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Quantitative high spatial resolution microanalysis of elemental distributions is a challenge in virtually all 
biological systems with issues ranging from detection sensitivity, radiation damage, through to 
quantification. This is particularly true when investigating distributions of metals which are found in 
virtually all cells and organisms. Fluctuations in the concentrations of these species (including Ca, Fe, 
Cu, Zn,) control a host of functional processes within the cells.  Dynamic changes in essential metal ion 
concentrations play key regulatory roles in physiological events.  Furthermore, surges in metal uptake 
from the extracellular environment can be pathogenic [1,2].  Numerous studies of element distributions 
have been conducted using synchrotron x-ray fluorescence (S-XRF), due in part to the sensitivity of x-
ray excitation for low level concentrations and the ability to study whole cells [3].  Analytical electron 
microscopy (AEM) applied to organic/inorganic materials is not a new concept and has been applied for 
many decades using both x-ray and electron loss spectroscopy [4-7], however, advances in detector 
technology are facilitating new insights for today’s research [8]. This evolution has additionally opened 
up new opportunities to study more challenging systems involving soft-matter and/or biological systems 
including experiments involving cryo-EM [9].  

In order to assess the abilities of the new technologies available for biology system studies, we have 
used Xenopus laevis (African Frog) eggs. This system is often used in biomedical research due to the 
fact that: they tolerate extensive manipulation; it is easy to inject of a range of nucleic acids into the eggs 
to prevent protein expression or express mutant proteins; the development of these cells is well 
understood and allow focused studies and is often used during studies of: ion transport and channel 
physiology and environmental toxicology. The eggs used in this work were fixed in a solution 
containing paraformaldehyde, glutaraldehyde, and hydrogen sulfide. Resin-embedded diamond knife 
ultramicrotome sections (~150 nm thick) were mounted on an aluminum grid coated with a Formvar and 
a carbon film.  Experimental measurements were performed using a ThermoFisher Talos AEM, 
equipped with the most recent generation of SuperX SDD systems. Specimens were mounted in custom 
manufactured Beryllium tipped cryo-transfer tomography holder from Fischione Instruments. All 
observations were made at 200 kV in both TEM and STEM modes at room temperature. 

An example of a cross-section of the Xenopus egg is shown in Figure 1, in which one can readily see the 
distribution of  vesicles extending from the egg cortex.  Temporally resolved hyper spectral imaging 
(HSI) was utilized to mitigate (but not eliminate) radiation damage effects.  Here the probe current 
employed was 250 pA, at pixel dwell times of 400 usec/pixel for 342 frames resulting in a final DAQ 
time of ~ 137 msec/pixel. The hyperspectral images shown to the right are taken from the indicated 
region of interest (ROI) and illustrate the location of metal containing vesicles.  Because of the higher 
spatial resolution achievable in the AEM (nominally 5 nm in this data) in contrast to similar experiments 
done on an S-XRF beam line at the Advance Photon Source at ANL (~ 200 nm), one can show that the 
Fe present in this Xenopus egg preparation exists as 10 nm nanoparticles in the surrounding matrix 
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rather than a homogenous distribution.   A sum spectrum over the entire ROI field confirms trace levels 
of Mn and Ni. Key to the success of these measurements was the temporally resolved low dose 
measurement (compared to typical physical science studies) as well as the higher collection solid angles 
afforded by the SDD. Follow up experiments to identify the detection limits using traditional XRF 
composition standards are in progress [10].     
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Figure 1. BF STEM image of animal pole of Xenopus 
specimen, together with background corrected 
hyperspectral images of the indicated region of interest 
(red box) illustrating the P, Ca, Fe, Co, Cu, and Zn 
distributions.   Left, a log-scale sum spectrum over the 
ROI, demonstrating the trace element detection of Mn and 
Ni.  
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