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Recent analyses indicate as much as 50% of 
commercial antibody products do not work 
as intended. To address the outsized effect of 

poor antibodies on the reproducibility crisis, 

researchers are pushing for a transition to 

recombinant antibody production systems. 

This whitepaper discusses our newly-launched 

recombinant antibody manufacturing platform, 

while presenting in-house data from the 

development of anti-NFκB antibodies, from 

antigen design to production.
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INTRODUCTION

Antibodies are some of the most essential and widely used 
biotechnologies. Following basic immunology research 
describing immunization and antibody production, 
antibody-based detection techniques quickly became a 
foundational pillar of life science research.1 Antibodies 
form a critical basis for the specific detection of analytes 
in a variety of biological assay formats, including 
Western Blotting (WB), Enzyme-linked immunosorbent 
assays (ELISA), Immunoprecipitation (IP), Chromatin 
Immunoprecipitation (ChIP), Immunohistochemistry (IHC), 
Immunocytochemistry (ICC), Immunofluorescence (IF) 
Flow cytometry, and Fluorescence-Assisted Cell Sorting 
(FACS).2,3,4,5,6 Researchers apply these assays everywhere, 
from basic research, drug development, clinical diagnostics, 
and pharmaceutical manufacturing quality control.

Responding to the demand for target-specific antibodies, 
a large cohort of antibody discovery and manufacturing 
companies sprung up to serve researchers. The antibody 
biotechnology industry has continued to evolve and 
mature, alongside impressive growth in the number of 
targets covered by commercial antibodies, including 
~96% of the human proteome.7

Polyclonal Antibodies
The longest-standing antibody products are polyclonal 
preparations, which collect serum post-immunization to 
extract antibodies from multiple B-cell lineages. Polyclonal 
antibodies can produce strong assay signals, in part 
because their antibodies may bind distinct epitopes on 

the same protein. Though polyclonal antibodies benefit 
from in vivo affinity and quick development timelines, their 
uncharacterized and heterogeneous antibody composition 
can complicate analyses and lead to non-specific and 
off-target binding. The dependence on repeated animal 
immunizations can also create batch-to-batch variation 
associated with varied individual immune responses.8

Hybridoma Monoclonal Antibodies
Beyond polyclonals, monoclonal antibodies produced 
from hybridomas, which apply the research and methods 
that led to the 1984 Nobel Prize in Medicine,9 have also 
become commonplace. Since monoclonal antibodies derive 
from single B cell clones, these antibodies are homogenous 
and can be readily characterized, though they often 
require longer timelines. However, monoclonal antibody-
producing hybridoma cell lines can also display low yields, 
inconsistent performance, and quality changes associated 
with long-term continuous production, due to the 
accumulation of mutations and chromosomal instability.10

Recombinant Antibodies 
Together, polyclonal and monoclonal preparations have 
made up the bulk of historical and current antibody 
products used in countless studies and assays. More 
recently, antibody providers have begun switching to 
recombinant antibody production, where antibody-
coding DNA sequences are cloned and expressed in 
cell culture.11,12 Largely, this push is driven by a need for 
greater reproducibility and more reliable biomanufacturing.

Recombinant Antibody 
Discovery and Development 

From Antigen Design to Characterization
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Clone 1

Clone 2

KINETIC PROFILING
The performance of antibodies can be 
evaluated by their kinetic properties, 
characterized by rates of binding and 
dissociation (kon, koff), and the affinity 
of the antibody for the antigen, KD.

BINNING & MAPPING
To develop high-precision ELISAs, we 
identify robust antibody pairs by testing 
pair-wise combinations in sandwich 
assays. The results allow us to assign 
epitope bins and build community plots. 

RECOMBINANT ANTIBODY DISCOVERY AND DEVELOPMENT

APPLICATION TESTING
To demonstrate antibody 
performance and reproducibility, 
antibody clones are characterized via 
Western Blot, ICC, SPR, and ELISA.  

ANALYZE

SINGLE B-CELL
ISOLATION

CLONING, LARGE SCALE
EXPRESSION AND PURIFICATION

APPLICATION TESTING
To demonstrate antibody 
performance and reproducibility, 

Western Blot

ELISA

IF

ANTIBODY DISCOVERY
Antigen-positive rabbit splenocytes are sorted into 96-well plates so 
individual antibody- producing B-cells can be further analyzed. PCR is used 
to amplify heavy- and light-chain antibody sequences from the B-cells for 
cloning, at which point this material is transiently transfected into 
human HEK293 cells for small-scale antibody production. The 
high-throughput Carterra LSA serves as our first round of 
screening the produced antibodies to identify strong binders 
with good affinity to their intended protein target. 

HIGH THROUGHPUT 
AFFINITY MEASUREMENTS

IMMUNIZE

BINNING & MAPPING
To develop high-precision ELISAs, we 
identify robust antibody pairs by testing 

KINETIC PROFILING
The performance of antibodies can be 
evaluated by their kinetic properties, 

Aviva Systems Biology has been a trusted provider of 
off-the-shelf and custom antibody products for decades, 
and we have recently launched a new recombinant 
antibody manufacturing platform to expand our offerings.

By leveraging our expertise in recombinant antigen 
production technologies, we aim to deliver antibodies with 
superior performance, epitope diversity, and reproducibility.

From Antigen Design 
to Characterization

PURIFY
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Figure 1: Aviva Systems Biology recombinant antibody manufacturing process

� ANTIGEN DESIGN
• For a single target, we start by designing 

a variety of antigenic protein fragments, 
evaluated on their key structural and 
biophysical characteristics.

• This approach ensures a breadth of immune 
responses, generating a diverse repertoire of 
antibodies essential for laboratory assays.

�
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THE CENTRAL ROLE OF ANTIBODIES 
IN THE REPRODUCIBILITY CRISIS

Despite the central importance of antibodies to the 
life science sector, it’s clear that a signifi cant portion of 
commercial antibody products do not work as intended. 
Recent studies have suggested that as much as ~50% of 
antibody products13,14 either struggle to bind their target 
or showcase signifi cant off-target binding, with other 
reports suggesting an even more pessimistic view.15

To emphasize the cost of inadequate antibody 
performance, it has been estimated that the US alone 
wastes between 350 Million16 and 1.7 Billion17 USD 
annually on poor-performing antibody products, 
separate from the cost of time lost, other reagents, 
and instrument use. As the antibody market continues 
to grow, so too will the expected waste. More broadly, 
the cost of irreproducible pre-clinical research in 
the US alone has been estimated to be well over 20 
billion USD,18,19 in addition to its negative impact on 
the sustainability of the scientifi c enterprise.20

To address this far-reaching and costly challenge, 
many antibody researchers and non-profi t scientifi c 
organizations have called for standardizing analysis 
workfl ows and a transition to recombinant antibody 
production systems.7,13,16,17,18,21,22,23,24

Rigorous standardized antibody validation and 
data registration allow for more accurate and 
consistent characterization of antibody specifi city 
ahead of their use in assay formats. Furthermore, 
transparent data sharing allows users to clearly 
understand the potential performance limitations.

Even with better characterization and data sharing, 
the inherent limitations of polyclonal and hybridoma-
based monoclonal antibodies remain. Thus, shifting 
the sector towards recombinant production systems is 
perhaps most important to the long-term improvement 
of antibody performance, due to their great renewable 
potential and strict genetic characterization. 

To highlight this, Ayoubi et al. assessed the performance 
of 614 commercial antibodies (258 polyclonal, 165 
monoclonal, and 191 recombinant antibodies), including 
those from Aviva Systems Biology. The authors found 
that a higher percentage of recombinant antibodies 
performed better in all formats (WB, IP, IF) compared to 
polyclonal and monoclonal antibodies (Table 1).

Table 1: Percent of evaluated commercial antibodies that correctly bind intended target13

Assay Format Western Blot (WB) Immunoprecipitation (IP) Cellular  Immunofl ouresence (IF)

Recombinant 67% 54% 48%

Polyclonal 27% 39% 22%

Monoclonal 41% 32% 31%

Polyclonal 27% 39% 22%
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MAKING ANTIBODY ASSAYS MORE 
RELIABLE AND REPRODUCIBLE

Aviva Systems Biology has spent decades as a 
leading provider of off-the-shelf and custom antibody 
products for research, diagnostic, and quality control 
purposes (Figure 2). Though Aviva Systems Biology 
has long maintained a careful emphasis on antibody 
characterization and quality control in our products, our 
extensive portfolio has historically been made up of 
polyclonal antibodies. 

Recognizing the signifi cant need of the life science 
and biomedical communities, Aviva Systems Biology 
launched a recombinant antibody platform and intends 
to expand our offerings in that direction going forward. 
Combining our expertise in antigen design, immunization, 
and antibody validation with recombinant production 
technologies, we can provide researchers with greater 
performance, target diversity, and reproducibility to 
benefi t their research and assay applications.

The remainder of this whitepaper describes Aviva Systems 
Biology’s recombinant antibody platform, providing 
an overview of our processes for discovering and 
manufacturing high-performance recombinant antibody 
products: from antigen design to characterization and 
validation. More specifi cally, this piece will explore data 
from the development of recombinant antibodies that bind 
NFκB, a key transcription factor at the center of several 
cellular pathways.25 More specifi cally, this program targeted 
NFκB1, an important regulator of NFκB activity in vivo that 
plays a critical role in infl ammation, aging, and cancer.26

ANTIGEN DEVELOPMENT

After selecting a molecular target, the fi rst step 
toward a high-performing antibody reagent is antigen 
development. For in vivo immunization, targets must 
be both suffi ciently specifi c and immunogenic such 
that the immune system responds appropriately to 
the antigen and initiates affi nity maturation towards 
its target. Done correctly, B cells will produce 
antibodies that are more likely to bind to a target 
with high affi nity and specifi city. Yet, predicting 
antigenicity remains quite challenging. Though 
antigenicity assessments can help researchers make 
predictions about candidate antigen success, it is 
diffi cult to account for the inherent complexity of 
immunization and B-cell maturation, resulting in varied 
responses due to inaccurate or incomplete models. 

Even with good predictive tools, balancing those two 
parameters is no easy feat, especially when researchers 
must also factor in the ability to express and solubilize 
the target in suffi cient amounts and dissolve them into 
solution at high enough concentrations. Together, these 
variables often make the use of full-length protein 
antigens less practical, since cloning, expressing, 
and solubilizing larger genes is often more diffi cult.27

Full-length proteins may also have hydrophobic 
or intrinsically disordered regions that complicate 
structural presentation in immunization formats. As 
a result, immune reactions might produce antibodies 
against unnatural epitope conformations of the antigen 
that don’t bind the native protein consistently. 

Figure 2: Aviva System’s Biology Through the Years
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For these reasons, many antibody developers opt to 
use peptide antigens, given their relative simplicity 
compared to full-length proteins and protein 
fragments.28 Peptides are relatively simple to produce 
and solubilize (depending on the amino acid sequence) 
and can provide some ability to target highly specific 
protein sequences. However, the simplicity of peptide 
antigens also comes with some drawbacks (Table 2).

Though peptides do provide some ability to target 
highly specific sequences, they lack the ability to act 
as conformational antigens. Similarly, a protein’s 3D 
structure can obscure unique peptide sequences 
such that they are not presented linearly in its native 
conformation. Unless the linear epitope is exposed, 

antibodies raised against peptides may fail to bind the 
target in an assay-specific manner, resulting in cross-assay 
performance issues.

To circumvent these reproducibility challenges, Aviva 
Systems Biology developed a proprietary method 
for antigen design that operates from larger protein 
fragments. Larger protein fragments are easier to 
express and purify compared to full-length proteins, 
while also providing more quantifiable, reproducible 
antigen selection akin to peptide options (Table 2). 
Importantly, provided that the fragment maintains its 
native structure in the full-length protein, we can also 
generate conformational antigens for improved affinity 
and specificity of the antibody, while also reducing non-

Table 2: Advantages and disadvantages of different antigen types.

Antigen Type Pros Cons

Full-Length  
Protein

• Conformational antigens if  
folded successfully

• Some full-length protein  
has market value

• Human proteome has high intrinsic disorder
• Larger genes have higher chance for cloning errors
• Expression and analysis of large proteins is difficult
• Classic approach often not reproducible

Peptide

• Cheaper and faster to produce
• Only requires protein sequence  

(not structure)
• Useful when protein has high  

sequence similarity to others
• Effective for detection of  

post-translational modifications

• Only recognize linear epitopes
• Less likely to be effective for recognizing  

protein when in native state, thereby often  
limiting applications to western blotting.

• 
•  

Protein  
Fragment

• Smaller, easier to express and purify
• Ease of cloning and validation
• Quantifiable, reproducible selection 
• AlphaFold-mediated secondary,  

tertiary structure
• Conformational antigens if folded  

successfully

• Potential loss of tertiary structure
• Stability issues can arise
• 
• 
•  
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specifi c binding. In addition, larger protein fragment 
antigens make studying molecular interactions by surface 
plasmon resonance (SPR) easier and more precise. SPR is 
an analytical method used to measure binding affi nities, 
and SPR detection improves when the ligand and analyte 
are closer in size.29

To improve the reliability and throughput, Aviva Systems 
Biology’s R&D team developed an AI-guided antigen 
design method, which allows for rapid, quantifi able 
identifi cation and scoring of potential antigens (which 
we call propositions, Figure 3) from target proteins. 
Though the model takes traditional immunogenicity and 
solubility indicators into consideration, we further fortifi ed 
its output with our own internal data. Using 20+ years 
of performance and sales data from ~24,000 antibody 
products, our R&D team extracted valuable information 
about what makes an effective and expressible antigen 
and incorporated those learnings into the model. 

The antigen design process also incorporates structural 
information to ensure that fragments recapitulate 
their native structure. However, structural data is still 
unavailable for many relevant protein targets as well 
as for specifi c protein fragments. To work around 
this, Aviva Systems Biology applies AlphaFold30 to 
generate fragment structures. In doing so, we can 
better understand the fragment’s possible structure, 
evaluate its solubility, and predict stability. 

Through the inclusion of AlphaFold-generated 
fragment structural information into our proprietary 
antigenicity and expression algorithm, Aviva can 
reliably generate protein fragment propositions 
with a greater likelihood of success as antigens.

Examining NFκB, Aviva was able to generate and 
explore a number of propositions using our antigenicity 
model (Figure 3). Based on the outcome of our analysis 

Figure 3: Example fragment antigen propositions and antigenicity score from NFκB. Positions are highlighted in green.

Proposition 1
Amino Acids 2-244

Covers p50 N-terminus

Residue

Proposition 3
Amino Acids 40-370

Covers p50 middle region

Proposition 2

Proposition 2
Amino Acids 245-433

Covers p50 C-terminus
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(Figure 4A), which factors details like rolling averages 
for amino acid enrichment, predicted disorder, and 
solvent accessibility, NFkB1 Prop. 2 (the p50 subunit) was 
carried forward to expression and purification. NFκB1 
p50 is a key subunit of the NFκB complex produced via 
proteolytic processing of the full NFκB1 gene product 
(p105). Typical rabbit immunizations require at least 10 - 
100 µg in approximately 500 µL to provide high enough 
antigen concentration for effective immunization.31 As 
predicted, Prop. 2 expression produced sufficient antigen 
for immunization (Figure 4B).

Leveraging decades of experience and data collection 
with modern AI technologies, Aviva Systems Biology 
generated a model that makes antigen design faster 
and more effective. Using this AI-guided approach, 
Aviva Systems Biology improved our rate of antigen 
development from single antigen propositions to up to 
60 antigen propositions per month. This allows our team 
to generate numerous antigens from the same protein 
for parallel immunization, offering increased success rates 
and potential for greater epitope diversity. 

Figure 4A: Detailed antigenicity evaluation of NFκB Proposition 2

LysineLysine  |  Argenine  |  Cysteine Hydrophobicity

Rolling averages for specific amino acid enrichment,  
predicted disorder, and solvent accessibility in favorable range.

Purification 
- Flowthrough (FT) 
- Elution fractions (E1-E4) 

Tag Removal 
- TEV protease 
- Final Antigen  

Figure 4B: Expression data and PAGE gels of NFκB Proposition 2

NFκB1 p50 Proposition 2

Range (aa) 245 - 433

Fusion 6xHis-tag

MW (kDa) 23.15 (20.48 untagged)

pI 8.19

ε 17,670

Yield 56 mg @ 2mg/mL
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IMMUNIZATION & AFFINITY MATURATION

After settling on antigen candidates, antibodies must 
undergo an affinity maturation process, either in vivo in 
specific organisms or in vitro using methods like display 
technologies. 

Though in vitro methods like phage display are becoming 
increasingly prevalent,32 animal immunization remains the 
primary mechanism for generating antibody candidates. 
The advantages of in vivo affinity maturation are a 
major contributing factor.33 Natural immune evolution 
continually optimized this complex process over hundreds 
of millions of years, creating incredible paratope diversity 
and high affinity antibodies.33 Immunization also allows 
researchers to access valuable information about an 
antibody’s lineage and paratope patterning.34 Though 
animal immunization can be time-consuming (~2-3 

months) compared to in vitro technologies, phage display 
technologies typically require additional expense, due to 
library acquisition, infrastructure, and expertise.

For these reasons, Aviva Systems Biology utilizes 
rabbit immunization (Box 1) to elicit a strong immune 
response and generate B-cells expressing target-specific 
antibodies.33 By combining animal immunization and 
single B-cell cloning, Aviva Systems Biology harnesses 
nature’s preeminent affinity maturation capabilities with 
the reproducibility and renewability of recombinant heavy 
and light chain gene expression.

Our current recombinant antibody development pipeline 
has hundreds of antigen targets in rabbits, and we have 
witnessed strong immune responses in nearly everyone. 
Additionally, serum extracted from rabbits immunized for 
our recombinant antibody pipeline demonstrates potent 
serum titers against their target.

For NFκB antibody development, strong immune 
responses were detected in a number of rabbits. 
Two rabbits immunized with the NFκB p50 antigen 
proposition displayed detectable titers at serum dilutions 
below 1:500,000, indicating significant potency and highly 
sensitive detection of the antigen. The best-performing 
rabbit was carried forward for B-cell isolation, antibody 
cloning, and characterization.

B-CELL ISOLATION AND GENE CLONING

To identify cells expressing antigen-binding IgG 
antibodies, our researchers use 6-color cell sorting 
instrumentation to screen rabbit blood cells. Starting 
from hundreds of millions of cells, the first color is used 
to gate living cells and exclude dead ones, resulting 
in approximately ~10 million cells. The second gate 
uses another color to gate singlet cells from clumps, 
trimming the cell count by a few million. The next 
two colors are used to screen for IgG-producing 
immune cells, selecting CD4-, CD8-, and IgM- cells, 
which further reduces the candidate cell count.

With the remaining millions of IgG producing cells, the 
final two colors are used to stain membrane-bound 
B-cell receptors (BCRs) with antigen bait to identify cells 
producing antigen-specific antibodies. Antigens are 

Box 1:  Why rabbits?

Rabbits have become a model of choice for animal 
immunization over rodent systems, due to their 
more complex B-cell maturation process,35,36 
genetic diversity,37 stronger immune responses,38,39 
and greater evolutionary distance to humans and 
rodents.37 Together, these features allow rabbits 
to generate antibodies with greater diversity and 
a wider range of epitope targets that are non-
immunogenic in other systems, like mice or rats.  
It also means rabbits can produce antibodies 
against mouse and rat antigens. 

The unique structure of rabbit immunoglobulins 
also provides greater antibody stability,36,38 while 
their larger bodies allow for greater immune 
cell collection yields. There is also only one IgG 
isotype in rabbits, which means rabbit antibodies 
are uniform in structure. 

Finally, the third complementarity-determining 
region (CDR3) of the light chain is longer in rabbits 
compared to humans and mice,40 which may 
explain why in some studies rabbit antibodies 
demonstrate higher affinities than mouse 
antibodies against the same target.41
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biotinylated and stained with two anti-biotin binding 
antibodies, each with a distinct fluorophore label.  
This double-staining confirmation helps reduce false 
positives associated with non-specific binding and 
sticky antigens. Given that only ~0.05% of IgG-
positive cells recognize the target antigen, this results 
in approximately ~1 to 3 thousand double positive 
antigen-binding cells. These cells are directly sorted 
into well plates containing lysis buffer for RT-PCR 
amplification of single-cell RNA, followed by further 
amplification of heavy and light chain variable genes.

Candidates progress if the clonal pair of heavy and 
light genes are detected. Clonal pairs are transfected 
and transiently expressed in cells to produce antibody 
candidates at small scales in supernatants. This allows Aviva 
Systems Biology to move to deeper candidate profiling 
much more rapidly, since it eliminates the generation and 
transfection of thousands of plasmids containing antibody 
candidates. After detailed characterization (discussed 
below), researchers cull the candidate pool to best 
options and then clone heavy and light chain genes into 
microbial chassis for long term recombinant expression.

Collectively, this approach provides rapid and high-
throughput B-cell screening, allowing the identification 
of a multitude of antibody candidates, including rare 
binders.10 But before finalizing the best candidates from 
the library pool, we explore their activities in both kinetic 
profiling and application testing.

ANTIBODY CHARACTERIZATION & PERFORMANCE

Detailed, individualized antibody validation helps establish 
greater reproducibility in commercial antibodies.21 For 
this reason, Aviva Systems Biology has long implemented 
detailed characterization and quality control methods 
to ensure the robust use and reliability of our antibody 
products. As part of this, we have maintained a partnership 
and collaboration with Antibody Characterization through 
Open Science (YCharOs), an open science company 
with the mission of characterizing commercially available 
reagent antibodies for every human protein. Aviva Systems 
Biology has also contributed to validation method research 
with these external collaborators, including recent work 
published in eLife from Ayoubi et al.13

High-throughput Kinetics Profiling 
To take our analysis deeper, we execute kinetic profiling 
of all candidates using our high-throughput SPR 
workflow.42 To our knowledge, virtually no other antibody 
companies do this as routinely and extensively as Aviva. 

After immobilizing antibody candidates, antigen analytes 
are run over the entire array of antibodies, allowing kinetic 
screening of up to 1,152 mAbs and 384 clones in parallel 
to generate affinity curves and perform true analysis. Using 
software tools, these curves can be rapidly fitted and 
analyzed to determine KD and kon/koff rates. For context on 
SPR data analysis, Figure 5 provides an overview of SPR 
curves to help explain curve fitting and constant extraction.

Figure 5: Understanding and Analyzing SPR Binding Curves

Sensorgrams represent the kinetic responses 
of the analyte A (e.g., antigen), at different 
concentrations, binding to the ligand L attached 
to the surface (e.g., antibody) and dissociating 
when the flow switches back to the buffer. 

When the binding phase is fast and dissociation 
is slow, the KD parameter is very low (in the 
picomolar range) and indicates tight binding 
between antibody and antigen. Whereas,  
when the dissociation curve is steep, the  
off-rate is fast, indicating the antigen and 
antibody are weakly bound.

Resonance (RU)

ASSOCIATION
The constant kon describes 

the rate of binding,  
or association.

DISSOCIATION
The constant koff describes 
the rate of dissociation of  

antigen from antibody.

STEADY STATE CONSTANT
The constant KD represents the affinity of the antibody for the antigen 

and is calculated from koff/kon for several different antibody concentrations.

concentration 1
concentration 2concentration 3

Time
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Table 3: Kinetic profile of select anti-NFκB antibody clones 

  Antibody Clone ID Kon (M-1s-1) Koff (s-1) KD (nM) SPR Sensorgram

  8M5-I 1.0e5 2.2e-3 22

  8M5-5 3.0e5 5.3e-4 1.8

  8M5-M 5.2e4 1.3e-4 2.4

  8M5-L 1.3e5 3.1e-3 24

In this manner, antibodies generated from NFκB 
immunizations were analyzed. Following analysis, a 
number of viable antibody candidates were identified. 
Table 3 shows a collection of four representative high-
affinity antibodies analyzed in this study, each with low 
nanomolar KD values (1.8 to 24 nM).

Even in this four-member collection (anti-NFkB clones 
8M5-I, 8M5-5, 8M5-L, and 8M5-M), different kinetic 
profiles were found. Clone 8M5-I has slightly slower on- 
and off-rates compared to clone 8M5-L, resulting in these 
clones having similar affinities (22 and 24 nM, respectively. 
Though clone 8M5-5 has the highest overall affinity 
(1.8nM), clone 8M5-M has a very gradual off-rate that is 
slower than clone 8M5-5.

Kinetic diversity in antibody selection provides 
researchers with an additional parameter they can tune 
for their experiments. Choosing the highest affinity 
(lowest KD) antibody is not necessarily the most desirable 
option. For optimal efficacy, a higher KD is sometimes 
preferred. For example, antibodies intended to function 
as agonists of specific receptors can deliver greater 
activity at lower affinity.43,44 Through our recombinant 
platform, Aviva can produce and characterize a range 
of antibodies with varying KD values and on/off rates, 
allowing fit-for-purpose selection.

Application Testing
Application testing demonstrates antibody performance 
in common assays, such that users understand their 
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behavior and reproducibility in preferred formats. For 
each candidate, researchers at Aviva Systems Biology 
test performance in multiple assay formats using 
independent antibodies and genetic validation (where 
reagents are available). To this end, each selected NFκB 
clone was evaluated by SPR, Western Blot, ICC, and 
ELISA assays (Summarized in Table 4).

All four clones bound NFκB in ELISAs (Figure 6) across 
a variety of NFκB concentrations. Though 8M5-I and 
8M5-L did not bind in Western blots, both 8M5-5 and 
8M5-M bound specifi cally to NFκB p50 across six 
different cell lines (Figure 7, band at ~50 kDa), with some 
additional faint bands in some cases. This likely indicates 
that 8M5-5 and 8M5-M can bind both denatured 
and native protein, whereas 8M5-I and 8M5-L can 
recognize native protein, but not the denatured form.

Table 4: Summary of application testing results

  Clone ID Western ICC sELISA compatibility KD Epitope

   8M5-I - N/A 8M5-5, 8M5-M 22nM Shared with 85M-L

   8M5-5 + - All 1.8nM Distinct

   8M5-M + cytoplasmic All 2.4nM Distinct

   8M5-L - nuclear 8M5-5, 8M5-M 24nM Shared with 85M-I

Figure 6: Sandwich ELISA Binding Data at Various Antibody Concentrations

Figure 7:
Representative Western Blots for Two NFκB Clones
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For ICC, 8M5-M and 8M5-L each were effective for 
staining NFκB (Figure 8). Interestingly, 8M5-M stained 
cytoplasmic NFκB p50, whereas 8M5-L stained NFκB p50 
in the nucleus. NFκB p50 is found in both the cytoplasm 
and nucleus, depending on whether it is activated. This 
may indicate that the 8M5-L is recognizing NFκB p50 
in an active NFκB complex bound to genomic DNA, 
whereas 8M5-M may be staining inactive p50 prior to 
nuclear localization. Though more studies are needed 
to confi rm that these two different epitopes distinguish 
between active and inactive p50, these results may point 
to the potential of using these clones to closely track 
NFκB activation. In both cases, negative controls lacking 
primary antibodies exhibited no signal (data not shown).

Epitope Binning
The functionality and application of a specifi c antibody is 
often linked to its epitope. For example, two antibodies 
with distinct epitopes on the same protein can be used 
as sandwich assay partners or to create super-clonal 
mixes that increase assay sensitivity through multiple 
simultaneous binding events. As another, it’s common for 
the intellectual property of commercial antibodies to be 
linked to the epitope they recognize. Thus, it is crucial to 
understand epitope recognition, and epitope mapping 
assessments act as a surrogate for the functional diversity 
of antibody library pools.

To evaluate and bin epitopes, Aviva Systems Biology 
performs sandwich assays using our SPR analysis 
workfl ow (Figure 9). First, an individual antibody is bound 
to the surface. Antigens are then fl owed over them, 
followed by delivery of a second antibody to the original 
bound antigen-antibody complex. If additional signal is 
detected, this indicates that the two antibody epitopes 
are mutually exclusive. If the signal is lost or stagnant, 
then the antibodies are competitive. Using a round-robin 
of sandwich assays of all candidates generated, Aviva 
Systems Biology then bins epitopes to visualize diversity. 
Our high-throughput automated SPR workfl ow allows 
us to bin up 96 candidates simultaneously, compared to 
traditional approaches where only a few clones can be 
explored at time. 

Putting this to practice for the selection of anti-NFκB 
antibodies, sandwich assays revealed competitive binding 
between one antibody pair: 8M5-I and 8M5-L (Figure 10A, 
red squares). In all other combinations, an additive signal 

Figure 8: Immunocytochemical Staining of PANC-1
cells with NFκB Clones 8M5-M and 8M5-L

Figure 9: 
Epitope Binning Sandwich Assay Visualization
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(Figure 10A, green squares) was detected. Collectively, 
these results indicate that this selection of four antibodies 
includes three bins, indicative of three distinct epitopes 
(Figure 10B), in agreement with sandwich ELISA data 
(Figure 6). Though a select example, mapping these 
antibodies helps show the epitope diversity outcomes 
possible through the antigen design and immunization 
workfl ows in our recombinant antibody pipeline.

SCALING FOR THE FUTURE OF REPRODUCIBILITY

Shifting to recombinant antibodies represents a 
vital step for securing better reproducibility without 
sacrifi cing performance. By cloning and expressing 
recombinant DNA, at-scale antibody manufacturing 
provides greater performance consistency. 

Through our recombinant antibody platform, Aviva 
provides application-specifi c validation of key assay 
formats, detailed kinetic characterization, and epitope 
evaluations to source multiple viable antibodies. 
In turn, customers can select the reagent most 
applicable to their use case. 

Though this piece explored our recombinant antibody 
R&D process using NFκB as a target, it’s worth noting that 
our team is actively working to expand our recombinant 
portfolio and accepts custom recombinant antibody 
discovery and assay development projects. As it stands, 
there are more than 500 clinically relevant biomarkers 

Figure 10A: Epitope Binning Figure 10B: Mapping of Select Anti-NFκB Antibody Clones by SPR 

Note: Values are normalized to an individual antibody surface and are 
not globally normalized. Thus, numerical comparisons can only be made 
horizontally across the heatmap and not vertically.

8M5-L 8M5-I

8M5-M8M5-5

and disease targets in the pipeline. In addition, our teams 
are working to further automate single B-cell cloning 
and scale biomanufacturing to bring greater speed and 
reliable supply to our partners. 

Though Aviva will continue to offer polyclonal antibody 
products, our team is eager to advance our recombinant 
portfolio to support future research, diagnostic, and 
quality control assays. We believe that the future 
of biotechnology will need to rely on increasingly 
reproducible high-performance antibodies, and we are 
excited to play a key role in that future.

Clones 8M5-I, 8M5-5, 8M5-5, and 8M5-L were developed 
using Active Motif’s AbFlex® antibody technology.

Aviva Systems Biology:
Comprehensive portfolio of products and services

• 24,000 manufactured polyclonal antibodies

• 20,000 ELISA kits

• 58,000 off the shelf proteins

• 339,000 semi-custom Protein on DemandTM

recombinant proteins

• Recombinant Antibody development

• Custom ELISA development

• High throughput antibody characterization

• Large scale recombinant protein expression

• GMP, ISO13485 manufacturing



avivasysbio.com

White Paper: Recombinant Antibody Discovery & Development

17

References
1  Packer D. The history of the antibody as a tool. Acta Histochem. 2021 

May;123(4):151710. doi: 10.1016/j.acthis.2021.151710.

2  Vashist SK, Luong JHT, editors. 1st ed. Handbook of Immunoassay 
Technologies. Elsevier Inc.; 2018.

3  Hnasko TS, Hnasko RM. The Western Blot. Methods Mol Biol. 
2015;1318:87-96. doi: 10.1007/978-1-4939-2742-5_9. PMID: 26160567.

4  Renshaw S, Immunohistochemistry and Immunocytochemistry: 
Essential Methods. John Wiley & Sons, Ltd.; 2016

 
5  Collas P. The current state of chromatin immunoprecipitation. Mol 

Biotechnol. 2010 May;45(1):87-100. doi: 10.1007/s12033-009-9239-8.

6  McKinnon KM. Flow Cytometry: An Overview. Curr Protoc Immunol. 
2018 Feb 21;120:5.1.1-5.1.11. doi: 10.1002/cpim.40. 

7  Bandrowski A, Pairish M, Eckmann P, Grethe J, Martone ME. The 
Antibody Registry: ten years of registering antibodies. Nucleic Acids 
Res. 2023;51(D1):D358-D67. doi: 10.1093/nar/gkac927

8  Hjelm B, Forsstrom B, Lofblom J, Rockberg J, Uhlen M. Parallel 
immunizations of rabbits using the same antigen yield antibodies with 
similar, but not identical, epitopes. PloS one. 2012;7(12):e45817. Epub 
20121219. doi: 10.1371/journal.pone.0045817. 

9  The Nobel Prize in Physiology or Medicine 1984. NobelPrize.org. 
Nobel Prize Outreach AB 2024. Thu. 8 Feb 2024. <https://www.
nobelprize.org/prizes/medicine/1984/summary/>

10  Pedrioli A, Oxenius A. Single B cell technologies for monoclonal 
antibody discovery. Trends Immunol. 2021;42(12):1143-58. Epub 
20211104. doi: 10.1016/j.it.2021.10.008. 

11 Frenzel A, Hust M, Schirrmann T. Expression of recombinant 
antibodies. Front Immunol. 2013 Jul 29;4:217. doi: 10.3389/
fimmu.2013.00217.

12 Kunert R, Reinhart D. Advances in recombinant antibody 
manufacturing. Appl Microbiol Biotechnol. 2016 Apr;100(8):3451-61. 
doi: 10.1007/s00253-016-7388-9.

 
13  Ayoubi R, Ryan J, Biddle MS, Alshafie W, Fotouhi M, Bolivar SG, Ruiz 

Moleon V, Eckmann P, Worrall D, McDowell I, Southern K, Reintsch W, 
Durcan TM, Brown C, Bandrowski A, Virk H, Edwards AM, McPherson 
P, Laflamme C. Scaling of an antibody validation procedure enables 
quantification of antibody performance in major research applications. 
eLife. 2023;12.

14  Berglund L, Bjorling E, Oksvold P, Fagerberg L, Asplund A, Szigyarto 
CA, Persson A, Ottosson J, Wernerus H, Nilsson P, Lundberg E, 
Sivertsson A, Navani S, Wester K, Kampf C, Hober S, Ponten F, Uhlen 
M. A genecentric Human Protein Atlas for expression profiles based 
on antibodies. Mol Cell Proteomics. 2008;7(10):2019-27. doi: 10.1074/
mcp.R800013-MCP200.

15  Slaastad H, Wu W, Goullart L, Kanderova V, Tjønnfjord G, Stuchly J, 
Kalina T, Holm A, Lund-Johansen F. Multiplexed immuno-precipitation 
with 1725 commercially available antibodies to cellular proteins. 
Proteomics. 2011 Dec;11(23):4578-82. doi: 10.1002/pmic.201000744. 

16 Bradbury A. Standardize antibodies used in research. Nature. 
2015;518:27-9.

17  Voskuil JLA, Bandrowski A, Begley CG, Bradbury ARM, Chalmers AD, 
Gomes AV, Hardcastle T, Lund-Johansen F, Plückthun A, Roncador 
G, Solache A, Taussig MJ, Trimmer JS, Williams C, Goodman SL. The 
Antibody Society’s antibody validation webinar series. MAbs. 2020 
Jan-Dec;12(1):1794421. doi: 10.1080/19420862.2020.1794421.

18  Freedman LP, Cockburn IM, Simcoe TS. The Economics of 
Reproducibility in Preclinical Research. PLoS Biol. 2015 Jun 
9;13(6):e1002165. doi: 10.1371/journal.pbio.1002165. Erratum in: 
PLoS Biol. 2018 Apr 10;16(4):e1002626.

19  How AI Can Help Researchers Navigate the “Replication Crisis”. 
insight.kellogg.northwestern.edu. Kellog School of Management at 
Northwestern University 2023. Thu. 8 Feb 2024.  
<https://insight.kellogg.northwestern.edu/article/how-ai-can-help-
researchers-navigate-the-replication-crisis>

20  Marshall-Cook J, Farley M. The hidden sustainability cost of 
the reproducibility crisis. Nat Rev Phys. 2024;6:4–5. https://doi.
org/10.1038/s42254-023-00674-0

21  Uhlen M, Bandrowski A, Carr S, Edwards A, Ellenberg J, Lundberg E, 
Rimm DL, Rodriguez H, Hiltke T, Snyder M, Yamamoto T. A proposal 
for validation of antibodies. Nature methods. 2016;13(10):823-7. Epub 
20160905. doi: 10.1038/nmeth.3995. 

22  Algenäs C, Agaton C, Fagerberg L, Asplund A, Björling L, Björling 
E, Kampf C, Lundberg E, Nilsson P, Persson A, Wester K, Pontén 
F, Wernérus H, Uhlén M, Ottosson Takanen J, Hober S. Antibody 
performance in western blot applications is context-dependent. 
Biotechnol J. 2014 Mar;9(3):435-45. doi: 10.1002/biot.201300341. 

23  Baker M. Blame it on the antibodies. Nature. 2015;521:274-6.

24  Marx V. Change-makers bring on recombinant antibodies. Nature 
methods. 2020;17(8):763-6. doi: 10.1038/s41592-020-0915-8. PubMed 
PMID: 32699389.

25  Yu H, Lin L, Zhang Z, Zhang H, Hu H. Targeting NF-κB pathway for the 
therapy of diseases: mechanism and clinical study. Signal Transduct 
Target Ther. 2020 Sep 21;5(1):209. doi: 10.1038/s41392-020-00312-6. 

26  Cartwright T, Perkins ND, C LW. NFKB1: a suppressor of inflammation, 
ageing and cancer. FEBS J. 2016;283(10):1812-22. Epub 20160113. 
doi: 10.1111/febs.13627. 

27  Schütz A, Bernhard F, Berrow N, Buyel JF, Ferreira-da-Silva F, 
Haustraete J, van den Heuvel J, Hoffmann JE, de Marco A, Peleg Y, 



avivasysbio.com

White Paper: Recombinant Antibody Discovery & Development

18

Suppmann S, Unger T, Vanhoucke M, Witt S, Remans K. A concise 
guide to choosing suitable gene expression systems for recombinant 
protein production. STAR Protoc. 2023 Oct 31;4(4):102572. doi: 
10.1016/j.xpro.2023.102572.

28  Lee BS, Huang JS, Jayathilaka LP, Lee J, Gupta S. Antibody Production 
with Synthetic Peptides. Methods Mol Biol. 2016;1474:25-47. doi: 
10.1007/978-1-4939-6352-2_2.

29  Sparks RP, Jenkins JL, Fratti R. Use of Surface Plasmon Resonance 
(SPR) to Determine Binding Affinities and Kinetic Parameters Between 
Components Important in Fusion Machinery. Methods Mol Biol. 
2019;1860:199-210.

30  Jumper J, Evans R, Pritzel A, Green T, Figurnov M, Ronneberger O, 
Tunyasuvunakool K, Bates R, Zidek A, Potapenko A, Bridgland A, Meyer 
C, Kohl SAA, Ballard AJ, Cowie A, Romera-Paredes B, Nikolov S, Jain R, 
Adler J, Back T, Petersen S, Reiman D, Clancy E, Zielinski M, Steinegger 
M, Pacholska M, Berghammer T, Bodenstein S, Silver D, Vinyals O, 
Senior AW, Kavukcuoglu K, Kohli P, Hassabis D. Highly accurate protein 
structure prediction with AlphaFold. Nature. 2021;596(7873):583-9. 
Epub 20210715. doi: 10.1038/s41586-021-03819-2. 

31  Greenfield EA. Standard Immunization of Rabbits. Cold Spring Harb 
Protoc. 2020 Sep 1;2020(9):100305. doi: 10.1101/pdb.prot100305. 

32  Ledsgaard L, Ljungars A, Rimbault C, Sørensen CV, Tulika T, Wade J, 
Wouters Y, McCafferty J, Laustsen AH. Advances in antibody phage 
display technology. Drug Discov Today. 2022 Aug;27(8):2151-2169. 
doi: 10.1016/j.drudis.2022.05.002.

33  Laustsen AH, Greiff V, Karatt-Vellatt A, Muyldermans S, Jenkins TP. 
Animal Immunization, in Vitro Display Technologies, and Machine 
Learning for Antibody Discovery. Trends Biotechnol. 2021;39(12):1263-
73. Epub 20210325. doi: 10.1016/j.tibtech.2021.03.003. PubMed 
PMID: 33775449.

34  Reddy ST, Ge X, Miklos AE, Hughes RA, Kang SH, Hoi KH, 
Chrysostomou C, Hunicke-Smith SP, Iverson BL, Tucker PW, Ellington 
AD, Georgiou G. Monoclonal antibodies isolated without screening by 
analyzing the variable-gene repertoire of plasma cells. Nat Biotechnol. 
2010 Sep;28(9):965-9. doi: 10.1038/nbt.1673.

35  Schiaffella E, Sehgal D, Anderson AO, Mage RG. Gene conversion and 
hypermutation during diversification of VH sequences in developing 
splenic germinal centers of immunized rabbits. J Immunol. 1999 Apr 
1;162(7):3984-95. PMID: 10201919.

36  Feng L, Wang X, Jin H. Rabbit monoclonal antibody: potential 
application in cancer therapy. Am J Transl Res. 2011 May 15;3(3):269-
74. Epub 2011 Apr 23. PMID: 21633632; PMCID: PMC3102571.

37  Weber J, Peng H, Rader C. From rabbit antibody repertoires to rabbit 
monoclonal antibodies. Exp Mol Med. 2017 Mar 24;49(3):e305. doi: 
10.1038/emm.2017.23. PMID: 28336958; PMCID: PMC5382564.

38  Rossi S, Laurino L, Furlanetto A, Chinellato S, Orvieto E, Canal F, 
Facchetti F, Dei Tos AP. Rabbit monoclonal antibodies: a comparative 
study between a novel category of immunoreagents and the 
corresponding mouse monoclonal antibodies. Am J Clin Pathol. 2005 
Aug;124(2):295-302. doi: 10.1309/NR8H-N08G-DPVE-MU08.

39  Raybould TJ, Takahashi M. Production of stable rabbit-mouse 
hybridomas that secrete rabbit mAb of defined specificity. Science. 
1988 Jun 24;240(4860):1788-90. doi: 10.1126/science.3289119.

40  Lavinder JJ, Hoi KH, Reddy ST, Wine Y, Georgiou G. Systematic 
characterization and comparative analysis of the rabbit 
immunoglobulin repertoire. PloS one. 2014;9(6):e101322. Epub 
20140630. doi: 10.1371/journal.pone.0101322. 

41  Weber J, Peng H, Rader C. From rabbit antibody repertoires to rabbit 
monoclonal antibodies. Exp Mol Med. 2017 Mar 24;49(3):e305. doi: 
10.1038/emm.2017.23. 

42  Hearty S, Leonard P, O’Kennedy R. Measuring antibody-antigen 
binding kinetics using surface plasmon resonance. Methods Mol Biol. 
2012;907:411-42. doi: 10.1007/978-1-61779-974-7_24.

43  Yu X, Orr CM, Chan HTC, James S, Penfold CA, Kim J, Inzhelevskaya 
T, Mockridge CI, Cox KL, Essex JW, Tews I, Glennie MJ, Cragg MS. 
Reducing affinity as a strategy to boost immunomodulatory antibody 
agonism. Nature. 2023 Feb;614(7948):539-547. doi: 10.1038/s41586-
022-05673-2.

44  Wülfing C, Dovedi SJ. For optimal antibody effectiveness, sometimes 
less is more. Nature. 2023 Feb;614(7948):416-418. doi: 10.1038/
d41586-023-00244-5.

45  Blank V, Kourilsky P, Israël A. Cytoplasmic retention, DNA binding 
and processing of the NF-kappa B p50 precursor are controlled by a 
small region in its C-terminus. EMBO J. 1991 Dec;10(13):4159-67. doi: 
10.1002/j.1460-2075.1991.tb04994.x.

46  Yu Y, Wan Y, Huang C. The biological functions of NF-kappaB1 (p50) 
and its potential as an anti-cancer target. Curr Cancer Drug Targets. 
2009 Jun;9(4):566-71. doi: 10.2174/156800909788486759.


