
Improvements in target validation rates by automating and streamlining antibody production
Case study: Adopting the BioXp™ system compresses design-build-test cycle times and increases pipeline by 25% for one 
biopharmaceutical company developing an antibody-based therapeutic

Summary
Building and screening engineered T cell receptors 
(TCRs) is time-consuming and labor-intensive. The BioXp™ 
system streamlines and accelerates the building of 
antibody constructs required for engineered TCRs, while 
also enabling more efficient target screening. Full-length, 
accurate constructs can be built using the BioXp™ system, 
enabling a shorter cycle to validation and accelerating 
the processes involved in identifying lead candidates. 
By integrating the BioXp™ system into their workflow, a 
biopharmaceutical company (henceforth referred to as the 
company) drastically reduced the amount of time required 
to complete the design-build-test cycle, compressing their 
workflow from six weeks to three weeks, while increasing 
their pipeline by 25%.

Figure 1. Artistic rendering of T cell attacking cancer cell.

Background
Engineered T cells have been used successfully to treat a 
number of leukemias and solid tumors. Early therapeutic 
engineered T cells contained cloned TCRs with altered 
antigen affinity. More recent therapies have instead relied 
on the use of chimeric antigen receptors (CARs), which 
combine B cell receptor-derived domains and TCR-
derived domains, for enhanced antigen specificity. Current 
CAR designs typically contain a specificity-conferring 
extracellular antibody single-chain variable fragment 
(scFv), a TCR-derived CD3z domain, and an intracellular 
costimulatory domain. The CAR built by the company in this 
case study is shown in figure 2.
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Figure 2. Structure of CAR designed by the company. The CAR contains an 
antigen-binding domain and a T cell activation domain to identify and initiate 
destruction of cancer cells.  
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Figure 3. The company’s technology. A cancer patient’s immune system (T cells) fails to recognize malignant cells. The company engineers the T cells to express CARs. 
Engineered T cells recognize and destroy malignant cells.

Background
The company develops programmed T cells for cancer 
immunotherapy (figure 3). First generation CAR treatments 
that are already approved for treatment or are in clinical 
trials rely on high affinity binders that are always on, which 
can lead to excessive T cell activation, toxicity, and other 
unintended consequences. The company is developing 
CAR therapies that more closely mimic a native T cell 
immunoresponse where binding is rapid, but transient. 
To identify potential therapeutic candidates, the company 
builds and screens a large number of antigen binders.

The problem
With so many components and design considerations of 
each potential candidate, building and screening CARs can 
be daunting, time-consuming, and labor intensive (figure 4).

Prior to integrating the BioXp™ system, the company 
constructed single-chain variable fragment (scFv) constructs 
using traditional cloning methods. The expressed scFv 
would then be screened to identify those that exhibited a 
high degree of binding to the target antigen. 

The traditional scFv assembly workflow employed by the 
company was a 5-to-7-day process. A number of steps in 
the workflow relied on manual processes, introducing the 
possibility of human error — such as incorrect pipetting or 
sample mix-ups — at any of those points. After designing 
the candidate VH and VL sequences that make up a 
scFv, a spreadsheet was created to track the candidates 
and the requisite PCR primers. Each VH and VL fragment 
required a separate PCR amplification, followed by ligation, 
transformation, colony picking and sequencing. The large 
number of candidates required for screening makes this 
cumbersome and complicated, requiring in-depth logistics 
work.
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Figure 4. scFv assembly: traditional vs the BioXp™ system workflow. The latter method reduces the number of cloning steps, optimizing the workflow.

The solution
The BioXp™ system streamlines and accelerates the 
construction of scFv constructs, enabling more efficient 
target screening (figure 4).

Streamlining scFv construction on the BioXp™ system 
enables building the full-length scFv construct in a single, 
automated instrument run. This workflow cuts the overall 
sample number in half (since the constructs can be built as 
full-length fragments rather than built in pieces), simplifies 
construct design, and only takes from four to five days from 
start to finish, saving valuable time and resources.

Following construct design, the full-length fragments 
are built by the BioXp™ system and ligated with vector. 
Transformation, colony picking, and sequencing are 
performed to verify candidates.

Results
Because the BioXp™ system integrates a unique, two-
step error correction into DNA assembly, the error rate of 
assembly with the BioXp™ system is therefore much lower 
than using PCR amplification, allowing for a reduction in 
the number of clones requiring sequencing. For this study, 
the company opted to screen two colonies for each of 
93 constructs generated. Of those, sequencing indicated 
greater than 70% were error-free clones (EFC). EFCs were 
then used for transfection, antibody production, and 
screening. The BioXp™ system enabled a shorter cycle to 
validation, eliminating a number of manual processes from 
the workflow, and accelerated the processes involved in 
identifying lead candidates. 
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Figure 5. Design-build-test cycle: traditional vs the BioXp™ system workflow. The latter method reduces lead generation time and improves efficiency.

Conclusions
All of the pre-transfection manual processing steps of the 
traditional company workflow — PCR amplification, ligation, 
and cloning — were eliminated by efficiently generating 
the full-length construct through automation on the BioXp™ 
system (figure 5).

Additionally, building constructs on the BioXp™ system 
increased the workflow capacity by 25%, enabling the 
company to screen a significantly larger number of 
candidates in less time. Not only did this improve efficiency, 
it also enabled a shift from allocating valuable resources in 
the design-build portion of the workflow to the all-important 
validation and testing phase.

Building scFv constructs on the BioXp™ system enabled the 
company to drastically reduce the amount of time required 
for the design-build-test cycle, compressing the workflow 
from six weeks to three weeks.

Advantages of the scFv BioXp™ system workflow
• Less time spent assembling constructs

• Reduced chance of human error

• Lower costs

• Shift resources from building constructs to validating 
candidates

• Increased capacity (approximately 25% at the company)

• Reduced lead times

• Streamlining of downstream applications

Part number 45020  |  Revision 1.0  |  Effective 15NOV2020 
© 2020 Codex DNA, Inc. All rights reserved.

Gibson Assembly®, BioXp™, and the Codex DNA logo are registered 
trademarks or trademarks of Codex DNA, Inc. 
Gibson Assembly® US patent nos. 7,776,532 and 8,435,736 and 8,968,999.
For research use only. Not for use in diagnostic procedures.

Codex DNA, Inc.
9535 Waples Street, Suite 100
San Diego, CA 92121 USA
hello@codexdna.com  |  858.228.4115  |  codexdna.com

http://codexdna.com
http://www.codexdna.com

