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Introduction 
Extremophilic methylotrophs, such as Methylotuvimicrobium alcaliphilum 20ZR are 
known for their natural ability to carry out REE capture and uptake. It has been 
predicted that proteins associated with surface layers facilitate transport and 
homeostasis of essential metals. Indeed, electron microscopic analysis coupled with 
antibody staining revealed that cell envelop of metal-grown M. alcaliphilum 20ZR 
contains metal-binding proteins in the base of the cup-shaped structures of S-layers. 
While less explored, the proteins associated with S-layers are also predicted to 
contribute to scavenging of other minerals essential for core metabolism. Here, we 
employed bottom-up proteomic study to compare the protein content of S-layer fractions 
of M. alcaliphilum 20ZR cultures grown in the presence and absence trace metals to 
identify putative components REE-scavenging machinery. 

 
 
Summary of Results 
To characterize the proteome of the M. alcaliphilum 20ZR, S-layers were extracted from 
cells grown with or without trace elements. After fractionation, a subset of samples was 
sent to our collaborators at SDSU (Profs. Kalyuzhnaya and Collins) for electron 
microscopy imaging to validate the purity of the S-layer fractions.  
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Upon confirmation of purity, the separated 
fractions were analyzed by bottom up 
proteomics. The overview of the proteomic 
analyses and normalization are shown in Figure 
2. The peptide distribution across samples was 
reasonable and required minor normalization (Fig 2 
A-B). The averages of normalized data for SLP 
fractions collected from cells grown at normal and 
metal-limited conditions were compared. 97 
proteins were more abundant or only present in S-
layer preparation, obtained from cells exposed to 
metal limitation (Table 1). These included several 
proteins associated with iron, molybdenum, and zinc uptake addition, as well as 
numerous predicted TonB-dependent receptors. The obtained list of S-layer proteins 
enriched in the presence of trace metals provides a unique insight into the putative 
molecular machinery of methanotrophic bacteria involved in the sequestration of metal 
including rare earth elements. 

 
 
Table 1. Fold change and spectral counts for top 24 proteins, which are only present or more 
abundant in cells grown under metal limitation.  
 

Figure 1. EM-images of 
M.alcaliphilum 20ZR cells and 
cell fractions. (A) Typical TEM 
image of cells grown with 
copper; (B) Typical TEM 
image of cell grown without 
copper; (C) TEM of cell 
surface depicturing S-layer; 
(D-E), S-layer (SLP) fraction. 
Images curtesy of D. Collins 
D.& M. Kalyuzhnaya 

Figure 2. Overview of proteomics 
data. A. Log(2) peptide data before 
normalization; B. Log(2) peptide 
data after mean central tendency 
normalization; C. Correlation plot of 
log(2) peptide data; D. 2-D PCA 
plot of log(2) normalized peptide 
abundances. 
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