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i assisted short peptide tag

This thesis describes the development of new chemical covalent protein modification methods by harnessing
the interaction between six consecutive Histidine tag (H6 tag) and binuclear Ni(II) complex (2Ni**-NTA).

The thesis consists of three chapters and key findings on each of them are described below.

Chapter 1

This chapter describes the design and development of new lysine based reactive short peptide tag (H6K
or KH6)/2Ni**-NTA-NASA (N-acyl N-alkyl sulfonamide) probe pair for in vitro covalent protein
modification. The method utilizes the proximity effect induced by the interaction of the 2Ni**-NTA motif
with the H6 tag on the peptide/protein to enable a rapid chemical reaction between g-amine of reactive Lys
residue on the tag and electrophilic NASA reaction center. Initially, the optimal tag sequence suitable for the
2Ni**-NTA-NASA probe was determined and the reaction time profile was characterized. Further, the
method was used to covalently modify KH6 tag-fused enhanced green fluorescent protein (EGFP), and tag
site specificity of the new labeling method was demonstrated. To demonstrate the general usefulness of this
method to install variety of functional probes on protein of interest (POI), the reactive tag strategy was
coupled with strain promoted copper-free click chemistry, which successfully installed a fluorescent dye on
the POL. Finally, the method was applied to prepare a functional anti-delta-type glutamate receptor 2 (GluD2)
nanobody-biotin conjugate for immunostaining of GluD2. This nanobody probe could be used to visualize
GluD2 expressed on the surface of living cell membranes, demonstrating the applicability of this labeling

method for protein engineering and functionalization.

Chapter 2

This chapter expands the new reactive tag method to label proteins in live cells and cultured neurons. To
demonstrate the general applicability and tag site flexibility of this method, three membrane-bound proteins
(KH6-epidermal growth factor receptor, internal-H6K tagged Neurexin-1§ and H6K-Neuroligin-1) were
specifically labeled on live HEK293T cell surface by treatment with sub-uM 2Ni**-NTA-NASA reagent.
Further, specific labeling and imaging of GFP tagged H6K-Neuroligin-1 on rat hippocampal neurons were
revealed by CLSM protein imaging analysis. Finally, the applicant generated a HOK-Neuroligin-1 knock-in
mouse using clustered regularly interspaced palindromic repeats (CRISPR)/Cas9 genome editing technology
and demonstrated the labeling of endogenously expressed Neuroligin-1 in knock-in mouse primary cultured

neurons.




Chapter 3

By harnessing the interaction of His tag with 2Ni**-NTA, the applicant succeeded in the development of
a new endogenous covalent protein modification strategy called metal-chelation assisted affinity guided
oxime chemistry (AGOX). By introducing His tag recognition motif on the anti-human epidermal growth
factor receptor 2 (HER2) single chain Fv (scFv) tethered pyridinium oxime catalyst, the applicant showed
the efficient recruitment of NTA tethered acyl donor towards the ligand bound catalyst on membrane surface
of live N87 cells. Compared to previously developed AGOX chemistry, the new approach indicated more
than 20-fold efficient labeling of HER2 receptor and allowed the minimization of amount of acyl donor to
as low as 30 nM. Finally, this new method was applied to specifically label endogenous HER2 receptor on
live N87 cells cocultured with HEK293T cells, which demonstrated the efficient and selective labeling of

endogenous receptor in live cells by chelation-mediated AGOX chemistry.
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