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Division of labor in bacteria
The emergence of subpopulations that perform distinct metabolic roles

has been observed in populations of genetically identical bacteria.

ALMA DAL CO, CHARLOTTE BRANNON AND MARTIN ACKERMANN

W
hy do we have so many different

types of cells in our body? A plausi-

ble explanation is that a single cell

can only perform a limited number of roles at

the same time. As a consequence, our body con-

sists of more than 200 clearly distinguishable

types of cells (Heintzman et al., 2009).

But what about smaller life forms such as bac-

teria? These microbes often form communities

of genetically identical, or clonal, cells that can

collectively activate genes or regulate metabolic

processes. It remains unclear, however, whether

each single cell performs all the roles observed

at the population level, or whether cells special-

ize on a subset of these functions. Although a

division of labor has been suspected, evidence

remains scant (Nikolic et al., 2013; de Lorenzo

et al., 2015; Ackermann, 2015). Now, in eLife,

Michael Elowitz of the California Institute of

Technology and colleagues – including Adam

Rosenthal as first author – report how a clonal

population of Bacillus subtilis bacteria divides

into two subpopulations with distinct roles

(Rosenthal et al., 2018).

The two groups of bacteria likely arose from

a phenomenon known as stochastic gene

expression. This happens when the randomness

associated with the transcription and translation

of genes is amplified by the cell’s regulatory

network, and results in cells with identical

genomes having different traits or phenotypes

(Elowitz et al., 2002). While many cases of sto-

chastic gene expression have been described in

the last decade, two aspects set this study apart

from previous work (Kaern et al., 2005): first,

the two subpopulations engaged in metabolic

interactions; second, the composition of the

population changed dynamically over time

(Figure 1).

Rosenthal et al. – who are based at Caltech

and Princeton University – grew several popula-

tions of B. subtilis on two sugars, glucose and

malate, and observed that some bacteria did

not metabolize these sugars completely, but

instead began secreting acetate, a metabolic

intermediate. Secreting acetate can help bacte-

ria to grow more quickly, but it can also accumu-

late to toxic levels (Pfeiffer et al., 2001). The

researchers found that this toxicity was remedi-

ated by a small subpopulation of bacteria that

started to convert acetate to acetoin, which is

harmless, thus enabling the population to grow

in a detoxified environment. These acetate-con-

suming cells only emerged after the acetate-pro-

ducing cells arose, as a direct response to the

accumulating toxicity. This demonstrates that

individual cells in a population of genetically

identical bacteria can activate alternative meta-

bolic pathways that affect the population

as a whole.

The study of Rosenthal et al. raises an intrigu-

ing question: does a metabolic division of labor

happen often in clonal populations of bacteria?

There are reasons to assume that it would be

beneficial and therefore potentially widespread.

For example, recent studies suggest that bacte-

ria can divide up to 20% faster if they trade cer-

tain cellular ’building blocks’ with other bacterial

species, instead of producing them on their own
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(Pande et al., 2014). Thus, one might expect

the cells in clonal populations to differentiate

and specialize in order to make the most of their

labor. Moreover, bacterial communities often

live on surfaces, where they can reach high den-

sities (Hall-Stoodley et al., 2004). Such condi-

tions could favor metabolic differentiation and

the division of labor.

Microbes play crucial roles in our lives, from

cycling elements on our planet to shaping health

and disease. If metabolic division of labor is

widespread in bacterial populations, this finding

could have a profound impact on biology. In

fact, many widely-studied metabolic pathways in

bacteria could actually be the result of a group

effort that no single cell could perform alone.

Although the degree of cell differentiation in

the human body most likely exceeds that in bac-

terial populations, these two systems may never-

theless share an interesting feature. In both

cases, the properties of the system emerge from

interactions between cells that are genetically

identical but phenotypically different. It is

intriguing to think that these two very different

life forms may have found a common solution to

a general problem: if a single cell cannot per-

form more than a certain number of roles, a col-

lection of cells can organize itself to ensure that

all functions are still accomplished.
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Figure 1. Distinct metabolic pathways in a population of bacteria. Schematic showing the two subpopulations of

B. subtilis seen in the experiments of Rosenthal et al. At the start of the experiment (left) an individual bacterium

(grey) grown on glucose and malate divides to give rise to a clonal population. After three hours, some of the cells

(shown in red) start to secrete acetate (purple shadow). After six hours, acetate has accumulated to a toxic level,

and a second phenotypic subpopulation emerges: the bacteria in this second subpopulation (green) take up the

acetate and convert it to acetoin, which is nontoxic. After nine hours, acetate has dropped to a level that is non-

toxic.

Dal Co et al. eLife 2018;7:e38578. DOI: https://doi.org/10.7554/eLife.38578 2 of 3

Insight Metabolism Division of labor in bacteria

http://orcid.org/0000-0001-8816-7670
https://orcid.org/0000-0003-4390-2832
http://orcid.org/0000-0003-0087-4819
https://doi.org/10.1038/nrmicro3491
https://doi.org/10.1038/nrmicro3491
http://www.ncbi.nlm.nih.gov/pubmed/26145732
https://doi.org/10.1111/1574-6976.12089
https://doi.org/10.1111/1574-6976.12089
http://www.ncbi.nlm.nih.gov/pubmed/25227915
https://doi.org/10.1126/science.1070919
https://doi.org/10.1126/science.1070919
http://www.ncbi.nlm.nih.gov/pubmed/12183631
https://doi.org/10.1038/nrmicro821
http://www.ncbi.nlm.nih.gov/pubmed/15040259
https://doi.org/10.1038/nature07829
http://www.ncbi.nlm.nih.gov/pubmed/19295514
http://www.ncbi.nlm.nih.gov/pubmed/19295514
https://doi.org/10.7554/eLife.38578


Kaern M, Elston TC, Blake WJ, Collins JJ. 2005.
Stochasticity in gene expression: from theories to
phenotypes. Nature Reviews Genetics 6:451–464.
DOI: https://doi.org/10.1038/nrg1615, PMID: 158835
88
Nikolic N, Barner T, Ackermann M. 2013. Analysis of
fluorescent reporters indicates heterogeneity in
glucose uptake and utilization in clonal bacterial
populations. BMC Microbiology 13:258. DOI: https://
doi.org/10.1186/1471-2180-13-258, PMID: 24238347
Pande S, Merker H, Bohl K, Reichelt M, Schuster S, de
Figueiredo LF, Kaleta C, Kost C. 2014. Fitness and
stability of obligate cross-feeding interactions that

emerge upon gene loss in bacteria. The ISME Journal
8:953–962. DOI: https://doi.org/10.1038/ismej.2013.
211, PMID: 24285359
Pfeiffer T, Schuster S, Bonhoeffer S. 2001.
Cooperation and competition in the evolution of ATP-
producing pathways. Science 292:504–507.
DOI: https://doi.org/10.1126/science.1058079,
PMID: 11283355
Rosenthal AZ, Qi Y, Hormoz S, Park J, Li SH, Elowitz
MB. 2018. Metabolic interactions between dynamic
bacterial subpopulations. eLife 7:e33099. DOI: https://
doi.org/10.7554/eLife.33099, PMID: 29809139

Dal Co et al. eLife 2018;7:e38578. DOI: https://doi.org/10.7554/eLife.38578 3 of 3

Insight Metabolism Division of labor in bacteria

https://doi.org/10.1038/nrg1615
http://www.ncbi.nlm.nih.gov/pubmed/15883588
http://www.ncbi.nlm.nih.gov/pubmed/15883588
https://doi.org/10.1186/1471-2180-13-258
https://doi.org/10.1186/1471-2180-13-258
http://www.ncbi.nlm.nih.gov/pubmed/24238347
https://doi.org/10.1038/ismej.2013.211
https://doi.org/10.1038/ismej.2013.211
http://www.ncbi.nlm.nih.gov/pubmed/24285359
https://doi.org/10.1126/science.1058079
http://www.ncbi.nlm.nih.gov/pubmed/11283355
https://doi.org/10.7554/eLife.33099
https://doi.org/10.7554/eLife.33099
http://www.ncbi.nlm.nih.gov/pubmed/29809139
https://doi.org/10.7554/eLife.38578

