
TELOMERES

Getting to grips with circular
chromosomes
A strain of budding yeast that contains one large chromosome reveals

how the telomere capping complex CST maintains linear but not circular

chromosomes.
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G
enetic material is stored inside cells in

structures called chromosomes, which

have a repetitive sequence known as a

telomere at each end. Specialized proteins bind

to these sequences to form a protective ’cap’

that protects the chromosome and prevents it

from fusing with other chromosomes. The

enzyme telomerase also helps maintain chromo-

somes by adding repetitive sequences of DNA

to the ends of telomeres.

One of the most widely studied capping mol-

ecules is a protein called Cdc13 that binds to

certain types of single-stranded DNA in budding

yeast, and forms a complex with two other pro-

teins (Stn1 and Ten1) that recruits telomerase

(Wellinger and Zakian, 2012). Several lines of

evidence suggest that this CST complex also

recruits a DNA replication enzyme called pri-

mase-Pola, and can regulate the activity of this

enzyme at the ends of chromosomes as well as

other locations in the genome (Giraud-

Panis et al., 2010; Price et al., 2010;

Barbero Barcenilla and Shippen, 2019).

Similar complexes have also been identified

in other eukaryotes, including mammals, which

contain Stn1, Ten1, and another protein called

CTC1 within their CST complex (Giraud-

Panis et al., 2010; Price et al., 2010). However,

it has proved challenging to work out the roles

performed by the different proteins in the CST

complex because cells that lack just one of these

proteins struggle to survive (Figure 1A). Now, in

eLife, Jin-Qiu Zhou and co-workers at the Chi-

nese Academy of Sciences and ShanghaiTech

University – including Zhi-Jing Wu as first author

– report the results of experiments that help

improve our understanding of the CST complex

(Wu et al., 2020).

First, Wu et al. investigated how deleting the

CST complex affected the viability of a strain of

budding yeast in which all of its 16 chromo-

somes were fused together to form a single cir-

cular chromosome (Shao et al., 2019). They

found that removing CST did not stop the cells

from proliferating or lead to more cell deaths,

even when the circular chromosome contained

the repetitive telomere sequences. It appears,

therefore, that the main role of the CST complex

is to maintain linear chromosomes and to pre-

vent chromosomes from fusing with other chro-

mosomes, and that it is not essential for the

replication of internal telomere sequences.

In addition to forming a circular ring, the 16

chromosomes of budding yeast can also be

fused together to form a single linear chromo-

some (Shao et al., 2018). Wu et al. found that

removing the CST complex greatly reduced the

viability of these cells, but some of these cells
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were able to survive by fusing the ends of their

linear chromosome to form a circular ring

(Figure 1B). Individually deleting the genes that

code for the different proteins of the CST com-

plex revealed that cells lacking Cdc13 displayed

a higher rate of fusion than cells missing the

genes for Stn1 and Ten1. This suggests that

Cdc13 plays a dominant role in inhibiting the

fusion of chromosomes, and that Stn1 and Ten1

contribute to the protection of telomeres inde-

pendently of Cdc13. However, the details of this

mechanism still remain unclear and require fur-

ther investigation.

In wild-type cells that contain multiple chro-

mosomes, it is rare to find fused or circular chro-

mosomes, even when the activity of telomerase

has been compromised: this is because cells can

extend and maintain telomeres by using a mech-

anism called homology-directed recombination

that repairs double stranded breaks in DNA

(Figure 1C). However, Wu et al. found that

reducing the number of chromosomes led to

more fusions being detected in cells lacking the

enzyme telomerase. This suggests that reducing

the number of chromosomes increases the likeli-

hood that cells will be able to produce circular-

ized chromosomes and survive the loss of

telomerase.

It was thought that fusing the two ends of the

singular linear chromosome would rely on a

DNA repair pathway called the nonhomologous

end-joining (NHEJ) pathway (Haber, 2016).

However, Wu et al. demonstrated that in the

absence of telomerase, chromosome fusion

depended on Rad52, which plays a critical role

in the homologous recombination of DNA

breaks in budding yeast (Figure 1D). It is possi-

ble that the cells used in this study rely on the

Rad52 pathway for chromosome circularization

because the single chromosome has an inverted

telomere sequence near one end of the chromo-

some. If such a sequence were deleted, cells

might undergo end-to-end fusion through the

NHEJ pathway that is more common in human

cells (Palm and de Lange, 2008). Additional

experiments showed that this finding was not

Figure 1. Cdc13 and telomerase are essential for maintaining linear chromosomes. (A) Yeast cells with multiple

linear chromosomes require the capping protein Cdc13 to protect their telomeres and prevent chromosomes from

fusing. Without this protein these cells cannot survive. (B) Cells that have a single linear chromosome can survive

without Cdc13 by fusing the ends of their chromosome together to form a circular ring. (C) In the absence of the

enzyme telomerase, cells with multiple linear chromosomes are able to survive by employing DNA recombination

pathways which can amplify the telomere sequence or the DNA segments that sit between the chromatin and

telomere sequence. (D) Cells with a single linear chromosome survive the loss of telomerase by fusing together to

form a circular chromosome using homologous recombination, similar to what happens in cells lacking the protein

Cdc13.

Image credit: Constance Nugent and Katsunori Sugimoto.
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due to a loss in NHEJ activity and that this path-

way is able to fuse linearized plasmids in bud-

ding yeast cells.

The work of Wu et al. provides new insights

into how chromosomes fuse together and how

telomeres are maintained independently from

the telomerase enzyme. Moreover, the findings

from this study might go beyond yeast and

improve our understanding of various human

medical syndromes caused by the ends of chro-

mosomes fusing to form ring shapes

(Pristyazhnyuk and Menzorov, 2018).

Constance Nugent is in the Department of Molecular,

Cellular and Systems Biology, University of California,

Riverside, Riverside, United States

connie.nugent@ucr.edu

https://orcid.org/0000-0003-3576-1419

Katsunori Sugimoto is in the Department of

Microbiology, Biochemistry and Molecular Genetics,

Rutgers New Jersey Medical School, Newark, United

States

nori.sugimoto@rutgers.edu

https://orcid.org/0000-0001-9374-2190

Competing interests: The authors declare that no

competing interests exist.

Published 05 August 2020

References

Barbero Barcenilla B, Shippen DE. 2019. Back to the
future: the intimate and evolving connection between
telomere-related factors and genotoxic stress. Journal
of Biological Chemistry 294:14803–14813.
DOI: https://doi.org/10.1074/jbc.AW119.008145,
PMID: 31434740

Giraud-Panis MJ, Teixeira MT, Géli V, Gilson E. 2010.
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