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Synthetic Biology:  
Broadening the Horizons  
of Antibody Discovery
Advances enable the speed and efficiency required in discovery 
workflows for complex antibody-based drugs

Background

Since Köhler and Milstein first succeeded in fusing 
myeloma cell lines with B cells to create hybrid-
omas in 1975,1 antibodies have become well-es-
tablished therapeutics. With advantages relative 
to selectivity, effector function, and bioavailability 
over small molecule drugs, antibody therapeutics 
are expected to grow to over a $245.8 billion global 
market in 2024.2

At the forefront of current drug development pipe-
lines is the development of therapeutic antibodies 
directed against complex membrane protein fami-
lies such as GPCRs and ion channels. Both these tar-
get classes offer significant therapeutic promise for 
a wide range of disease indications; however, they 
have also proven difficult to address with tradition-
al antibody development approaches such as hy-
bridoma and phage display.

To address these challenges, emerging technol-
ogies, enhanced methodologies, and higher effi-

ciencies have all been required. Fortunately, critical 
technological and automation advancements that 
have been emerging over the past 15 years are syn-
ergistically reshaping the toolkit available to anti-
body discovery programs, but challenges remain. 

In this article, we will not only review these key ad-
vances and their impact on the industry, but also 
highlight how complementary advances in syn-
thetic biology are necessary to enable the speed 
and efficiency required in discovery workflows for 
complex antibody-based drugs and therapeutics.

Antibody discovery advancements

Single-cell characterization platforms

Shortly after the development of next-genera-
tion sequencing, researchers began exploring the 
possibility of sequencing individual cells. For the 
first time, endogenous pairing of heavy and light 
chain variable sequences in a given B-cell reper-
toire became possible.3 Advances in microfluidic 
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handling technology rapidly led to the develop-
ment of optofluidic platforms capable of profiling 
single cells with relevant phenotypic, genotypic, 
and imaging information.

The impact of this development on the field cannot 
be overstated. In fact, the central role that single-cell 
analysis platforms, such as 10X Genomics Chromium 
or Berkeley Lights Beacon instruments, have come 
to play in current antibody development can trace a 
direct line back to these developments.

Genetically engineered hyperimmune 
mouse models

Transgenic humanized mice strains have been de-
veloped that can produce chimeric human-mouse 
monoclonal antibodies composed of fully human 
Fab regions and mouse Fc regions.4 These animals 
can deliver robust and diverse immune responses, 
significantly improving the efficiency of obtaining 
lead candidate antibodies that meet difficult target 
specificity profiles.

High-throughput kinetics platforms

Advances in liquid handling automation have ush-
ered in a new era of high-throughput lead candi-
date antibody characterization. Essential kinetic 
and affinity analysis, epitope binning, titer and 
concentration assessments can all be completed 
at a scale and pace that meets the challenging de-
mands of current antibody development timelines.

Discovery workflow synergy

Thanks to these new tools, a high-throughput 
workflow has emerged that addresses the in-
creased pressure on discovery pipelines to iden-
tify and validate high-quality lead candidates for 
new therapeutics.

Antibody discovery programs can now rapid-
ly generate large numbers of lead candidate 
antibodies directed against complex mem-
brane-bound targets by leveraging transgenic 
humanized mice. Paired heavy and light chain 
variable sequences from murine B cell repertoires 
can then be readily characterized and sequenced. 
Further downstream in this new workflow, bulk ki-
netic and binding analyses of expressed antibod-
ies can be rapidly accomplished.

The unaddressed challenge— 
Cloning throughput gap

Developing therapeutics against difficult target 
classes requires screening large pools of lead can-
didate antibodies. Thankfully, the advances dis-
cussed above in obtaining antigen-specific mono-
clonal antibody sequences make it possible to 
generate hundreds of candidate sequences rapid-
ly. Downstream screening platforms now also en-
able rapid characterization.

However, between sequencing and screening lies 
an unaddressed process bottleneck: the cloning 
and expression of heavy and light chain variable 
sequences. To facilitate high production yields, co-
don-optimized lead candidate sequences must be 
synthesized and cloned into expression vectors. 
However, the infrastructure required to maintain 
adequate speed and throughput using traditional 
cloning techniques is a significant hurdle to anti-
body discovery pipelines. 

Despite the emergence of synthetic biology ser-
vices to replace traditional molecular biology 
approaches for gene and plasmid synthesis, the 
standard turnaround time in the industry from 
submitting DNA sequences to having a transfec-
tion-ready plasmid is a suboptimal 4–5 weeks.
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In an attempt to achieve high throughput across 
their entire workflow, antibody discovery labs 
have to grapple with either long wait times from 
synthetic biology service providers or hands-on, 
labor-intensive protocols often involving bacte-
rial cultures, DNA extraction processes and qual-
ity control to build heavy and light chain con-
structs and amplify them before they are ready 
for expression.

There is a true market need for an optimal synthetic 
biology solution to seamlessly connect high-con-
tent sequencing data from B cell discovery plat-
forms to downstream high-throughput antibody 
screening and characterization workflows to main-
tain consistent and high throughput throughout 
the discovery process.

If your antibody discovery program is limited by the 
speed of your capabilities in synthesis and cloning 
of lead candidates, you’re not alone. Explore this 
eBook to continue learning how Codex DNA’s syn-
thetic biology solutions can help you break free 

from traditional bottlenecks and significantly ac-
celerate your antibody discovery pipeline.
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Bridging the Throughput Gap
Process optimization in antibody discovery workflows

Complex Targets are Challenging 
Current Discovery Pipelines

The therapeutics landscape has seen a marked de-
crease in success rates for antibody drug discov-
ery. In contrast to antibody therapeutics already 
in the clinic, current targets of interest are often 
complicated membrane-bound proteins which 
have proven difficult for traditional antibody de-
velopment approaches to address. Antibody dis-
covery programs now require increasing levels of 
biological diversity in terms of the species and cell 
types that are screened in search for therapeutics 
against harder-to-hit targets, such as GPCRs and 
ion channels.

Ultimately, this has resulted in increased pressure 
on discovery pipelines to identify and validate high 
quality lead candidates to meet the demand for 
new therapeutics. As the targets for potential bio-
therapeutics become more complex, workflow pro-
cesses have had to adapt to keep pace. Antibody 
discovery companies must now simultaneously 
meet quality, throughput, and timeline pressures. 
Emerging technologies, enhanced methodologies, 
and higher efficiencies are all required to support 
demanding development projects.

Codex DNA Solutions  
Address Key Bottlenecks  
in Antibody Discovery

• Antibody cloning completed in days, 
not weeks: By optimizing synthetic 
biology workflows, the end-to-end 
time for heavy and light chain variable 
region cloning can be reduced from 
multiple weeks to a few days.

• Reduced process steps: RapidAMP™ 
technology supplants tedious manual 
process steps associated with cloning, 
transformation, and E. coli culture and 
harvest during plasmid production.

• Workflow efficiency gains: By 
implementing the BioXp 3250™  
system to provide hands-free, 
automated assembly of DNA 
sequences, cloning, and amplification 
in a single overnight run, antibody 
discovery programs can produce 
transfection-ready plasmids in a 
fraction of the time previously required.
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Existing Cloning Modalities Hinder 
Advancing High-throughput 
Discovery Solutions

Over the past 15 years, critical technological and 
automation advancements in single cell sequenc-
ing and analytics have transformed antibody 
discovery programs. Functional profiles of lead 
candidates can now be linked to corresponding 
heavy and light chain variable region sequences 
routinely and at scale. These approaches allow 
for high-content identification of candidate anti-
body sequences from plasma B cells. Downstream 
antibody screening and characterization plat-
forms have also benefited from automation gains. 

Highly comparative analyses of kinetics, epitope, 
blocking, and specificity can now be performed 
on large pools of lead candidates, including com-
prehensive binning studies.

Between sequencing and screening, however, lies 
an unaddressed process bottleneck: heavy and 
light chain variable sequence cloning and expres-
sion. To facilitate high production yields, codon-op-
timized candidate sequences are synthesized 
and cloned into destination expression plasmids. 
However, the speed and infrastructure required to 
maintain adequate throughput using traditional 
techniques that rely on bacterial transformation 
and growth are significant hurdles. Commercial 
gene and plasmid synthesis services exist as an al-
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ternative; however, while this partially addresses 
some of the cloning bottleneck, the standard turn-
around time in the industry from submitting DNA 
sequences to having a transfection-ready plasmid 
is a suboptimal 4-5 weeks.

What is needed to truly remove this bottleneck is 
a rapid, automated solution that can bridge the 
gap between high-content lead identification and 
downstream high-throughput characterization.

Novel Synthetic Biology Solutions to 
Accelerate Antibody Discovery

At Codex DNA, our diverse team of scientists, en-
gineers, and thinkers are invested in making syn-
thetic biology efficient and broadly accessible to 
the scientific community. We believe that workflow 
optimization leveraging our technology can help 
address the throughput gap in antibody discovery 
head on.

Around the world, researchers are using novel 
solutions from Codex DNA, including the BioXp au-
tomated synthetic biology system and RapidAMP 
technology, to automate their antibody discovery 
workflows, streamlining the process and shorten-
ing project timelines.

Handsfree End-to-end Gene 
Synthesis and Cloning

The BioXp 3250 System

The BioXp 3250 system represents a rapid synthet-
ic biology solution that connects high-content 
sequencing data from B cell discovery platforms 
to downstream high-throughput screening and 
characterization workflows. By optimizing their 
discovery workflows with the BioXp 3250 system, 
antibody discovery programs can reduce end-to-
end time for lead candidate heavy and light chain 
variable region cloning from multiple weeks to just 
a few days.

Figure 1: Workflow Acceleration with the BioXp System
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The BioXp 3250 system is the world’s only ful-
ly automated benchtop instrument that enables 
push-button, automated building of synthetic 
DNA starting from a digital sequence. Backed by 
the power of Gibson Assembly, the BioXp can syn-
thesize gene fragments, synthesize and clone DNA 
into user-defined vectors, build variant libraries, or 
synthesize mRNA in a single instrument run.

Cell-free Amplification of Candidate 
DNA for Transfection

RapidAMP Technology

Gibson Assembly® RapidAMP isothermal amplifi-
cation allows researchers to assemble and amplify 
up to 10 µg of transfection-ready DNA in a two-day 
workflow. Following a simple protocol, a linearized 
vector plus up to three linear DNA insert fragments 
— 300 bp to 1,800 bp each — are assembled via 
Gibson Assembly® technology to generate a cir-
cular cloning product. Alternatively, the process 
can be automated via the BioXp system to skip the 
manual benchwork entirely.

The final DNA product can be digested into a lin-
ear form and is then ready for downstream applica-
tions, negating the need for traditional E. coli trans-
formation and plasmid purification. RapidAMP™ 
technology has been used successfully for trans-
fection — lipofection and electroporation — and 
in vitro transcription. All that is required of users is 
a simple set of pilot experiments to optimize trans-
fection conditions for the RapidAMP material into a 
mammalian expression cell line of choice.

The technology is an attractive choice for small-
scale transfections of lead heavy and light chain 
candidate sequences, where the speed and infra-

structure required to maintain adequate through-
put using traditional techniques that rely on bac-
terial transformation and growth are significant 
hurdles. Mature antibodies can be purified from 
culture supernatant after transient expression at 
yields that match or surpass those from tradition-
al E. coli-produced plasmids. Collected superna-
tants can easily be transferred to high-throughput 
screening platforms for further characterization.

Enabling Efficiencies in  
Antibody Discovery

In an industry faced with shortening timelines 
and increasingly challenging deliverables, time is 
a large advantage. With a commitment to process 
change, antibody discovery programs can realize 
substantial efficiency gains in their workflows by 
leveraging the power of automated synthetic bi-
ology to bridge the cloning throughput gap that 
divides lead candidate sequence identification and 
downstream characterization.

With the BioXp 3250 system and RapidAMP tech-
nology, researchers can produce high-fidelity, 
transfection-ready material in days while complet-
ing the entire workflow in-house and skipping the 
traditional bottlenecks of bacterial preps and colo-
ny picking.

If you are interested in discussing process optimi-
zation in antibody discovery workflows further, Co-
dex DNA would welcome the opportunity to learn 
more about you and your research goals.

Reach out at codexdna.com/contact/

http://codexdna.com/contact/
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Improvements in Target  
Validation Rates by  
Automating and Streamlining 
Antibody Production
Case study: Adoption of the BioXp™ compresses design-build-test 
cycle times

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 engi-
neered TCRs, while also enabling more efficient tar-
get screening. Full-length, accurate constructs can 
be built using the BioXp™ system, enabling a short-
er cycle to validation and accelerating the process-
es involved in identifying lead candidates.

By integrating the BioXp™ system into their work-
flow, 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%.

Background

Engineered T cells have been used successfully to 
treat a number of leukemias and solid tumors. Ear-
ly therapeutic engineered T cells contained cloned 

Figure 1: Artistic rendering of T cell attacking cancer cell.
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TCRs with altered antigen affinity. More recent ther-
apies have instead relied on the use of chimeric an-
tigen receptors (CARs), which combine B cell recep-
tor-derived domains and TCR-derived domains, for 
enhanced antigen specificity. Current CAR designs 
typically contain a specificity-conferring extracellu-
lar antibody single-chain variable fragment (scFv), 
a TCR-derived CD3z domain, and an intracellular 
costimulatory domain. The CAR built by the com-
pany in this case study is shown in Figure 2.

Background

The company develops programmed T cells for 
cancer immunotherapy (Figure 3). First genera-
tion 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 de-
veloping 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 an-
tigen binders.

The problem

With so many components and design consider-
ations 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 com-
pany constructed single-chain variable fragment 
(scFv) constructs using traditional cloning meth-
ods. The expressed scFv would then be screened to 
identify those that exhibited a high degree of bind-
ing to the target antigen.

The traditional scFv assembly workflow employed 
by the company was a 5-to-7-day process. A num-
ber of steps in the workflow relied on manual pro-
cesses, introducing the possibility of human error— 
such as incorrect pipetting or sample mix-ups—
at any of those points. After designing the candi-
date 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 frag-
ment required a separate PCR amplification, fol-
lowed 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.

The solution

The BioXp™ system streamlines and accelerates the 
construction of scFv constructs, enabling more effi-
cient target screening (Figure 4).

Streamlining scFv construction on the BioXp™ sys-
tem enables building the full-length scFv construct 

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 destruc-
tion of cancer cells.
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in a single, automated instrument run. This work-
flow 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 frag-
ments 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 amplifica-

tion, 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, anti-
body production, and screening. The BioXp™ sys-
tem enabled a shorter cycle to validation, elimi-
nating a number of manual processes from the 
workflow, and accelerated the processes involved 
in identifying lead candidates.

Conclusions

All of the pre-transfection manual processing steps of 
the traditional company workflow—PCR amplifica-
tion, ligation, and cloning—were eliminated by effi-

Figure 3: The company’s technology. A cancer patient’s immune system (T cells) fails to recognize malignant cells. The company engi-
neers the T cells to express CARs. Engineered T cells recognize and destroy malignant cells.
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ciently 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 larg-
er 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 vali-
dation 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.

Figure 4: scFv assembly: traditional vs the BioXp™ system workflow. The latter method reduces the number of cloning steps, optimiz-
ing the workflow.
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 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

Figure 5: Design-build-test cycle: traditional vs the BioXp™ system workflow. The latter method reduces lead generation time and 
improves efficiency.
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