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Abstract: In silico acquirement of the accurate residue details of protein on chromatographic media is a bottleneck in
protein chromatography separation and purification. Here we developed a novel approach by coupling with H/D exchange
and nuclear magnetic resonance to observe hen egg white lysozyme (HEWL) unfolding behavior adsorbed on cation
exchange media (SP Sepharose FF). Analysis of 1D "H-NMR shows that protein unfolding accelerated H/D exchange rate,
leading to more loss of signal of amide hydrogen owing to exposure of residues and the more unfolding of protein. Analysis
of two-dimensional hydrogen-hydrogen total correlation spectroscopy shows that lysozyme lost more signals and
experienced great unfolding during its adsorption on media surface. However, for several distinct fragments, the protection
degrees varied, the adsorbed lysozyme lost more signal intensity and was less protected at disorder structures (coil, bend,
and turn), but was comparatively more protected against exchange at secondary structure domains (o-helix, B-sheet).
Finally, the binding site was determined by electrostatic calculations using computer simulation methods in conjunction
with hydrogen deuterium labeled protein and NMR. This study would help deeply understand the microscopic mechanism
of protein chromatography and guide the purposely design of chromatographic process and media. Moreover, it also

provide an effective tool to study the protein and biomaterials interaction in other applications.

Keywords: hydrogen/deuterium exchange, nuclear magnetic resonance (NMR), ion exchange chromatography, unfolded

proteins, binding site
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Fig. 1 The adsorption, labeling and NMR analysis of protein on cation exchange media (SP Sepharose FF).
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Fig. 2 1D 'H NMR spectra (amide/aromatic region) of lysozyme in different solvents and the intensity change of
selected residues (marked) as a function of time.
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Fig. 3 2D 'H-'H-TOCSY NMR spectra of lysozyme. (A) Natural. (B) Adsorbed.
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Fig. 5 Identification of the exposed and positively charged residues on lysozyme according to residues’ mean
potencial and SASA. The overlapping and approximate residues were labelled by**/”.
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Fig. 6 Protection against H/D exchange of adsorbed lysozyme (A), 1%>0=Protected residues, 1%<0=Non-protected
residues; Residues are protected against H/D exchange of adsorbed lysozyme (B), italic and underlined fonts.
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