The Physical Presence of Vitamin E in Lipid Membranes

Mitchell DiPasquale, Michael H.L. Nguyen, Brett W. Rickeard, and Drew Marquardt

Department of Chemistry and Biochemistry, University of Windsor, Windsor, ON, Canada
Since its discovery over 90 years ago, the biological significance of vitamin E (tocopherol) has been surrounded by controversy. 1.2
Physiologically, Vitamin E deficiency has been correlated to several health disorders yet clear molecular mechanisms for many
these phenotypes remain elusive.>* Numerous studies have found a-tocopherol, the predominant species of vitamin E, to be an
antioxidant in vitro, often interpreting the biomolecules function to be fat-soluble peroxyl radical scavenger,5 however, others
have directly opposed this theory.6 The antioxidant theory is supported by studies by Marquardt et al, in which neutron diffraction
reveals the transverse membrane orientation of a-tocopherol to be appropriate for interception of reactive oxygen species as well as to
terminate lipid-borne radicals.”  Studies have since diverged to show that a-tocopherol may in fact have vital roles in cellular
processes such as signaling, apoptosis, protein activity, and gene regulation.4’6’8 Considering the lack of conclusive investigations,
the absence of a clear antioxidant health benefit from supplementation, and its significantly low physiological concentrations,
skepticism builds regarding the true biological function of vitamin E. It is known to localize in lipid membranes, and so

investigations on the physical effect produced by a- tocopherol are vital, yet absent.

Preliminary experiments employing gas chromatography and densitometry suggested that a-tocopherol favours localization in less
ordered environments, such as those provided by unsaturated lipids. In the context of biological membrane systems, cholesterol is
vital in the maintenance of membrane integrity by promoting lipid organization into phases of liquid-ordered (Lo) and liquid-
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disordered (Ld) domains, which allow for the formation of functional lipid rafts.” The latter of these phases is favourable for

tocopherol localization.

The physical perturbation of the lipid bilayer induced by various species of tocopherol (a-tocopherol, y-tocopherol, o-
tocopherylquinone) was observed through small angle neutron scattering coupled with contrast matching techniques.lo’11
Symmetric unilamellar vesicles of an established domain-forming lipid composition were prepared and doped with a species of
tocopherol.12 A decrease in scattering intensity at a g-range (0.004 — 0.04 A'l) corresponding to domain size is indicative of a
smaller area fraction of the membrane system being present in the ordered phase. This variance in scattering intensity is
quantified with the Porod invariant to compare the abundance of Lo domains, as well as the stability of these domains as
they melt dependent on temperature. Results indicate that increasing tocopherol concentrations correlates to both the reduction and
destabilization of ordered domains. This effect is evident with a-tocopherol and y-tocopherol and is much less pronounced in the

quinone-doped system.

Alterations in the membranes physical properties justifies the significance of vitamin E in membrane systems, representing a
biological role beyond that of purely an antioxidant.
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