
This is a repository copy of An endogenous nanomineral chaperones luminal antigen and 
peptidoglycan to intestinal immune cells.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/85189/

Version: Accepted Version

Article:

Powell, JJ, Thomas-McKay, E, Thoree, V et al. (22 more authors) (2015) An endogenous 
nanomineral chaperones luminal antigen and peptidoglycan to intestinal immune cells. 
Nature Nanotechnology, 10. pp. 361-369. ISSN 1748-3387 

https://doi.org/10.1038/nnano.2015.19

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


An Endogenous Nanomineral Chaperones Luminal Antigen and Peptidoglycan to Intestinal 

Immune Cells. 

Jonathan J Powell, Emma Thomas-McKay, Vinay Thoree, Jack Robertson, Rachel E Hewitt, 

Jeremy N Skepper, Andy Brown, Juan Carlos Hernandez-Garrido, Paul A Midgley, 

Inmaculada Gomez-Morilla, Geoffrey W Gime, Karen J Kirkby Neil A Mabbott, David S 

Donaldson, Ifor R Williams, Daniel Rios, Stephen E Girardin, Carolin T Haas, Sylvaine FA 

Bruggraber, Jon D Laman, Yakup Tanriver, Giovanna Lombardi, Robert Lechler, Richard P 

H Thompson & Laetitia C Pele. 

 

 

Supplementary Fig. 1 | Endogenous nanomineral of the murine intestinal lumen 

Typical examples of the luminal endogenous nanomineral, in both discrete and agglomerated 

forms, derived from murine luminal contents, of the distal small bowel and visualised by 

transmission electron microscopy (TEM). Inset are the elemental compositions for Mg, P and 

Ca by standardless X-ray microanalysis. 

 

 

 

 



Supplementary Fig. 2 | Endogenous nanomineral of the human Peyer’s patch sub-

epithelial dome  

Monochromatic light microscopy image of the sub-epithelial dome (SED) after modified Von 

Kossa staining: regions of mineralised phosphate are shown as dense black dots as indicated 

by the red arrows.  

 

 

 

 

 

 

 

 

 

 



Supplementary Fig. 3 | Nanomineral formation persists despite dietary deficiency of 

calcium and phosphorus. 

a-b – Peyer’s patch (PP) sections from adult BALB/c mice maintained for 3 weeks on a) a 

low Ca/P diet (< 0.3 g for both elements/kg diet) or b) a high Ca/P diet (> 3.8 g for both 

elements/kg diet) were stained with propidium iodide for nuclei (shown grey) and calcein for 

endogenous nanomineral (green). Under both dietary conditions mineralised calcium was 

stained in the sub-epithelial dome (SED). Scale bar, 50 ȝm. Relative elemental (i.e. 

magnesium, phosphorus and calcium) composition of the nanomineral of the murine  SED, 

after feeding c) a low Ca and P diet or d) a high Ca and P diet as determined by standardless 

X-ray microanalysis. Data are mean + SD of n = 19 (low Ca/P diet) and n = 26 (high Ca/P 

diet) separate regions.  

 

 

 



 

Supplementary Fig. 4 | Calcein staining of the colon in wild type mice. 

a – Colonic lymphoid follicles and b – regular mucosa do not demonstrate little calcein 

staining of AMCP nanomineral (green) within the tissue. Instead discrete calcein staining is 

often observed above the epithelium (white arrows) suggesting that the nanoparticles may 

agglomerate in and adhere to the tissue-associated mucus layer. c – The caecal patch, on the 

other hand, displays evident calcein staining (green) in the sub-epithelial area indicating that, 

in addition to Peyer’s patches, immune-active lymphoid patches of the appendix also take up 

the endogenous nanomineral. Nuclei are shown in grey; Scale bars 50 m. 

 

 

 

 

 

 

 

 

 



Supplementary Movie 1 | Localisation of the endogenous nanomineral to lysosomes of 

sub-epithelial dome antigen presenting cells. 

3D reconstruction, imaged from a human Peyer’s patch, showing typical localisation (orange) 

of the endogenous nanomineral (green-but not separately visible) to lysozyme-stained 

lysosomes (red).  

 

 

 

Supplementary Movie 2 | 3D reconstruction of the endogenous nanomineral 

Tomographic reconstruction of a large cluster of intra-cellular nanomineral imaged from the 

sub-epithelial dome of mouse Peyer’s patch (as shown in Fig. 3e).  

 


