To Steal or Not to Steal?
Understanding the Emergence of Cooperation in Yeast

Methods and Biological Background

For the budding yeast Saccharomyces cerevisiae  the simple sugar glucose is an essential energy source. Secretion of the enzyme invertase allows the yeast to metabolize the more complicated sugar sucrose into glucose. This reaction takes place between the plasma membrane and cell wall which causes the glucose to diffuse away from the cell. According to the estimates of Jeff Gore and colleagues, as much as 99% of the glucose can be lost to neighboring cells. This allows for “cheating” (using glucose created by other cells while not producing invertase). Cheaters have a competitive advantage over cooperators because they do not bear the metabolic cost of invertase production while having almost the same access to sugar as cooperators.

To study the interaction between different strategies, Jeff Gore’s group performed a series of competition experiments between cooperator and cheater strains. The cooperator strain was modified to be unable to produce histidine (an important amino acid); by varying histidine concentration in the media they were able to limit the growth of cooperators relative to cheaters, effectively increasing the cost of cooperation. Starting from different initial fractions of cooperators, the scientists monitored changes in relative abundance of cheaters and cooperators over time using fluorescent proteins and flow cytometry.

Snowdrift Games in General

A snowdrift game is a type of “game” examined by game theory. In game theory, players are able to choose to “cooperate” or “defect”, with rewards divvied up based on the decisions of both players. A snowdrift game is a game where the best reward is given for the player who defects while the other cooperates, mutual cooperation works out almost as well for both players, cooperating while the other player defects gives a poor reward and mutual defection results in no reward for either player. An example would be the game “chicken”, where each player wants to swerve if and only if the other player doesn’t. When generalized to multiple players, this leads to the hallmark of snowdrift games; uncommon strategies win.
Results
It’s a snowdrift game

By measuring the cooperator fraction as a function of time, the group was able to determine that if the initial cooperator fraction was low it would increase over time and if it was large it would decrease. See Figure 1.
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Figure 1. Cooperator fraction vs Time

This demonstrates a key aspect of a snowdrift game, namely that uncommon strategies win. Also measurements of the cooperator fraction over time for various histidine levels revealed that cooperators are present in the steady state, and that the steady state cooperator fraction is solely dependent on the histidine level. See Figure 2.
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Figure 2. Cooperator fraction vs time at different histidine levels.Histidine level is inversely proportional to cost of cooperation

Since histidine is inversely proportional to the cost of cooperation and the steady state is solely dependent on cooperator fraction, combining these results with the fact that uncommon strategies win, reveals the cooperator cheater system can be modeled as a snowdrift game.

Increasing glucose can result in decreased growth rate (more food less growth)

By measuring the cooperator fraction over time for different glucose levels, it was determined that increasing the glucose in the environment decreases the cooperator fraction in the steady state. See Figure 4.
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Figure 4. Cooperator fraction vs time for different glucose concentrations.

This occurs because with more glucose there is less of an advantage in producing glucose from sucrose; there is more free glucose available to the cheaters. It was the observed that at certain histidine levels this effect actually results in a decrease in growth rate as glucose is increased. See Figure 5.
[image: image4.jpg]Mean growth rate (h~")

0.4

0.3

0.2

0.1

[his]
x1 s T @
RO E 8 = e ®
x0.05 @Dg - —=®
x0.02 G® A
L

x0.01 =
><0.005cls

[} 0.01 0.02 0.03

[gluc] (%)





Figure 5. Growth rate vs glucose concentration at different histidine concentrations.

For [his]=.05, .02, and .01 there is a region where increased glucose results in decreased growth rate. This decrease in histidine occurs because for these histidine concentrations the decrease in cooperator growth rate previously mentioned is large enough to decrease the total growth rate despite an increasing cheater population.
These remarkable findings present a clear example of a snowdrift game type interaction in a microbial society and demonstrate how cooperation could have emerged in a world of “selfish genes”.

