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Abstract

daughter cells. To achieve the equal distribution, protein machinery named spindle assembly checkpoint (SAC) en-

The eukaryotic life stems from cell division by which parental genome is segregated into two

sures all chromosomes bi-oriented and accurately attached to spindle microtubule prior to anaphase initiation. Per-
turbation of SAC assembly dynamics and functional plasticity contribute to chromosome instability and aneuploidy
that contribute to tumorigenesis. This essay highlights recent progresses towards a better understanding of SAC. We

also discuss the perspectives of future research on this exciting avenue.
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In normal mitotic cell (left), to ensure that sister chromosomes are distributed into daughter cells equally, anaphase onsets only when all chromosomes
are aligned and proper kinetochore-microtubule attachments are established. In contrast, if SAC inactivates prematurely (right), misaligned chromo-
some will enter one daughter cell without segregation, leading to chromosome instability of progeny cells.
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Fig.1 Model of chromosome instability induced by SAC defect
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A: when anaphase onsets, Cohesin which connects sister chromosomes will be cleaved by Separase, promoting sister chromosome segregation; B: SAC

inactivation releases APC/C activity, which will lead to polyubiquitylation of Cyclin B (activator of CDK1 kinase) and Securin (inhibitor of Separase), lead-
ing to their degradation by 26S proteosome. CDK1 inactivation and Separase activation trigger anaphase onset and sister chromosome segregation.
E2 SACKERHNEHAURR KN E

Fig.2 SAC inactivation triggers anaphase entry and chromosome segregation

O-Mad2ilid 15454 fEMad 1 | FIC-Mad2J¥ i — Ak, M2 55 CDC20 /) 45
C-Mad2 5 Bub3-BubR 145 & % MU 7o & A E & Mad2 i) =t 2 54 -
Via binding to C-Mad2 bound on Madl dimer, O-Mad2 interacts with CDC20 and changes its conformation to C-Mad2. CDC20-C-Mad2 heterodimer
and Bub3-BubR1 heterodimer then form a quaternary complex or ternary complex without Mad2.
E3 MCCE AR RITTE
Fig.3 Formation of MCC complex
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EIERECY, TP AR R B i, R

HER N B s O EAEMCCE G AN &, 2
FEUE R Aurora B¥ER/ESAC T H K AE T 0 B2 H1E
F o SRR, HORER 2 [1EHE 2R B, Aurora BE
2 5SACIIRE M) A, Horp iy 3 2 (1) D g sl
ETHESYS 7SACEARB) RUE N, Tk IEZ
5 T Mps1 - 5Hecl [ H #4570,

RNAH K& [ PRP4(pre-messenger RNA pro-
cessing 4)7& —/NMEBEAZ AW AR T 1B AT, A
U5 BIPRPARE K I 38 AL A2 A 22 4y 24 A G o 44 By i1
b MY MIPRPASE R IAHANHI G, THE R4
nocodazole b H:AGE T 24 f I BEIKT, 156 B PR P4
B 20 i rh SACTE PE 32 24 ) AR, PRPAZEIX 1
05, Mps1. Mad1 LA fzMad2 ¥ 5)) 550 5E A7 2KE7
FERE BE A% AU 50 8 B Xpol p o E L AE AT 2273 3¢ 30
Fah A b, A0S TMadl 9 sh & e AP e A
e, [FIFERZALE G 75 8 E B Tpr/eMad 1 Al
Mad2 I B 45 & H, JF H /v $Madl-Mad27E A 22
3 R LT IARZ R Lo ) 58 AL, Tpri) D) fe 3 2K
PRAEPR AN 7 1, B E e B4 A AH B 4E5F 7 Madl
FIMad2 ) & (R P, [ A 5 7 Mad2 19 3)) 5058

(A) ‘ , (B)
TPR GLEBS KEN KEN Kinase domain
Bubl  [] | — A ™ —
KEN TPR KEN GLEBS Kinase domain
BubRl  [TT] [ T o] e ——]
Mad3  [[] L T ] |
TPR Kinase domain
Mpst  [] |
‘ Mis12
KNLI [ W 0T W N | ) ~ L
B reivinding | Mect [l ku B xiz [ Mis12 binding ‘ ‘

A: AVEBubl. BubR1LAJKMpsIFE4E ) S0, EATT#R & A N-3if [ TPREE K38 AN C-uifs (R 45 M0 38. ANTEJ )2, BubR 12 75 B W i 2 1 47
4. BublfIBubR1 I (GLEBSES #4132 Bub3 i 45 & [X Br. BRI EY £ 1 i BubR 1 R (KIMad3 V% A B4 # . A JRAUKNL L 257 7 b
WRAPPILA G IX IR, MisI 2R &4 & XK. S5Bubl ITPRESHLS & HIKITH. 5BubR1AITPRES & MIKI2FF 51 LA K 194MELT/F 4. B:
SACH A3 UEA AR E . Bubl-Bub3F1BubR1-Bub3 & 445 & EKNL1 L1, & HAKH T-MELTF 41 FI B R k. Mps 1B INDC80E &
W) L1 () Hee L @ AL AES) £ 0 TTMad 11F1 3 5 52 67 I [ B4 36T Bub 1 RIMIps 1, [ o 41 €4 12 28 R /R Bub 1 FMps 1 5 Mad 1 /& 15 4775 B 482 (10 2 (A AR I
PEH AN 2 . Mad2idiid 5Mad 1456 € A AES) i L

A: human Bubl, BubR1 and Mpsl are structurally similar kinases with TPR domain at N terminus and kinase domain at C terminus. However, BubR 1
is regarded as a psuedokinase, which is still debatable. Bub3 binds to the GLEBS domain on Bubl and BubR1. Yeast Mad3, the homolog of human
BubR1, lacks kinase domain. Human KNL1 is also shown with PP1 binding domain, Mis12 complex binding domain, Bub1-TPR binding KI1, BubR1-
TPR binding KI2 and 19 MELT motifs. B: model for kinetochore localizations of SAC proteins. Bub1-Bub3 and BubR1-Bub3 localize to kinetochore
via binding to phosphorylated MELT motif of KNL1. Hecl recruits Mps!1 by direct interaction. Both Bubl and Mps! are required for Mad1 recruitment,
where red dashed lines represent uncertainty of direct interactions of Bubl1-Madl and Mps1-Madl. And Mad1 recruits Mad2.

El4 SACHXEBMEHRREMRNEE

Fig.4 Schematic shows of SAC related proteins and their kinetochore recruitments
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f) 8 H B E M ¢, Mad2/E 3 5 e, APC/

CH 0 1) 1R 2 B2 8 vy, 158 BHSACIR) % PR 5%, A
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Z [E] [ 4 & % ) 5w, B ALICTA] fg B 2 ) &
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FICDK R 7E L 2 41 2% 1o A2 v 3k [F) e #5522 (1)
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I R T ATP R ZK AU, i SR R A CDC20 | i
CDK il 1) ik B2 A A7 #, p31(comet) s F HIMCCE
G T R 2 B B2 A, 1B CDKIs R/ S
[ICDC20% FZ L FEMCC S & W i 25 11 ik 72 v i #5
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