
Visualization of Intracellular Copper in Mottled Embryonic Mouse 
Fibroblasts by Micro-XRF and Optical Fluorescence Microscopy 

Reagan McRae1, Barry Lai2, Stefan Vogt2, Christoph J. Fahrni1* 
1School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA30332, 

U.S.A. 2Experimental Facilities Division, Advanced Photon Source, Argonne National 
Laboratory, Argonne, IL 60439, U.S.A.

Copper is an essential element for the maintenance of human health. A number of diseases 
including Menkes’ and Wilson’s disease are caused by impaired copper transport and regulation. 
At present, the nature of cellular structures and organelles that may act as transient storage places 
and thus intimately participate in cellular copper homeostasis are elusive. To investigate how the 
intracellular copper distribution is altered in Menkes’ disease, we utilized an embryonic mouse 
fibrolast cell line (802-1) that is defective in the Menkes’ protein. We utilized microprobe 
synchrotron X-ray fluorescence (micro-XRF) to visualize the intracellular copper topography 
with submicron resolution, and thus to identify possible locations for copper storage. Our results 
suggest, Menkes deficient cells accumulate excessive copper in the nucleus under supplemen-
tation with 150 µM copper(II) chloride, but show a rather even distribution throughout the 
cytoplasm when grown in basal medium. In contrast, the corresponding wild-type cells (802-5) 
showed no sign of nuclear copper accumulation in high copper medium, but revealed patches of 
increased copper levels near the cell surface, presumably due to enhanced secretion. Further-
more, in an attempt to colocalize the elemental maps with subcellular structures and organelles, 
we used fluoro-nanogold labeled secondary anti-bodies as a tool for correlative optical 
fluorescence and micro-XRF microscopy. 

 
 


