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The Effect of Cell Fixation on Binding Interaction Kinetics

Membrane proteins play a major role in cell biology and are an important class of receptors targeted by
drug candidates being developed in the pharmaceutical industry.1,2 Techniques for studying the kinetic
interaction of drug ligands with target protein receptors in their native cell-based form has proven critical
in the drug development process.3-5 One such powerful cell-based technology for studying binding
interaction kinetics, Surface Plasmon Resonance Microscopy (SPRM), does not require labeled ligands
and is amenable to the screening of antibody candidates and small molecules alike.6,7 Furthermore, the
high-resolution capability of SPRM enables subcellular analysis which facilitates observation of
heterogeneous behavior.

With SPRM, cells are typically attached to a biopolymer coated (e.g., polylysine, fibronectin, and
collagen8,9) gold substrate. Both live or fixed cells may be studied with SPRM, but in most cases the
latter results in longer, more stable experiments. Fixation occurs by exposing cells to a crosslinking
reagent, e.g. paraformaldehyde (PFA).10-12 PFA stabilizes the cell by cross-linking proteins and thereby
maintaining the structure of epitopes (Figure1). However, at times fixation may block epitopes hidden
within the folded protein. Alternatively, fixation can be performed by using organic solvents like
methanol. This is beneficial for when cells/receptors are sensitive to crosslinking agents, or for
revealing linear epitopes previously hidden within the protein.13 However, this approach can be too
harsh, causing dehydration and precipitation of cellular components, and possibly even reducing the
activity of certain membrane proteins.

Figure 1: Schematic of the impacts of fixation methods on antibody binding. PFA fixation cross-links proteins
(purple lines), which maintains structural epitopes (green squares), but can also block epitopes hidden within the
protein. Methanol fixation avoids crosslinking, but dehydrates proteins, which can disrupt protein structure but also
expose epitopes previously hidden within the protein.



To better understand the effects of fixation on receptor-ligand binding affinity and kinetics, Tiambao et
al. performed the first of its kind experiment whereby three biomolecular interactions were examined on
both live and fixed cells under the same experimental conditions.14 In this study, the following
interactions were studied, (1) concanavalin A (ConA) binding to α-D-mannosyl glycan on the SKBR3
breast cancer cells, a 1:1 binding reaction; (2) attachment of wheat germ agglutinin (WGA) to the
N-acetyl glucosamine (GlcNAc) and N-acetyl-neuraminic acid (NeuNAc) types of glycans on HFF cells,
a 1:2 binding reaction; and (3) the specific binding of an antibody to human epidermal growth factor
receptor 2 (HER2) receptors on the SKBR3 cells, a 1:2 binding reaction.

Binding Interactions Live Cells Fixed Cells

ka x 103 [1/M*s] kd x 10-5[1/s] KD [nM] ka x 103 [1/M*s] kd x 10-5[1/s] KD [nM]

1) ConA to Cellular Glycan 1.75 ± 0.14 1.40 ± 0.12 0.803 ± 0.122 3.27 ± 0.34 1.87 ± 0.22 0.543 ± 0.061

2a) WGA to Cellular Glycan 29.7 ± 2.8 46.1 ± 2.8 15.9 ± 1.5 71.7 ± 7.91 158 ± 12 21.4 ± 2.1

2b) WGA to Cellular Glycan 27.6 ± 2.5 75.5 ± 3.6 27.4 ± 2.9 35.5 ± 5.3 152 ± 24 44.9 ± 4.9

3a) Antibody to HER2 0.628 ± 0.037 3.69 ± 0.14 0.588 ± 0.047 0.869 ± 0.092 2.61 ± 0.33 0.332 ± 0.050

3b) Antibody to HER2 4.01 ± 0.44 16.3 ± 2.01 4.03 ± 0.19 4.28 ± 0.83 13.6 ± 2.7 3.34 ± 0.57

Table 1: Kinetic interaction results with and without fixation

In general, it was found that cell fixation tends to slightly accelerate the ligand association rate while
also slightly decelerate the ligand dissociation rate, keeping the affinity value nearly unchanged. On
SKBR3 cells, the slight effect of fixation on binding kinetics is explained by a less mobile HER2 receptor
being confined in a local environment of partially interconnected protein molecules. However, the slight
differences observed in the binding kinetics between live and fixed cells are considered well within the
typical error range attributed to cellular heterogeneity and measurement error.

It is worth noting that PFA is reported to only link 3−22% amino acid residues of certain membrane
proteins.15 Tanaka et al. explains that though fixation leads to cell shrinkage and a more stiffened
membrane, many membrane proteins can remain mobile after fixation.14,16 For example, in the
membrane of fixed human T24 cells, a large fraction of proteins can still diffuse laterally.19

Consequently, in the three cases studied, the orientation and overall structure of the receptors do not
appear to be affected significantly by chemical fixation. This contention is supported by the fact that the
binding affinities of the three ligands in this specific study are comparable between fixed and live cells.
Tianbao et al. shows that for cell constituents whose structures and functions are not closely dependent
on cell viability, the ligand binding kinetics of fixed cells is only slightly different from that of live cells.
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