
See online version for legend and references.

Snapshot: SMC Protein Complexes I
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This is the unedited version of the SnapShot published in final form in Cell, Volume 164, Issue 1-2. 
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This two-part SnapShot depicts the composition and architecture of SMC protein complexes and their 
regulators (in part I) and their roles at different stages of the cell cycle (in part II). 

 

Part I: The architecture of SMC–kleisin complexes 

The core of any Structural Maintenance of Chromosomes (SMC) protein complex is formed by a homo- 
or heterodimer of SMC proteins. A single kleisin subunit binds via its N- and C-terminal interfaces to the 
neck domain of a ν-SMC subunit and to the head domain of a κ-SMC subunit to create a tripartite ring-
like architecture. The activities of the core complexes are regulated by diverse peripheral subunits, many 
of which are either composed of α-helical HEAT-repeats or Tandem Winged-Helix Domains (WHD) and 
associate via the kleisin protein. 

In eukaryotic cells, at least three distinct SMC complexes (Cohesin, Condensin and Smc5/6) are needed 
for the correct segregation of chromosomes during mitotic and meiotic cell division cycles. During 
gametogenesis, several subunits of the Cohesin complex are substituted by paralogous proteins with 
specialized meiotic functions (marked by a single asterisk). In addition, specialized forms of some SMC 
complexes exist in most metazoans, such as Condensin I and Condensin II, or a C. elegans-specific 
Condensin I variant with roles in dosage compensation (marked by a double asterisk). Furthermore, The 
functions of SMC protein complexes are controlled by other regulatory proteins and through 
posttranslational modifications. These modifications include phosphorylation by several kinases (Polo-
Like Kinase 1, Dbf4-dependent Kinase and Casein Kinase 1 for Cohesin; Cyclin-Dependent Kinase, 
Aurora B Kinase, Polo-Like Kinase 1, and Casein Kinase 2 for Condensin), acetylation, sumoylation, or 
proteolytic cleavage.  

Most prokaryotic cells express a single SMC-ScpAB complex. MukBEF and MksBEF complexes found 
in certain bacteria feature an architecture that apparently deviates from the canonical SMC–kleisin 
organization. The N-terminal domain of kleisin MukF (and MksF) forms dimers and might thus be able to 
create structures with four or more SMC–kleisin subunits, such as tetrapartite rings or dimers of dimer 
(see cartoon). 

 

ABBREVIATIONS 

CDK1, Cyclin-Dependent Kinase 1; HEAT, Huntingtin, Elongation factor 3, protein phosphatase 2A, 
Tor1 kinase; PLK1, Polo-Like Kinase 1; SLF, Smc5/6 Localization Factor; SMC, Structural Maintenance 
of Chromosomes; WHD Winged-Helix Domain 
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