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Human DNA

6 billion bases 

2 meters of DNA

Genomic DNA organizes in different levels in nucleus
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Cohesin complex
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TADs and chromatin loops depend on cohesin and regulated by CTCF

Convergent CTCFs



DNA loop extrusion mediated by cohesin and regulated by CTCF
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Recombinant human Cohesin complex

Cohesin-NIPBL complex
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Direct observation of DNA compaction by Cohesin-NIPBLc

DNA curtain
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DNA compaction by Cohesin-NIPBLc is force sensitive
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DNA compaction by Cohesin is NIPBL and ATP-dependent
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Real time detection of DNA loop extrusion by Cohesin-NIPBLc

Cohesin extrudes loops in a 
non-topologically associated state
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Real time detection of DNA loop extrusion by Cohesin-NIPBLc
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Cohesin-NIPBLc extrudes DNA as a dimer
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Dimer or Monomer?
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primarily observe monomeric cohesin with a 
small population (∼10%) of putative dimers.
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CTCF protein – key regulator of 3D chromatin structure

• CTCF localizes with cohesin genome wide.
• CTCF binding polarity determines chromatin looping.

Unidirectional CTCFs Divergent CTCFs

Convergent CTCFs
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Future questions
• How does cohesin interact with different-oriented CTCF?

• How does CTCF block cohesin translocation?

• What is the mechanism of CTCF-dependent loop extrusion?
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