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1. Introduction
1.1 Modular design in engineering
1.2 Applications and challenges in microbial catalysis
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Modular design concepts

Definition:

“A module is an essential and self-contained functional unit relative

to the product of which it is part.

The module has, relative to a

system definition, standardized interfaces and interactions that allow
composition of products by combination.”

Types of modular architecture:

Architecture type Example
Sectional Fluid pipe
Features

 All componenets are modules
* Modules share a common interface

Architecture type Example
Bus Computer USB
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Features
« Modules require a chassis
* Modules share a common interface

Architecture type Example
Slot Car tires
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Features
« Modules require a chassis
« Each module has a unique interface



Driving forces and potential tradeoffs of modular design
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Driving forces and potential tradeoffs
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Driving forces for modularization:

» Innovation: Novel solutions to
existing problems
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Applications and challenges in microbial catalysis
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2. Modular Cell design tools

2.1 Conceptual formulation

2.2 Mathematical formulation: Multi-objective optimization
2.3 Design specification: Goal and blended formulations



Principles of Modular Cell (ModCell) design
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Mathematical formulation of ModCell

max (f,h,..., ﬂ,q)T s.t.
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Mathematical formulation of ModCell
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Mathematical formulation of ModCell

Vi=product, k=1 Vj=product, k=2 Vij=product, k=3
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Design specification: Goal and blended formulations

Blended formulation:
max Zak fi st f eq (1)
kek

» Module priority, 'ax, determined by criteria such as product market value or “pathway
readiness level”

Goal attainment formulation:

min Z(a;fé,‘f +a,6,) (2)
ke
s.t.
fu + 04 =0, =g VkeK (3)
55,6, >0 Vke K (4)
fleq (5)

> |dentification of the modular cell compatible (i.e., a module k is said to be compatible if
f} >(gk) with the largest number of modules
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3. Application Example

3.1 Input: 20 diverse products

3.2 Results: Universal design

3.3 Results: Modularity of core metabolic pathways
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Results: Universal design
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Identification of chassis metabolic interfaces
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Natural modularity and flexibility of core metabolism enables universal
design
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Natural modularity and flexibility of core metabolism enables universal
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