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様式３ 

論  文  内  容  の  要  旨  

  〔   題     名   〕

M o l e c u l a r  m e c h a n i s m s  t h a t  l i n k  t h e  e s t a b l i s h m e n t  o f  c h r o m o s o m e  
c o h e s i o n  t o  D N A r e p l i c a t i o n  i n  X en o pu s  e g g  e x t r a c t s  
(ア フ リ カ ツ メ ガ エ ル 卵 抽 出 液 に お け る D N A複 製 反 応 と 協 調 し た 姉 妹 染 色 体 接

着 の 成 立 機 構 )  
                        学位申請者    東  寅彦

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 Smc3 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 Smc3 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 in vitro.  In Xenopus, two CoAT orthologs, XEco1 and XEco2, 

have already been identified.  I found that XEco2 is a predominant CoAT in Xenopus egg extracts.  XEco1 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 XEco1 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 Smc3 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 Smc3 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 Smc3 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 G1 and S-phases of the cell cycle.   




