT A A B K/ 7 Y OE
.45 R WK 1B, J5 Invitrogen 2% & M ¥ 1IE 6, %
A Jo R ) 2 )

bp M 1 2 3 4 5 6 7 8

9 10 11 12 13

bp Ml M2 6#  6-1 6-2 6-3 8% 8-1 82 83

B 1 ZEZHKRHA pCAG-Insulator-Rheb )1 &
Fig 1 Construction of recombinant

plasmid pCAG-Insulator-Rheb

A Agarose gel electrophoresis analysis of recombinant plasmid
pCAG-Insulator-Rheb. M: 1 000 bp DNA ladder marker; 1-13: Re-
combinant plasmids 1 #-13 # ; B: Enzyme digestion analysis of re-
combinant plasmid pCAG-Insulator-Rheb. M1: 2 000 DNA marker;
M2. 10 000 DNA marker; 6 # : pCAG-Insulator-Rheb plasmid 6 # ;
6-1,6-2,6-3: Products after restriction enzyme digestion by EcoR [
and Not [, Sal | and BamH [, I-Ceu [. 8# : pCAG-Insulator-
Rheb plasmid 8 #; 8-1,8-2,8-3: Products after restriction enzyme
digestion by EcoR | and Not |, Sal | and BamH |, I-Ceu [

2.2 FESERXBRFHRET BEAFK pCAG-
Insulator-Rheb Wi i ¥ e it A HEK 293T 40 A, 48
h 542 I HEK 293T 4 il & 88 B, 47 8 B B 20 A
Rheb & 33516 0, 45 RAEAAXS 43 F L&t 20 000 &b
HP IR S PR R AR L S O AR S Tk AR WD B L
2 XA EE STV 2, Ui W] Rheb B 5547 3 3R 55 L 45
RULIE 2A, [R] B R 2 R LR SE 5 K DU 2 3 5K
Rheb & [ /& 75 H A A N 1 AR P 22 36 M A T
Xof B L 1 Xk B2, 4 G d 4] B kL pCAG-Insula-
tor-Rheb M 555 2 7] DAL 2 5L R LR . U6 B it %
ik Rheb & FHHEAT MM AW F Ui 6e 45 L W E 2B,
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Control 1 2

Tubilin— ‘- — —

)

Control 1 2

Rheb—

pS6—— e —

S6—

2 %3 48 h /5 HEK 293T 40 A2 ) Rheb
EERERINESHER
Fig 2 Rheb expression and function analysis
by Western blotting analysis in HEK 293T
cells at 48 h after transfection

A: Rheb expression analysis; B: pS6 expression analysis in HEK
293T in amino acid starvation 2 h. 1: Transfected with empty plas-
mid with EGFP; 2. Transfected recombinant plasmid pCAG-Insula-
tor-Rheb

2.3 HARDAARALAE M PCR FIEEE
Rheb F 3L FHME/NR 5 HoE @ RS AL, R4
PHZ kL 255 o 8 5 Hw 8 BRUAE ) — 7 & 3 B
Zatt MBI B6 /N BRI AS X BT I G L B Rheb
SEIEPRU/N AT, 5 RLE 3,

2.4 AR KA LR Rheb i R % 4
m AT A e A B BT AR R B6 /N R B 3 R PH
/N Rheb R &R L H 34 # /ML Rheb 851
SUIE3vow N TN g S W5 = IR0 e N ES N

bp M P - N 34 35 148 171 180

3 PCR¥7E Rheb #HER/NREER
Fig 3 Genotyping analysis of Rheb transgenic
mouse by PCR (Rheb size: 364 bp)
M: 2 000 bp DNA marker; P: Recombinant plasmid pCAG-Insula-
tor-Rheb; -: B6 mouse; N: Water; 34, 35, 148, 171,180: The 5

founders of positive Rheb transgenic mice

WT WT 34 35 148 171 180

Tubulin—|

4 INRBFAEZEAZR Rheb TRIEEDH
Fig 4 Rheb expression analysis of mouse hepatic
tissue by Western blotting analysis
WT. Wild type B6 mouse; 34, 35, 148, 171,180 The 5 founders of

positive Rheb transgenic mice

2.5 BEMORAL B RS A LA 12 KL
BB 20 X B R WL MEFs 40 i 3 15 107 78 1 0
FREE AHXT T 87 4: A B6 /B, Rheb i 323k 1] LB g
PEFERR W34 . 45 B UL 5A 5B, TR, M4 O %t
o3 — 205 Rheb i 223K LLUS AT DAAE #F i 107 44 Bl
oAb, g5 R WK 5C.5D

B 5 MEFsFSSUEE 2 XEBEREENEES T

Fig 5 MEFs’ differentiation degree on the day 12 after differentiation
A,B: The degree of MEFs differentiation under microscope; C,D: Oil Red O staining; A,C: Wild type B6 mouse; B,D: Positive Rheb trans-

genic mouse. Original magnification: X 20

2.6 MEFs@mle A EEMAL =B & 24
a R 12 KLV EF AT MEFs 41085 Rheb % 3%
BB P MEFs 41 8 7E 500 nm &b )6 % B A 5 514
0.02540.005,0. 0514+ 0. 007; MEFs 4 fifi )y = i
H b B /4308 (0. 159420, 032), (0. 32240, 046)

mmol /L, P4 8] 22 5% B A g it 2 8 L (P<<0. 05) .,

2.7 MW m e s St 4 R B T PPARY #= C/EBPa
gy F kL MBS 12 KB AR R MEFs 410 5
Rheb 53 FIPE MEFs 4018 PPARy %5 & CR
Mo AACr 8 & 7w) 48 5l o 420.27+£18.24 5
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5499, 704 246. 52, C/EBPa W £ 5 B 4> 9 K
2.5140.13%5 9.5140. 37, W41 6] 22 ¥ H A 554t
B Y (P<0.05),

3 3 i

1 RE I 42U AR P B AR 22, A0 56 06
200 A R 1 R0 B Y 1S L R IE R Y 32 R
JEP 2002 AF o [ AT G 2 08 A A A A AR
AENNE BE RBOG R N 7. 1%, e 1992 AE G N T
97. 2% G A i e L 7E R R B Y BAE A
B ZIRF 9 000 J7, a0 R A A BA R 4L 2015
AR TR AR BN DR = 2 2T R K
FH G TR RAE G 2 AUWE PR L0 M8 B AR T
PR RR 5 I g RE 45 Hy T B A B0 1 8Osk SOt R 4y
NS N ON I E R I F R R ¢ R W sy
ARG R T BEAE AR A - B v E e L 3R ATk
WY i NE e R AR R TR 4y F AL, AKX —
& B (08 7 200 B 4 k2 1) o 4 AL A 6 A5
JCRE AR YR LI B ST IE 52, £ AR ) Rheb 2
P 22 38 T LA A 280 A2 3 i I 40 L 1 A 1L
HE— 2 ) B g 7 40 6 2 Tk R P ML 4 T — AN B Y
WA

HRAE mTOR Z A WA LS . mTOR & &9
A% W A E 20, mTORCI M1 mTORC2, KA %
T mTOR B P A1 5250 47 52 F 202 41 X mTORC1
M., mTORCI & %2 5 08 715 40 M A K A2 6 L 1
W BB QAT A mTORCT A3 1 v LA
BEMG R E AR, mTORCT %t H AR 5 4 40 il
FIE AR R IER, i mTORC2 EE S 5
AR AR T actin B AR B, 2k A I R 0 A R X
mTORC2 J& &, {5 K 1 75 i 7 3 40 2 n] DL
mTORC2 A& ., M Akt-TSC1/2-Rheb-mTORC1
5 i S g AT AT LU A Rheb £ T
mTORC1 i, % mTORC1 B ) g & 5 2 19
FAEM . Rheb J&2/h G # F Ras 1Y 6 89, 721K N
FEAETCIE P 1Y) GDP-Rheb F145 16 1 i) GTP-Rheb #
B, MR N B TSCL/2 & & ke iE 1k LUS i)
DL Rheb A B BT B A (1 GTP B A5 M i
GTP-Rheb /K f# 4 GDP-Rheb, X1 A GTP-
Rheb A f8Xf mTORCL 4 1if 1 & 2] 1F 1] 98 95 4 1
L TSC1/2 & AR X mTORCL Y 1% o 2 & 2 (1)

TPV T VR T . 2 IR I 3R A5 IR R AE AR A, T L
I R R A7 R 8 B Ak, WAL Akt Al
PABE R AL T TSCL/2 &4 1 s R 1k 2k 3%
M i B TSC1/2 XF Rheb B4 1 1E H . f# £ Rheb
#E mTORCL MPERM LRI, il AW i
ik FH 7 8% 3R A T IR SR 19 /0 B L T 6 B4/ BRI
BE/NMRZ  RVREHEHL = I I A SRR, W
FEAE R A6 mTORCT /76 P v DUICHE 5 5 1k &
FEFHIEE, T Chakrabarti 25 MR I HIE 52 T %
S L5 AR = mTORC 1 P w] LU 1 A5 Wi 45 1
P AR W8 A A7 . B mTORCT 2 B 800 I
I 35 B i 9% LA AR P BE 32 3] Rheb 099817, b TIE
HAZ AR, FATTH9 T Rheb B 42 B 4 B &5 635 /0
B sl A AR fofF P i S 3R 1 B 5 5 0 Ak R A T
WRRE S Ak, T LR ER 12 K BB T 0 5%
MEFs 4 bR B . & BE BF 4 X3 B8 410 5 40 i &2 Ak
O3 e A 2 X BUTE AR % B, T Rheb i ik 241
Ji % JLF- 75 5 B A MLET , B Rheb 3 3% 35 5 52 7]
DA $E i 4 B 434k . T 2T O Yo ot itk — 25 B ik
TZME ., WX 12 K MEFs N = H
T I E 508 7 40 R 5 R S PPARY
1 C/EBPa ik & #E175E A, % B Rheb i3 % ik
PLJS , MEFs A = Bt H il & & 7+ &, )RR ok 7
PPARy 1 C/EBPa i3 1k i U 14 5y , X 2645 L 2 E
i Rheb i % 3% L5 52 77 LUAR 3 B 107 40 36 43 1k .
PRl A Y S 36 A 95 3 52, Rheb 78 i 5 400 1 43 4k 3 7
Hhke 5 H 2 I ) 98 1 4E L B Rheb i %3k L
A2 15 B 40 e 1 431k

SR, Rheb 3o 2 3K 02 3 A 17 40 53 4k 95 K2 31 1)
HO R S AR IR A A T R, B
W2 Rheb o 32542 3E A 197 240 i 43 16 2 75 38 o 1A
mTORC Y36 P 5 % 38 3o A 15 5 7 5 38 1% o 5
B, FATH AT IE A WG, T — 2 SR 50 ] LLX
mTORC] H4E 451 T #EHE A S6K., S6 #F 17 #
T2 A6 7K P BRI SR UE 32, 30 A mTORCL 94 5
P 500 B 00 B 8 0 mTORCL Y3 H: ok ik
TTHIE

4 FIEHR

JIr A VR P AR SO 85 BAT Aol ) £ o 5
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