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Analogous to the naturally occurring form of single domain antibodies found in camelids, mice that make human
single domain antibodies were previously created by genetic engineering to remove CH1 domain coding



sequences in the IgG1 constant region of mice. Single domain antibodies are half the size but possibly have
similar specificity and effector function of a normal antibody, allowing better tissue penetration. Single-chain
variable fragment antibodies (scFv) are also homodimers of heavy chain peptides whose CH1 domain is
substituted by a cognate light chain variable domain. scFv potentially retains the full antigen recognition site of  a
normal antibody, although its size is significantly smaller. 
Traditional antigen-specific monoclonal antibody cloning strategies involve single cell sorting and single cell
based sequencing methods. Expression of single domain antibodies do not require light chain pairing, therefore,
single cell based methods are not absolutely necessary during their cloning. Taking advantage of the polarized
repertoire of antibody sequences in bone marrow plasma cells of immunized mice, abundance of antibody
clonotypes were previously ranked by bioinformatics analysis after repertoire sequencing. We then cloned and
expressed, either in single domain format or as scFv in Chinese hamster ovary cells, those clonotypes with high
abundance, which are more likely to be over-expressed after specific stimulation by the immunization. Their
expression level, affinity and specificity were then evaluated by Western blots and antigen specific ELISA. Our
results showed that while all the scFv format antibodies we cloned could be expressed and secreted, 10 out of 14
of their single domain counterparts could not be detected in the culture media.  This indicates that these single
domain antibodies have unique features and light chain variable regions that are required for proper antibody
expression and secretion.  
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Introduction
 A standard human or mouse antibody is around 150 kd, consisting of two light and two heavy chains. Both
light and heavy chains have two regions: variable region and constant region. Heavy chain constant regions are
longer and have 3-4 immunoglobulin domains, while light chain constants have only one. (Parker 2012) These
antibodies are constantly being manipulated in any way possible to advance science. Reducing the size from
150kd allows for smaller structures to do things it otherwise could not. Antibody engineering has allowed for
smaller antibody-like structures that have the ability for deeper penetration into dense tissues, and entering tighter
channels in the brain. (Sieldl 2012) These smaller structures have the ability to have high affinity and high
specificity. Those abilities, on top of expression and half-life, are the most important factors in creating antibody
molecules. 
Two major antibody-like structures with decreased size are the single domain or heavy chain (HC) only antibody,
and the single chain variable fragment (scFv) antibody. A disulfide bond between constant regions connects the
light and heavy chain in a normal antibody. The lack of a CH1 domain in single domain antibodies is the most
likely factor in allowing the light chain to release because the CH1 domain is where the disulfide bond is
connected. (Martnesson 2006)  ScFv antibodies are a modified version of a single domain antibody. The scFv
antibody fuses the variable heavy and variable light chains through a peptide linker. The length of the peptide
linker is essential to allow for proper folding of the polypeptide, it is estimated to be 3.5 nm. (Hollinger 2005)
This allows the variable region of the antibody to still have a piece of a light chain for various reasons. (Yang
2012)  The Light chain may be necessary to protect the heavy chain. Variable regions of heavy and light chains
are responsible for antibody binding and specificity. Since both variable regions remain in the scFv, it potentially
allows for higher affinity levels, when compared to single domain antibodies 
However, single domain antibodies may not all form proper structures on cell surface; without a good surface
structure, it won’t be expressed on surface of any B cells, not in the spleen, periphery blood, or BM. Traditional
methods of using an antigen as bait for surface antibodies on spleen B cells will not work in that case. In an



methods of using an antigen as bait for surface antibodies on spleen B cells will not work in that case. In an
alternate method the use of bioinformatics allows for researchers to use the repertoire of antibody sequences in
the bone marrow plasma cells to find the specific antibody. After ranking the possible heavy chain sequence
based off abundance the top ones are selected, cloned, and eventually expressed. Since the mouse has been
properly immunized the B-cell will be releasing active antibodies; one or more of the most abundant sequences
should be the target antibody. (Reddy 2010)
 

Research Question and Hypotheses
 The main focus of the research is to create either single domain antibodies or single chain variable fragment
(scFv) antibodies that are both expressing and specific.  Through Western Blots and ELISA, the results are
predicted to show that out of the antibody-like molecules with good expression, some will bind to targets
specifically. We will also be testing to see if this alternate method of B cell screening will be successful in
producing antigen specific antibodies. Ultimately, by creating a smaller antibody it will be able to bind in tighter
spaces, such as neuronal ion channels in the brain. 

Materials and Methods
Immunization
Regeneron Velocimmune CH1 delete mice were immunized bi-weekly for 12 weeks via footpad using two
different antigens.  Mouse serum was collected prior and post immunization to ensure proper immune response.

Cell Isolation
 Mice were sac’d and femur bones were harvested.  Bone marrow was flushed from the femurs.  Red blood
cells were lysed using ACK lysis buffer.  Bone Marrow Plasma Cells (BMPC) were purified using Miltenyi
Biotec CD138+ Plasma Cell Isolation Kit (130-092-530).  

RNA Isolation and cDNA Prep
RNA was isolated from the BMPCs using Qiagen RNeasy Plus Micro Kit (74034).  Invitrogen Superscript II was
used to generate cDNA.  The template switch method, which relies on the cytomegalovirus activity of the
Superscript II enzyme, utilizes 5’RACE and constant specific primers.  cDNA was purified of unused primers
using Clonetech purification columns and buffers.

Semi-nested Sample Amplification
    Samples were amplified using a second 3’ constant specific primer that is slightly upstream of the constant
specific primer previously used in cDNA production and a 5’ RACE primer.  PCR products were concentrated to
20µL using Qiagen QIAquick PCR Purification Kit (28104).  A PippinHT from SAGE biosciences was used to
purify PCR product that is 490bp - 710bp in size.  A dilution PCR was used to determine the amount of PCR
product.  Based on the amount of DNA, the number of cycles in the second round of PCR can be calculated.  The
second round of PCR adds the unique molecular identifiers and sequencing adapters.  Samples were again
purified using the PippinHT.  Samples were quantitated using Real Time PCR.  Samples were then normalized
and loaded onto a MiSeq for sequencing.

Data Analysis and selection
 Data was filtered for quality.  The sequences were then ranked based their abundance in the sequencing
results.  The highest ranked sequences were sent away for synthesis (Integrated DNA Technologies) so that they
may be cloned into expression vectors.



Cloning
 Synthesized plasmids were amplified in DH10B cells.  DNA was harvested using a maxiprep kit from
Qiagen.  Vector and insert DNA were prepared using a restriction digest and gel purification.  The ends of the
vector were dephosphorylated using Shrimp Alkaline Phosphatase. Insert DNA was ligated to the purified vector
DNA.  Ligated DNA was transformed into DH10B cells.  Cells were plated on Amplicilian selection plates. 
Colonies were picked and screened using PCR to determine the presence of the insert.  Positive colonies were
further processed and sent for Sanger sequencing verification.  Selected colonies were sent for Endofree
Maxiprep purification using Regeneron’s DNA core facility.  

Transfection and ELISA
 CHO K1 cells were transfected using Lipofectamine.  Cell culture supernatants were collected and cleaned
by centrifugation.  The supernatants were then screened using an ELISA.
Western Analysis

            A fraction of the CHO K1 cell supernatant was mixed with 2xTG loading buffer and heated to 100˚C for
10 minutes.  The sample was cooled and loaded onto a 4-12% SDS gel.  The gel was run at 120V for 90 minutes. 
The proteins were transferred to PVDF membranes using a Trans-Blot® Turbo™ Transfer System.  The
membranes were then probed using HRP conjugated anti-mouse IgG antibodies.  The blots were visualized using
a chemiluminescence camera.

Results
Analogous to the naturally occurring form of single domain antibodies found in camelids, mice that make human
single domain antibodies were previously created by genetic engineering to remove CH1 domain coding
sequences in the IgG1 constant region of the VelocImmune® mice.
In the VelocImmune® mice, the DNA was genetically engineered such that when B cells are undergoing a class
switch from IgM to IgG1, their antibodies will lose the CH1 domain. This eliminates the disulfide bonds between
CH1 and light chain constant (CL) domains and therefore dissociates LC from HC. A single domain antibody is
then created. Researchers sequenced the heavy chain variable region in bone marrow plasma cells from these
mice after immunizing them with our targets of interest. After a bioinformatics analysis we picked the 14 most
abundant sequences for target 1 and the 28 most abundant sequences for target 2, in the bone marrow plasma
cells. 
For target 1, researchers created three different formats of antibody-like molecules for each heavy chain variable
sequence: 1). One scFv antibody; 2). One single domain; and 3). One single domain with co expression of a light
chain. The single domain antibodies created had their IgG1 CH1 domain deleted (no light chain association by
disulfide bonds) in an expression construct (Figure 1). This caused them to be about 75 kd. The scFv antibodies
were different. In a similar expression construct we replaced the IgG1 CH1 domain with a light chain variable
(VL) region, as well as a short peptide linker (Figure 2). The size of these antibodies/molecules is around 100 kd.
The third format created was to coexpress a single domain antibody with a full light chain, in case that light chain
presence is required for proper expression and secretion of  single domain antibodies. (Figure 3)
Figure 1 scFv Antibody 
Figure 2 Single Domain Antibody 
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Figure 3 Single domain   + light chain
To test expression on target 1, we conducted Western Blots. As shown in figure 1, The Western Blots were
conducted for 14 heavy chain variable sequences (A-N). Each clone had the three separate formats created and
we then tested them. The Western Blot separated the peptides based on their molecular weights. The ones that
expressed were shown as dark lines on the figure. As you can see, 13 of the 14 clones had expression with the
exception of clone M. as expected, The scFv antibodies ran at ~100 kd, the single domain antibodies ran as ~75
kd, and the single domain co-expressed with a light chain also ran as 75 kd. Co-expression of a light chain didn’t
increase the molecular mass of single domain antibodies, because without covalent disulfide bonds, light chains
will be dissociated from the single domain antibodies in SDS gels. This did not happen for the scFv because the
VL is a single chain and all connected in one product. In terms of overall expression for the 13 clones that did
express, all 13 scFv and single domain with a light chain expressed while only 7 of the 13 single domain
antibodies expressed. 
Figure 4 Target 1 Western Data
Figure 4 Target 1 Western Data
Light Chain



Light Chain
To test specificity and affinity researchers conducted an ELISA on target 1. The clones that were able to bind to
the target are shown below. In reading the graph the break between .5 and 2 must be noticed. The absorbance
range goes from 0-3 with background or the amount of random binding at around .2-.3. The F1 antibody was able
to achieve 3.0 absorbance meaning it is a fully bonding antibody. This clone was not only specific but also had
relatively high affinity. The F1 clone was one of the 2 positive scFv clones. There were 6 positive single domain
with a light chain and 1 positive single domain antibody.  
Target 1

Target 1

Figure 5 Target 1 Elisa
Figure 5 Target 1 Elisa
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Conclusions and Discussions
These findings reveal that the alternate method of producing the antibodies was successful. We were able to
express 13 out of 14 for both scFv and single domain with a light chain, and we were able to express 26 of the 42
single domain antibodies. Our research indicated that the light chain is necessary in some form for stability,
possibly to support and/or to protect the variable region of the HC. While over half of the HC strands, the ones
that researchers tested for specificity were not specific. The scFv on the other hand had almost 100 percent
expression, including strands that the HC failed to express on. Researchers were also able to find our only
positive and specific clone as our scFv antibody for our F sequence has an extremely high absorbance rate at 3.0,
which is much higher than the next highest at about .5. The single domain molecules did not have the same kind
of absorbance levels which leads researchers to believe that the light chain does play a role in binding. The single
domain with a light chain possibly had low absorbance numbers because a covalent bond is needed to attach the
heavy and light chain together and in this molecule the light chain is released. 
 The one scFv and single domain with ULC antibody did not express was clone M. Researchers suspect two



possible reasons as the most likely reasons why it failed to express.  Either they clumped up and sank to the
bottom because they were not stable or they did not get released by the cell. Therefore when testing the
supernatant that the antibodies should have been released into there was a failure of expression. 
For future research, researchers must finish the project and perform an ELISA on Target two to test specificity
and affinity. They could also look to take the heavy chain variable sequences for Target two and create scFv and
single chain with the LC antibodies like molecules. We can also test the half-life on antibody F1 and work on
potentially extending it. In conclusion, the hypothesis was partially successful as the alternate method was a
success and we were able to create an scFv antibody. 
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