Membrane association constant and cellular distribution

We seek to compare the non-specific association of mycolactone with membranes to its specific
association with a cytosolic target such as WASP. As stated in the paper the association constant
for the membrane is calculated from the PMF according to:
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In comparison, a specific association constant with WASP is
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where [PW] and [ W] are the concentrations of mycolactone-bound and free WASP, respectively.
To properly account for standard states [1], each concentration should be multiplied by an
activity coefficient (generally assumed to be 1 in the limit of infinite dilution), and divided by the
standard state concentration (1 M, or 1 molecule/1.66 nm’ for solutes in solution). In the
absence of an accepted standard state definition for membranes, one can assume that two of
the three dimensions from bulk remain, yielding 1 molecule/1.4 nm®. This leaves the
remaining one degree of freedom in the numerator, (¢©)*/3 = 1/1.18 nm, consistent with previous
analysis [2].
For the relative concentration of the toxin in membranes and bound to WASP, one needs to set
the available membrane and cytosolic binding sites on the same footing. Here we consider the
number of competing sites per cell,
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where [L] is the concentration of membrane (lipid) binding sites per cell. Measuring [W] as the
number of WASP molecules per cell, we have:
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Note that K, and Kg are both unitless as they should be [1], with [P]yem and [L] having units of
molecules/length®, while [PS] and [W] have units of molecules/length® (M).

For a model neutrophil, the estimated WASP concentration is 9 uM [3] and the radius is 4.15 pum
[4]. It is estimated that only ~60% [5] of the cellular volume (299.4 um®) is available cytosolic
space, leaving 179.6 um’. Thus, [#] = N, - (9 x 10° M) (1.796 x 10"° L) = 9.74 x 10’
molecules/cell.

Since each mycolactone molecule interacts with ~6 lipids and the area per lipid is ~0.63 nm?, we
can estimate each mycolactone binding site is 3.78 x 10° pm?”. Similar to the limited cytosolic
space, ~40% of the total plasma membrane (216.42 um?) is taken up by protein and glycolipids,
leaving 129.9 um®. Thus, the available membrane binding sites can be approximated as [L] =
(129.9 um?/cell) (1 site/3.78 x 10° pm?) = 3.43 x 10 sites/cell.



Thus,
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suggesting the ratio of toxin molecules bound to the membrane versus WASP is 238:1. Although
this seems high given the known association of mycolactone with WASP, this estimate is
approximate for several reasons. First, because we are using a model membrane composed of
pure DPPC and modeled at the MARTINI CG level. The affinity for a real plasma membrane
may be less than what is reported here. Second, this model takes no account of local
concentrations of WASP which is known to associate with membranes and thus to have an
enhanced concentration close to the internal membrane leaflet. And third, this estimate assumes
an even distribution of mycolactone throughout the membrane in spite of our findings suggesting
it preferentially localizes at membrane interfaces. Despite these limitations, our results clearly
demonstrate a strong association between mycolactone and membranes, and thus the likely role
of membrane trafficking in its pathogenicity.
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