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MANUAL WORKFLOW  |  TOTAL TIME: 2 MONTHS
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Steps for VHH region generation

1. Order 30 VHH dsDNA fragments
2. Clone 30 VHH fragments into vector 1
3. PCR amplify 30 VHH regions
4. 30 column purifications
5. Quantify 30 samples
6. Normalize
7. 30 ligations
8. Plasmid prep
9. Sequence
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Steps for Fc region generation

1. Order Fc dsDNA fragment
2. Clone Fc fragment into vector 2
3. PCR amplify Fc region
4. Column purify
5. Quantify
6. Normalize
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Steps for final clone construction

1. 30 ligations
2. Transformation
3. Plate
4. Pick colonies
5. Grow culture
6. Plasmid prep
7. Sequence

BIOXP™ SYSTEM WORKFLOW  |  TOTAL TIME: 1 MONTH
Complete construct synthesized by the BioXp™ system
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Steps for VHH region generation

1. Submit 30 VHH sequences
2. Receive BioXp™ project
3. Load and run BioXp™ system
4. Transform competent cells
5. Pick colonies
6. Grow culture
7. Plasmid prep
8. Sequence
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Steps for vector preparation

1. Restriction enzyme digest
2. Gel extraction
3. Quantify
4. Perform Gibson Assembly® control
5. Transform competent cells
6. Calculate colony output for QC
7. Load BioXp™ custom vector strip

 

Figure 2: Comparison of the manual and automated workflows required to generate VHH variants
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AUTOMATED SOLUTION FOR STREAMLINED VARIANT LIBRARY 
CONSTRUCTION FOR NANOBODY-BASED VACCINE DEVELOPMENT
JARED PACHE  |  CODEX DNA, INC.  |  SAN DIEGO USA 

INTRODUCTION
Compared to conventional antibodies, camelids and sharks possess a 
unique class of antibodies called heavy-chain antibodies (HCAB) devoid 
of a conventional light chain. Because of their small size (12–14 kDa), 
these single-domain antigen-binding fragments — known as VHHs or 
nanobodies — have received a progressively growing interest in their 
utility from a biotherapeutic perspective. Manual cloning methods are 
generally employed to obtain variant constructs, but manually building 
antibody variants can be a relatively slow and labor-intensive process. 
Additionally, manual methods can induce errors and are not easily 
scalable or repeatable, slowing discovery and commercial availability.

The Depicker lab1 has worked to uncover novel biotherapeutics focused 
on nanobodies, prevent and treat infectious diseases, and improve 
design efforts for ongoing vaccine development. In an effort to streamline 
the variants’ construction, the Depicker team used the BioXp™ system 
— a fully automated platform for the synthesis of genes, clones, variant 
libraries, and genomes. The team compared manual cloning to an 
automated method with the BioXp™ system. Using the BioXp system, the 
team successfully built 100% of their nanobody variants more quickly than 
had previously been possible. Constructs were built in a single overnight 
instrument run that directly assembled and cloned the constructs into 
their custom vector. A total of 30 VHH-Fc region expression constructs 
were successfully built and produced a full-length product — 1,160 base 
pairs — with a shared homology of 80%. The BioXp™ system allowed 
the research team to expedite their work to demonstrate the potential of 
bivalent VHH-Fc region fusions as delivery vehicles for vaccine antigens.

Figure 1: BioXp™ 3250 system

RESULTS
Adopting the BioXp™ system allowed the assembly of each construct 
— VHH fragments fused to Fc region — in a single instrument run, 
saving an estimated month of development time.  Further, the use of a 
two-step error correction and a purification step in the BioXp™ system 
workflow minimized the introduction of sequence errors. Thus, by 
building constructs on the BioXp™ system, variants were generated 
faster, more efficiently, and — importantly — with improved fidelity.

All 30 VHH-MG expression constructs were successfully built and 
cloned into the custom vector and produced a full-length product. 
Of these, 23 (77%) were identified to have an error-free clone (EFC) 
by sequencing just one colony. Sequencing up to two colonies 
resulted in EFC identification for 97% of the constructs (figure 3).

100% Variants with full-length 
products

EFC identified from sequencing

77% One full-
length colony 97% Two full-length 

colonies

Figure 3: Successful error-free clone (EFC) identification

SUMMARY
Using the BioXp™ system, the Depicker lab successfully built 100% 
of their nanobody variants more quickly than had previously been 
possible, saving one month of development time. Rather than using 
a manual multi-step cloning process spanning several weeks, the 
team built constructs in a single overnight instrument run that directly 
assembled and cloned the constructs into their custom vector. A two-
step error correction and a purification step in the BioXp™ system 
workflow improved fidelity, so most constructs were identified as 
error-free by sequencing just one or two colonies, contributing to the 
time savings. Adopting the BioXp™ system allowed the Depicker lab 
to expedite their research to demonstrate the potential of bivalent 
VHH-MG fusions as delivery vehicles for vaccine antigens.
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