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Molecular mechanisms that link the establishment of chromosome
cohesion to DNA replication in Xenopus egg extracts
(7 7V A AT I HEIZR T 2 DNAKE RIS & W ai L 7 il ok G 6 K 42
A O K ST R )
T HOHE
Sister chromatid cohesion mediated by the cohesin complex is crucial for accurate segregation
of chromosomes. Cohesin is loaded onto chromatin before DNA replication and entraps sister DNAs during
DNA replication. Establishment of cohesion requires the cohesin acetyltransferase (CoAT), whose known
substrates for cohesion establishment are two conserved lysine residues in the Smc3 cohesin subunit. In
vertebrates, which have two CoAT orthologs, CoATs promote chromatin loading of Sororin, an essential c¢
ohesin accessory protein that promotes stable chromatin association of cohesin. In yeast, the CoAT act
ivity is required during S—phase to establish cohesion, and Smec3 acetylation increases as cells enter S
—phase. CoATs carry a degenerated version of PCNA-interacting peptide (PIP) box, which is essential for
cohesion establishment and partially required for chromatin loading of CoAT in yeast. In contrast, v
ertebrate CoATs have long N-terminal extensions that are reported to bind to chromatin, and how CoATs ar
e loaded onto chromatin and when Sme3 is acetylated are not well studied in vertebrates. How two verte
brate CoATs are involved in cohesion establishment and why two CoATs are present in vertebrates are al
so not well understood. Moreover, whether Smc3 is the only essential target of CoATs remains elusive
Most importantly, how CoAT function is coupled to the process of DNA replication has still been unclear
in any organisms.
To understand the mechanism of cohesion establishment during DNA replication, I analyzed regulation
and function of vertebrate CoATs using Xenopus egg extracts, which is the only model system that recapitulate
cohesion establishment coupled with DNA replication 7n vitro. In Xenopus, two CoAT orthologs, XEcol and XEco2,
have already been identified. I found that XEco2 is a predominant CoAT in Xenopus egg extracts. XEcol was not
detectable in eggs and in early embryos, but became detectable after developmental stages where the cell cycle
acquires somatic characteristics. XEco2 but not XEcol was responsible for Smc3 acetylation and cohesion
establishment in the egg extracts. Smc3 acetylation was dependent on the assembly of the pre-replication
complexes (pre—RCs) that promote chromatin binding of cohesin, but was independent of not the initiation
of DNA replication. Consistently, XEco2 loading was independent of the initiation of DNA replication,
and required pre—RCs. The pre—RC-dependent XEco2 loading was not dependent on cohesin loading, and also XEco2
was not required for cohesin loading, indicating that pre—RCs recruit XEco2 and cohesin onto chromatin through
independent pathways. In the N-terminal extension of XEco2, I identified two motifs, which I named as the
motif-A and B, required for its pre-RC-dependent chromatin binding. The motif—-A and B were required for Smc3
acetylation, Sororin recruitment and cohesion, but were not required for acetyltransferase activity of XEco2
These data suggest that the pre—-RC-dependent XEco2 loading is essential for cohesion establishment in
Xenopus egg extracts. I also found that, although Sme3 is acetylated before the initiation of DNA replication,
interaction of acetylated cohesins with DNA becomes more stable after DNA replication, suggesting that in
addition to pre-replicative Sme3 acetylation, a replication—coupled reaction, possibly Sororin loading
is required for cohesin stabilization in S-phase. Interestingly, I also found that the ‘PIP box’ and a
short motif nearby the PIP box are required for Sororin recruitment but dispensable for Smc3
acetylation. Consistently, to promote loading of Sororin, XEco2 activity was still required even
after pre-RC-dependent Smc3 acetylation is carried out, suggesting that XEco2 might acetylate substrate(s)
other than Smec3 to induce Sororin loading during DNA replication. Collectively, my data revealed, for the
first time, that the process of DNA replication regulates the CoAT-dependent cohesion establishment reaction

at multiple stages during Gl and S—phases of the cell cycle



B 7
MYBEOREOESE R KHE Y F

K A ( H OB B )

(1) B %
& i F F K %
OCSEAEMEME | B & e cll R
B % iz -
g & W FOHO#m T O
BVNETEOEROER

MRS L THMT IERIZEVW T, BEFHEEAE D DEdEDNAF EREIC 1 E S LRIy IcsEed
HZEBEROHBKIIVNETHD, 2V ¥ A7 BEHERIC L2 MR EERER. M COMERABEHEOER
BB E RO, BEAMIIE EEIRIEELZ L A THD, 2 b— 3 EDNABERANIT A EIZHES L. DNA
BWEL B L TR ERES RT3, TOMEEARFSICEESh TV,

BEHFE, RABETERICELETFAZRTHS 771 HY A F o IMEHIER % v, mikiefodEgicygmsh
A= T EFAREBBER CAD I LD at - Sned3F 7oy O T EFALEKERA LM Lin, &ikd
¥ CiEcol, Eco2® 20 MCoATHRE 2 F REFET 5, ¥ A N = LI Cld Beo2 BIMR M EAES TH Y Z L %8B
PIZ LT, EBITXEcolid, GIHIAGF LI Ih 5 HRETHEME (pre-RC) IWEF L TRAFICES L. HEMHE
ATZSme3% 7TEF AL T 5 2 L AL L. XBco2RARESCUERNEREROREFEINTEF—TEFAE
L. pre-RCHERE & 38 L 7=XEco2 O A& Pk B EBE ORI LA THH I L &R L, & bITXEco2ld
BEELBRERL T —rORERCHETHY ., ZORRICII o OCRENORESNCETF -7 BEETS
ZEERWELE, ABFEZELY., FHECOATOMESINAMBIRROREOKS BRI BEM T2 L 8D T
B bdicigoiz,

INbDOFRIEDDTHAENES, EAHOS 7 AR ERTAI L TEEEPDH S, ThHOERE
SRR TT 7 U Ay AH TSRS I SDNABIILRUE & B U ik e SR ORI L LTE LR,
Lo, ARREHEE (EE) OFURLE LTHoEErSH5b0 &85,




