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FUNCTIONAL AND STRUCTURAL CHARACTERIZATION OF YKL-39, A

HUMAN CHITINASE-LIKE PROTEIN

Human cartilage chitinase 3-like protein 2 (CHI3L2 or YKL-39) is a member of
family-18 glycoside hydrolases that lacks chitinase activity. YKL-39 is known as a
potential marker for the activation of chondrocytes and the progression of
osteoarthritis. This thesis is divided into two parts. The first part involves cloning and
expression of YKL-39 in the bacterial system that was used as for production of
anti-YKL39 polyclonal and monoclonal antibodies. Both antibody types were highly
selective, reacting only with YKL-39. Isotype mapping identified two generated
hybridoma clones (so called clones 6H11 and 8H3) as the IgM isotype. Dot blot assay
showed that the monoclonal antibody was strongly active with the synovial fluid of an
osteoarthritis patient, and human monocyte and T lymphocyte cell lines. A database
search for protein binding partners gave high hits with several glycoproteins that play
particular roles in cartilage tissue scaffolding, connective tissue formation, and
cell-cell interactions. In conclusion, anti-YKL39 polyclonal and monoclonal
antibodies were raised and tested to be suitable for immunological application, such
as the investigation of the YKL-39 regulating pathway and the development of an

immunosensing tool for sensitive detection of cartilage tissue destruction.
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In the second part, the binding of chitooligosaccharides to YKL-39 was
investigated by protein crystallography and isothermal titration calorimetry. Four
crystal structures of human YKL-39 were solved in the absence and presence of
chitooligosaccharides. The overall structure of YKL-39 comprises a major (B/a)s TIM
barrel domain and a small o+f insertion domain. YKL-39 interacts with
chitooligosaccharides through hydrophobic interactions, as well as a hydrogen
bonding network. Detailed structural analysis revealed that the binding of chitin
fragments induces local conformational changes that facilitate the tight binding and
YKL-39 has the least extended chitin-binding cleft, containing five subsites for
sugars, namely (-3)(-2)(-1)(+1)(+2), with Trp360 playing a prominent role in the
sugar-protein interactions at the centre of the chitin binding cleft. Evaluation of
binding affinities obtained from isothermal titration calorimetry and intrinsic
fluorescence spectroscopy suggests that YKL-39 binds to chitooligosaccharides with
Ky values in the micromolar concentration range and that the binding energies
increase with the chain length. There were no significant differences between the Ky
values of chitopentaose and chitohexaose, supporting the structural evidence for the
five-binding subsite topology. Thermodynamic analysis indicates that binding of
chitooligosaccharide to YKL-39 is mainly driven by enthalpy. In conclusion, our data
suggest how YKL-39 could possibly interact with endogenous GICNACc containing
ligands that may stimulate the signaling cascades triggering autoimmune response and

tissue remodeling.
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	1.2  Human chitinases  4
	(A) GH-18 chitinase A with the ChBD attached on the N-terminus (blue) (Songsiriritthigul, Pantoom, Aguda, Robinson, and Suginta, 2008); (B) GH-18 chitinase B with the ChBD attached on the C-terminus (blue) (van Aalten et al., 2001). Both chitinase A a...

	1.2 Human chitinases
	Acidic mammalian chitinase (AMCase) is human form of GH-18 chitinase, which was initially identified in human stomach. AMCase is stable at extremely low pH and has an optimum pH of approximately 2 (Boot et al., 2001). AMCase has been suggested to be p...
	2.1.4  Polyclonal antibody and monoclonal antibody production
	Chemicals and reagents used for polyclonal and monoclonal antibody production were of analytical grade. Freund’s complete adjuvant, polyethylene glycol (PEG), IsoQuick™ Kits for Mouse Monoclonal Isotyping, Hypoxanthine Aminopetrin Thymidine (HAT), an...



