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ABSTRACT 

Brucella is an expanding genus of Gram-negative intracellular wide host 

ranging pathogens.  This work aimed at investigating molecular recognition of 

Brucella by MALDI-TOF MS proteomic fingerprinting as well as novel plastic 

antibodies by developing and characterizing molecularly-imprinted hydrogels to grasp 

all surface epitopes at one go for whole cell recognition of Brucella abortus, B. 

melitensis and B. suis known to exist among livestock in Egypt.  An MSP library of 

11 reference Brucella strains was created.  A dendrogram for reference strains was 

plotted to analyze phyloproteomic relations.  Based on bacteriologic and proteomic 

biotyping of 45 field isolates, a map revealed the geographic distribution of Brucella 

melitensis and B. abortus from 69 unvaccinated seropositive ruminants in 12 

governorates during 2015.  The MALDI-TOF MS was re-evaluated as a revolutionary 

molecular tool for Brucella identification reviewing the pros and cons of the 

technique suggesting recent methods to tackle existing hitches.  Effective bacterial 

recognition using a cell-imprinted polymer (CIP) formed on a 96-well microplate was 

achieved within 30 minutes.  The polymer could discriminate the target strain from 

other strains with high selectivity reaching approximately 20 folds.  It was concluded 

that bacteriologic and MALDI results fully matched thanks to the limited diversity of 

Brucella isolates and the narrow MSP library.  The CIP approach proved valuable for 

rapid direct Brucella recognition and quantification colorimetrically in microtiter 

plates after full validation. 

Key words:  Brucella, MIPS, hydrogel, electron microscopy MALDI-TOF 

MS, phyloproteomic dendrogram, MSP. 
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INTRODUCTION 

Brucellosis is an emerging transboundary disease caused by the genus 

Brucella currently encompassing 12 species from terrestrial and marine mammals 

(OIE Terrestrial Manual, 2016; Scholz et al., 2016).  The troublesome bio-risk 

group III brucellae are bacteriologically hard-to-diagnose due to their facultative 

intracellular nature, slow growth and fastidiousness (Christopher et al. (2010).  

The detection of this nasty group of bacteria constitutes one of the exceptions of the 

postulates established by Robert Koch for the diagnosis of disease etiological 

agents.  The practical diagnosis of brucellosis is mainly indirect by uncovering 

whatever accessible of the Brucella antibodyome rather than the bacteria 

themselves.  Direct detection of Brucella, or either its genome, proteome or 

lipidome is more trustworthy from the diagnostic point of view. 

Broadly speaking, molecular recognition is a diagnosis based on the detection 

of omics, e.g. antibodyomics, genomics, transcriptomics, proteomics, glycomics, 

lipidomics, metabolomics, regulomics, secretomics, . . . etc.  The first reliable 

microbial classification was achieved by comparative genomic 16S rRNA sequence 

analysis based on phylogenetic relationship.  Compared to the conserved genomics, 

proteomics reflect more diversity in biomarkers resulting from continuous bacterial 

microevolution changing the status quo of genetic expression to proteins (Seng et 

al., 2009).  The bacterial proteome varies in response to disease and the surrounding 

environmental conditions including exposure to antibiotics allowing for better 

demarcation (Shah and Gharbia, 2017).  Phyloproteomic clustering highly 

resembles taxonomy based on 16S rRNA analysis in bacterial biotyping (Shah and 

Gharbia, 2017) even at the strain level (Culebras, 2018). 

Mass spectrometry is a group of magical analytical techniques for 

identifying the molecular mass as well as the chemical structure of compounds.  Of 

the several mass spectrometry formats, the triple quadrupoles, quadrupole‐time‐of‐

flight hybrids and matrix‐assisted laser desorption ionization time‐of‐flight 

(MALDI‐TOF) are the most common in the clinical sector.  MALDI-TOF MS was 

first introduced by Karas et al. (1987) for molecular recognition of microorganisms 


