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Abstract

The Melbourne Proton Microprobe has been used to study the copper content
in human skin fibroblast cells derived from patients with the genetic disease
Menkes Syndrome. Both normal and diseased cells have been studied to
investigate any elemental differences occurring between the two cell types.
This paper details the preparatory techniques necessary for individual cell
analysis and presents the elemental information with a new three dimensional
contour mapping technique. These maps are used to highlight elemental
differences between normal and mutant fibroblasts. The work also confirms the
expected copper excess found in the Menkes cell and indicates that the
microprobe can be used for rapid identification of a Menkes carrier.

1 . Introduction

Menkes Syndrome is an X-chromosome linked genetic disease associated with
abnormal copper levels in the body. It has been found from previous work that
increased copper levels exist in skin fibroblast cultures taken from Menkes
sufferers (1). This study was initiated to determine the localization of this
raised copper content within the cells, and to assess the suitability of using
microprobe techniques to rapidly identify Menkes sufferers and carriers of the
disease. As an adjunct to this work the distribution of other biologically
significant elements within the cell were investigated.

Bulk measurements on fibroblast populations indicated that there was on
average a 5 to 10 fold difference between the copper concentrations in normal
fibroblasts and those in mutant Menkes fibroblasts. The bulk measurement
cannot provide information on the elemental levels in individual cells, hence
such a measurement is unable to identify a Menkes carrier who will have both
normal and Menkes cells. The bulk sample also takes many weeks to prepare
thereby extending the diagnostic period to an undesirable length. Electron
microprobes lack the trace elemental sensitivity necessary to perform an
individual cell analysis for copper, however the proton microprobe has the
requisite sensitivity and resolution.

Fibroblast cells are associated with connective tissue and consequently
their shape is variable; most often a healthy cell will assume an elongated
spindle shape that can be up to 160 \an long and only 25 van wide. Cell
thickness is usually found to be of the order of 1 um.

The elemental analysis was performed on the Melbourne Proton Micro-
probe (2) (MP) with a 3 MeV proton beam focused to 3 pm .
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2. Target Preparation and Experimental Technique

A 30 pi droplet of fibroblast cells in suspension was placed on ultra-
clean thin nylon foil suspended across a Hostaphan holder. The cells were then
grown in a culture medium for five days. Before microprobe analysis the cells
were thoroughly washed in an ammonium acetate buffer then immediately quenched
in liquid nitrogen and freeze-dried at a vacuum of 5 x 10~7 Torr for 24 hours.

Each nylon foil supported many hundreds of fibroblast cells, allowing for
careful selection of healthy cells by optical microscope. After the selection
of a suitable individual target cell the proton beam was set up in a localized
scan about the cell. The beam current was maintained at ~1 nA, while X-ray
data was collected in event mode by an on line computer and stored directly
onto magnetic tape. Each cell required approximately 21/2 hours irradiation to
obtain suitable statistics for the trace elements.

3. Results and Discussion

The X-ray microanalysis was sensitive to elements heavier than and
including Si. Both normal and Menkes fibrob.lasts were found to contain P, S,
Cl, K in significant quantities and trace levels of Fe, Cu, Zn. Calcium was
also present but the amount could not be determined accurately due to the
strong background that resulted from a high potassium concentration.

Figure 1 show both two and three dimensional maps of phosphorus and copper
for a normal fibroblast cell grown in a normal culture medium (N18). The maps
were formed after smoothing each data point with a gaussian representation of
the beam spot. Phosphorus provides a good indication of the position of the
cell membrane as it was found throughout the entire cell region. Each contour
in the two dimensional map represents a change in the phosphorus X-ray counts
by an amount that is equal to 20% of the maximum number of phosphorus counts
collected for that cell. The two dimensional phosphorus maps provide a good
representation of the physical shape of the call and highlight the position of
the cell nucleus. In the three dimensional phosphorus map each contour
represents a change of 2% of the maximum number of phosphorus counts. The
copper map for this cell has each contour at 0.02% of the maximum number of
phosphorus counts. Statistics for the copper map of this cell is low
preventing conclusive decisions being made on the localization of copper within
normal cells.

The three dimensional phosphorus maps of all the cells are normalized to
the same value (50 contour intervals), and the respective copper maps are
presented relative to the normalized phosphorus values. This allows a direct
comparison between the height of the copper peaks found for each cell type.
Phosphorus is the element most suited to this normalization as the intensity of
the phosphorus X-rays strongly correlates to the cellular mass under the
beam (3).

Figure 2 shows two and three dimensional maps for a Menkes Fibroblast
grown in normal culture medium (M26). The three dimensional copper map shows a
marked increase in the intracellular copper concentration above that obtained
for the normal fibroblast under the same conditions. This indicates that the
microprobe can be used to determine the genetic status of a fibroblast culture
taken from a suspected Menkes carrier.

Figure 3 shows two and three dimensional maps for a Merikes cell grown in a
culture medium with a copper content 100 times higher than the medium used for
the other two cells. The three dimensional copper maps shows that the Menkes
cell will absorb higher levels of copper when placed in this environment.
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