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Noise – Space – Compartments 

Noisy promoter Noise-less promoter

• Fluctuations in gene expression 
over time due to the so-called 
bursting effect.

• Noise is a problem considering the 
electric engineering framework.

• Is noise noisy?
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• Gene expression 
noise correlated to 
intracellular distance.

• Expression sharp 
when components 
close.

• Expression noisy 
when promoters far.

• Reusability of  
designs!
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High TF numbers Low TF numbers

• Mathematical models 
were not ready to 
embed spatial 
constraints.

• Low TF numbers are 
needed to maximize 
fluctuations at longer 
distances.

• TF time-point 
distribution vs. time-
lapse trajectories.
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TF remains bound:

• 1D sliding
• Low searching time
• Unlikely at long 

distances

TF unbinds into bulk:

• 3D diffusion
• Slow(er) searching time
• Reach long distances
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• Promoter activity 
(inducible promoter): 
the further, the less.

• Performance switches 
relatively quickly at 
specific intervals.
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• The model can now reproduce the experiments by changing 
ONLY space between components. All other rates untouched.

• Noise patterns are not just random fluctuations!
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• Engineer performance through 
spatial constraints.

• Flexible dataset! Make 
compatible pairs by moving 
parts around.

Nielsen et al.
Science 352 
(2016)
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Nucleoid Ribosomes

Nucleoid RNAP

+ =

+ =

• Are transcription 
and translation 
coupled?

• How this affects 
the 1D vs 3D 
movement of  the 
TFs?

• Is RNA diffusion 
a relevant factor?
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