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In the field of monoclonal antibody therapeutics, the popularity of Fab antibody is increasing day by day due
to several advantages compared with full-length immunoglobulin. However, the use of Fab antibody drugs is not
still major due to that Fab purification system is not well established yet. In this study, we approached to design
high affinity VHH specific to Fab, using VHH phage display library of immunized Alpaca through biopanning
followed by high throughput sequencing analysis on next generation sequencer (NGS). Finally designed VHH
was found to function well as an affinity ligand for the purification system for Fab, showing the characters of the

high affinity and alkaline resistance.

Chapter 1, described the general introduction about the conventional antibody and the variable domain of
heavy chain antibody (VHH), and also their application in research and therapeutics. Furthermore, the
advantages in use of next generation sequencing to search desirable VHH antibody beyond the efficiency of the

conventional screening were described.

Chapter 2, described the construction of VHH phage library from Fab-immunized Alpaca and the isolation of

Fab-specific VHH through biopanning followed by the conventional screening.

In Chapter 3, the high-throughput sequencing technology on NGS was employed to find the desirable VHHs.
Several useful candidates identified from the analysis of NGS data showed the suitable binding specificity but
low affinity.

In Chapter 4, the affinity maturation of VHH obtained in Chapter 3 was done using random library
constructed by error-prone PCR to enhance the binding affinity of VHH clone. Finally, we succeeded in the
design of VHH with ten folds higher binding affinity towards Fab, as compared with the parent VHH.

Chapter 5, we prepared VHH-conjugated affinity column and evaluated its usefulness in Fab purification.
Finally designed VHH-conjugated column made it possible to binds two kinds of Fab completely and to eluate
them, and also showed the high resistance against alkaline pH used in regeneration of the column, indicating the

VHH affinity ligands suitable for the purification of Fab was successfully designed.

In Chapter 6, the results of this study were summarized and the usefulness of our purification system was

discussed from a viewpoint of industrial applications, comparing with other methods.



