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● Table 1 highlights the impact of the Strain ZL357 on key economic metrics, 
demonstrating reductions in capital investments, annual production costs, 
and the minimum viable selling price relative to the wild-type strain.

Refs:

https://www.natur
e.com/articles/s41
573-019-0012-9#
Sec5 (AAV use 
and Manufacture)

● The Crook Lab has developed a highly 
productive E. Coli strain with the potential to 
lower pDNA manufacturing costs. The strain 
was named strain ZL357. Wild E. Coli Strain ZL357

Motivation and Objectives

Technical Overview

Chemical and Biological Safety

Financial Analysis

Process Performance

● Work will be conducted under Biosafety Level 1 (BSL-1) containment(3)

● Biohazardous waste will be autoclaved prior to disposal
● Chemical disposal will follow OSHA standards, including neutralization 

or dilution where required

1. High-throughput manufacture of pDNA using E. coli strain ZL357 is 
technologically and economically feasible.

2. Strain ZL357 improves pDNA yield without introducing downstream 
production bottlenecks.

3. The consumable and capital savings offered by strain ZL357 present strong 
economic advantages over wild-type E. coli. Commercialization of this 
process is recommended.

Process Flow Diagram

Consumable Expenses per Batch 

Wild-Strain ZL357

ΔNet Present Value 
= $98,000,000

● Plasmid DNA (pDNA) is a key ingredient in manufacturing gene therapies(1).

1. Therapeutic gene 
encoded into plasmid 

DNA

2. Plasmid replicated in 
bacterial host

3. Plasmid transfected into 
viral vector

4. Vector delivers gene 
of interest into patient
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● To maximize throughput, production can be staggered, with new batches 
initiated every 34 hours—the rate-limiting duration of fermentation. As 
earlier batches move downstream, staggered starts enable overlapping 
operations without bottlenecks. This strategy significantly boosts annual 
output.

Cumulative discounted cash flow comparison of two E. coli strains. 
Discounted cash position determined from capital expenses, manufacturing 
costs, and revenue based on the minimum sale price of Wild-Type pDNA. 
Discount rate of 10% applied to account for the time-value of money.

Plasmid DNA is a key component of several gene therapy strategies, including pDNA vaccines and 
Adeno-associated virus infusion. The most widely used method of producing large quantities of 
plasmid DNA is the Fermentation of E. coli bacteria. However, manufacturing costs are high, resulting 
in expensive therapies. To address this issue, the Crook Lab has developed a novel E. Coli strain, 
dubbed ZL357, with the capability of producing 5 times the amount of plasmid DNA per unit of E. coli, 
creating the potential to significantly lower manufacturing costs. Our goal was to design a process for 
manufacturing pDNA using this strain and compare it’s economic potential to that of Wild-Type E. coli. 

Our design features a batch fermentation, used to generate large quantities of E. coli biomass, 
followed by an alkaline lysis designed to break apart E. coli cell walls, releasing the plasmids. Filtration 
is then used to remove cell debris before a series of chromatography columns separate the plasmids 
from soluble impurities. Finally, the product is concentrated, a buffer exchange is performed, and the 
finished product is aliquoted and stored.

When comparing strain ZL357 with wild-type E. coli, we found that the enhanced productivity of the 
engineered strain allowed for a slight reduction in the capital costs of the project, primarily by reducing 
the number of bioreactors required to meet target production. The crook lab strain also resulted in a 
nearly 3.5 times reduction in the yearly manufacturing costs of pDNA, via a significant reduction in the 
required amount of fermentation media.

Our design process revealed that strain ZL 357 can indeed be integrated into a pDNA manufacturing 
process without introducing any downstream processing bottlenecks and with minimal effect on the 
total batch time. The significant savings in consumable media also gives the strain a noticeable 
economic advantage over the wild type, with the potential to greatly reduce final sell-price. Due to 
these technological and economic results, we highly recommend further commercial development of 
this strain.
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Table 1. Economic Evaluation of Plasmid DNA Production

● Fermentation of Strain ZL357 requires considerably less media to 
achieve pDNA output commensurate with the wild-type, driving down 
manufacturing costs.  

● The graph below presents the cumulative discounted cash flows for the 
two E. coli strains, demonstrating a net present value difference of $98 
million in favor of Strain ZL357 over a 12-year period

Adapted from (4)
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