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/ 4F2hc

leucine, Leu

1-1

60

SLC3A2 LAT1

LAT1

12

-CoA

LAT1

LAT1

SLC7A5

4F2hc



Kanai et al. 1998; Yanagida et al. 2001
y*LAT-1 SLC7A7 /4F2hc
y*LAT-2 / rBAT LAT3 Torrents et

al 1998; Pfeiffer et al. 1999; Babu et al 2003

35
Buse & Reid 1975

[14C]-

[3H]-

Kimball & Jefferson 2004

0.1 mM

2 mM Anthony et al 2000



MmTOR

mTOR mammalian target of rapamycin

mTOR mTOR 290 kDa /
1-2
TOR mTOR TOR
mTOR
Waullschleger et al. 2006 mTOR Raptor GpL TOR complex

TOR complex 1 S6K1 4E-BP1

TOR complex 1

TOR complex 1

S6K1 ribosomal protein S6 kinase 1 p7056k S6
S6
S6K1 eEF2k

elF4B SKAR



Wang et al. 2001; Raught et al 2004;
Ma et al 2008 S6K1 Thr229 Thr367
Thr371 Thr389 Ser404 Serd4ll Ser418 Ser421 Serd424 Thr447

Thr371 TOR complex 1
Saitoh et al. 2002 Thr389

TOR complex 1 S6K1
TOR complex 1 Brown et al.

1995; Isotani et al 1999

4E-BP1 elF4E-binding protein 1 mRNA 5 m7GpppX
elF4E
4E-BP1 117 Thr37 Thr46
Ser65 Thr70 Ser83 Serll2 TOR complex 1

Thr37/46 — Thr70 - Ser65
4E-BP1 4 elF4E elF4E
5
Brunn et al. 1997; Gingras et al. 2001; Mothe-Satney et al. 2000
TOR complex 1 S6K1 4E-BP1 mRNA
TOR complex 1
10~15 5UTR
ekEF-1a eEF2 S6
Jefferies et al 1994
S6K1 S6K1
Jefferies et al. 1997; Stolovich et al. 2002; Pende et al.
2004 4E-BP1 4E-BP1

4E-BP1 elF4E cyclin D1 c¢-Myc
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mRNA

Benedetti et al 1999; Magagnin et al. 2008

TOR complex 1 mRNA
mTOR
mTOR mTOR Raptor GBL TOR complex 1
IGF-1 VEGF
mTOR
mTOR
mTOR
mTOR -mTOR
1-2
Lindsley et al. 2004
IRS insulin receptor
substrate IRS PISK
phosphatidylinositol 3-kinase IRS PI3K
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PI 45 P PI 345 P

PI 345 P
PDK1 Akt PI 3,45 P PDK1
Akt PISK-Akt pathway
PI3K-Akt pathway mTOR TSC1/TSC2 Rheb
Rheb  GTP TSC1/TSC2 Rheb GTP
Akt TSC2
TSC1/TSC2 Rheb GTP
Rheb GTP mTOR
mTOR
ATP mTOR
AMP/ATP AMPK AMP-activated protein kinase
AMPK AMP/ATP
AMPK AMPK TSC2
AMPK TSC2
Akt TSC2
Rheb GTP mTOR
Inoki et al. 2003
AMPK Raptor
Raptor = mTOR 14-3-3

Raptor mTOR  Raptor

12



Gwinn et al. 2008
GAPDH glyceraldehyde-3-phosphate
dehydrogenase GAPDH

glyceraldehyde-3-phosphate

Rheb mTOR GAPDH
Rheb Rheb mTOR Lee et
al. 2009
mTOR Dann et al.
2006 mTOR
1-3 Dunlop et al. 2009

Rheb Ras superfamily GTPase

Rheb mTOR mTOR

Rheb GTP GTP
Rheb Long et al. 2005
Rag Ras superfamily GTPase
Rag mTOR
Sancak et al. 2008; Kim et al. 2008
hVps34 Class 3-
hVps34 PI

PI(3)P PI(3)P

13



PI 45 P

Nobukuni et al 2005

Class

RalA Ras superfamily GTPase

MAPK4K3
Npr2/Npr3

al. 2009
Raptor mTOR

Raptor

mTOR

ClassI
Class I PI PI 4 P

PI Byfield et al. 2005;

-mTOR

Maehama et a/ 2008

Findlay et al 2007

Neklesa et

mTOR  Raptor

Kim et al 2002

mTOR
Beugnet et al. 2003
UBR1 UBR2
UBR1 UBR2
E3 1-4 E1 E2
E3 UBR1 UBR2

14



2.5 MDa

UBR1 TUBR2 N-end rule

N-end rule N

N-end rule N

Gonda et al. 1989; Varshavsky 1996

UBR1 UBR2 N Arg Lys His: type
1 Leu Phe Trp Tyr Ile:
type 2 Asp Glu Asn
Gln Cys Arg UBR1 UBR2 UBR1

UBR2 typel type 2 1-5A  Kwon et al 2001,

2003; Tasaki et al 2005

UBR1 UBR2 Met

UBR1 UBR2 N-end rule

yeast SCC1 fragment ; Rao et al 2001)

Drosophila inhibitor of apoptosis (DIAP) 1 ;

Ditzel et al 2003 G mouse RGS4
RGS5 RGS16 Met
Cys ; Lee et al. 2005; An et al. 2006
UBR1 UBR2 typel type 2
N
Arg-Ala typel Leu-Ala Trp-Ala type 2

15



UBR1 UBR2
N-end rule

Solomon et al. 1998

PC12 Hondermarck et al 1992; Obin et
al 1999) Taban et al 1996
N-end rule
yeast CUP9

yeast CUP9 type 1  type 2
UBR1 UBR2
CUP9
CUP9
Turner et al. 2000; Du et
al. 2002; Xia et al. 2008

UBR1 UBR2

UBR1-/-
Kwon et al 2001
UBR2-/- Kwon et a/ 2003
UBR1 UBR2
UBR1 UBR2 66
1-5B N E2 basic

residue-rich BRR domain RING-H2 finger

16



motif

UBR autoinhibitory domain UAIN

/ region VI Tasaki et al. 2009; Zenker et al. 2005
type 1 UBR box UBR2 99-163 aa
2 N-domain UBR2 226-303 aa
type 2 UBR box N 1-99 aa
Tasaki et al. 2009
yeast CUP9 typel type 2
CUP9
CUP9

UBR1 UBR2 typel
70
family UBR1~7
UBR1 UBR2 UBR3 UBR4

2007
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type

UBR box Cys His

UBR box

Tasaki et al. 2005 N-end rule

UBR

Tasaki et al. 2005,



mTOR

mTOR

mTOR
UBR1 UBR2
UBR1 UBR2 mTOR
UBR1 UBR2
UBR1 UBR2 -mTOR
UBR1 UBR2 mTOR
UBR1 UBR2
mTOR
UBR1 UBR2 In vitro
rule In vitro
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mTOR

N-end
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UBR1 UBR2

UBR2 UBR2

UBR1 UBR2 mTOR
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(liOOH
H C CH:
NH:

COOH CHs

|
H (I: CH CH: CHs
NH:

1-1

CHs
|
CH

20

CHs
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PI3K

l#ﬁ)\

.
AKT AMP/ATP

hVos34 | ™ 1 J
P "‘uISCl/TSCZ «— AMPK

Rag 4
Rheb

v

Raptor |GBL] TOR complex 1

N\

SGKll ® 4E-Il3P1®

S6, elF4B, elFAE
eEF2k

| |

1-2 mTOR
290 kDa mTOR
mTOR Raptor GBL
TOR complex 1 TOR complex 1 S6K1
4E-BP1
TOR complex 1

TOR complex 1
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PI3K
® @
: AKT
. : ., TSC1/TSC2
hVps34 Rag Rheb
PI3P oy ¥ /

l: .;ﬂ

TOR complex 1

/N

SeK1(P) 4E-BP1(P)

1-3 -mTOR
mTOR Rheb
GTPase
mTOR Rag GTPase
mTOR hV ps34 3
3 PI 3

22



1-4

E1 E2

E3

UBR1

UBR2
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(A)

Asn Asp Arg-Asp
Gln O m—p  Glu O e Arg-Glu O )
Cys Cys* Arg-Cys*

Arg

typel { Lys<__ ) | UBRL

His UBR2

Leu e
Phe

type 2 Trp O
J

Tyr
lle

(B) o

(BRR domain) (RING-H2 finger) (UAIN)

\
VBRU [T T [T ]
UBR2
type 1 type 2
(UBR box) (N-domain)

type 1 : Arg Lys His
type 2 :Leu Phe Trp Tyr lle

1-5 N-end rule UBR1 UBR2
(A) N-end rule UBR1 UBR2 N type
1 Arg Lys His type2 Leu Phe Trp Tyr Ile

Asp Glu Arg

Asn GIn Cys Arg UBR1 UBR2
(B) UBR1 UBR2 type 1 : UBR box
type2 : N-domain E2 : BRR domain

: RING-H2 finger : UAIN

24



mTOR

Sakamoto et al. 2009; Shimizu et al. 2000; Uga et al.

2006; Azuma et al. 2008; Kuramori et al. 2009 SG
FG St GMA
200 nm
200 nm pm
GMA EGDE
SG FG 1.5
ml

25



mTOR

UBR1 UBR2
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Fmoc-Leu-OH Wako 20

100 mM

HOBt 1-hydroxybenzotriazole

100 mM

EDC WSCD 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide

soluble carbodiimide

DMF N,N’-dimethylformamide

Wako
H-Leu-NH: Sigma
DMEM

1N HCI

NaF milliQ

NasVO, Sigma
milliQ 200 mM
DTT dithiothreitol

milliQ 1M

DMF

20

7.5% NaHCOs3

500 mM

20

20

27

DMF

Fmoc

Water
Ac-Leu-OH
pH
20



DMEM

DMEM Invitrogen #12100 10% Invitrogen 56
30 200 pg/ml
200 /ml G
DMEM
DMEM milliQ
DMEM
DMEM Invitrogen #12100 2-1

NaCl D-Glucose Choline chloride Fe(NOs)s 9H,0

10¢ DMEM mixrure
DMEM
500 ml
milliQ 300 ml NaCl 3.2 g D-Glucose 2.25 g DMEM mixture 0.4428 g
!
Choline chloride 1000 0.04 g/10 ml 500 pl
Fe(NO3); 9H20 10000 0.01 g/10 ml 50 pl
Choline chloride DMEM mixture
Fe(NOs)s 9H:0 ()
i
200 pg/ml G 200
/ml

28



450 ml

Millipore GP Express Membrane 0.22 pm

7.5% NaHCOs3 25 ml

1N HCI 5 ml pH

anti-S6K1 Santa Cruz sc-8418  1/1000

anti-phospho-S6K1 Thr389 Cell Signaling 9205  1/300

anti-Actin Chemicon MAB1501  1/5000

anti-Nucleolin Novus NB600-241  1/1000

anti-Actin 5% skim milk TBS 0.02% NaNj anti-S6K1

anti-phospho-S6K1 Thr389 anti-Nucleolin Can Get Signal TOYOBO

H4IIE ATCC o MEM Invitrogen
#11900-024 10% Invitrogen 200 pg/ml
200 G
37 5% COz2
HA4IIE  15-cm tissue culture dish 100
Dignam Dignam et al 1983
Dignam
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PBS5ml 2 PBS 2 ml
780x g 2,000 rpm 10 TOMY AX-310
Packed cell volume PCV PCV 5 Buffer A 10
mM HEPES-NaOH pH7.9 10 mM KCl 1.5 mM MgCls 0.5 mM DTT
10 780x g 2,000 rpm 5 TOMY
AX-310 PCV 2 Buffer A Dounce

homogenizer 15 ml typeB tight 20

2,500 rpm 10 TOMY GRX-220

20 mM HEPES-NaOH pH7.9

10% Glycerol 50 mM KCI 0.2 mM EDTA pH8.0 0.5 mM DTT 0.5 mM PMSF

20 2 30 3 NP-40
NP-40 0.1%
34,000 rpm
BECKMAN XL-100 Sw40Ti
80

15,000rpm 20 4

30



S6K1

HA4IIE S6K1
12-well tissue culture plate  H4IIE 2 X 105 cells/well 37 5%
COq 12 o MEM
{ DMEM 1 ml 37 5% CO2
24
{ DMEM 900 ul
l 10 100 ul
{ PBS 10mM NaF 1 mM NasVO, PBS
l 1,500 rpm 200x g 5 4

—

NP-40 lysis buffer 50 mM Tris-HC1 pHS8.0 150 mM NaCl 1% NP-40
10mM NaF 1 mM NasVOs 1 mM DTT 50 ul

10 on ice 2 3

—

15,000 rpm 20,000%x g 20
l 1pl Bradford
3 1 4x SDS sample buffer 200 mM Tris-HC1 pH 6.8
500 mM 2-mercaptoethanol 8% SDS 0.4% BPB 40% v/v glycerol
98 5

l SDS-PAGE
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2-3 Fmoc

Fmoc C N
SG FG Fmoc
Fmoc-
L
SG FG
EGDE
SGNEGDEN
FGNEGDEN
SGNEGDEN FGNEGDEN 5 mg 3 pmol
/mg 1.5 ml tube DMF 3
DMF 500 pl 15,000 rpm 5
3 Fmoc-Leu-OH HOBt EDC
1:1:1 1 10 mM 1 ml 27
Fmoc-
DMF 4 DMF 10 70 nl  DMF 500
ul 30
SGNEGDEN FGNEGDEN 3 pmol/mg
50
DMF 4 50% DMF 1 ml
15,000 rpm 5 50% /DMF 1 ml

30 2

32



50%

/DMF

2 DMF 3 301
nm Beckman DU 640
DMF 1 50% DMF 50% MeOH 1 50% MeOH 3
50% MeOH 500 pnl 5mg 500 pul
2 DMF 3
Fmoc- Fmoc 301
nm DMF 7800 [L/mol cm]
Fmoc-Leu-OH 0 1 10 mM 0 20 50
nmol/mg 2-4
0
20 nmol/mg
Fmoc 100%
Fmoc- HPLC
Fmoc- Fmoc
2-5 0.25 mg
1.5 ml Wash Buffer 20 mM HEPES-NaOH pH7.9 10% Glycerol

150 mM KCI 0.2 mM EDTA pHS8.0

1mMDTT 0.2 mM PMSF 0.1% NP-40

500 ul 3 Wash Buffer 500 pl
15,000 rpm 20,000x g 5 4
HA4IIE 1 mg/ml 200 pul 4 4
2.5 M KC1 150 mM KCl



Wash Buffer 500 pl = 3
1x SDS sample buffer 50
mM Tris-HCl pH 6.8 125 mM 2-mercaptoethanol 2% SDS 0.1% BPB 10%
vliv  glycerol 40 pl 98 5
15,000 rpm 5

10ul  SDS-PAGE

5 mg/ml
100 mM 1 mg/ml 0 15
30 60 mM 4 1
4 4 150
mM KCl1
SDS- SDS-PAGE

Solution A 30% acrylamide 0.8% N,N’-methylenebisacrylamide
Solution B (1.5 M Tris-HC1 pH 8.8 0.4% SDS) milliQ
10% APS ammonium persulfate 40 ul TEMED N, N, N', N'-tetramethyl-
ethylenediamine 10 pl milliQ
S6K1 7.5%
Sol. A1.5ml Sol. B1.5ml milliQ 3 ml
milliQ
Solution A 0.45 ml Solution C 0.5M Tris-HCl pH6.8 0.4% SDS 0.75 ml

milliQ 1.8 ml  10% APS 21 ul TEMED 8 ul

154 mM glycine 20 mM

Tris[hydroxymethyllaminomethane 0.1% SDS

34



20 mA 30 mA

SDS-PAGE Mini trans-blot module kit BIO-RAD

PVDF immobilon transfer membrane
Millipore PVDF 1
5

154 mM glycine 20% Methanol 20 mM Tris[hydroxymethl]

aminomethane
100V 60 4
PVDF
5% skim milk TBS 0.02% NaN3 TBS 50 mM Tris-HCl pH
7.4 150 mM NaCl 60
HRP TBS-T
TBS 0.1% Tween-20 5 3 TBS-T 5 5
Can Get Signal TOYOBO TBS-T
10 3 TBS-T 10 3

Chemi-Lumi One L

35



20 nmol mg

1.5 ml tube 20

sample buffer 40 ul
Perfect NT gel DRC
NHHCOs 50% MeOH
DTT
37 24 5% 50%

LC-ESI-Q-TOF MS

36

SDS

CBB

CBB

50 mM

80

SH

25 mM NH4HCOs3

MASCOT



H4IIE
HA4ITE
mTOR
HA4IIE

Shigemitsu et al 1999

20
20
2-1B
S6K1
S6K1
L D
20
HA4ITE
H4IIE

S6K1

37

S6K1

mTOR

S6K1 Thr389

mTOR

24

S6K1

1 mM

S6K1 Thr389

S6K1

S6K1

S6K1

L
S6K1
Shigemitsu et al. 1999

S6K1



Ac-Leu-OH

H-Leu- NH2

S6K1

Fmoc-

Fmoc

Fmoc

Fmoc-

2-4

2-5

1 mg/ml

S6K1

Fmoc

S6K1

H-Leu-NH,

Ac-Leu-OH

mTOR

Shigemitsu et al. 1999

Fmoc-

0 20

HA4IIE

0.2 mg

38

20 nmol/mg

2-3

50 nmol/mg

20 nmol/mg

S6K1

2-2



KCl 150 mM

14

2-6A

14

2-5B
180 kDa
2-6B UBR2
UBR2 UBR2 UBR1
UBR1 UBR2
2-6C
Nucleolin
UBR2
UBR1
UBR2 XP 237926

UBR1 UBR2

39



mTOR

HA4IIE S6K1 Thr389

Nicklin ez al. 2009

2-1
SLC1A5
LAT1/4F2hc SLC7A5/SLC3A2
mTOR
S6K1
2008 HA4ITE

S6K1

mTOR

40

mTOR

S6K1

mTOR

mTOR

Prizant & Barash



UBR1

130 kDa

KCl1

Cazt

UBR2

tRNA

Ca2+ Mg2+

Mg2+

Nucleolin

41

tRNA

LAT1

tRNA

UBR1 UBR2

2-6A

Nucleolin

2-6C

SGNEGDEN/FGNEGDE

Nucleolin

55 kDa



KC1

mM

Ca2+

Cazt

Mg2+

0.2 mM

SGNEGDEN/FGNEGDEN

2-TA

KC1

2-7B
KCl1

KCl1

Mgzt 1 mM

Caz+ Mgt

Ca2t Mg?*

42

20 nmol/mg

100 mM 150

KCl1

150 mM

2-8



2-1 DMEM Invitrogen #12100

Component mg/L mM
Inorganic Salts CaCl, 200.0
Fe(NO3z)s 9H,0 0.10
KCI 400.00
MgSO, 97.67
NaCl 6400.00
NaH,PO, H,0O 125.00
Other Components | D-Glucose 4500.00
Phenol Red 15.00
Amino Acids L-Arginine HCI 84.00 0.40
L-Cystine HCI 63.00 0.23
L-Glutamine 584.00 4.00
Glycine 30.00 0.40
L-HistidineHCI H,0O 42.00 0.20
L-Isoleucine 105.00 0.80
L-Leucine 105.00 0.80
L-Lysine HCI 146.00 0.80
L-Methionine 30.00 0.20
L-Phenylalanine 66.00 0.40
L-Serine 42.00 0.40
L-Threonine 95.00 0.80
L-Tryptophan 16.00 0.08
L-Tyrosine 2Na 2H,0 104.00 0.42
L-Valine 94.00 0.80
Vitamines D-Ca pantothenate 4.00
Chaline Chloride 4.00
FolicAcid 4.00
i-lnositol 7.20
Niacinamide 4.00
Riboflavin 0.40
Thiamine HCI 4.00
Pyridoxine 4.00

43




(A)

1 mM
| 24 hr | 6hr ll hr ~ PBS 10 mM NaF 1 mM NasVOs
N A ;5 7

Serum starvation Serum, Amino acid
starvation
(B
L- D-

WB: LeuLeulle Val Gly Ala Met Cys ProPheTrp
S6K1 Thr3g8o-P | &= -— - ==

S6K1 o @D 6 o = G 4 @ =~ == e ==

Actin — . ——— A S W S S — ——

1 2 3 4 5 6 7 8 9 10 11 12

Ser Thr Tyr Lys Arg His Asp Glu Asn GIn
S6K1 Thr3go-P | — =]

S6K1 '_-------ﬂ|
Actin -_-------’|

1 2 3 4 5 6 7 8 9 10

2-1 20 S6K1
(A) HA4IIE
1 mM 37 5% COq 1
(B) SDS-PAGE
20 S6K1 Thr389
D S6K1 Thr389

44



H-Leu-OH Ac-Leu-OH H-Leu-NH:

(A)
0031 3 031 3031 3 MV
WB: S6K1 Thr389-P PR — - oo BB
S6K1 | e o -
A - - o >
(B)
: j ﬁ< pr
NH — c—COOH CHyENH— C—COOH  NH,~ C- CONH, | R CH CHs
| | | |
H O H H CHe
H-Leu-OH Ac-Leu-OH H-Leu-NH:
2-2 HAIIE S6K1
(A) S6K1
Ac-Leu-OH S6K1
H-Leu-NH, S6K1

B) (A)

45



OH OH
(:y)\“ﬂ\/i\/o\/\b/\T/\NW

SGNEGDEN/FGNEGDEN

OH

HOBt EDC in DMF
27

R
NH\H)\ _Fmoc
N
H
O

NH,

l

R

NH
O]
NH

\[H\ _Fmoc

Fmoc-Leu-OH O

N
CH3
T

46

Fmoc-
Fmoc

Fmoc-

CHs

|

CH CHs
|

CH:2



Fmoc-

A 1. BDBE B -
AT, e J
|
0 mM 0 nmol/mg

.anun 7T e
TAbs] :

1 mM 20 nmol/mg
B.2EB

e ] HEvEiangih Coal 4008
4 .augg | [
Lemsl 10 mM 50 nmol/mg
2-4
Fmoc-
301 nm 301 nm 7800 [L/mol cm]
0 20 50 nmol/mg Fmoc-

301 nm

47



(A)

SDS sample buffer
boil

SDS-PAGE,
2-5

(A)

(B)

48

(B)

;
‘<

SDS sample buffer

HA4IIE

98



) ® 9 15 30 60 )
T e ew |
=101

o —— e —
200 : 20185 S &5 5L UBR2
3 C LRt
116 451 116 158 BN =3 H— Nucleolin
97 1 :
o . gaan
=3 :’:1 E“:I = ]
7 4
66 %6 - %]
11
8 5
9 3 3 F
45 1 10 45 | e - —
12 kD
kD 13
14

1 Myosin

2 UBR2

3 UBRL (@) Eluate

4 hnRNP U | !

5 Nucleolin g - * + + 4

6 UBTF ~ 0 0 15 30 60 (mM)

7 Hsp70/hnRNP M

8 Cytokeratin 8 - —-— e UBR2

9 Keratin 18

10 Y-box-binidng protein M—

11 Keratins - UBR1

12 B-actin / Polidip3 i ! : ! .

13 Acidic ribosomal phopho- - #®|  Nucleolin

protein PO / hnRNP A3
14 Ribosomal proteins
(S2, S3a, L5, L6, L8)

2-6

(A) HA4IIE

(B)

(C) (B) Input 10

49



A) 50

(nmol/mg) 0 ,Ll—\

(mg/im) 1 2 4 1 2 4 1 2 4

e
200
UBR2 = bl
UBRL ™~ sl R | I |
Nucleolin 1;6_ - - - I I

66 - |

J
=}

45 I —
kD
(B)
100 150 200 300 400 1000100 150 200 300 400 1000
KCI (mM)
200 |
UBR2
UBRL ™~
Nucleolin 116: =
66 - o
. ——
45 - '
kD
2-7
A)
(B)
KCl

50



Ca?* Mg?# Ca?* Mg

100 150 200 300 400 1000 100 150 200 300 400 1000

KCl  (mM)
200

UBR2 | I = by
UBRL ™~

Nucleolin 116: ' e

66 -
45 -
kD

2-8
Ca?* 0.2mM Mg 1mM

Caz+ Mg2+

51



UBR1 UBR2 mTOR

UBR1 UBR2 -mTOR
UBR1 UBR2 -mTOR
UBR1 UBR2
S6K1
HA4IIE
HEK293T HEK293T HA4IIE
S6K1
mTOR S6K1 Thr389 UBR1

UBR2

UBR1 UBR2 mTOR
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Calbiochem #553210

1 mM DMSO 20
NaF
500 mM milliQ 20
NasVOs Sigma
200 mM milliQ 20
DTT dithiothreitol
1M milliQ 20
DMEM DMEM DMEM
1 mM milliQ
20
anti-S6K1 sc-8418 1/1000  anti-UBR1 sc-100626 1/200
anti-TSC2 sc-893 1/1000 Santa Cruz  anti-phospho-S6K1 Thr389

9205 1/300 anti-mTOR 2972 1/1000 anti-Raptor 4978 2280 1/500

anti-GBL 3227 1/1000 anti-PRAS40 2610 1/1000 Cell Signaling

anti-Rheb GenWay 18-661-15237 1/1000 anti-TSC1 Zymed 37-0400 1/500

anti-nucleolin Novus NB600-241 1/1000 anti-Actin Chemicon MAB1501

53



1/56000 anti-FLAG M2 Sigma 1/1000

anti-TSC1 anti-TSC2 anti-Actin anti-FLAG 5% skim milk TBS
0.02% NaNs Can Get Signal TOYOBO
anti-UBR2

UBR2 C 163

Operon GST UBR2
GST
PreScission Protease GE Healthcare GST
SDS-PAGE CBB UBR1
UBR2 UBR1
UBR2

HEK293T DMEM Invitrogen 10%
(Invitrogen) 200 pg/ml 200 /ml
G 37 5% COz2

T G418 500 pg/ml
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pCMV-FLAG-UBR1 pCMV-FLAG-UBR2
N FLAG UBR1 N FLAG UBR2
UBR1 UBR2 HA4ITE cDNA
library PCR UBR1 UBR2
rUBR1/F/Smal  rUBR1/R/Xhol rUBR2/F/EcoRV  rUBR2/R/Xhol
PCR
rUBR1/F/Smal 5’-gggatggcggacgaagagatggacg-3°
rUBR1/R/Xhol 5’-ttttctcgagtcagagtaactgccagttgaatcc-3’

rUBR2/F/EcoRV 5’-atcatggcgtcggagatggageec-3’

rUBR2/R/Xhol 5’-ttttctcgagttacaaatgctgccagtcgatgec-3
PCR UBR1 5 T4
TOYOBO 3 Xho 1 FLAG
pCMV tag2B  EcoR V Xho I pCMV tag2B
UBR1 pCMV-FLAG-UBRI1
UBR1
PCR UBR2 5 T4
TOYOBO 3 Xho 1 FLAG
pCMV tag2B EcoR V Xho I pCMV tag2B
UBR2 pCMV-FLAG-UBR2
pLenti-shUBR1 #1 #2 pLenti-shUBR2 #1 #2 #3 UBRI1 UBR2
short hairpin RNA

BLOCK-1T RNA1 Designer Invitrogen
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UBR1 #1 5’-gcuuucagcaaagugauuaac-3’> human UBR1 2620-2640
UBR1 #2 5’-gcagcauaauggucugaaagc-3’° human UBR1 4050-4070)
UBR2 #1 5’-gcucauagugaauugguaaag-3’° human UBR2 2374-2394
UBR2 #2 5’-gcguuugcagagugauuaugu-3’° human UBR2 1191-1211

UBR2 #3 5’-gctgcuuccuccaagaaauau-3’ human UBR2 3669-3689

ttcaagaga
shRNA shRNA BseRI Bgl II
T4
U6 -315 +5 pBS-U6 BseR1 Bgl
II shRNA pBS-U6-shUBR1 pBS-U6-shUBR2
Xbal Clal pLenti6/V5-GW/LacZ Xbal ,Clal
pLenti6/V5-GW/LacZ  U6-shUBR1 U6-shUBR2
pLenti- shUBR1 pLenti-shUBR2
ShRNA
293FT ViraPower Lentiviral Packaging mix Invitrogen
pLenti-shUBR1 pLenti-shUBR2
24 72
3,000 rpm 4 15 TOMY
AX-310 0.45 pm
12.5 krpm 6 4 Beckman Sw41Ti
DMEM 500 pl
HEK293T MOI multiplicity of infection HeLa
MOI MOI 10 HeLa HEK293T shUBRI1
shUBR2 2 10 pg/ml
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Invitrogen 7 S6K1

10-cm collagen-coated dish HEK293T  5.0x 10¢ cells 37°C
5 COg 12 Lipofectamine 2000 Invitrogen
pCMV-FLAG-UBR1 pCMV-FLAG-UBR2
4 24 5.0x 105 cells/12-well
collagen-coated plate S6K1
24 7.5% 106 cells/10-cm collagen-coated dish
UBR1 UBR2
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S6K1

S6K1
HEK293T 12-well collagen-coated plate 5 X 105 cells/well 37 5% CO2
9

.\ DMEM 1 ml 37 5% COq

12
|\ DMEM 900 nl

2
| DMEM 10

100 l 30

. PBS 10mM NaF 1 mM NasVO, 2 PBS
l 1,500 rpm 200x g 5 4

«—

NP-40 lysis buffer 50 mM Tris-HC1 pHS8.0 150 mM NaCl 1% NP-40
10mM NaF 1 mM NasVOs 1 mM DTT 50 ul

10 on ice 2 3

l 15,000 rpm 20,000%x g 20 4
l 1pl Bradford
3 1 4x SDS sample buffer 200 mM Tris-HC1 pH 6.8
500 mM 2-mercaptoethanol 8% SDS 0.4% BPB 40% v/v glycerol
98

l SDS-PAGE

HA4IIE
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20 nM

UBR1 UBR2
UBR1 UBR2
HEK293T  12-well collagen-coated plate 7.5 x 106 cells/well 37 5%
COq 9
. DMEM 10 ml 37 5% COq
12
\ DMEM 9ml
2
1 mM 90 pl
t PBS 10 mM NaF 1 mM Na3VOy4 2 PBS
l 1,500 rpm 200x g 5 4

L NP-40 lysis buffer 50 mM Tris-HC1 pHS8.0 150 mM NaCl 1% NP-40

10mM NaF 1 mM NasVOs 1 mM DTT 320 ul

10 on ice 2 3
! 15,000 rpm 20,000x g 20 4
! Anti-FLAG M2 affinity gel Sigma 20 ul 4 1

0.1% NP-40 Wash Buffer 50 mM Tris-HC1 pH8 100
mM NaCl 0.1 NP-40 500 pl 0.1 mg/ml FLAG 0.1%

NP-40 Wash Buffer 50 ul 3 1 4x
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SDS sample buffer 200 mM Tris-HCl pH 6.8 500 mM 2-mercaptoethanol

8% SDS 0.4% BPB 40% v/v glycerol 98
SDS-PAGE
SDS- SDS-PAGE
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UBR1 UBR2 S6K1
UBR1
UBR2 -mTOR HEK293T UBRI1
UBR2 HEK293T
SV40 large T
SV40 ori pCMV
N FLAG
UBR1 UBR2

UBR1 UBR2 30 3-1C HEK293T
mTOR S6K1 Thr389

3-1Blane1 4 UBR1 UBR2

S6K1 3-1B lane 4-6

S6K1 Thr389 UBR1

UBR2 3-1B lane 1-3 UBR1
UBR2 S6K1
UBR1 UBR2 S6K1
UBR1 UBR2 S6K1 UBR1
UBR2 S6K1
UBR1 UBR2 shRNA

HEK293T UBR1shRNA #1 #2 2 UBR2 shRNA

#1 #2 #3 3

UBR1 UBR2
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70 90% 3-2A S6K1
3-2B UBR1 shRNA#2 UBR2
shRNA#1 S6K1
UBR1 UBR2 S6K1
UBR1 UBR2 S6K1 Thr389 TOR
complex 1 TOR complex 1
UBR1 UBR2 S6K1
3-3 UBR1 UBR2 TOR complex
1 S6K1
UBR1 UBR2
UBR1 UBR2 mTOR
UBR1 UBR2
UBR1 UBR2
UBR1 UBR2 S6K1
UBR1 UBR2
mTOR
1 mM 3 10 mM DMEM
15 3-4 10 mM
DMEM UBR1 UBR2
S6K1 UBR1 UBR2
-mTOR
UBR1 UBR2 mTOR
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UBR1 UBR2

UBR1 UBR2

mTOR
mTOR
Raptor GpL
Rheb

3-5 mTOR

UBR2

mTOR

UBR1

UBR1

UBR2

mTOR
UBR1 UBR 2 mTOR
mTOR
UBR1 TUBR2
mTOR mTOR
mTOR
PRAS40 TSC1 TSC2
UBR
HEK293T UBR1
FLAG
UBR2
UBR1/UBR2
3-6
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UBR1 UBR2 MTOR
UBR1 UBR2
2003 S6K1
UBR1 UBR2
mTOR
UBR1 UBR2
UBR1 UBR2
UBR1/UBR2
UBR1/UBR2
UBR1 UBR2
mTOR
UBR1 UBR2
UBR1 UBR2
UBR1 UBR2 typel

64

N-end rule

UBR1

S6K1

Kwon et al 2001,

mTOR

UBR2

S6K1

mTOR

UBR

UBR box



Tasaki et al 2005

UBR1

UBR1 UBR2

UBR2

UBR3

UBR4

S6K1

mTOR

UBR1 UBR2

Xie & Varshavsky 1999

S6K1
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(A)

PBS 10 mM NaF 1 mM NasVOas

Leu 1 mM
| 12 hr | 2 hr 0.5
N N )
Serum starvation Serum, Amino acid
starvation
(B) (C)
Leu (mM) 0 1
[ 1 1
Flag-UBR -1 2 -1 2
FLAG aaEl ene Flag-UBR
UBR1 | B B UBR1
UBR2 - w
S6K1 T389-P P Flag-UBR
S6K1 T389-P
- - e -
long exposure UBR2
SBK1 Lt 1 & I I .
1 2 3 4 5 6
3-1 UBR1 TUBR2 S6K1
(A) FLAG UBR1 UBR2 HEK293T
32 1 mM
(B) HEK293T S6K1
UBR1 UBR2 S6K1
S6K1
lane 1-3

(C) UBR1 UBR2
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1/10 1/30 1/100

-

1 2 2

1/10 1/30 1/100

-_—

30

lane 1 4
lane 4-6
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(A) FEREER
SUQIS-B-N
ShRNA 77 1o o o 0 o
10 30100 2 = =2 2 2
UBR1 - — -
UBR2 — ———
Acn | — =gREDED T
1 2 3 4 5 6 7 8
(B)
Leu (mM) 0 1
[ W] |
YR ¥ Y EER
SRNA _ F E 8RR _EE Q@
= M M O M MMnm & 0O mMm 0O o0 Mm
O DO OD>O>D> O O > O > >
S6K1 T389-P L L T L Y
S6K1 — e — D D S
Actin T D W T T W e WD T
1 2 3 4 5 6 7 8 9 10 11 12
3-2 UBR1 UBR2 S6K1
(A) HEK293T UBR1 UBR2 shRNA
UBR1 #1 #2 UBR2 #1 #2 #3
UBR1 UBR2
(B) 1 mM
UBR1 UBR2

S6K1
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Leu (mM) 0 1

+
|
+

Rapamycin (20 nM) -

ShRNA

UBR1 #2
UBR2 #1
UBR2 #1
UBR1 #2
UBR2 #1

S6K1 T389-P - - e ..

S6K1 _—-—-q--_—--
1 2 3 45 6 7 8 9 1011 12

3-3 UBR1 UBR2 S6K1 TOR complex
1
3-2 TOR complex 1
20 nM UBR1 UBR2

S6K1
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Leu (mM)
Flag-UBR

S6K1 T389-P
S6K1

0 1 3 10 AA

-1 2 -1 2 -1 2 -1 2 -1 2

SR

ey e pRp—

3-4 UBR1 UBR2
1 mM 3 10 mM DMEM
UBR1 UBR2 S6K1
UBR1 UBR2 -mTOR
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Leu (mM) 0 1

FlagUBR - 1 2 - 1 2
FLAG -mes evew
S6K1 T389-P [ ———
SEKL  |en o emen oo
MTOR - - - --q
Raptor -— - - - - —‘

GBL e -

PRAS40 - D D - e .

TSC1 - .- en = . =
TSC?2 - an == - -
Rheb —— — — —

Actn |- enes as evas

1 2 3 4 5 6

3-5 UBR1 UBR2 mTOR

UBR1 UBR2 mTOR

mTOR TOR complex 1 mTOR Raptor GBL TOR complex
1 PRAS40 Rheb TOR complex 1 Rheb

TSC1 TSC2
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Input

IP: FLAG

+

Lactacystin (10 pM) - +
I 1T "

FlagUBR - 1 2 - 1 2
( )

-1 2

1 2

MTOR (250) | S a- - - -

Raptor (150) T ¥ £ % &

GBL (37) |-—----
PRASA40 (40) | NED & an el
TSCL (200) | = e e e i s

TSC2 (250) |y q o

Rheb (20) | db o S

— 250
o w= N n e e

FLAG po 0 =8 B Fe150

i | [pe— e
—100
- g - — -~ 75
- 50
7.5% acrylamide - —= 37
o en == ==
| 73 :100
- . B 75
- 50
= = 7
- L 25
- 20
- 15

12.5% acrylamide
Silver staining
3-6 UBR1/UBR2
HEK293T FLAG UBR1/UBR2 FLAG
UBR1/UBR2 mTOR
UBR1/UBR2
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UBR1 UBR2

in vitro
UBR1/UBR2
In vitro
UBR1/UBR2 UBR1/UBR2 N
N
N-end rule UBR1/UBR2
typel Arg Lys His type2 Leu Phe Trp Tyr Ile in vitro
UBR1/UBR2
N-end rule
Gonda et al 1989
N-end rule Sindbis virus
RNA polymerase nsP4 Tasaki et al. 2005
nsP3
N Tyr
Groot et al. 1991 nsP4 N Tyr type 2
Arg typel Leu type2 Met type 1/2
N-end rule typel type 2
type 1/2 Met Arg Leu

Tyr Met N

UBR2
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UBR2 UBR2
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Leu Wako Leu-Ala Sigma Arg-Ala Bachem

50 mM milliQ

Bestatin

1 mM

20

TNT Quick coupled transcription/translation system Promega

pcDNAS3-flasDHFRba-UbR48-X-nsP4flag - X: Arg Leu Tyr Met

N-end rule
X: Arg Tyr Met
X: Leu

nesis kit  Stratagene

pCMV-FLAG-UBR2
N FLAG
pCMV-FLAG-UBR2
pCMV-FLAG-UBR2
483-871

pCMV-FLAG-UBR2

University of Pittsburgh  Dr. Yong Tae Kwon

X: Leu QuikChange site-directed mutage-

pCMV-FLAG-UBR2

UBR2

1-1294 1-871 1-482 872-1755 483-1755
UBR2

PCR

1-1294 rUBR2/F/EcoRV 5’-atcatggcgtcggagatggagecc-3’

rUBR2 d1/R/Xhol 5’-ttttctcgagttaccgaggataaaaatcaggec-3’°
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1-871 rUBR2/F/EcoRV
rUBR2 d2/R/Xhol
1-482 rUBR2/F/EcoRV
rUBR2 d6/R/Xhol
872-1755 rUBR2 d3/F/EcoRV
rUBR2 /R/Xhol
483-1755 rUBR2 d4/F/EcoRV
rUBR2 /R/Xhol
483-871 rUBR2 d4/F/EcoRV

rUBR2 d2/R/Xhol

PCR DNA
TOYOBO 3
pCMV tag2B
UBR2

5’-ttttctcgagttatgtatcttctttattttctcttttcaac-3’

5-ttttctcgagttacttgagatctaagataaggcete-3’°
5’-atcgcacttcctcctecgget-3’
5’-ttttctcgagttacaaatgctgccagtcgatgec-3°

5’-atctatgtgttgatcagcaaaccaa-3’

5 T4
Xho I FLAG
EcoRV Xhol pCMYV tag2B

pCMV-FLAG-UBR2 1-1294

1-871 1-482 872-1755 483-1755 483-871

N-end rule n vitro

TNT Quick coupled transcription/translation system

X-nsPA4flag
flagDHFRbha-UbR48  X-nsPA4flag

Tasaki et al. 2005

DNA in vitro
flasD HFRha-UbR48
Ub

DHFR Ub K48R

TNT Quick coupled
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transcription/translation system 40 pl [35S] methionine Parkin Elmer 2 pl
2 mM 0.15 mM Bestatin
pcDNAS3-flasDHFRba-UbR48-X-nsP4flag - X: Arg Leu Tyr Met
lng 50 pl 30 1
Arg-Ala X:Arg Leu-Ala X: Leu Trp-Ala X: Tyr
UBR1/UBR2 X-nsP4
Anti-FLAG M2 affinity gel Sigma 20 ul 4
1 0.1% NP-40 Wash Buffer 50 mM Tris-HCI pHS8
100 mM NaCl 0.1 NP-40 500pul 3 0.1 mg/ml FLAG 0.1%
NP-40 Wash Buffer 50 pl flagDH FRba-
UbR48  X-nsP4flag X:Arg Leu Tyr Met
TNT Quick coupled transcription/translation system 20 pl

0 2 4mM Leu 2mM Leu-Ala 0.15 mM Bestatin 2 mM

Arg-Ala 0.15 mM Bestatin on ice 20
flagH FRha-UbR48 X-nsP4flag 5 pl 30 0
3 30 nl 4% SDS
sample buffer 10 ul 98 5
SDS-PAGE Storm 860 Molucular

Dynamics ImageQuant

UBR2
10-cm collagen-coated dish HEK293T 5.0x 106 cells 37°C
5 COg 12 Lipofectamine 2000
Invitrogen pCMV-FLAG-UBR2
4 24 PBS
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2 PBS NP-40/HEPES lysis Buffer 20 mM HEPES

pH7.9 10 Glycerol 150 mM KCl 0.2 mM EDTA 1% NP-40 1 mM DTT

Anti-FLAG M2 Affinity Gel Sigma SDS-PAGE
CBC BSA Fraction V
UBR2 100 ng / sample
4 Wash Buffer 20 mM HEPES-NaOH (pH7.9)

10% Glycerol 150 mM KCl 0.2 mM EDTA pH8.0 1mMDTT 0.2 mM PMSF

0.1% NP-40 1x SDS sample buffer

SDS- SDS-PAGE
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N-end rule

N

N-end rule Arg typel Leu Tyr type2
Met type 1/2 N
Arg Leu Tyr 3 Met

DHFR-Ub 4-1lanel 2 7 8 13 14 19
20
N-end rule type 1
Arg-Ala type 1 type 2

lane 6 12 18 typel
Leu-Ala type 1 type 2
lane 5 11 17

Groot et al 1991; Tasaki et al. 2005

Arg Tyr
Leu-Ala Leu

4-1 lane 8-10 Met

type 2

UBR2

N-end rule UBR2
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UBR1 UBR2 66

4-2 UBR2 6
C
1-1294 1-871
1-482 1-482
871-1755 483-1755 483-871
UBR2
type 1 type 2 1-482
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UBR1 UBR2 N-end rule

UBR1/UBR2 E1 E2
E1
E2 E3 ATP
UBR1/UBR2 Met N
UBR1/UBR2
UBR1/UBR2 E3 type 1
type2 CUP9 Turner et al 2000
UBR1/UBR2
UBR1/UBR2

HEK293T  UBR2
UBR2

Xie & Varshavsky 1999
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(A)

Arg-nsP4 Leu-nsP4 Tyr-nsP4 Met-nsP4
(type 1) (type 2) (type 2)
[ | | [ 1 |
o B | o e | e B | S D
223F 2333 3355 2238
SSSS Ss SSSsS
5555 EEEE ISSS S EEE
[AVARR VB VAR Y} N T Ny [SVAR VBN VARAY} [aVAR VBN VAN V]
Time(mn) 33333 033333 (033333 033333
L Bl v
X-NSP4 > |um - |- e R - o o -
DHFR-Ub —* - — I——

123456

7 89101112 131415161718 192021222324

(B)
125%
100%
75%
50%
25% |
0% i
Arg-nsP4 Leu-nsP4 Tyr-nsP4 Met-nsP4
4-1 N-end rule
(A) 358 X-nsP4 X:Arg Leu Tyr Met
DHFR-Ub Arg Leu Tyr 3
Leu Leu-Ala LA Arg-Ala RA
SDS-PAGE
(B) (A) Image J X-nsP4 DHFR-Ub
0 X-nsP4 100%
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A) E2

UBR2

1,755 AA E’:* TN [T

type 1 type 2

Leu binding
Full length [ ++
1-1294 [ 4+
1-871 [ ‘o
1-482 +
872-1755 [F} -
483-1755 & -
483-871 -
[E: FLAG
Input  Bound
(B) ]
Full length [== emam |
1-1204 |-l @)
1-871 | onliD )
1-482 | = enlld ==
872-1755 |= wea— |
483-1755 | -emem |
483-871 | =—wm |
4-2 UBR2
A) UBR2 UBR2 type 1 type 2
E2
(B) FLAG UBR2 HEK293T

SDS-PAGE FLAG
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UBR1 UBR2

-mTOR

UBR1 UBR2

UBR1 UBR2 mTOR

UBR1 UBR2 mTOR
UBR1 UBR2
UBR1 UBR2
N

in vitro

UBR2

mTOR 5-1
UBR1 UBR2 UBR1

UBR2 mTOR
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UBR1

UBR1 UBR2

UBR1 UBR2

UBR1 UBR2

mTOR

mTOR

mTOR

mTOR

-mTOR

Rheb Rag hVps34

UBR2

mMTOR

1 Rheb Rag hVps34

UBR1 UBR2

mTOR

-mTOR

mTOR Raptor

-mTOR

UBR1
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UBR2

UBR1 UBR2

UBR1 UBR2

mTOR

mTOR Raptor GBL
GBL TOR complex

UBR1 UBR2



Rag hVps34 mTOR

UBR1 UBR2
UBRI1
UBR1/UBR2 UBR1 mTOR
G a
Gpalp
Gpalp UBR1 N-end rule
Madura & Varshavsky 1994 Leu-Ala
Gpalp Vps34p
-mTOR hVps34
Slessareva et al 2006 UBR1
Gpalp Vps34p
Gpalp mTOR
UBR1 UBR2
UBR1 Gpalp
UBR1
UBR1
CUP9
CUP9 typel type?2 Turner et
al. 2000; Du et al. 2002; Xia et al. 2008 type 2

CUP9

mTOR
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CUP9 PTR2

PBX / knotted 1 homeobox 2 SLC15A2

CUP9
-mTOR UBR1/UBR2
UBR1 UBR2
UBR1 TUBR2
UBR1 UBR2
UBR1 UBR2
in vitro N-end rule N
type 2
UBR1/UBR2
N-end rule 2 1
Leu-Ala
2 type 2

N Leu-Ala
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UBR1 UBR2 -mTOR

UBR1/UBR2

-mTOR UBR1

UBR2 UBR1 UBR2

-mTOR

mTOR

UBR1 UBR2

permease-like membrane protein Ssylp Forsberg & Ljungdahl 2001

a -ketoiso-

caproate mTOR Fox et al 1998
ATP AMP / ATP AMPK
mTOR Tokunaga et al.

2004 mTOR

87



UBR1 UBR2 -mTOR
-mTOR
UBR1 UBR2 -mTOR
mTOR

UBR1 UBR2
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" UBRL, UBR2

e

TOR complex 1

5-1
UBR1 UBR2
UBR

UBR1 UBR2 mTOR

UBR1 UBR2

mTOR
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