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ecology textbooks: data:

r-selection 60 r

r \—/ Natural Selection

50 |

drosophila

2.0
o

(-
Q
<

Growth rate

K-selection

1.0

Density

Mueller and Ayala (1980)
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ecology textbooks: data:
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the theory ‘but':
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recall the data ‘but’:
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We need to unity all this...



Let's start by getting clean data on r and K:

“We conclude that under circumstances of carbon limitation the cells have formed
translation machinery during the slow growth which is not used to maximum
efficiency, but is rapidly converted to maximum efficiency when the environment is
enriched.” — Koch, AR and Deppe, CS. J Mol Biol 55, 549-562 (1971).

“Inadequate regulation of the expression of additional plasmid-borne rRNA operons in
Escherichia coli was exaggerated at slow growth rates (...). These observations are
consistent with the hypothesis that multiple rRNA operons constitute a metabolic
burden at slow growth rates.” —Stevenson, BS and Schmidt, TM. J Bacteriol 180(7),
1970-1972 (1998)

S0, manipulating rrn operon # should affect r & efficiency:
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A decent enough proxy: OD ~ cells per mi
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rrn operon # affects efticiency:

= biomass yield
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As K ~ efficiency x sugar, we can change glucose &
rrn operon # to manipulate r and K together, voilal... :
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This ‘unities’ prior data, now for the theory...



population size = K
= “cells
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4-parameter Monod-like model:

vmax S
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4-parameter Monod-like model:
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within-strain rate-yield TOs:
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we see a within-strain
RYTO in every microbial

species and this, added

..gives optimal growth rate...

within-strain rate-yield TOs:
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All the strains have a similar RY parabola:
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Our Monod-like ‘metabolic model’ misses many features,
after all, it contains no info about rrn # ... :
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There is a rate-yield parabola, so there is an rK parabola.



Finally, even the Rate-Yield Trade-Off (RYTO) had proven elusive...



a RY

parabola predicted before...

Cooperation and Competition in
the Evolution of ATP-Producing
Pathways

Thomas Pfeiffer,’* Stefan Schuster,? Sebastian Bonhoeffer'*+

Heterotrophic organisms generally face a trade-off between rate and yield of
adenosine triphosphate (ATP) production. This trade-off may result in an evo-
lutionary dilemma, because cells with a higher rate but lower yield of ATP
production may gain a selective advantage when competing for shared energy
resources. Using an analysis of model simulations and biochemical observa-
tions, we show that ATP production with a low rate and high yield can be viewed
as a form of cooperative resource use and may evolve in spatially structured
environments. Furthermore, we argue that the high ATP yield of respiration may
have facilitated the evolutionary transition from unicellular to undifferentiated
multicellular organisms.

20 APRIL 2001 VOL 292 SCIENCE www.sciencemag.org

VOL. 168, NO. 2 THE AMERICAN NATURALIST AUGUST 2006

Experimental Tests for an Evolutionary Trade-Off between

Growth Rate and Yield in E. coli

Maja Novak,"* Thomas Pfeiffer,">" Richard E. Lenski,>* Uwe Sauer,*’ and Sebastian Bonhoeffer"!
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Figure 4: Trade-off between growth rate and yield across clones within particular evolved populations: growth yield versus rate estimated for 92
clones sampled from each of four populations at generation 20,000 (A, Ara — 1; B, Ara — 2; G, Ara — 3; D, Ara + 3). Each value is the mean of up
to five measurements. Error bars represent standard errors. Three of the four populations show a highly significant negative correlation (dashed
lines). The remaining population shows a significant positive correlation over all clones (B, dashed line), but it has been previously shown to have
evolved a stable dimorphism. Based on their rate and yield data, we grouped the clones of this population into two clusters, referred to as cluster
1 (circles) and cluster 2 (crosses). Within both clusters, we observe a significant negative correlation (dotted lines). Details on the clustering algorithm

and all statistical results are given in the text.

RYT-Up in data & a theory parabola!
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Figure 2. Square relationship between growth rate and biomass yield. A: The YB

relative (denoted by subscript r) growth rate and the relative biomass yield in glucose
followed the square-root relationship when cultured with or without amino acid (AA)
supplementation or oxygen. The rates and yields were normalized to the wild-type
values under aerobic conditions without AA supplements. All AA indicates all 20 amino
acids were added to the culture while “some AA” indicates only some of the amino
acids were added. B: The relative growth rate and the relative biomass yield followed
the square-root relationship when cultured in various sugars with or without oxygen.
The growth rate and biomass yield for each sugar is normalized against the aerobic
condition in the same sugar.

Figure 3. A A typical effect of protein overexpression on yield.
(Yg) =05 — (1+ exp(—6Rm +6))". When protein synthesis rate (R,) increases,
the biomass yield decreases because of higher energy demand and potential
saturation of downstream metabolic pathways. B: When the relationship in (A) is
substituted in Equation (4), a maximum growth rate (open diamonds in A and B) occurs
at a sub-optimal yield. Trade-off occurs when the growth rate and the yield of the
strain starts on the right side of the maximum growth rate. [Color figure can be seen in
the online version of this article, available at www.interscience.wiley.com.]




