Growth of Bacillus subtilis in Emulsion Droplets
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Motivation OsmosIsS

B.subtilis produces enzymes that are important for | _ _
biotechnology (food, antibiotics, household detergents). Osmosis describes the spontaneous water flux to droplets with

> optimize yield of production, understand metabolism higher solute concentrations in order to compensate osmostic
» monitor parameters of individual cells pressure differences. For Bacillus subtilis, 2 opposite effects

can change osmotic pressure:

Gell Glucose _
1) Glucose depletion
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microscopic image of B. [2] two E.coli strains (yellow and Ca0 = Cb0 Caf = Cbf
subtilis [1] red), droplets of 1 nL [3]
Microfluidics technology Previous Work
» Encapsulation of single cells in aqueous droplets V (pL)
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dispersed In oil phase -> inverse emulsions > Droplets to monitor cell metabolism: experiments on yeast -
> |dentically sized (pL - pL) droplets generated in chip cells [4,5,8], B. subtilis [8], E.coli [9] i """"‘Z’fi::;ﬂ:m
geometries (T-junction [7] or flow focusing geometry 70}
[4]) o | > Determination of metabolism through pH change [9], o} -
» Variety of applications: detection (fluorescence [3], pH metabolite profiling [8] or volume evolution of droplets [4,5] sl <
[9], volume evolution [5]), antimicrobial susceptibility 3
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analysis [10], microbial interactions [3,6]) > Investigating effect of culture conditions (oxygen, nutrition)
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Objectives Simulation Parameters
=>Understanding coupling Equations: Parameters:
between osmotic pressure ((somo) o Xpol) Literature: System:
- e dlVV = —F X vwat X X dt L. growth rate s0,s(t): initial,current substrate quantity
and ECM productlon Vo v Y: growth yield VO,V(t): initial,current droplet volume
K: substrate saturation Cc: glucose concentration (s1/V)
* U= “mix V4. Molecular volume of water F: transport factor
esimmating growth of B. (1+?) Xcell: number of cells per droplet
subtilis under variation of * dXcell = pXxXcell x at .
o ECM production:
parameters and addition . ds = dX;e” Xpol: number of polymers
- f: polymer production rate
of ECM production . dXpol = Xcell X f X dt
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acids and ions that contribute to osmotic pressure and production of - - |
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» High initial volume (90 pL) and low Initial salt concentration (70
mol/m3) show significant volume variation and are thus favorable for
experiments.

ECM production (rate f=1e6 polymers per second per cell) triggered
when glucose conc. decreases to c1=c0/2 (t=1353 min). Steep volume increase
after t=1372 min. When c=0 (t=1460 min) bacteria stops proliferating, but volume
Increases further to 85.06 pL (without ECM volume stabilizes at 16.39 pL).
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> Next steps: experiments, investigate other parameters like oxygen concentration in droplets e P A T e o
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