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Geminin and Eukaryotic DNA Replication Initiation

Dai Shangkun®, He Xiaoyan’, Liu Shuoshuo”, Deng Lei, Wang Biying, Fan Lifei*
(School of Life Sciences, Inner Mongolia University, Hohhot 010021, China)

Abstract To ensure the initiation of DNA replication occurs only once per cell cycle, the initiation of DNA
replication of eukaryotes is strictly regulated by multi-cooperative mechanisms. One mechanism is the Geminin mediated
inhibition of DNA replication initiation, which is limited to higher eukaryotes and is vitally important for the faithful and
stable transition of genetic material. Here, focusing on the relationship between Geminin and eukaryotic DNA replication
initiation, we simply introduce the process of eukaryotic DNA replication initiation and the structure, spatio-temporal
regulation of Geminin. Additionally, we detailedly discuss the way and mechanism of how Geminin regulates or inhibits
eukaryotic DNA replication initiation. At last, we briefly summarize the opinions displayed and raise several questions
about Geminin and eukaryotic DNA replication initiation, which require further researches and explorations.
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Cdc6:2 W] [ AH FAE FH 25 52 /M Cdt1 (cde10-dependent
transcript 1)/Mcm2-7(minichromosome maintenance
2-7)E A 4K, Cde64h 4 IMATPIY /K fi# 5 EMem2-7 XL
INERP oy | B B A A A L, W T R
1ill 52 75 #4(pre-replication complex, pre-RC), fz 2 5¢ i
it T Wb B30 FR U, M 4 ik ASH i, DDK(Dbf4-
dependent Cdc7 kinase)®§ 1t Mcm2-7, M 33
Cdc45(cell division cycle 45) Al Mcm?2-7 (1A HAF I ;
S-CDK(S-phase Cyclin-dependent kinase) 5 Sld2. S1d3
B AR, JF 4 S:S1d2. SId3 5 Dpbl1AH HAE I, &
2 73 GINS(SIf5-Psf1-Psf2-Psf3 complex). DNA
Polg(DNA polymerase €, DNA Pole)#|Mcm2-7() 5% 42,
M Mem (10 A8 T B 1, 5 190 e s o e
B, B¢, Mem2-7LLCde45FIGINS(go ichi ni san) Ay 4ifi
BT, A HERR e iE A, AT DNASURE, AR5 524k
DNAK HCI I IADNA E 2

T U R T NDNAK I 4R A7 s )
DNAK Hili2 4h1d 1, SR Akl th— & 4% 1 1
FERL, PRUESRENDNA S I 45 A7 f07E R4 1 4
WA LA TT K (firing)™— Kk, B (54K IDNA J B 1
ABEEE LR WAL, Wi fRIEE LY
5 R ZHDNAF) 5 B 4 38 A% 10 508 1. B ok
U, EAZ A A LR LA £ HIDNA K i 46 P
It B2 1 1& 42: (1)CDKs(cyclin-dependent kinases) /1~
Mecm(minichromosome maintenance) & 5 i [ 14, M 4%
5T LA S (W R s R A% SD); (2)CDKs A3
Cde6 R LR AL, iz 2 A0 MR AN BE T K A= A
(3)Go/ ML 915 P T i I CDK st i B 11-pre-RCHIZ4H
%, MIMTFHISTDNA R H L E 6 (4)xFCdtl iy, s
CDKsHRASFFIA Cdt1 7 AR, LAz -t H
It A& 2 4 (ubiquitin-proteasome system, UPS) it ) Xif
Cdtl1 ¥ [ fif: SCF-Skp2 & & #41&4%2. DDBI-Culd& 5
WA AN, mAE AL B AR R B
g55rCdtl, AMHRICAI PG TR R, HE TRk
FOR EAZ A= IDNA S I 4640 1 B2 1, Ry
it H IR IR 1 25 TR DNAS Hil i 46 (1 L)
HHATHAE, Wik,

1 FEARZEHSINGE
L1 EEALEY

AR — MK/ 25 KDl 1R, i)
JEAE A S 519 45 0 AT A 2 93 B 01T A

(R E BT 2 I R LIRS R I BR o8 AR L il A &
FEE Tk, M 2Rt A A X D R, mT LA AR i
ERIG R BER S, & L4ty i, DNAK
Tl &5 A 885, Brahma%hi & 45 8 380, B it 45 1)
Tk 0, 45 P i 51~ (destruction box, DB)FIZ E AL A5 5
(nuclear localization signal, NLS), [ fi# & 1 AE#
2243 I W 1) 5 WA 1 52 4 f& (anaphase promoting
complex/cyclosome, APC/C)PH 5, M T A~ 3 22 85 [
B fif . AR FL 3P IINLS & — M e AL fE
“7 (bipartite nuclear localization signal, B-NLS), Iij ¥,
B IRINLS I A7 - v g DX I8l 1) 8 2 PR —HG 2 IR —
#fi 2, % (arginine-arginine-lysine, RRK)/¥> 41, - H.F
P e 58 A% ) B-NLS 2% 5 3028 £ 11 78 40 i 52 b (1)
FEH AR R, AR I BRAECST. fh4e o) Ak 2 Rk
(neutralizing domain, ND)gE % 175 3 A< & B (1) A Jifs 41
Ji 534 R 28 G, (HNDX 25 8 1 4 HIDNA K il A
ST 7, AR FIDNA S il 9 i) 45 44 3 A0 35
Y5 e 45 #4035 (central coiled-coil domain)F1Cdtl
SEG AR, 2R AR R A i e 45 A 4 eh A
I TR e 5 IR olR e 1, 25 i E IR SRR AR
H, HEanZ8 8 0 SRR I TR 08, Cdtl 456 25 1)
WS E P SCAt 4 A I FE X, NZEEE
Cdt1 45 15 DR T2 HE PR 7R A 76~160, JF Hk 2
FL PRI HE145~160 1) N7 H A AN B HIDNA K il
4h; D, NZRER P 456 Cdtl I g i s rh 1 28 L 1R
BRI 145~1600F Cdt1 T PE . DNAK Tl 46 1) 311
il o YR, IF H AR IS R 2R 8 1 (10 2 L R ik ik
140~16006F B 1~ N A= F 11 20 FE R ik 1 132~152) % 4
05U I A G H B S(&] 1) .
1.2 ZFEEHRIIEE

AR I REREFIHIDNAR &, EeS 5K
B A B e S dris et ARE AT RLAs
B A HIC i PR T, B 1EMem2-7 2] pre-RCIH
H2%e, IHIDNAK HIRL LG, AT HFEDNAK M, 48
HAZHRE RIS s goE Mg et
5 (1)ZR 8 (1454 B Six3(Six homebox 3). HOX
A 5 DR 1 FRD R P, AT 8 2 00 D B i P 35 0 A
HBIE G Q)M it firh, 28 B 5 SWI/
SNF(switch/sucrose non-fermentable) 4 4, Jii 55 ¥ &
P& Brgl Brahmaffi 4k MV 55 45 45, HRH e AL 2E i
P2 e A2 Jiig 2 11 (basic-helix-loop-helix, bBHLH)H#
1 R DR 2 SO A A 28 R 40 I PR R 2
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(A) Human Geminin
D-Box  B-NLS* ND M-NLS  Coiled-coil Brm-binding
» [
Destruction csi CPII CTII

Licensing inbition

Replication inhibition

B
®) Human Cdtl
PIP-Box+D Skp2  Cy Middle-WHD C-WHD
DB(black) CPII CTIL GSII
MCM binding
DNA/ORC/Cdc6 binding?

Licensing

A: NZFER NS . D-Box: FEff 15 B-NLS*: “HZENAG T, *RmiZA IR/ AR AL S ) h A7 455 ND: fhze AL 45 K3; M-NLS: i3
EYPIERLAS 5 ; Coiled-coil: 222K (111 h s ts IR BE AT M4, CSIT: Cdtl 4545 55 —Pefihifii X 35; CPIL: Cdtl 4545 5 —Hefib i X 5k CTIL: Cdrl 454
55 Pl X 1, Brm-binding: 454 Brahma(Brm)f A6 T LK X 4k, B: Cdt1f{145#). PIP-Box: PCNASS & L5411 D: BRARKELIT; Skp2: Skp2ff]
PRI T Cy: Cy Bt PRS2 RS 2 72 2 %; DB (black): = AMF4/% &1 Middle-WHD: Hh 4 3 B2 45 Ry bal; C-WHD: C-o i U088 g 45 42
GPIL: 2R 1 45 5 — He b D duk; GSIL: 2R 8 (71 45 5 58 i i X 3 GTI: 2R 8 11 45 6 5 — Hefi i DX 4k

A: the structure of human Geminin. D-Box: destruction box; B-NLS*: bipartite nuclear localization signal,* means this region only appears in non-
mammalian; ND: neutralizing domain; M-NLS: mammalian nuclear localization signal; Coiled-coil: central coiled-coil domain of Geminin; CSII: Cdtl
secondary interface interaction region; CPII: Cdtl primary interface interaction region; CTII: Cdtl tertiary interface interaction region; Brm-binding:
regions of binding Brahma (Brm) catalytic subunit. B: the structure of Cdtl. PIP-Box: PCNA-interaction motif box; D: degron motif; Skp2: recognition
site of Skp2; Cy: Cy-motiff RRL; DB(black): three destruction box; Middle-WHD: the middle winged helix domains; C-WHD: the C-terminal winged
helix domains; GPII: Geminin primary interface interaction region; GSII: Geminin secondary interface interaction region; GTII: Geminin tertiary
interface interaction region.

Bl AZEZEBMCAIREN
Fig.1 The structure of human Geminin and Cdt1

A RES; (3)28 8 1 HL# H HOXFE R 1 5% 1 X 3811
Polycomb® 5 &1 Semb 1A H.AEH, I HOXZE A 1)
FIE; (OHEMENR & IR, 228 (1l S Brm Fl
AN 25 B (I ERNT. BERTAH E AR, 145 54004k
LR WIS ox2 [l Fe k12,

Btz b, A8 8 o6 g e/ UG 40 o (1) 2 B
PE. M R E RN, BRE AR
Bk & O AR A AR A, AR Hr e nT DAY R R
T2 AL A1 R O B R 22 T B DY 2R B (0
AR L 201 L 11 184 B AR B, (RN 2 5 RS R 4N B 1) 43
104,

2 FEAMNZTIEIZESEDNAS BRI
2.1 FEAMFTEIFE

AR TR [ E 5 5% 7K P j& FHRB/E2F (retinoblastoma/
clongation factor 2)IEAE ), RBUHFIE2F A3 X) 2%
B3 TR, RBIEG/SHIFE i BRIk

RZAEVE, B2F IS 45 522 A 8 1 L E2F Y 2
JP 5\ OE 2R R 260 RBYAEMY/G 46 Inf 22 5 1R
o WOREYE, RB/E2FE SR 45 52l H 3 —
AR T R R A Kt ok -G S R 2 Ul
Ji4h, AR FAE ] a5 8 5 31 XK 4
WA, SR GO T, I HIEIE2F 1) 4545 fE
77, Wl B ARt ) LI 5 S a5
(R, RIS,

FEEAZ LD, 22 B ] DAt =R A R IE37Z
T 5 Hl i UPS (ubiquitin-proteasome system)
[% fi#: PcG(polycomb group)® 7 /&1, RDCOXB4%E
4 7K (Roc1-Ddb1-Culda-HOXb4). 43 24 W1 1) 5 W1 4k
R AR PeGE G IR HI 3L 41 70 Semh 1 55 7 47
(1 AH B/ FH; HOXb4 5Rocl-Ddb1-Culdaiz % 45
il A% /0 21 53 41 3% BRDCOXB4 & 45 1k, HOXb4r 7
BE GRS E AR AR 22 IR APC/CI
Sl UM AR R R AT S SRR 4
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A BiA =ME3Z 2% E I 2R B 1 2l 1 UPS
R BRI, AR, 2R R 40 R AR A,
P JE HAPC/CAY 3 1), TMPeGH 4 /1. RDCOXB4
BEEN FHZRE O R, 325 4R T4
Jitd(hematopoietic stem cells, HSCs)1] 7% P4 #H 819,
APC/CYE P I I AR Ak, S 288 A 1 i 35 2 0
% APC/CAEG U, /328 i H B i APC/CHE
Gi/S IS R, 2R B TR R, JFAESIL GoIl
M 7 B SRR 2 3R 1A ; APC/CHE 4 o 43 34 5 %%
E IR S S E N S DN = O

2.2 FEAMAMAERABIERZREF R (hucleo-
cytoplamic shuttling)

0 A% A RN DN A 5 53 il A7 45 22 (1 410 1l
1EH, EZEDNAKS $I 1 — H e is 2 4% I A1,
HA SRR 2257 % B R 5 4 e FEDNARY, 48
B e — W E Y, TR AEDNIE ik (Xenopus) R £
W, &K, Nt 2EaHEkes
Y A%, A e A ILAE S B A PR £ H 221

T R P S g P 42 U h (R BIF9T ABR, A7 TJE
W D 2R B IN-R B R B-NLS A 28 8 11 (1) 41 A% e
T R BN, AR 1 AE A1 40 R I B AT AR
R, A WESC R I, FE b 5N E EC) () 4 i,
— BN R PG, R AR, 2R A
B IAPC/CIZ %Ak, Ky 2Pt Il I UPS A AR B
i, AR ENA— 05 B2 A 2R R e B AR 1)
fris; XA i [ I A R RICA 254, FEbEE
41 1 SR I AZ I ) T 4, X Sl i | il i N 4
JRZ E TR SO, 455 TR Cdel R RS PR,

TEB IR0 Mt 2R 8 1 [RIRE R AT 40 Al ) 34K
S A AR ARG, AR B e T T, A
RE R HE A% W I D) RE; ZESIYI, 28R A Il I NLSH
VEF NS 22 20 A%, AR 4 F; AEMIY
] N NGO R I, 2R e R S R S AR
7 (nuclear export-signal, NES), ZECrm17% B T~ M #
iz R AR, HF HIXFNES H AE AR Fsh b 28
W E AR

TENFE AN, [RRE A7 7528 1 40 34K
HVE A2 R R G, 28 8 I fENLSHIDBIY 51 &
T IE AT AN, 7RG, Cdtln LS AR A
HEE S, AR E A 2 A=Y,

DALk, AN [R] 40 1 40 i, 08 mT LA 3E I 29 2 1 4
0] ARG P PR A JO AR, SIS IR 28 B 1 11 2 1 R

PEJE A I, BAR G RALHI A Ae e prid
PREEIMT S . H AR ER AR BB, o S PR
A MR A B EPUER b R U
T Th e e R E

3 Cdtl:Geminin€ 51K 5> FFX5EDNA
404

AR R I ) U P (EMem2-78 45
14 Z Hpre-RCIF % 2, M 1M 41 HIDNA K il k2 457
Wohlschlegel 5547293 T4 i DL A 74 SFDNA K il &
g v, F1) FH A0 9% YT 3¢ (immunoprecipitation) 55 J ¥4 UIE
Wi: IR AEAR N IE 2 AAb, 2R AR RERICdtl 5% 45
&, CAtIE Jy P 75 MemZ 5pre-RCH1 2% /2 b
T, 455228 H I CAtl BB IE MERNH], ANGEN
FMemE A A %

Jri K, Lutzmann &5 PR 1 35 s d 99 32 B
I, 7EGHY, 288 (I AICdel BE DL R A AR 11 E U8k 55
LG i b, 12T 5EEEMem2-741 2% ipre-RC, 5¢
B R ENSI G, KR AR g A SR AR 3
et i b, 5B E 4S5 BCdtl 8iCdtl:Geminin
2GR T AE L, M4 i Cdt L) Pl e i 2
B, AT R B T Cdtl:Geminin A {8 L —Fh 4 T
JF 5% (molecular switch)#L i, & % 75 I [ FIDNA K
i as F I E H: Cdtl:Geminin& A48 1) 40 24 11 &
£, P A5 CdtLZ AL T HRTE I F S 10eE 2 A 1A
(activation complex, AR & AR)VIR A, I8 A& 40 T PR
P 2 P B 40 ) &2 A AR (inhibition complex, 18 7
PRVIRAS, 40 B R A I (AR A 8 TR AR
B A 5 ) — AN 43 1 ORI G Cde L AU
Mem?2-7 1228 DA K B 44 (DN A S il ik F2 20

Aok, Bl 200 1 % Cdtl:Geminin & & 44
ARG R 1R 53 A, AR 2R AR I C 1A R R 1Y) 231
B £ 2 A B2, Lee 5270 ik 43 Hr /1y B AR ity A
k% [1tGeminin(truncated Geminin) F1tCdt1(truncated
Cdt1)#4 7 () Cdt1:Geminin & 5 44 (1) 45 fh &5 1, 27K
KL T Cdtl:Geminin & & & H1 W 43 F-tGemininfll —
g3 FCdt1 4 | — A 57 U5 — 5 {A (heterotrimer), F /&
1% T A b T (interface) . S HLABATIIA A, 7N B
A5 HR [1C-2R Uity 5% 3 129~149(%F I, - JF Wi o5 s 2= 2
P11 58 1% 5% 140~160), 2t 18 3o 7% 1] £7 BH (steric
hindrance)$IHfil] 7 Mem2-7 2 Cdt1 12248, M ik

/E\ﬁj\\i 11[9,27] R



1696

{H%F Lutzmann %5 Pt j& , Cdtl:Geminin
55 R BN 8 A — M AE A B 2. Marco®EPYil
gy M AR i BR 1 28 22 FThtGeminin(human
truncated Geminin) A1 htCdt1(human truncated Cdtl)
o 3 1) Geminin: Cdt& & 14K 11 45 i 5 1y, B A
htCdt1:htGemininF I = S A& 25 &5 B i 1 57 U8 N
2% M (heterohexamer). 57 & F 2L ¥ 2, Ml AT K IR
Cdt1:Geminin 55N RAKFITE K, “UERL T * Cdt1h
WO PEAR B 21— Be kAL . ABATIRUE D], Y75 2R
PRIR T B, %28 3 1 58 A4 Cdt L IR R R 1 2 o
TEPEN . AEASE R A2, Marco 5284 H ()i s 7Y
FLutzmann25POHE HY 1) 4% 24 A — 2, Cdtl:Geminin
I = RARAER T AR A K, Cdtl:Geminind? /N 2R
WL TIE A,

ZE | T iR, w] L XY Cdtl:Geminin& & 14 ) 43
T I o< B Y 3R 4T 2 45 Cdtl:Geminin& & 14 1] LA
PL S Y5 = %8 fK(Cdt1:2xGeminin). 5 U5 /N B 1k
[2%(Cdt1:2xGeminin) |} F {4 S A7 46 76 57 I — 5K
P, Cdtl b by PP 25 D AH O 1) 2 1R ke i b
TG bR B R A, P Cdt] REAS 4% P
DAL B9 A 5 i AE 2 U N SR AR R, Cdtl 5 P 1
UV G 2 FE IR Ak SE AL T B b (R TR IR A,
b, CAtIANBEME A 4% JLA R BRL 71 IR, P LA,
Cdtl:GemininFw: ¥ — SRR Fpdlii /S SR A4 2 [A] 1) i 46
U —AS 73 5 JT 5%, FEhlAE Catl U A1 s

bRtz A, OdeSE 2R FH A M i i OR 2 B ), 4
HHCF L RS ATV, R T SHIAR R A
AT I L AR 1) “all-or-none ML, 1ML 1]
FERlE 2R 1 2 I DNA S IR U547 £ 0] (1) 41
PMEAE H (inter-origin cooperativity, I0C), ML |
e M TR (512) .

H 2, 28 8 A I CAe P R g 1 1) 4 T AL
AT VF 2 [n) 8w £ fif P Cdtl:Geminint Y5 /N 2R
ST LA 2 7 AN Cde L T P 1), 2 g
Mem2-7 2 Cdtl ) 2% #8038 S 4 1] T Cdt1-Mem2-7%)
pre-RCIF A1 22 T/ W Cdtl 7] 28 8 1 15 e Y =
TR 1) B A B v 1) 45 e ) AR 997, I
H b EFRATT AT LUF e Cdel IR 2228 (1 85 — A B fil
T 25 X AN C At 1A G 1 XA B S, IS AAE
S U 7N SR AA TR B AN B A T i A R AR R R Ry AR AR
1, PRSI CAt 1P T PR B Xk ? Bt Ah,
Cdt1:Geminin/g 1734 fg LA A 705 2 S AP A1E,

I HLIK 26 Sl 22 SR AR 2 [R) e 4t 2 AT R AT R 11 2
HARIL A T £ KT Cdtl:Geminin & A 44 [1] ] #5155
AT LEF . UEW], (H)ECdtl:Geminin & & 44F K
— IR, TIEDNAK HIE LG I HLHI XN DNAK
e RO,

4 FER. ZRUREFIFAZEDNAE
Faey

PRI, A LB SR . DNASK
BRI DI G, B “IF K[ DNAS Hil i 46
R s, 2B T ORI W LB SE R A e (1
DX 35, F ELAE A S ek 9 40 B 1) R B R,
YR 1 LTS SDNAK B GG A7 55 1 s, 7F
I FLEN I G 0, 26 TMem2-75 & AR 4%, A
254 ORC1 1] Lt HE 4 7% ¥ (human acetylase binding
to ORC1, HBOI)/E A Cdtl i 3L 33 1, LACdt1 K 4t
(1177 X L DNA K HlR G A7 s A L BE R, FEAE NS R
{1k H4(histone 4), IX XfMem & & 4 38 &L 2 K E
BT, TR NG, I 2 R i O B A,
HBO1 I B 44 £ 5 SiMem?2-7 5 45 1K 1) 57 5 4,
IF Hid 2 3 EHA L E AL TARKE, H 42 4l e
(deacetylation); [ I}, Cdt17EG, ¥ fit % fK #iHBO1 £
R SLHE R B 195 1, 175 KRR (1 Mem2- 7380 5
0 e 5t 25 e SE L FECY, B Ah, HBOLZE 1A 4k & /b
AEs £ FEALORC2. Mcem2. Cdc6. 28 £ 11 45 Hifl
DNAK #4541 ¢ 8 1, JF HHBO1 1) L WAL &
P2 52 40 I R B 4 1), L5 1 YE DN A il 4G R
B R g B, B, MO T HBOAAL 8 11 4Tk
FH LR I (histone acetylase, HAT)¥G I Cdt1 /- T 1
et Ji Lk 4E . HALL X DNA K I 45 41 0% (1 S X
VBRI EE 1) S TAK, o 28 30 4 0 Jok o028 e € 1) 45
Fag, AT 1 G (DN A SIS R 47 556 Mem?2-75
B ARG ), HETHPEDNA S HIE LG .

YN LEENSHILLS, 2R T RERE = SRR
FHICAe1 T 10 G 0 0 22 AR I FE00 e, AR
12 £ 6 3 B 11 (histone deacetylases 11, HDAC11)
RE % 0 I CAtL 5 16 G 5 0 L 8. Mome 80F1
DNA T &, 1285 1 e 5 HDAC1 5 Cdtl 1) 45
BRI, TEARAN, 2R AYECAUAEAE IS DL T, fig
FHIHBO VKA (I HAR £ 164k, I HL 3 Bl 461 41
JEAECAt1-HBO1-Geminin& & 55 1 & A= B34,

DNAR HI1E A —Fh ADNA K ) 16 A= 4k 2%
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SINE, CARZ /N Ay At 1 v S R 4 1) G (L R 45 4,
SR DN A S il 4 LA A B 5 I DNA S il 7
DRI, X T 4 €0 5 DN AR Sl Un 7 55 1 R WL ist A%
SR, ATDNAS HIE AR 1) R A 2 b . X 2R
F{. Cdtl. HBO1. HDACHIZ5 [ 5v & M, 228 A
AJ LA HIDNA K il 46 15 AH O 1) U st A% 2% i 458
R, e FRHAR) LBk CAtl A5 1) B4 64 )5
ZBAE L RE, MM AE R s 4% 27 K~ I DNA K il
ELEPAE2) . HE, 73R 1 SDNAKR HiliE 1G4
I AR 2 ) PER B LS A R 5T

5 FER-WNREXER. FEHEER
18 5SDNAE HI#2 15
51 FER-HBHEXERSEDNASTHIEIR

WAL T 3 1R 28 i A — AU RORH DG 2 1 B PR
IR A O J7 A 1T i 44 1), BRI R 3X S8 8 1 K
#3855 AR A ELAE A, B R b s e PR
MR XL [ S Six. HOX. Idas%s—u& i
RMDNAZ S HEH, TN AHIX Lm0 528
HH. DNARGIERIBT KSR

SixFTHOX ) fie it 1 A28 5 (3 1 i 2440 BAFE
ey, HCAtl e 41 45 A 28 8 1, A Cdtl )RR,
T AR TR Cdt 1 W) fie A HE RS P, 45 SR 28
(1Six HOXIE 4 /i i frid K # H R & 4 B DR,
X FEE ) Geminin-Cdtl. Geminin-Six. Geminin-
HOXKE & A 2 18] (P 3 A F, -4 40 M ) 8 . 93
B3, A, AR 5T 2R B, HOX S G & 1 n) LA
454 U ADNA SR RS 4647 55, JF 55 DNA K il
SEPURE DR AR ELAEH, AT 3 DN A il 46 A7 55
HE M, LEinHOXD13 R85 Cde6fE ], i dkpre-RCE
DNA K Hil 46 A7 /B 21 2505, AF 9 DNAK il 4f
IR 7 2R 1, ) DLBH THOX 5K 7% 4 I AT DNA
K2 4h 1 e R B, Tdassg — R A AR 8x [ [
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TEG], AR5 #A(Cdtl:Geminin i ¥ — 2R £4) /i $:Mem2-75 5 #A 2IDNA S I 4 A7 s L3, Cdtl b FIHBO 1 3 i T 10 2 0L A% I 530
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IR FE PR RICde6. Mem2-752 544 (KR A H LA CAt (#5358 70 B il R, L IR] 58 st SO FE g 400761, Bl 1 ESIDNATE 2 52 il 4G . DNA
HREE . N A% NPC: ZALE G5 M: Mem2-7Z 1514 P: BERAL; Ac: LHEE; UPS: Z SRR ARBIE R 2.

Durning G, phase, to achieve licensing, activation complex (Cdtl:Geminin heterotrimer) mediates the assembly of Mcm2-7 to DNA replication
origins, meanwhile Cdtl cooperates with HBO1 mediating epigenetic activation of licensing. Durning S phase, inhibition complex (Cdtl:Geminin
heterohexamer) inhibits the assembly of Mcm2-7 to DNA replication origins, and Geminin cooperates with HDACI11 to turn off the epigenetic
activation of licensing, meanwhile inter-origin Geminins mediate the cooperativity of DNA replication initiation inhibition. Cooperating with the
nuclear export of Cdc6 and Mcm?2-7 and partial degradation of Cdtl, Geminin related DNA replication initiation inhibition processes achieve inhibition
of licensing and prevent DNA replication re-initiation and DNA re-replication. N: nucleosome; NPC: nuclear pore complex; M: Mcm2-7 complex; P:
phosphorylation; Ac: acetylation; UPS: ubiquitin-proteasome system.
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Fig.2 The molecular switch of Cdt1:Geminin complex regulating DNA replication initiation
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