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What Holds Chromosomes Together

Max Planck Researchers Elucidate the Structure of DNA-Packaging Proteins

To ensure that the genetic material is equally and accurately distributed to the two
daughter cells during cell division, the DNA fibers must have an ordered structure
and be closely packed. At the Max Planck Institute of Biochemistry in Martinsried
near Munich scientists have now elucidated the structure of a ring-shaped protein
complex (SMC-kleisin), which ensures order in this packaging process. Together with
their cooperation partners at the Korea Advanced Institute of Science and
Technology, they studied these proteins in bacteria and found structural analogies to
the human complex. The findings have now been published in the journal Nature
Structural & Molecular Biology.

In each cell about two meters of DNA must fit into a cell nucleus that has a diameter of only a
few thousandths of a millimeter. There the DNA is organized in individual chromosomes in the
form of very long filaments. If they are not equally and accurately distributed to the daughter
cells during cell division, this can result in cancer or genetic defects such as trisomy 21.
Therefore, to ensure safe transport of DNA during cell division the long and coiled DNA fibers
must be tightly packed.

Scientists have only a sketchy understanding of this step. The SMC-kleisin protein complexes
play a key role in this process. They consist of two arms (SMC) and a bridge (kleisin). The
arms wrap around the DNA like a ring and thus can connect duplicated chromosomes or two
distant parts of the same chromosome with each other.

Learning from bacteria

Simple organisms like bacteria also use this method of DNA packaging. The scientists, in
collaboration with colleagues from South Korea, have now elucidated the structure of a
precursor of human SMC-kleisin complexes of the bacterium Bacillus subtilis. The researchers
showed that the bacterial SMC-kleisin complex has two arms made of identical SMC proteins
that form a ring. The arms differ in their function only through the different ends of the kleisin
protein with which they are connected.

In humans the DNA packaging machinery is similarly organized. “We suspect that this
asymmetric structure plays an important role in the opening and closing of the ring around the
DNA,” explains Frank Burmann, PhD student in the research group ‘Chromosome Organization
and Dynamics’ of Stephan Gruber. In addition, the scientists discovered how the ends of the
kleisin can distinguish between correct and wrong binding sites on one pair of arms.
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The cohesion of chromosomes is of critical importance for reproduction as well. In human eggs
this cohesion must be maintained for decades to ensure error-free meiosis of the egg cell.
Failure of cohesion is a likely cause for decreased fertility due to age or the occurrence of
genetic defects such as trisomy 21. “The elucidation of the structure of SMC-kleisin protein
complexes is an important milestone in understanding the intricate organization of
chromosomes,” says group leader Stephan Gruber. [VS]
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