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“The main 
challenges of 

antibody research 
are the time and 

cost involved, 
and the potential 

risk of failure”

antibody research are the time and cost involved, 
and the potential risk of failure,” says McLean. 
“The amount of work involved is enormous and 
the failure rate is so high.” However, he adds 
that the potential of antibodies in medicine is very 
exciting – “they are currently the biggest selling 
drugs on the planet”.

Early research
McLean’s interest in antibodies started in the 
1990s when he was working at the University of 
British Columbia in Canada. He was involved with 

a team who were using antibodies as a therapeutic 
approach for cancer. “It was a novel approach,” 
he explains. “This line of work didn’t make it 
through to a drug, but it exposed me to working 
with antibodies and I realised their huge potential.”

He moved on to work with teams who were 

“It was all about discovery back then,” he explains. 
“We would immunise an animal to make a 
hybridoma for production of mAbs. However, these 
were always rodent antibodies and so we looked 
at ways to humanise them by manipulating the 

Engineered antibodies: semi-rational design 
approach for faster optimisation
A significant hurdle in optimising antibody therapeutics 
is the screening of successive rounds of large libraries of 
mutant variants in order to recognise the ideal candidate. 
Here, we discuss how a semi-rational design approach can 
create diverse mutant libraries, significantly reducing the 
overall screening effort and leading to faster identification 
of the optimal drug candidate.

Antibody-based drug candidates require additional 
engineering to improve stability, solubility and target 
affinity, as well as decrease immunogenicity. To identify 
the ideal optimised drug candidate, antibody engineers 
use a technique called directed evolution that requires 
high-throughput approaches to create and screen a large 
library of mutant variants. Mutant libraries are generated 
in large scales using polymerase chain reaction (PCR), 
cloned into expression vectors and screened via phage or 
yeast display. 

Recently, the introduction of synthetic biology (synbio) 
to directed evolution has provided means to improve 
identification of an optimal candidate. The building phase 
is often the most burdensome and is seen as a limitation, 
which deters progress. Directed evolution does not 
necessitate prior knowledge of the protein sequence or 
structure; however, the screening phase is time consuming 
and requires several iterations to fully optimise the protein. 
To expedite the screening phase, saturation mutagenesis, 

an approach that requires minimal information, enables 
the creation of smarter mutant libraries. 

Typically, traditional methods for library construction, 
including error prone PCR or degenerate methods, 
suffer from limited control over codon usage and poor 
variant representation. This requires multiple rounds of 
screening to capture the entire variation of the library, 
whereas the semi-rational design approach necessitates 
a library protocol that offers precise control over the 
synthesised variants. With design control, a diverse and 
fully covered mutant library is achievable that ultimately 
saves valuable screening time and effort, speeds up 
the discovery workflow and reduces the overall cost of 
downstream expenses.
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