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What does vitamin Edo in the brain? Since its discovery in 100%
1922, functional studies of vitamin E have focused primarily on
its antioxidant properties, although more recent research has pointeg
to other nonantioxidant functiofsWe utilize single cell time-of-
flight secondary ion mass spectrométtyoF-SIMS) to show that
vitamin E has a unique localization in neuronal membranes,
suggesting important neurological functions.

Extended periods of deprivation reduce vitamin E levels below
detectable levels in tissues outside the nervous system where if
remains at~5% of original levels although reduced axonal trans-
port, slowed signal conduction, axonal dystrophy, and swelling are &
observed. In contrast, recent evidence suggests that high doses of
vitamin E increase mortality, while the biochemical reason for such
effects are not knowhIn addition, lipid oxidation, which is likely
modulated by vitamin E, has been linked to several neurodegen-
erative disorder§.The addition of vitamin E to the diet of Alz-
heimer’s patients has been shown to slow the progression of the
diseasé€.Vitamin E may affect the activity of membrane-dependent
enzymes by modifying the properties of the lipid membrabes-
pite these varied roles of vitamin E, no technique has been available/79ure 1. lon-specific images of an isolated single neuron using a relative

L . . . . thermal scale, in which light areas represent a higher ion yield. (a) Cellular
to qbserve the subcel!ular Iocallzat_lon o_f vitamin E in a single cell lipids are represented by the choline fragmentz(86) from sphingosine
by immunohistochemical or other imaging techniques. and the phosphatidylcholine lipid headgroup-@a counts). (b) Acyl chain

We use ToF-SIMS to study the subcellular localization of vitamin fragment vz 69) is also indicative of cellular membranes and serves as
E in the membranes of single, isolated neurons from a widely studied @n internal standard {610 counts). (c) Vitamin Er(yz 430) is localized at
neurobiolgical modellysa calforica Inrecentyears, maging _(0® 518 (e I 5 o b e ot P EE)
mass spectrometry has been developed as a means of understandifigfihe neurite and continue across the cell soma. The line scans have been
the localization of specific molecul@SoF-SIMS has traditionally normalized with the acyl chain fragment signal. Images have a pixel size
been limited to the analysis of atomic ions due to extensive frag- of 3 um. Scale bars are 1Qam.
mentation of organic molecules although gold and clustgr on The identity of vitamin E is verified by a comparison of mass
sources have increased the mass range available for analysis above

2000 Da and have made the investigation of biological materials zgectrrs ;;O$hge!glli2aslgr2?:)ensgf trfg?t;illogo\r”rfsmI:ngn;t:zr:dard
attractive. TOF-SIMS has been applied to elemental imaging of 16I€53L:/vith tlhat of the mo;ZCL:Iar ion of v:?amin Eis c?bserlved The
single cell$®11as well as molecular imaging in drug delivery sys- :

tems!? kidney*3 and nervous tissué,rat pheochromocytoma (PC12) .peak.atm/z 205 also appears to be a fragment Of vitamin.E. Slimila.r
cells 15 leukocytes' paramecia’ Tetrahymend® and liposomed? ion signals have been observed but not identified as vitamin E in
; 3 ] € ? . S . o 02
lon images corresponding to the relative distributions of specific previous ap_pl|cat|ons of .SIMS. t_o biological tissdes=2A r‘?ce”t

molecules are presented in Figure 1. The ion images for choline report by_Plersm_a_et é?.lc_ientmed the molecule from which the
(/2 86) (Figure 1a) and acyl chain fragmenisZ 69) (Figure 1b) m/z430 S|gnal originated |I.1ymnaeaneurons as the negropeptlde,
represent cellular lipids and show a uniform distribution across the APG\_/\_/am_lde. In theAplysia neurons we pr_ese_nt, this reported
cell. The ion image corresponding to vitamin /£ 430) exhibits identification does not correspond to our findings based on the

localization at the junction of the cell soma and neurite when observed (Flgure 2?‘) and previously repoffeffagmentation
products of this peptide.

compared to other subcompartments (Figure 1c), suggesting a . o .
physiological significance of the corresponding molecule. Line scans . TOF-SIMS may generate semiquantitative information when the

also illustrate the increase of vitamin E at the semaurite junction intensity of a signal of interest is normalized to a ubiquitous ion.
(Figure 1d). Although slight fluctuations are observed, which are This ion serves as an internal standard to account for fluctuations
expected with molecular measurements on the micro,meter scalein ionizatiqn efficiency across a sample .C?lUSEd by, fpr example,
the choline signal remains relatively constant across the cell, while topogiaphlcal effe(_:ts. In this case, th? lipid acyl cha_ln fragment
the vitamin E signal increases in the junction region. (CsHgt, Mz 69), which produces a relatively constant signal across
the cell membrané& is used. Briefly, spectra are obtained from
t University of llinois, Urbana, Illinois 61801 selected regions of interest (junction region or entire cell), the
+Frederick Seitz Materials Research Laboratory, Urbana, lllinois 61801. vitamin E and phosphatidylcholine signal intensities are collected
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the cell soma and the low levels in the neurite itself is a new finding
that is consistent with several reported roles of the molecule.
Perhaps most intriguing is that the cellular localization supports
work that shows reduced axonal transport in cells lacking vitamin
E, supporting an active functional role in transport mechanisms
and/or cellular signaling of neuroA$Recently, vitamin E has also
been shown to bind specifically to several proteih#s the
formation and maintenance of neuronal connections is a central
aspect of memory, the role of vitamin E in this process merits further
study.
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phosphatidylcholine lipid headgroupz 184) is observed in the neuron
sample (b). (Inset) Region of the molecular ion from (I) the vitamin E
standard and (Il) the neuron.
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Figure 3. Vitamin E levels across neuronal membrane. Vitamin E is
detected in each cellular region as expected but in varying amounts. This
is apparent when the vitamin E signal (f)¥ 430) is compared to that of
phosphatidylcholine ) (nm/z 184). Vitamin E is most abundant in the
junction region and is at particularly low levels in the neurite.

and normalized by the acyl chain signal prior to comparison. The
normalized vitamin E signal is significantly increased at the sema
neurite junction, while the normalized phosphatidylcholine signal
remains constant. Specifically, the vitamin E:acyl fragment ratio
in the soma-neurite junction is 165 11% of the ratio found across
the cell, a statistically significant increasp £ 0.004,n = 12).
This localization is observed in all freshly isolated cells analyzed
and includes neurons from several different animals and ganglia.
Surprisingly, the amount of vitamin E observed in membranes

is greatly reduced in the neurite as opposed to the average for the

entire cell as shown in Figure 3. A similar trend is observed in

other cells, although the irregular shape and size of the neurites as 7

well as the low levels of vitamin E detected in the neurite make a
semiquantitative comparison difficult. Vitamin E is, however,

Energy under Grant DEFG02-91-ER45439.
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