i E 4 AE ) 2424 9] Chinese Journal of Cell Biology 2017, 39(11): 1497-1505 DOI: 10.11844/cjcb.2017.11.0135

BR;EEE S TORC1E I L AT T AR T
ZEEINE P RI1EA

kx#? FERAT
(40 MR R R A Y 20 B S SR =, BT 100875; 2E RUMivE K 24 B2 22 B¢, B 5T 100875)

HE BR B B £F 69 TORC 1 (target of rapamycin complex 1) &4k Z &1Kogl. Lst8. Tco89¥A
A Torl R4 Tor248 %, 3, TorlA=Tor2 k712 NE A & o F A AE A ¥ & fm £ 1991 F 4 L I ey . 55
%éﬁ#itﬁ%fgaﬂ TORC 1WA B 3 — MNABAL ) FAARTORC2A S B Rl . Mot ihe . mILf
2. AR Fmieittz, ¥ JUF R TORCI L3842 L EGO(escape from rapamycin-induced
growth arrest) AR 69 RNFE R, 1k KAZE _EfEHE T TORCIX BILBR 6 Behni 12, HABIRE A
BT AR R 1242, MTORC1ZEIRNAS: %«Ejf%}?ﬁiﬁ B A it AR P AL R T2 A FIAE A .
% A BRE BEFFTORCL A 4, @BUE 49 L it A2, Jf 42 4 4L JUF £ TORC1 L #5832 U A BAZ AR
PR Ax P AE R 69 A ST
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Advances on TORC1 Pathway Upstream Regular Elements and Ribosome
Biosynthesis Function in Saccharomyces cerevisiae

Zhang Wenzhe?, Li Wanjie'**

('Key Lab of Cell Proliferation and Regulation Biology, Ministry of Education, Beijing 100875, China;
College of Life Science, Beijing Normal University, Beijing 100875, China)

Abstract TORCI (target of rapamycin complex 1) is composed from Kogl, Lst8, Tco89 and either Torl
or Tor2 in Saccharomyces cerevisiae. As the target of rapamycin, Torl and Tor2 were discovered in 1991. Some
recent researches show that TORCI and another similar complex, TORC2, play roles in many cell processes, such
as nutrition metabolism, ribosome biosynthesis, cell cycle, autophagy, aging and etc. Recent discoveries in EGO
complex, which is an important upstream element of TORCI, interprete how TORC1 sensed surrounding amino
acid to a large extent if not all. Ribosome biosynthesis is a highly energy-consumed process, while TORC1 plays an
important role in controlling synthesis of rRNA and ribosomal proteins (RP). This review not only looked back on
the discovery of TORCI in S. cerevisiae, but also summarized recent research on TORC1 upstream regular elements
and its roles in ribosome biosynthesis.
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HARMA AR 2T TORCUE Y A JE] b4 i1 4
MR AR A S8 T R, He LU R P oo AR R W TR A
o FETORCIA AL AE R, 12 B R 1
W L ST ORI R . A, A
SORFEIX A N AR R, JFIE R (8] Tor A TORC
R B RERH B B AR E A TR DI RE

1 TorXTORCIMN&INFHFE

AR B RE R R Torl e ¥ /2 1E N B & &
(rapamycin) ¥ 5 43— 177 8 & AL AT, HG mh ) e A
Ze— P WK B 5 B (Streptomyces hygroscopicus)
FEA ISR IRV R IR N ER R 25 . TN RAE LAl
LHER R AL R ELE A, 25
P LA G2 0 11 4 R T B 4 P, B A A
NI 4R P T AR T A0 4 ) 55 T 4 B RS A
AR 2 E 19994 4 1 2 H 1B RS A v it ik 5
SR, T WA EE R AT AP CCL-779FIRADO0 1 I 7
J5 R FH TR T E . AN, AR RIS T 0
I S B0 F A A g b A R AR PR AR . X = AN T T
A FH Ui B A B 2% A RIS A LA B A o 4 A
KA ThE, $27R 1 300 8 2 1 1E B3 s 2 — AN Ja
YA K e TR

JNASEARK I, BF 783 T 46 75 T BRI 7L 3h 7
Yt FERENE RS T AR TR,
W55 2% T A iE -5 EL A A 2 5 A B VS 1 1) R 1 R
FKBP12(FK506-binding protein 12)45 & M 47 Hois
PERL, BIFST R IR, WK T B2 REFIFKBPY LK (FPR)
ZJa, SAEKEE EERY, Xk, FKBPS &
MR R K, EARRAN) . Hoh, TN RS
RIN, BLLZGWI R RE S 45 & - HIFKBP12, 5
AN B G I D, i BB SR FPR IS IR 2> {41
P A T I A R PP, SR I R RS
FKBPZ> JF . % 5% 3% A1 & (immunophilin)- 259 2 &
e, MHZE AR BA ZYER, JHERT 5 —A
A5, RIFKBP & & 108 2 4E FH 104 B R 7.

N T W e FKBP-75 A 8 31 & & M 1 1 L BE A,
1t 50 2 R FH LA B A 8 2R Bk () 9 AR I 8 A R O ik
133 7 TORIFITOR2WANFE K . TORIFITOR2YwHH5 1)
52 I I LI AH % B8 (phosphatidylinositol-
3-kinase-related kinase, PIKK)Z % 1 il o1, K/NER A&
282 kDa, 73 B A2 47012 474N Bk, AA
67% PR PECS), B PR Tor 1 il Tor2 45 S HE L 1

B AL A K AT, 375 Tor L M Tor2 2 FK BP- 1
R AT, B, H EEAEYE R, Torl M Tor2
REf HFKBP-15 15 = B &R B4 80, JF HTor
TEZE 1) _EAIE NFKBP-15 %% 2= 50 2 B A2 AH 4 IR
SEIT . AR, BRI BE 5 PN TORI B A,
1M JUF BT A HAR ) B ARV #R A A — NTORIE A,
XA LA A5 BRI 1% B BYCA 53 AT 5 2% Torif 6 1) g
A fEAD) .

i A W Tordk B 5t #8 & A AH BL 1) 45 74 3801
1), MN-¥i 2] C- 45 HEAT (huntingtin, elongation
factor 3, the A subunit of PP2A, and Torl) & & ¥4,
FAT(FRAP-ATM-TRRAP)%5#48,. FRB(FKBP12-
rapamycin-binding) 25 4 38, ¥ i 45 #4) 45 FIFATC(C-
terminal to the FAT domain)5#43%?'. HEAT = & J7 5|
FLFE AN X381 2920 N HEAT B A4 (motif), &M 44
FLFE HH 29400 JE IR ke s 2H R 1) — o) AH ELAE IR
AT Il iE . HEATE S P41 45 1 Tor N-Jii ) —2F,
SETorE GRS & X 38 AL T S FAT S, 14
299500 N A S BRI KE, 7 T C-3m RIFATCAS #3854
RI35ANTR L, 1 FH >R 45 A FKBP-75 10 55 2% [ FRB45 14
WK W B FATSS f 3k, 29810040 5% 2. 8 I % pr 7
1B AR X DU AR ) TORM T, I EAI# &
HFRBEE I RARE, I B AR QAE — AN G 22 2R
BRIEI 25948, Bl Tor 1 /1 Ser197298 4% i ArgBX Asn, B%,
Tor2f1Ser1 97553748 filille!® . k&5 #4572 Tor R HEAL
g R, 5 M AL TFPI3K AR PIAK (1) 3 i &5 KAl 458 o

LA EAR XS Tor B BE A 52 & BN, Tor2 .
HMWAEZIRE: — A2 5TorlAH [F] 1 ) 5 B Tor-
sharedZh g, ) — A~ A& Tor2 B ] T B¢ Bl Tor2-unique
DI RENY, 20024F, TorfW W 5 1 Rk M 3k J&2, TorfE
0 P 2 B TORCTRITORC2E A AR (E DM, AT
TE B BEH 4 i I 24k H ok, Bl S #iE B EATTR 2
Tor P 2518 B (1A% 007> T TORC1IE A A A Torl 5%
Tor2, i 85 11 2 BUEK, /i3 Tor-sharedid %, 2l 2
A T e g M BT ) R s Y, BAE R R A S
PEfR. mRNAG RS M. PR G. BFHRYis
i LA Sz B WU TORC2E A 44 A &4 Tor2, % 8 M55
ZEAEUK, N FTor2-uniquei 4%, ThHE /& 41 2 41 &
e NEAE R FEEEENR A . fEH A AR A
Y. &l A ILsh bt I 1 R
JRIPIPANTORC, U B Torid % (1) 18 15 7 U2 JE 5 R
~F P, PRk, TORCH R I BA BRI =



FROC T A BRI RFTORC LB B i A% T F DL R AERZ A & ilh 194 1499

A . Ul
Tor [ HEAT HEAT FAT  Kinase&
A j S N Iy

TORCI1

Torl B Tor2 1 {%: HEATH & 741, FATSS F38. FRBE: Mk, PG 45 K438 UL L FATC4 K 3. TORC14 ZKogl. Lst8. Tco89LA J Torl B %

Tor2, MTORC241 & Tor2. Avol. Avo2. Avo3. Bit61E(Bit2.

Structures of Torl and Tor2: the HEAT repeats, the FAT domain, the FRB domain, the kinase domain, and the FATC domain. Composition of TORCI
includes Kogl, Lst8, Tco89, and Tor! or Tor2. And TORC?2 includes Tor2, Avol, Avo2, Avo3, Bit61 or Bit2.
E1 Tor X TORCsREEI(RIESE ICAK2]1E20)

Fig.1 Schematic representation of Tor and TORCs (modified from reference [2])

JiR P P RFTORC 1 2 % HKogl+ Lst8. Tco89 LA
JeTorl 8 Tor2 113, o Fiiidds B, ZE &
)53 7 E:21°82 000 kDa, fITPLiZE A KT fig 2 LA
TR ARAFEN . @IS TORCIA 4345 - GFPhx
R UL S g% 4 B A5 T B, KILTORCE A 7E B B
VBRI B 3 JLAE B 98 R I, TORCLAS A
Xt B A EE FRUE RS, LR R R A RE
ARG BWRSE E SRR R 2 Km0 RO,
B S s A el

2 ERBEEXETORCIH LifFiEE

TORCIE: ZZ F A KK 7. EERE. ¥
53 Fs 77 DA B B B BRI B S A A5 5 A i el
b, AR AR O T LN E IR W N B BE 4 I DL
TORCI1 i % ix Ny 2L ik, TEGOK & 442 3 %2
#AIEH . EGOXE &k B A9 4 T AN fe i 25 75 0 25
5 19 4 K BH i (escape from rapamycin-induced
growth arrest, EGO) R AN, J5 KAWL IUEI% H &1k
FETORC B L 5 R -1,

EGOX & & H15/> &5 H Jit 4 jil: Egol. Ego2.
Ego3. GtrlfIGtr2(K2). H 1, Gtrl MIGtr2J& TRas
FIGTPEE!Y, 1£ 1555 HAZ AW (¥ [ V50 N Rag K
%) RagA. RagB. RagC flRagD!". Egol. Ego2
HMIEgo3 ) Ty BE 38 8L T~ 45 #E ) ¥ iIp18 HIp14+MP1,
J& A BIAE 2 — T O T 1 2 & R (ragulator

complex)®. Ego2#y It A4 # % & ok, ¥l AL
Egol # H./E HI JF 2 2 48 2 1F FI™. EGOX & 41t
I Egol i 3L 47 7% 1 FEgo3 1 5 K 1M 5 Ao 1 T BF )
VBRGS0, UK 52 R i R AR R oK
WA TORCLMBE IR HIRES . Gtrl G2 % i Ui —
RAR, HIZHRIFEBOREIE TEGOR & 14 1%
Y. W 7R, RA MGl (RagA/B)2E 8 GTP H.
Gtr2(RagC/D)%: #GDP, EGOR & 7k 4 B A5 5¢ %
o BEEF, Gtrl-Gtr22> B #: 45 A TORC1[fKogl, M
MEIETORCIM,

WEE R, 75185 K 2 FE BRI R B Grl
G2 F 1% R 2 BOR A WL A2 v, & R A8 e (K]
¥ (guanine-nucleotide exchange factor, GEF)Vamé6/
Vps39#2 2| 7 — & E . Vam6s2CZEVps/HOPS
AR —> B 52 B, T BRI ) Vam6 ] DLAE 4 4
S0y o 6 G 1 RS 38 4% T R A8 8 (4 I, R 2k Vame
22 FHGtrl-Egol Jo ik R A AH FLAE M. 7E 5 K 1)
WHgeHh, 2 HEGOR & 1A B 32 3 ) 5 & R A
NFETORCIH EE LMK R, EGOR &R R
IBE-t(RNA & 5l (leucyl-tRNAsynthetase, LeuRS) 1
I ATPR IF 7 8 4% (922, LeuRSH 1T % 57 7 & IR
F AR M AR RS SR R LR KR E, KX Grl
(A% 7 R e IR AS R 21 1 1) (R T 4% 7 >, H Sehl
H 23 1) B & YRSEAC(Sehl-associated complex) | i#
REGtr 1 X TORC 1 F) #7342 4 FI*>*. SEACH] LA
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Vacuole

TORC i i EGO K A 14 8 52 00 1 AN 0 3 mp A U B R R B2, AT i3E — 25 5 1 Ui AU SchO Al Tap 4 233E AT B R Ak 1 7% . EGOR A A F5Egol. Ego2.
Ego3. Gtrl MIGu2%E5AN & 15, 1 1% 5 & Mol id Ego Ll E AR o Gtr I RIGU2 (A% R 24 BORASH HI TORC LIS 1, e AT 1 52 8 2 A~
LU TR . Vam6FILeuRSXF Gtrl BA K Lst4-Lst7A Gr2 B A% T BRAS 47 M AR Ger 1 S -Gr2SPPARZS I JE 1, 1T SEACAT (Sehl-associated complex
activating TORC1)55PP2Ac(PP2A catalytic subunit) 1] 2 %5 SEACIT(Seh1-associated complex inhibiting TORC 1)%f Gtr 1 {5 -

TORCI senses amino acid concentration in vacuole and cytoplasm via EGO complex, and then phosphorylates and activates downstream effectors,

Sch9 and Tap42. EGO complex is composed of Egol, Ego2, Ego3, Gtrl, and Gtr2, and it anchored in vacuole membrane through Egol. Nucleotide-

loading status of Gtrl and Gtr2, regulated by multiple upstream, controls TORC1 activation directly. The activities of Vam6, LeuRS on Gtrl and Lst4-
Lst7 on Gtr2 promote Gtr1™-Gtr2"" formation, while SEACAT and PP2Ac interfere with the inhibitory effect of SEACIT on Gtrl.
El2 TORC1LIFEIEEEARTESE B 1911E250)
Fig.2 Upstream regulation pathway of TORC1 (modified from reference [19])

Iy NP4y, Imll/Seal Npr2FINpr3 % TORC1 )
T, #F NSEACIT(SEAC inhibiting TORC1),
MSehl. Secl3. Sea2. Sea3F1Seadl] &£ K TORC1
(1) IE 42 7, $iFRf SEACAT(SEAC activating
TORC1). ZIERE = 15, SEACAT S5 PP2AXY
SEACITH M 1E H 2 B, 5 & 2 ¥ Grl I GTP
A GDP, MM R HEGOE & 1K, Gtr2 4% F 12
BEHIR AN HLst4-Lst7E & AR 452, Lst4-Lst7
B ARSI EERAAAE RS N6 548 7 GTPH)
G2 -3 B [ GTPE IS M, M G2l GTP/K fif
JRGDP, BiSEGOE A A ) 58 B4y

Kingsbury %> & i, Toit & R iEITEGOE & 14
So AR UL S AR P o- i 57 UG # B A TORC,
T 52 G BR A o 7 O 1 S 4 2 S Bl 7 L
BRI EZEM . Bk, B TEGOE &k 4F, il gk
TEAEFARI 4% o B TORC 1L 1645 5, A
o BRI R ANE R

3 BRIEEFSITORCITEMZIERE P BIER

B REIE I L0 O R A S S, i
155 AL S U404 10 2 R, Horh, TORC
JLT55 T Hia 545 KA LIS Sk, 5400

A KRR, B AT A R AR U N R AN
B, AZBE KRB O A O E g P, I TORC1H
Z 5 TR YA R AR R
I, TR IFEE 2R A HE I REAN 2> 35S rRNA. 358
rRNAFIRNATRE 5 2 Hh BT, B S5 BT FEE 52,
TORCIEZMER & b 2 7 EERE . WLk
2 0 AE B3 AR KR A TN R 21003 B A IR,
AN A K 29200 000/ K% 8 A, TR UL, P38 — A
P BE 20 i 5 53 e 22 G ORI 2R T2 000/ A% B 44
MZFER S T8 7 F45RNA, R 2
7 EOR 2% AR A V) & Hi(ribosome biogenesis,
RiB)FH T2 5, Bk, ARG g — AN E 2
A A iG sl o

T 5%, TORC12zilid LR JLANE KR T RNA
R AW 535S rRNA(K3). 35SHTArRNA 5 #% i
A E(RP) I mRNAZ I 5%, 4 F 5 A %5 2= b
ZJ5 2 T BRP I g3 (bSO R)P, TS
#335S rRNATGVE 5 2 9% [IRP4E & I i 103 [ fige
TR KNG, RNARA RIS A S
tDNA, M o5 1k, XA R R 7] #E 5 OB ) 5%
S R FRen3 (1) B# fif 5 55221, k4, TORC1AT PAY
Wi 20 2 1 (A8 1, AT XS rRNA A s 218 42 1
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1
YH3K56ac
NN
RP 35S rDNA
RNA RNA
Pol II Pol 1I
AL 23S rRNA
mMRNA 35S pre rRNA @ 2751 TRNA
5S pre rRNA l / l \

No ribosome
VWW VWW/
18S rRNA 5.8S rRNA 258 rRNA

Cre D)
| _—

Ribosome

I ARZS I TORC 1l i BERR AL T AT Sch9, f5 3 SUHE— P HARPKA, I 5PKAZ HIBERR (L Maf1, AT SRNAK GBI Rpe53 MRpel 1
PSS £, Rt — DRSS IRNARF Sk . CR24 Maf 1 BRI AL/ IR AT E - S I TORC 13 2 8 1 i) S Cdeif i Kns 16 CK2 E’in’iﬁa
b, RRECK2IMIRRE R % . Sch9. PKARICK23EL [F R TFIIB [ Bdp1 WA, fIRNATE A FIIREYS 5 2 456 55 5S rRNA. TORC1IE
(24 Mk 1 AR 1E JLBERR (L RNA SR & R peS3 3L . AsFIAIR 1094 MR TORCHE 41 [TH3K 56 2. BEAL, (L 3ErRNA (1) 5t . ﬁ?mwcﬁ’lcm
RE 5 813 5SS HI RrRNA B ) s TEVE A 5 SAZHE PR 119238 rRNAI27S rRNA, M BRI BRI A4 6 7o
Activated TORCI inhibits RNA Pol III subunits Rpc53 and Rpcl1 direct binding by Mafl, phosphorylated by Sch9 and PKA. CK2 has a controversial
phosphorylating effect on Mafl. TORC1 also regulates substrate-specificity of CK2 by inhibiting Cdc-like kinase, Kns1. Sch9, PKA and CK2 can
phosphorylate TFIIIB subunit, Bdp1, and then phosphorylated Bdp1 binds to RNA Pol III to promote 5S rRNA transcription. TORC1 also prevents
RNA Pol subunit, Rpc53, from phosphorylation by indirectly inhibiting Mck1. Asfl and Rtt109 help TORCI to acetylate H3K56 and promote rRNA
transcription. Phosphorylated CK2 can alternate 35S pre-rRNA processing and produce invalid 23S rRNA and 27S rRNA to reduce ribosome biogenesis
in post-transcriptional level.
El3 TORCLETBIERNA B ABERIFIEAZEARRIE R
Fig.3 TORCI1 regulates ribosome biogenesis through RNA Pols

o 4 HH356A 8 2 1R LB (H3KS6ac) > ) B
FIFRNAZE A BEN TRNA 1) 5% 5% LL & Hmo I X rRNA
RTPR I AL 2, TORC1 2l 4 & A 4 7 FE B AsfLRI
LR FE TRt 1095k 6 FL k1T P #55, TORCI7E &

AINBERRAGAL A, 755 & FZ ] T TORCI
2 Ja, "B WGSK-35 R I & Mk 1B R 4L, 5
F— A HERpe 11— 2 45 A Maf 1 H- I I RNA S & 1
T & TR

TR N 2R BR X Cdett B R Kns L1, 11T =
FCK2BE B WAL I B8 e 5 SR R SR AR, CK2
(%) Y8 45 M. FECKb 14 % B2 A4 U] 2= (35S HT /A rRN A
B AR O, 7 AR S R O HE A 1123S tRNAF
27S rRNA, I8/ B BEAAR IR B

FLUK, TORC1E£xiE I Sch9 LA K PKA(protein
kinase A) X} Mafl Fl RNA % & il I I RpeS3HI1E
H, KIAFTRNATE A BTG5S rRNA ) i 56 (F3),
Maf /g — MR F IIRNA S & BFIILT) 4% 5% 8 45 A 1,
PKAF1Sch9 B EE MR AL Mafl (74N i, BH 1L 5 3 %

RNAZE & BRI 45 & F 410, GraczykZ5EPHA 9,
H Ei B BECK27EMaf1 5 RNA S £ BRI 45 & rh i
FEH, MMoirfEPIA N, CK245 H K. Rpe53

— T XTRNAS & BEIFI 174N 0 5 A 8% 5 i

R FTFIIBI3 N W & [ 0F 78k IR, 5% & Wi 1) 0
FERpc82FITFINB ) I ZEBdp1 (1) 5 FR 14 /K °F 52 2|
TORC 1% P 1 1 32 (3)2, Bdp 148 5 B0 A4 K it
HANBL SR 1k, BRI, Bdp 1L 2 15 HiMafl
(3 30 41 4 FH, TiPKA. Sch9FICK2#E 2 5 T Bdpl
(1) ¥ 5. TORClik 2 Z 5 % #i|Rpc5S3 FIRpc82 1
SUMO(small ubiquitin-like modifier)ft,, i RNA% &
B IILEL A 50 i R % SEtRNA R BE /790, ik, Sl
FER I, FREE R 70T R 2 REAZ B AR BT RN AT A5
ﬁfﬁi%vﬁﬁﬁm BV bR, RISRE NS R
Qb FRZE 2 S TORCIAICK2 A S AN R A AN B0 3 Jim
ﬂéfﬁi E%o SR, X A I8 B 5 Sch9 ok Tap42 #8 TE %,
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TORC1 ON
? RRPE PAC
L Stb3) © D}E
P ot6/To

TORCI1 OFF

? RRPE PAC RiBi
TORC1#7%: TORC il i i iR 1k Sch9 1 Sth3 Fl Dot6/ Tod 64 fif 1% At 2 ¥y, BH 15 I 45 & RiBift) 4% Je . TORC1XS Stpl 1) B 4k A JL R % 45 &
RiBiIFIRP L3 IR AT, LASIE €M . (AN, TORC1 2l i 3 Yak 16 H A GEBERRALCrf1, PRLIE G # SFhIES & . BERR AL AT
S H NS G RPIA ) F I FhI L ARap1, AT Aeiid 4 55 40 8 11 LT85 R PN uA4SR IS RPIF #5 5% . TORC12K3: Stb3FTDot6/Tod6 2 i K {1
JF4 A RiBi B FIRRPEMIPAC, 7 53 414 A i Z. Wt R G 52 & ARRPD3L LA 6 5. Yak I BRI AL Crfl, J5 % 245 & BIFhl1_E & edilhl, JFH
Stb3 AT 22 45 A RP_E i (¥ 5 & TIX S5 17 SERPD3LAM I 3% o
TORCI1 on: Sch9 phosphorylates and inactivates Stb3 and Dot6/Tod6, which is phosphorylated by TORC1. And the phosphorylation prevents them
from binding to the regulating elements of RiBi. Phosphorylation of Sfpl enhances it binding to unknown upstream elements of RiBi and RP, activating

T-Rich ? RP

their transcription respectively. TORCI1 inhibits Yak1, which is likely to phosphorylate Crfl, preventing from binding to Fhll. Phosphorylated Ith1
binds to Fhll and Rap1, which constitutively binding to RP promoters, and possibly recruits NuA4, histone acetyltransferase, and activates transcription.
TORCI off: dephosphorylated Stb3 and Dot6/Tod6 bind to RRPE and PAC upstream of RiBi, respectively, and recruit RPD3L, histone deacetylase
complex, to repress transcription. Yak1-phosphorylated Crfl binds to Fhll and replaces Ifhl. Stb3 is likely to bind to T-Rich element upstream of RP
and recruit RPD3L to repress transcription.
El4 TORCUHZHIRIBIFRPE RIRZEIRESE CHK 211220
Fig.4 TORCI regulates transcription of RiBi and RP (modified from reference [2])

ULEBHTORC1 Rl 1T BEA7LE BT RN A 70 3

T B (11784 A2 M A B 11 PR 1374 25 [F 4 A, 17
TORC 143 i JUAN 3 #1451 26 5 ] 1 % A (B
3)e X H A 0 B B 2 FhI1¥ T, Fhil R —
A SCIRIDNASE 535, 2 20 Bt Hh 45 5 2% 0 1R R
I (ribosomal protein, RP)JE K [ )5 5 7L, H#DNA
4t & B HRapl 5 /& 3 ¥ 3l B8 A Hmo | T $ff Bh™4,
TORC1 11 RP# 5% 1 75 22 # HIFh1 5 A& F
FHB(four-helix bundle)4h #4381 8 FHIth 1 F1Crfl 2 —
Shd o YHMIE B A KIS TORCLAL T 340 IR, Ifhl
PR AL T 45 G FhI LUBUERPHE 5 AH R M, 7%
fITORC 14 i [ Sot s Yak 1 A0 400861 46 FH T 5 5 Crf1
Wk IR Ak, J5 & 48 Hath 1 FEHIHIRP I 5 (E14) .

% 1 Fhll/Ifh1/Crfl 4t LA4F, TORCUEAF 1E H
iy A HIRP R FE 5%, Horp 2 — & 8RB (A Stp 1 (B
4)44, TORCIHEMNS 5Sfpl ELA%45 & 3% Hwme 1k,
W R LR ZS ST 1 e 8 45 & BIRPIM B 3 T b 1E

JNRab ] 4% & [ (escort protein), Mrs6 A~ X £ i &
Horide KRR, tae% 5Sipl145&, e &
HENGH A%, R SIS, JeAh, BRI A I
StplRe % SRiBil) 5 3+ H A EAEH, H2&id %
K Sfp1 4 PR L FRIBIFHEH 1 Fe ik _FFE,

oy — 77 & SchO MM ) e s A% . RiBilt) J
434 A PAC(polymerase A and C)F/al % H {4
RNAKL # 5T 4 (ribosomal RNA processing element,
RRPE), Hil # A& #mybZ ik #% =% K T Dot6 M Tod6 45
&, JEE RERSILE 510, Bh AN, Sth3fLF- ik 2 4h
A RIRPHE BT B —AE ST o EPY, X =4
S IR 1 T ABESchom R Ak, (K32 3 TORC1HY
YL, MTORCURIG I, B AT# & b 2 B IR 1L
&G 2N AT L, HHESERPDILAEH L
T F i # Bl 2 A AR T IS AR e o

5 — AN 5 1 2L 3 I S6K [ JE (1T AGCHE B Ypk3
ORI 2 AETORC Y I 42 1 X #% 4 14 25 EI Rps6idt
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1T IR AL, Rps67e 1% WEAR40S WV 52 1) i 77, H A
TERIETER T2, AR FN, B 540K/ 41
e 8 RO ) B R S R, B IR A AE 2 TR
T ERps6 IR AL, TSI AL L 2 Ypk3 1] AN
FESch9. 1 1 I 5 B PR Ak i B 1R Ypk3 TG V45 B IR 46
Rps6, 144 S6K 5 A 40 I e [0 % Ypk 3 i [ 1 20 i .
YerlikayaZ&B40) 2 3, A H &2 TORC i i Ypk3 1 i
1k Rps6, TORC2 3 it Ypk 15K X6} Rps6 fN-5ifi 3F 17
&AL . Rps6fif B4k 52 24 2 T B0 bE 7R 40S 1 &
(R B A A K R 9812 . Rps6/EMH FLah A bt 2
Ak BB R ER 1, Rps6ms b 170> B2 R 2
B,

TORCITE 1 5 1% W A A= 0 & B b 9y i 7 K
A, JUHRAE R K. fEH A 77 TH, TORC1H 5%
Z bR E] T — . TERRRE A R S B
1, TORCI1A R BE R 5 A% B 4% 25 T 1) £ 1 20 R4
TORC1iE 4 A g XfmRNAK Fa 5 M2 3 1F [\ 1
H, I H AT BB [A] 42 22 5 mRNA 1) B §52023434555738]
TORCIX L WE R LR 5 BARH 45 2 Kok, F
AR5

4 HESRE
Xif B BETORC 1R R N 5 0] LA N I 5L 3h 47
() [& Y5 #’mTORC1(mammalian TORC1)#2 it & %
11 % . mTORCIE AR Z ML ThEE, FE &
FEXHAE K R H 5 . AN, 78 B R 35 05 T,
mTORC1F T &2 & 51 LA AL, b fER KARRE b2
BB GBEERENT, ot R AR R IR .
BT JVE RS ETORCT i e 7l 1
IR K TN, HRIEEGOR Ak 2 4, HAh i ok
ST T AFAEATI IR ANAT T K5 T AE T 0% A0 A 0 44k 2 B
Wb, REE4L KL T X RNA. RP. RiBiZ Jj
THI PRI 42, (R AEAE AL b S M A2 58 2 iR A
Y1 B AE K 1) 3 3h 4% 1 ZE TORC 1 38 % v 3% BLA5H ik
TR B, RN FURRI B BEFTORC 1 IE 5 38 2 7 1
BEAATTO G0 M AR KB AR B R Y
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