
Case Study

Accelerating the Time  
from DNA to Material
Cell Type Selection, Expression Cassette Design.  
Super-Transfection and Mini-Pool Screening

Cell line development is a critical step in upstream 
process development for monoclonal antibodies 
(mAbs). Unfortunately, the search for the best-
producing clone can be labor- and resource-intensive 
and is often compared with looking for a needle in a 
haystack.  Cells must first be engineered to produce 
the biologic of interest and the cell line generated 
from a high producing clone must deliver a sufficiently 
high titer to support clinical studies, and ultimately 
commercialization of the therapeutic. 

As a small biotech, you need to move quickly from 
DNA to material and have the flexibility to address 
unexpected detours such as a difficult to express 
antibody which may render the antibody too costly to 
manufacture and unsuitable for continued investment.  

The Challenge  
A number of strategies exist to accelerate the timeline 
from DNA to material and deliver the required titer.  
Employing the right combination of approaches to 
create an optimized process requires expertise and 
experience across all aspects of cell line development.

Our Approach  

Stable Expression, Robust Titers 

The CHOZN® GS -/- cell line has both alleles of the 
glutamine synthetase gene deleted. To generate a cell 
line producing the gene of interest, the CHOZN GS-/- is 
transfected with a plasmid containing the glutamine 
synthetase gene and the gene of interest. Absence 
of glutamine in the culture medium creates selective 
pressure on the cells which have integrated the 
plasmid, allowing them to survive.  The CHOZN® GS -/- 
cell line has been implemented at our biodevelopment 
centers around the world.  

Novel Expression Cassettes

Mammalian cell-based expression systems can consist 
of many combinations of promoters/enhancers 
from diverse origins including endogenous and viral 
sequences driving constant or inducible expression. 
Expression cassettes also include a signal peptide which 
mediates translocation of a protein from the cytosol 
into the endoplasmic reticulum for secretion.  Efficiency 
of protein secretion can be strongly affected by the 
specific signal peptide.

We have tested more than 60 combinations of 
promoters and enhancers from various origins, 
endogenous and viral, signal peptides, polyAs, introns 
and other factors to identify the most effective 
combinations. We have extensively tested a subset of 
these combinations with different model antibodies 
to ensure a high level of expression observed was 
achieved.

Highlights

• A range of strategies are available to 
accelerate the time from DNA to material and 
improve cell line productivity 

• We offer a comprehensive range of cell types, 
expression cassette design, super-transfection 
and mini-pool strategies to rapidly deliver an 
optimized cell line

• Our fast track approach enables us to start 
process development and production of 
early material before cell line development is 
completed
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Mini-Pool Screening 

Our mini-pool approach consists in dividing a 
transfected cells population into hundreds of tiny 
populations (Figure 1). Detection of high producing 
cells is facilitated as a result of reduced diversity and 
reduced competition occurring within these mini-
pools. The ability to increase the number of mini-pools 
screened further increases the probability of isolating a 
high producer.

The mini-pool approach was implemented by plating 
cells in 96-well plates after transfection. After recovery, 
the mini-pools are screened for productivity for seven 
days and the 100 best mini-pools are plated in 6-well 
plates, grown and assessed a second time for six days 
productivity assessment.  The twenty best performing 
pools are then moved to shake flasks and finally 
screened in 14 days fed-batch culture mode. 

This approach can also rapidly reveal – within one 
month – whether a mAb will be difficult to express.  
In this situation, a number of strategies can be 
employed to improve expression including super-
transfection (described below). In order to efficiently 
screen and expand the mini-pools in static cultures 

and reduce labor requirements, a semi-automated 
technology platform was developed to monitor growth 
and productivity. The platform includes a cell imager 
with associated robotics and an automated incubator. 
Imager software records cell confluence in each well, 
facilitating the documentation and monitoring of cell 
growth. After recovery, all mini-pools are directly 
screened in 96-well plates to measure their productivity 
performances using a high-throughput analyzer. 

Super-Transfection

To increase titer, we have used a number of strategies 
including assessment of alternative signal peptides, 
copy number increase by L-methionine sulfoximine 
(MSX) and copy number increase by super-transfection 
(repeat transfection of already-transfected cells) plus 
MSX selective pressure.

In a recent customer project, we used super-
transfection to increase a mAb titer nearly 4-fold after 
generation of stable pools. This approach delivered 
the desired increase in productivity, without the need 
to explore different cell lines or change the molecular 
construct, and helped position the client to continue 
development of the mAb.
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Figure 1: Stable pool generation using mini-pools strategy.
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Figure 2: Comprehensive cell line development services rapidly deliver the titers needed to 
support development. 
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Outcome 
Figure 2 summarizes our comprehensive, yet 
streamlined approach to cell line development.  A 
compilation of data from 21 mAb projects using the 
CHOZN® GS-/- cell line shows that 62% of projects 
achieved a titer at the mini-pool stage of more than 
1 g/L and 85% of clones delivered titers of more than 
2 g/L.  Depending on the antibody and desired titer, 
we can conduct standard cell line development and 
as needed, couple that with signal peptide screening, 
different molecular constructs, cell type screening and 
humanization.

The combination of strategies described above has 
allowed us to start process development and production 
of early material as soon as four months after the start 
of cell line development.  We are currently working 
on a second generation template that would further 
accelerate this timeline.

BioReliance® End-to-End Solutions 
BioReliance® End-to-End Solutions is an adaptable 
CDMO partner for small biotechs and start-ups needing 
to develop and commercialize biologics. We do this 
by balancing speed, risk and cost through custom 
solutions, by leveraging our bioprocessing technologies 
and process development expertise, and by allowing 
our clients to transfer their process and knowledge to 
their end point at any step of their drug development. 
To learn more, please visit  
MerckMillipore.com/adaptive-CDMO

To learn about our Plug & Play Upstream 
Development Service Offering, please visit  
MerckMillipore.com/plug-play-upstream

For additional information, please visit MerckMillipore.com.

To place an order or receive technical assistance, please visit MerckMillipore.com/contactPS.


