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Thousands of V(D)J sequences in a one-day 
plasma cell screening workflow
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Summary 
•	 Millions of plasma cells from immunized mice 

screened for antigen-specific antibody secretion 
in a one-day workflow.

•	 Thousands of paired V(D)J sequences were 
obtained from the screened cells. 

•	 60% of selected sequences coded for binders  
with pico- to nanomolar affinities.

•	 High diversity of binders across and within 
clonotypes provides a rich source of high-affinity 
antibodies targeting distinct epitopes.

Introduction 
Antibody-secreting cells (ASCs) are a rich source of 
highly specific, high-affinity antibodies; however, 
their use for antibody discovery has been limited 
due to technological constraints and their low 
abundance in peripheral blood1. Isolation of specific 
plasma cells producing desired antibodies is not 
compatible with conventional cell sorting, such 
as FACS, as antibodies are secreted and only few 
or no immunoglobulins are expressed on the cell 
surface2. As a consequence, existing methods 
for studying antigen-specific ASCs are often low 
throughput, costly, labor-intensive, and technically 
complex, limiting their broader accessibility  
and application3.

Here, we present a new high-throughput and FACS-
compatible Xdrop® application for screening and 
isolating antigen-specific ASCs. This one-day assay 
enables functional screening of millions of plasma 
cells individually encapsulated in droplets followed 
by cell recovery and subsequent single-cell V(D)J 
sequencing  (Figures 1 & 2).  

The workflow generates thousands of antibody 
sequences across hundreds of clonotypes. High-
affinity antibodies can be identified and validated, 
supporting the discovery of binders against distinct 
epitopes. Furthermore, the sequence diversity within 
clonotypes provides a rich source of antibody variants 
that may exhibit even higher binding affinities.
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Figure 2. Xdrop-based one-day workflow enabling screening, recovery of antigen-specific plasma cells, and single-cell sequencing.

Figure 1. Antibody discovery assay in droplets. Secreted human anti-
TNFa-specific antibodies bind to the hTNFa-coated microspheres, 
allowing fluorescent detection via a labeled goat anti-mouse 
detection antibody. The interaction generates a concentrated and 
identifiable signal on the spheres.  



Immunization and cell preparation 
Mice (NMRI, female) were immunized four times with 
human TNFa (25 μg per injection) at three-week intervals. 
A booster immunization was administered three days 
before euthanasia. The spleen of each mouse was 
mechanically dissociated and washed through 100 µm 
and 70 µm cell strainers using wash buffer (dPBS with 
0.5% BSA and 2 mM EDTA). Plasma cells were isolated 
using a CD138+ Plasma Cell Isolation Kit (Miltenyi Biotech). 
Cells were counted before and after cell separation.

Encapsulation in droplets and droplet sorting 
Using the Xdrop droplet generator and the Xdrop DE50 
Cartridge (Samplix), plasma cells from the spleens of two 
TNFa-immunized mice (Mouse A and B) were separately 
encapsulated in double-emulsion droplets (water-
oil-water). Xdrop can produce droplets in 8 separate 
lanes simultaneously. Here, 400,000 plasma cells were 
loaded in each lane and encapsulated with RPMI-1640 
with 10% FBS and Human TNFa-coated microspheres 
(2 µm, 20-30 spheres per droplet, PolySciences), 
SYTOX Green Dead Cell Stain (3nM, Thermo Fisher 
Scientific), and AF594-labeled goat anti-mouse antibody  
(FCg-fragment specific, Jackson ImmunoResearch) for  
detection of anti-TNFa antibody binding. 

The cells and assay reagents were incubated inside the 
droplets in a CO2 incubator at 37°C for 1–2 hours to allow 
antibody secretion. Double-emulsion droplets containing 
cells are compatible with flow cytometry and the 
droplets with the plasma cells were sorted on a MA900 
Multi-application Cell Sorter from Sony Biotechnology 
using the Large Particle Sorting Options (Figure 3). The 
DE50 droplets were identified on a scatter plot (Figure 
3A). SYTOX Green-stained dead cells were used to gate 
droplets containing live cells as well as empty droplets 
(Figure 3B). From these, droplets containing plasma 
cells secreting anti-hTNFα-antibodies clearly showed an 
accumulated fluorescent signal from the AF594-labeled 
detection antibody (Figure 3C and D). 
  
Cells and antibody secretion were also distinguishable 
by imaging. DE50 droplets loaded with plasma cells 
and assay reagents on a Xcyto®5 imaging cytometer 
(ChemoMetec)  are seen in Figure 4. 

Cell recovery and sequencing 
Cells were recovered from the sorted droplets by breaking 
the droplets with Droplet Break solution (Samplix). An 
aliquot of the cells was stained with Calcein Blue, AM 
(Thermo Fisher Scientific) and analyzed by flow cytometry 
to determine cell numbers and viability. 

The released cells were used as input for single-cell 
V(D)J sequencing using Chromium (10X Genomics) and 
NextSeq (Illumina). In parallel, unscreened ASCs from one 
mouse (Mouse A) were subjected to V(D)J sequencing.  
Since anti-hTNFα-secreting cells were not isolated from 
this control sample, it served as a negative control for  
droplet-based enrichment.
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Cell not secreting anti-hTNFα antibody
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Figure 4. Image of droplets containing the Xdrop ASC screening assay 
taken with Xcyto5 imaging cytometer (ChemoMetec). For imaging, cells 
were stained with Calcein Blue, AM after encapsulation in droplets. Cells 
secreting anti-hTNFα-antibodies clearly show an accumulated fluorescent 
signal on the TNFα-coated microspheres. 

Figure 3. Gating strategy for sorting DE50 droplets containing plasma 
cells on an MA900 cell sorter with Large Particle Sorting Options (Sony 
Biotechnology). A The DE50 droplets were identified on a scatter plot. 
B Live/dead cells were differentiated by the signal from SYTOX Green 
Dead Cell Stain. C Droplets containing plasma cells secreting anti-hTNFα-
antibodies clearly show an accumulated fluorescent signal from the 
AF594-labeled detection antibody. D Zoom-in on the plot in C.
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Screening results 
Approximately 1 million CD138+ plasma cells were 
screened from each mouse. Flow cytometry sorting of   
DE50 droplets with the highest anti-hTNFa (AF594) signal 
resulted in ~16,000  (Mouse A) and ~10,000 (Mouse B) 
sorted droplets (Table 1). V(D)J sequencing of the cells 
recovered from the sorted droplets generated paired 
V(D)J sequences from 2,510 and 1,153 cells distributed 
across 739 and 432 clonotypes, respectively, based on 
CDR3 sequences as defined by Loupe V(D)J Browser (10X 
Genomics). Since only approximately one-third of the total 
CD138+ cells purified from the two mice were screened 
(~1 million CD138+ cells out of 3 million per mouse), the 
total theoretical yield of V(D)J sequences could exceed 
10,000 sequences.

Clonotype distribution and sequence validation
Clonotype analysis for of the hTNFa-specific antibody 
sequences revealed distinct, non-overlapping clonotype 
repertoires in Mouse A and Mouse B, illustrating the 
inherent biological variation in antigen-specific antibody 
responses between individual animals (Figure 5A). The 
clonotype distribution map for Mouse A showed that 
several clonotypes contained multiple V(D)J sequences 
isolated by the Xdrop assay (blue dots).  Because the 
Xdrop-isolated cells originated from the unscreened ASC 
pool, these clonotypes also included V(D)J sequences 
from the unscreened ASC population (orange dots). In 
contrast, other clonotypes consisted almost exclusively of 
sequences from the unscreened ASC pool, suggesting that 
they were not associated with hTNFα-specific antibodies. 

 Mouse A Mouse B 

CD138+ purified plasma cells 3,530,000 3,640,000 

Screened plasma cells 1,149,418 993,906 

Sorted droplets with antigen-specific antibodies  16,449 10,048 

Singel-cell V(D)J sequences  2,510  1,153 

Number of clonotypes 739 432 

Table 1. Summary of ASC screen from two mice.

Distinct antibody repertoires between 
enriched anti-hTNFα + cells from the two mice

Clonotype distribution in plasma cells from Mouse A

Enriched anti-hTNFα + cells
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Figure 5. Clonotype distribution plots. Each cluster represents a unique clonotype comprising V(D)J sequences with identical or highly similar CDR-H3 
regions. Cluster size is proportional to the clonotype’s relative abundance within the antibody repertoire. Expanded clonotypes are represented by larger 
clusters concentrated toward the center, whereas rare clonotypes appear as smaller clusters at the periphery. A Enriched anti-hTNFa plasma cells from 
Mouse A (blue dots) and Mouse B (green dots) display distinct clonotype repertoires. B The Xdrop ASC screen enriches for specific clonotypes shared with 
the unscreened population, while others remain dominated by the unscreened ASCs and are not enriched by the screen. Single-cell V(D)J sequences from 
the encircled clonotypes were selected for validation of binding. The data was visualized with Loupe V(D)J Browser (10X Genomics). 
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Conversely, many clonotypes were enriched for Xdrop-
isolated cells (blue dots), indicating that these clonotypes 
likely represent hTNFα-specific antibody responses. 

Antibody sequences were selected for validation from 
Mouse A clonotypes enriched for Xdrop-isolated V(D)
J sequences (Figure 5B). Selection criteria required 
the sequence to be present in more than three cells 
within  the clonotype. In most cases, the most abundant 
sequence from each clonotype was selected for validation. 
Validation was performed by cloning and transiently 
expressing the selected antibodies, followed by bio-
layer interferometry (BLI) measurements of their binding 

affinities to TNFα. Sixty percent of the selected sequences 
were confirmed as TNFα binders, with affinities ranging 
from picomolar to nanomolar (Table 2), demonstrating 
the workflow’s ability to identify high-affinity antibodies. 
Validation rates are expected to improve further through 
continued assay optimization and the implementation of 
advanced hit-selection algorithms.

High sequence diversity was observed within clonotypes. 
Clonotypes #3 and #6 showed the greatest diversity, 
with 17 and 11 unique sequences, respectively (Table 2). 
The intra-clonotypic diversity provides a valuable pool 
for identifying additional binders with potentially higher 
affinities. This potential is illustrated with the binding 
data for clonotype #6 from which three sequences were 
selected and validated as binders. Interestingly, in this 
case, the most abundant sequence (43 cells) had the 
lowest affinity among the three tested sequences where 
the two higher-affinity sequences were found in only 
8 and 6 cells. This pattern likely reflects later somatic 
hypermutation events that generated higher-affinity 
variants from the more abundant, earlier-origin V(D)J 
sequence. 

Conclusion
This study demonstrates a rapid, one-day workflow for 
screening and isolating antigen-specific plasma cells, 
yielding thousands of high-quality V(D)J sequences. 
Validation of selected antibodies confirmed binders 
with picomolar to nanomolar affinities from multiple 
clonotypes,  showing the diversity of the antibody 
repertoire and its potential to target distinct antigen 
epitopes. The high throughput of this assay further 
supports AI-driven antibody development by providing 
diverse, high-quality data for algorithm training and 
optimization.
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Table 2. Validation of selected clonotypes. Clonotype IDs are defined by 
the Loupe V(D)J browser (10X Genomics) where the lowest numbers are 
given to the most centrally located large clonotypes. Antibody binding 
affinities, V(D)J sequence frequencies, and sequence diversity in selected 
clonotypes. 

Clonotype ID KD (M) 
No. of cells 
with V(D)J 
sequence 

No. of unique 
CDR-H3 

sequences 

#6 

1.62E-10 6 

11 3.07E-10 8 

6.52E-09 43 

#25 6.49E-10 2 5 

#3 7.07E-10 28 17 

#14 7.41E-10 18 7 

#34 1.32E-09 14 5 

#74 1.60E-09 1 2 

#18 2.35E-09 15 8 
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