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Development of the system for humanized sigle domain antibodies acquisition based on biophysical and

computational approach
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In this study, we have aimed to develop a novel platform to obtain humanized single domain antibodies through
the construction of synthetic humanized single domain antibody library based on antibody engineering techniques and
computational approaches. The achievements are described below.

(1) Antibody acquisition from alpaca immunization

Prior to the construction of synthetic library, we obtained single domain antibodies toward several different
antigens from alpaca immunization. These antibodies recognized the antigens with high affinity. Also, an antibody to
SPs0871 from Streptococcus pyogens inhibited ligand binding of target protein. Furthermore, an antibody to IsdH/IsdB
from Staphylococcus aureus suppress the growth of clinically isolated MRSA strains.

(i) Construction of first generation synthetic humanized single domain antibody library and engineering of obtained

single domain antibody relying on computational method

We constucted first generation synthetic humanized single domain antibody library refering previously reported
humanized single domain antibody sequences. From the library, an anti-Lysozyme single domain antibody was
obtained. However, when the antibody was expressed by E.coli expression system, solubility of the antibody was poor
and made aggregation. Therefore, we utilized computational method to develop model structure of the antibody and
identified amino acid sequences that contribute to aggregation. Then, we prepared modified single domain antibody
with mutations at those amino acid residues and expressed the mutant using E.coli expression system. The solubility of
the antibody was drastically improved by the mutaion. However, the analysis using surface plasmon resonance
revealed the affinity to antigen was very weak.

(iii) Design of optimized library

To design improved synthetic libraries, we developed synthetic single domain antibodies by CDR grafting from
several anti-EGFR single domain antibodies derived from database onto several humanized single domain antibodies,
which have been confirmed to have low antigenicity through clinical trials, and analyzed the thermostability and
binding activity toward the antigen. As a result, we observed the reduced thermostability and binding activity for some
combinations. To gain insight the molecular mechanism why the CDR grafting worsen the antibody, we solved the
crystal structure of the antibody and revealed the grafted CDR adopted significantly different structure from the
parental antibody. As the molecular dyanamics simulation using the crystral structure indicate there are critical
intramolecular interactions between CDR3 and framework region we generated antibody mutants with modified amino
acid residues at such interacting region. By the mutation, both thermostability and antigen binding activity were
significantly improved (Kinoshita et al. Protein Sci. 2022), indicating the importance of these intramolecular
interactions for single domain antibodies.

(iv) Library construction, antibody acquisition from the library, and functional characterization of the antibodies

Based on this observation, we desinged novel three synthetic humanized single domain antibody libraries with
different length of CDR3 loop. Then, we isolated humanized single domain antibodies for several different targets;
EGFR, IsdB, and several proteins related to synapse formation. We succeeded in the antibody acquisition for all the
antigens with high thermostability and considerable affinity to each antigen. In addition, we confirmed that antibodies
toward proteins related to synapse formation recognized antigens expressed on the cell surface and some antibodies
immobilized on magnetic beads induced synaptic differentiation to neuronal cells by co-culture. These result
guarantees the value of our novel synthetic humanized single domain antibody library and these libraries are expected

to serve as a pratform to acquire humanized single domain antibodies efficiently.



