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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 as a
rapid proteomic alternative to the bacteriologic gold standard. An MSP library of 11 reference
Brucella strains including four species was created to cover the identification of the three
classic Brucella species reported in Egypt. A dendrogram for reference strains was plotted to
analyze proteomic 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. It was concluded that bacteriologic and MALDI results fully matched thanks to the
limited diversity of Brucella isolates and the narrow MSP library. For enhanced resolution
towards reliable distinction at the Brucella sub-species level, MALDI-TOF MS deserves
selective enrichment of samples. Both B. melitensis Bv. 3 and B. abortus Bv. 1 were detected
in cows and buffalo cows, while only B. melitensis Bv. 3 was recovered from small ruminants,
a she camel and a man.
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INTRODUCTION

Brucella is a growing genus of Gram-negative intracellular bacteria currently encompassing
12 species affecting broad livestock spectrum with a zoonotic nature. Apart from being
biohazard risk group III bacteria and potential biological weapons (OIE, 2018), Brucella
members are related genetically and phenotypically rendering their subtyping a real challenge.
Livestock brucellosis is an emerging disease of reproductive nature often causing abortion
with extended birth-to-birth interval, retained placenta, birth of weak or dead neonates, low
milk yield (Blood et al.,1983). In males, the disease results in orchitis and epididymides.
Human brucellosis is a severe debilitating febrile ailment resulting in a diversity of symptoms
depending on the body organs affected with probable complications (Madkour, 2001).

The bacteriologic diagnosis of brucellosis is the indomitable gold standard by far, but only
with positive predictive value.False negative bacteriologic finding is probable due to Brucella
intracellular localization, fastidiousness, slow growth and existence in samples with numbers
below the detection limit of bacteriologic cultivation. 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 reflects 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 (MS) 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 ef al.(1987) for molecular recognition

of microorganisms based on their peptide fingerprinting.
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This bioanalytical breakthrough has become one of the most captivating identification tools in
the last decade. Worldwide, there are many clinical labs that use MALDI-TOF MS as a
routine binomial identification tool for bacteria as a cost effective and accurate tool.

The sphere of usefulness of mass spectrometry in veterinary practice is rapidly growing
(Sayour, 2017). The technique has several advantages over other genomic methods, such as
DNA-microarrays, because fewer steps are necessary for bacterial identification, and hence,
fewer errors. Another advantage of MALDI-TOF mass fingerprinting is the effortless analysis
of results because extensive data processing and statistical analysis are not required, as is the
case with other rapid methods for bacterial identification such as Fourier-transform infrared
spectroscopy (FTIR) and DNA-microarrays. Structural analysis, powerful statistical tools and
database-established bioinformatics are engaged to boost the accuracy of results. Nonstop
enhancements of the Brucella peptide library of mass spectra (Mesureur et al., 2018) aim for
better resolution at the subgenus level., Sayour and Sayour (2015) using Maldi-Tof
Msbio-typed 124 Brucella isolates from cattle, buffaloes, sheep and goats in 9 governorates.
Strain-specific mass spectral projections were observed among almost all reference Brucella
cultures used. Dendrogram clustering revealed peptide profiles of reference Brucella species
and biovars were closer to other species than to other biovars of the same species due to the
limitation of the MSP created. The aim of this investigation was to assess molecular
recognition of Brucella by MALDI-TOF MS, using a library with more details, in comparison
to classic bacteriologic identification and to study the phyloproteomic relationship among
some reference Brucella strains including B. melitensis, B. abortus and B. suis known to exist
in Egypt.

MATERIAL AND METHODS

2.1. Brucella field isolates and reference strains.

A total of 69 different tissue, milk and body fluid samples were collected from 69
unvaccinated seropositive ruminants during the year 2015. All samples were bacteriologically
examined for Brucella microorganisms.Tested ruminants belonged to 12 governorates, viz.
Damietta, Kafr Elsheikh, Matrouh, Ismailia, Sharkia, Dakahlia, Beheira, Monofia, Giza,
Beni-Suef, Minia and Shalateen. Reference strains of Brucella and other bacteria are

mentioned in (Table 1).
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Table (1): Bacterial reference strains.

Bacterial species Biovar Strain | NCTC No. Source
B. melitensis 1 16M 10094 A APHA, Weybridge, UK.
B. melitensis 1 Revl 11362 A APHA, Weybridge, UK.
B. melitensis 3 Ether 10509 A APHA, Weybridge, UK.
B. abortus 1 544 10093 A APHA, Weybridge, UK.
B. abortus 1 1119-3 - B NVSL, Ames, Iowa, USA
B. abortus 1 S99 11363 A APHA, Weybridge, UK.
B. abortus 1 S19 - B NVSL, Ames, Iowa, USA
B. abortus 1 RB51 - B NVSL, Ames, Iowa, USA
B. suis 1 1330 10316 A APHA, Weybridge, UK.
B. suis 1 2 - A APHA, Weybridge, UK.
B. ovis - REO 198 - A APHA, Weybridge, UK.
Escherichia coli - 0157:H7 12900 A APHA, Weybridge, UK.
Staphylococcus aureus - - 6571 A APHA, Weybridge, UK.

A= Former Central Veterinary Laboratories, currently Animal and Plant Health Agency
(APHA), New Haw, Addlestone, Surrey KT15 3NB, Weybridge, UK. B = National Veterinary
Services Laboratories (NVSL), USDA, APHIS, Veterinary Services, Ames, lowa 50010, USA.

2.2. Brucella phages

Table (2): Brucella phages for genus/ species identification of isolated brucellae.

Phage group Propagating strain Source
1 Thilisi (Tb) Br. abortus S19 A APHA, Weybridge, UK.
2 Firenze (Fi) Br. abortus A APHA, Weybridge, UK.
3 Weybridge (Wb) Br. suis 1330 A APHA, Weybridge, UK.
4 Berkley (Bk:) Br. melitensis 16M | BNVSL, Ames, Iowa, USA
5 Rough/Canis (R/C) | Br. canis RM 6/66 A APHA, Weybridge, UK.
6 Izatnagar (1) Br. melitensis 16M | “ APHA, Weybridge, UK.

A= Former Central Veterinary Laboratories, currently Animal and Plant Health Agency
(APHA), New Haw, Addlestone, Surrey KT15 3NB, Weybridge, UK. B= National Veterinary
Services Laboratories (NVSL), USDA, APHIS, Veterinary Services, Ames, lowa 50010, USA.
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2.3. Chemicals and reagents.

Acetonitrile chromosolve grade was purchased from Riedel - de Haén, Germany. High purity
water for HPLC was supplied from Doprogenic, Kimya, and Ankara, Turkey. Ethanol Absolute
GR,and Trifluoroacetic acid CAS 76-05-1, were supplied from Sigma-Aldrich, Germany.
Formic acid GR 99% was obtained from Oxford Laboratory, India. Alpha-cyano-4-hydroxy
cinnamon acid (HCCA), was purchased from Bruker Daltonics, Gmbr.,Germany. Bacterial Test
Standard (BTS) as reference material (peptides) for MALDI-Biotyper, Ref. no. 8256343, Lot no.
0000199130, was obtained from Bruker Daltonics Gmbr., Germany. Matrix reagent solution
was prepared as saturated solution of HCCA (alpha -cyano- 4hydroxy cinnamic acid) in organic
solvent (50% acetonitrile and 2.5% trifluoroacetic acid).

2.4. Brucella culture conditions.

Bacteriologic samples as well as Brucella reference strains were cultivated according to
Corbel and Banai (2005) onto Brucella agar medium with added 5% inactivated horse serum,
Oxoid microbiology product code CM0169, Oxoid Limited, Thermo Fisher Scientific Inc.,
UK. Slopes were incubated under CO; tension at 37° C for 2 days until the appearance of
Brucella streaks.

2.5. Phenotypic identification and Biotyping.

Identification of Brucella genus, species and biovar was performed according to Alton et al.
(1988), Corbel and Banai, (2005) and OIE (2018).

2.6. Preparation of bacterial cultures for MALDI-TOF.

Preparation of bacterial cultures was performed as previously described by Lista et al. (2011).
Protein was extracted from bacterial cultures under test. These extracts were spotted on the
MADI-TOF target plate (MTP 384 target polished steel, Bruker Daltonics) and air dried.
Subsequently, the spots were overlaid with the matrix and air dried at room temperature.

2.7. MALDI-TOF (proteomic) Biotyping.

2.7.1. Instrument conditions.

The instrument used was MALDI Microflex LT,Bruker Daltonics,Bremen, Germany.Peptide
mass fingerprint product ion spectra were acquired in a linear positive mode at laser
frequency of 60 Hz within a mass range of 2,000 to 20,000 Daltons. Instrument parameter
settings were as follows. Ion source I at 20 kV, ion source II at 18 kV, lens at 6 kV,

extraction delay time of 120 ns, initial laser power of 50%, maximal laser power of 60%, and
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laser attenuation offset of 25% (range of 19%). For each spectrum, 240 laser shots in 40 shot
steps from different positions of the target spot (random walk movement) were automatically
acquired with AutoXecute acquisition control software (Flex control version 3.0; Bruker
Daltonics, Leipzig, Germany).

2.7.2. Creation of main spectra projection (MSP).

Main spectra projection (MSP) creation was performed with a total of 88 spectra acquired for
each isolate from the 11 independent reference Brucella strains.The quality of each spectrum
was assessed with Flex analysis 3.0 software (Bruker Daltonics, Bremen, Germany).

This was performed after the raw intensity spectra had been smoothed (Savitzky Golay
algorithm, five width m/z and five cycles) and baseline-subtracted (TopHat algorithm).

Mass deviation within the spectra sets was analyzed.Flat-liners and spectra with peak variations
(outliers) were removed from the collection, and additional measurements were carried out to
obtain 11 spectra from each of the 11 reference Brucella strains. Eight replicates for average of
three readings for each single mass spectra from m/z 2000 to 20,000 Da were selected for each
specimen to generate MSP, containing averaged masses, averaged intensities,and statistics for
the reproducibility of characteristic peaks. Raw spectra were then loaded into Biotyper 2.0
(Bruker Daltonics, Leipzig, Germany), and MSP creation was carried out with the default
setting of the Biotyper software. Each MSP was then assigned to its specific node on the
taxonomy tree.

As an evaluation, a crosswise comparison matrix was calculated, by using the main spectra of
all reference strains. In addition, to evaluate the spectral variation within the single strain, the
composite correlation index (CCI) was computed by loading the raw data into the Biotyper
software (Arnold and Reilly, 1998). In order to visualize the relationship between the MSPs,
dendrogram clustering was plotted with the standard settings of Biotyper 2.0.

2.7.3. Cross identification against the created Brucella MSP and the Bruker bacterial library.
Before assigning the MSPs to their respective nodes on the taxonomy tree, all spectra were
loaded into the Biotyper software, and identification was carried out against the MSPs
available in the created library. Following the creation of 11 MSPs of reference strains, each
MSP was subjected for identification, and cross matching was also performed.

For comparison of two spectra (Karger et al., 2013), MALDI Biotyper calculates MSP-based

similarity scores ranging from 0 (no similarity) to 3 (complete identity). Efficiency check of
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the database search was performed using BTS. Protein extracts of the 11 reference Brucella

strains, and Brucella field isolates were blind-coded, and subjected to MALDI-TOF MS

identification with the automated option in the Biotyper software. For reliable results, isolates

giving MALDI score less than 2.3 were retested until scoring > 2.3.

RESULTS

A dendrogram based on phyloproteomic relations was plotted (Figure 1) for proteomic profile

matching among Brucella reference strains. The distance level was inversely proportional to

the correlation.
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Fig. (1): Mass spectral projections (MSP) dendrogram of 11 reference Brucella strains.

Bacteriologic examination of samples from 69 unvaccinated seropositive ruminants revealed

the detection of 45 Brucella field isolates from 20 cows, seven buffalo cows, seven ewes,

seven goats, one she camel, one queen, one bitch and one man (Table 3). Isolates were

phenotypically (Tables 3, 4 and 5) and proteomically (Table 6) identified as 29 B. melitensis

Bv. 3 and 16 B. abortus Bv. 1.
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Table (3): Bacteriologic genus Brucella recognition of 45 isolates from ruminants in 12

governorates.
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Table (4): Species identification of the 45 Brucella field isolates recovered from ruminants in 12

governorates.
Field isolates / Lysis by Brucella phage groups at RTD
reference strains 1 D) 3 4 5 6 Results
Source host | No. Tb Fi Wb Bk» R/C 1z,
11 L L L L NL L B. abortus
Cows 9 | NL | NL | NL | L | NL | L | B melitensis
Buffalo cows 3 L L L L NL L B. abortus
4 NL NL NL PL NL L B. melitensis
Ewes 7 NL NL NL L NL L B. melitensis
Goats 7 NL NL NL L NL L B. melitensis
She camel 1 NL NL NL L NL L B. melitensis
Queen 1 L L L L NL L B. abortus
Bitch 1 L L L L NL L B. abortus
Man 1 NL NL NL L NL L B. melitensis
B. abortus 544 L L NL L
B. abortus S19 L NL L
B. melitensis 16M NL NL NL L NL L
B. melitensis Rev.1 NL NL NL L NL L
B. melitensis Ether NL NL NL L NL L
B. suis 1330 NL PL L L NL L
B. abortus RB51 NL NL NL NL L NL
B. ovis REO 198 NL NL NL NL L NL
Escherichia coli NL NL NL NL NL NL
S. aureus NL NL NL NL NL NL

Tb = Thilisi, Fi = Firenze, Wb = Weybridge, Bk, = Berkley, R/C = Rough/Canis, 1z; = Izatnagar,
RTD = routine test dilution, L. = complete lysis, PL = partial lysis, NL = no lysis.
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Table (5): Biovar identification of the 45 Brucella field isolates recovered from ruminants in 12

governorates.
i - Growth on dyes | Antisera
Field isolates - = @ @ — - =
O L s S @2 Thionin | Fuchsin >
O El =% 28 S
Host No./ species ° = = A/B|C|B|C|A|MR| &~
11 B. abortus - + +Q2hr) | -|- |-+ |+ |+ |- |-]1
Cows
9 B. melitensis - - +(A8hr) |- |+ |+|+ |+ |+ |+ |-]3
Buffal 3 B. abortus - + +Q2hr) | -|- |-+ |+ |+ |- |-]1
0 COWS | 4 B. melitensis - - |+@8hr) |- |+ |+|+ |+ |+ |+ |[-]|3
Ewes 7 B. melitensis - - +(A8hr) |- |+ |+|+ |+ |+ |+ |-]3
Goats 7 B. melitensis - - +(A8hr) |- |+ |+|+ |+ |+ |+ |-]3
She Olfe B‘. - - |+(@8hr) |- |+ |+|+ |+ |+ |+ |- 3
camel melitensis
Queen | One B. abortus - + +Q2hr) | -|- |-+ |+ |+ |- |-]1
Bitch | One B. abortus - + +Q2hr) | -|- |-+ |+ |+ |- |-]1
Man | One B.melitensis - - +(A8hr) |- |+ |+|+ |+ |+ |+ |-]3
B. abortus 544 + + +Q2hr) |- |- |-|+ |+ |+ |- |-
B. abortus S19 - - +Q2hr) |- |- |-|+ |+ |+ |- |-
B. melitensis 16M - - |+(A8hr) |- |+ |[+|+ |+ |- |+ |-
B. melitensis Rev.1 - - - o I I S N I S g
B. melitensis Ether - - |+(A8hr) |- |+ |[+|+ |+ |+ |+ |-
B. suis 1330 - + +<15 |+ |+ |+]- - + |- |-
B. abortus RB51 - - +Q2hr) |- |- |-|+ |+ |+ |- |-
B. ovis REO 198 - - - + |+ |+ |+ |+ |- |- |+
Escherichia coli - - -
S. aureus - - -

- = negative, + = positive, a = 1:25,000, b = 1:50,000, ¢ = 1:100,000

Brucella isolates giving MALDI score less than 2.3 were retested until scoring more than or
equal to 2.3 for reliable results. Isolated strains belonged to 12 governorates, viz. Damietta,
Kafr Elsheikh, Matrouh, Ismailia, Sharkia, Dakahlia, Beheira, Monofia, Giza, Beni-Suef,
Minia and Shalateen (Table 5) , Fig.( 2).
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Table (6):Origin and phenotypic/ MALDI recognition of Brucella field strains in 2015.

Governorate Host Sample Bacteriologic/ MALDI typing MALDI score
C FAC Brucella melitensis bv. 3 2.51
Q UD Brucella abortus bv. 1 2.42
Bt UD Brucella abortus bv. 1 2.36
C M Brucella abortus bv. 1 2.39
C M Brucella abortus bv. 1 2.47
Damietta C M Brucella abortus bv. 1 2.56
C M Brucella abortus bv. 1 2.50
C M Brucella abortus bv. 1 2.52
C M Brucella abortus bv. 1 2.53
BC M Brucella abortus bv. 1 243
BC | Brucella abortus bv. 1 245
BC UD Brucella abortus bv. 1 2.48
. C SMLN Brucella melitensis bv. 3 2.56
Kafr Elsheikh E SMLN Brucella melitensis bv. 3 2.35
E FLv Brucella melitensis bv. 3 2.65
E FLg Brucella melitensis bv. 3 2.53
Gt FLg Brucella melitensis bv. 3 2.34
Matrouh Gt FAC Brucella melitensis bv. 3 2.35
Gt Sp Brucella melitensis bv. 3 2.35
Gt Lv Brucella melitensis bv. 3 2.28
Gt Lg Brucella melitensis bv. 3 2.39
Ismailia BC M Brucella melitensis bv. 3 2.49
BC M Brucella melitensis bv. 3 2.60
C SMLN Brucella melitensis bv. 3 2.37
E SMLN Brucella melitensis bv. 3 2.34
Sharkia C M Brucella abortus bv. 1 2.45
C M Brucella abortus bv. 1 2.39
C M Brucella abortus bv. 1 2.45
C M Brucella abortus bv. 1 2.47
Dakahlia BC UD Brucella melitensis bv. 3 2.46
BC Uterus Brucella melitensis bv. 3 2.30
Beheira C Sp Brucella melitensis bv. 3 2.56
Gt RFLN Brucella melitensis bv. 3 2.37
E SMLN Brucella melitensis bv. 3 2.55
Monofia E SMLN Brucella melitensis bv. 3 241
C Sp Brucella melitensis bv. 3 2.52
C M Brucella abortus bv. 1 2.49
Giza E SMLN Brucella melitensis bv. 3 2.46
Gt SMLN Brucella melitensis bv. 3 2.35
C SMLN Brucella melitensis bv. 3 2.53
Beni-Suef C SMLN Brucella melitensis bv. 3 2.37
C RPLN Brucella melitensis bv. 3 2.52
Man FB Brucella melitensis bv. 3 2.46
Minia C M Brucella melitensis bv. 3 2.54
Shalateen SC FAC Brucella melitensis bv. 3 2.49

- pptactmed  Fuae 78 .0 2 363~ 366 /2079

C = cow, BC = buffalo cow, E=ewe, Gt=female goat, SC = she camel, Q=queen, Bt =bitchFAC = fetal
abomasal contents, UD = Uterine discharge, M= milk, P = placenta, SMLN = supramammary lymph
node, RPLN = retropharyngeal lymph node. Sp = spleen, Lv = liver, Lg = lung, FB = febrile blood.

For reliable results, isolates giving MALDI score less than 2.3 were retested until scoring > 2.3.
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Fig. (2): Geographic distribution of Brucella isolates in the cities of twelve Egyptian governorates during 2015.

DISCUSSION

4.1. Taxonomic exclusivity of genus Brucella.

4.1.1. Taxonomic niche.

Brucella belongs to cellular organisms, superkingdom Bacteria, phylum Proteobacteria
(Nitrogen-fixing bacteria), class a-Proteobacteria, subdivision a-2 Proteobacteria, order Rhizobiales.
The phylogenetic position of Brucella within the alpha-proteobacteria was established on the
basis of ribosomal cistron similarities and 16S rRNA sequence comparisons (De Ley et al., 1987;
Moreno et al., 19990; Yangi and Yamasato, 1993).

Brucella shares close relationships with soil organisms (e.g. Ochrobactrum spp.), with plant
symbionts (e.g. Rhizobium spp.) and with phytopathogens (e.g. Agrobacterium spp.).

The family Brucellaceae includes the genera Brucella, Daeguia, Falsochrobactrum, Mycoplana,

Ochrobactrum, Penochrobactrum, and Pseudochrobactrum. The evolution of genus Brucella is
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thought to have originated from soil bacterial ancestors passing to fish and amphibian hosts

and finally the current successors adapted to mammalian hosts (Al Dahouk et al., 2017).
4.1.2. Genus expansion.

The Brucella genus used to be classified into six species: B. abortus, B. melitensis, B. suis,
B. neotomae, B. ovis, and B. canis based mainly on host preference, pathogenic variation and
phenotypic characters (Corbel and Brinley-Morgan, 1984).Since the early nineties of the
last century, genus Brucella has been stretched out to encompass newly discovered species.
These species include B. ceti and B. pinnipedialis from cetaceans and pinnipeds (Foster et al.,
2007), B. microti from common voles, red foxes (Scholz et al., 2008) and soil (Scholz et al.,
2009), B. inopinata from a breast implant of a woman infected with brucellosis (Scholz et al.,
2010), B. papionis from baboons (Whatmore et al., 2014), and B. vulpis from red foxes
(Scholz et al., 2016). Lately, many atypical brucellae have been isolated. These strains did not
form a distinct genetic cluster by themselves, but rather belonged to clusters including other
Brucella species (Al Dahouk et al., 2017). Until further information becomes available about
the genus members, such intermediary characters of atypical strains will temporarily suspend
their affiliation to an existing species or designation as a novel species.

4.1.3. Brucella phenomic and genomic homogeneity.

Phenotypic variation among Brucella members is quantitative rather than qualitative.

This is largely dependent on colonial and microscopic morphology, biochemical characters,
antigenic structure, susceptibility to bacteriophages and metabolic profiles. Brucella is a
monophyletic genus, i.e. species descended from a common evolutionary ancestor (s). Although
Brucella species can be differentiated by phenotypic tests, these species reveal a high degree
of DNA homology. Genetically speaking, the genus Brucella is monospecific (Verger et al.,
1985) as compared to other bacterial genera.Many genotyping techniques have been used to
seek significant DNA variation within the genus Brucella to justify the current classification
and to fine distinction of brucellae at the strain level for epidemiological tracing of infection.
Multiplex PCR assay (Bruce-ladder) aided by bacteriological identification can have the job done.
DNA sequence variations known as single-nucleotide polymorphisms (SNPs) are useful
genetic markers because of their quantity and stable inheritance over generations. Real-time
PCR assay based on SNP differentiation of clade scan (Foster et al., 2012;Janowicz et al.,

2018) can provide a rapid and highly sensitive method of differentiating Brucella species
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especially for clinical applications. Being dependent on specific DNA sequences, PCR still
needs further inter-lab standardization (Yu and Nielsen, 2010).

4.2. Brucella proteomic architecture.

The Brucella cell surface involves a cell envelope surrounding the cytoplasm. The cell
envelope entails an outer membrane, a periplasmic space and an inner membrane. The outer
membrane encompasses lipopolysaccharide (LPS), outer membrane proteins (OMPs) and free
lipids (Moriyéon and Lopez-Goiii, 1998). The smooth LPS is formed of an outmost
O-polysaccharide chain topping the vast majority of the surface and connected to an inner
core oligosaccharide and an innermost lipid an anchored in the outer membrane.

4.3. Proteomic recognition of Brucella by MALDI-TOF MS.

Dendrogram et s 1o MALDI Biotyper N
. BRUMER

Classification Results . >
.

7. Data analytics é

6. Matching with peptide library

RN e P — 2574 S ——— 2505

Multiple_Spectra Report

X

g t ] I Ion detectorl
= <
<
<
<
< e o
<
| e @
s 25 amo e o Todeo ~ 1aeo teee iede o
. Detection Lig .
<@ Flight

. G @
4. Deflection ¢ hid N tube
- @

. . @
3. Acceleration of peptides « <
—
through electrostatic field — ® o4
@
i
2. Soft ionization cC— ——— Laser & = g
source E 0 5
1. Sample with matrix c———— A
Target
MALDI-TOF MS Biotyper

Fig. (3): The concept of MALDI-TOF MS molecular recognition of Brucella.
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The MALDI-TOF MS principle includes mixing of the matrix material with bacterial sample.

Soft ionization of sample molecules takes place by bombarding with a laser beam transferring
protons from the matrix. Molecules are ionized and desorbed to form a plume (cloud) of
gaseous ions. This plume of ions is detected by a TOF (time-of-flight) analyzer, in which
accelerated ions obtain a mass/charge-dependent velocity when flying through an electrostatic
field in the flight tube. After acceleration, the ions drift through a field-free region where their
different velocities separate them as they reach the detector. Separated ions are then counted
and converted into a signal for each m/z value proportional to the number of ions present.

The resulting output is a mass spectrum indicative of molecular masses of ions in the original
plume.The technique links the mass of an ion (expressed as mass-over-charge ratio, m/z) to
its flight time to the detector Fig. (3). Joint with reference peptide databases and advanced
software, MALDI-TOF MS has taken microbial biotyping to the next level.

4.4. The use of mass spectrometry technology (MALDI-TOF) in clinical microbiology.
Bacterial identification is reached by either identifying biomarker ion masses related with
theoretically determined protein masses obtained from databases or by comparing the whole
spectrum to a spectral reference database (Van Baar, 2000). It is not necessary to identify the
proteins but just to determine a number of characteristic peaks representative of certain
bacterial genus and/or species. The mass range of 2000 to 20,000 Da generated high inter-
specific variability and simultaneously promoted high intra-specific similarity for most
bacterial species. In lower mass ranges, e.g.,500-2500 Da, the variability between mass
fingerprints of different species can be either too low for species differentiation, or mass
fingerprints of closely related isolates can be very different. Speciation generally focuses on
conserved mass spectral peaks across all isolates from a bacterial species, but subspecies
typing depends on the matching of exclusive peaks using extensive peptide library and
bioinformatics analysis (Culebras, 2018). Distinctive mass spectral peaks associated with
Brucella strains have been reported (Sayour and Sayour, 2015). Despite the availability of
genomic and proteomic data for strain-level demarcation of many bacteria, proteomic data for
high-fidelity Brucella strain typing is about to be completed. Although promising, the
performance robustness, resolution, and discriminatory power of MALDI-typing need to be
improved. This could be achieved by one or more of the following methods; modification of

the bacterial growth conditions, use of alternative protein extraction methods, use of specific
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bacterial extracts, use of other matrix materials, and changing the mass range or the
post-handling of mass spectra.Unfortunately, mass spectra may present an intrinsic variability
in peak intensity and/or peak location associated with independent acquisitions in time and in
different devices. This is possibly associated with individual instrument variation and/or
regular wear over time of laser intensity, laser life, and detector responsiveness hindering the
comparison of independent data sets. To evade such variations, technical steps such as growth,
sample preparation, and device configuration must be performed by professional analysts
using quality-controlled consumables.

4.5. Selective enrichment methods of samples prior to proteomic fingerprinting.

Protein biomarkers of diagnostic significance usually exist at very low concentration (ppb) in
complex matrices, making standard targeted detection highly challenging requiring prior
affinity separation techniques (Ahmad-Tajudin ez al., 2014). Phosphorylation is one of the
posttranslational modifications of proteins for selective enrichment.

The resultant phosphopeptides are further separated by immobilized metal ion affinity
chromatography (IMAC) beads with ferric ions and titanium oxide (Zou et al.,2000);Yue
et al.,2015). Tyrosine-phosphorylated peptides resulting from tryptic digestion usually fail
chemo- or immunoaffinity enrichments and therefore remain undetected. Natural antibodies
are costly with short-term stability to be used in immunoaffinity for selective enrichment.
Alternatively, aptamers are tolerant to trypsin digestion resulting in no background
interference (Lee et al.,2014). Several attempts of solid-phase immobilized aptamer platforms
for selective protein identification by mass spectrometry have been fruitful (Dick and
McGown, 2004; Cole et al., 2007). Recent developments involve the use of MIPs selective
for tyrosine-phosphorylated peptides to solve this problem offering better sensitivity and
resolution (Jagadeesan ef al., 2015). Selective enrichment by magnetic imprinted
nanoparticles was applied for desalting of proteins (Wan et al.,2015). Phosphate-imprinted
mesoporous silica nanoparticles (MSNs) were also employed as a sorbent for selective
enrichment of phosphopeptides (Chen ef al., 2016). Molecularly imprinted poly-acrylamido-
derivative nanogels were used for targeted selective enrichment as well (Bertolla et al., 2017).
Solid phase extraction by MIPs of different materials were screened for best fit to certain
peptide target under optimal conditions (Jagadeesan et al., 2017). Prior integrated selective

enrichment target (ISET) in the form of solid-phase micro extraction of samples (Ekstrom
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et al., 2007) can be used to enhance MALDI-TOF MS resolution/sensitivity for better within

genus Brucella demarcation. Table (6) sums up the pros and cons of MALDI-TOF MS

biotyping with special reference to Brucella.

Table (6): Summarized pros and cons of Brucella MALDI-TOF MS biotyping

Criteria Pros Cons
- Within minutes automated ngh-quaht.y sample Preparatlon pee(}ed
Rapidity . ces to avoid noise and strict standardization
highly sensitive culture ID . ..
necessary to avoid mass spectral variation
Higher than that of biochemical | Safe Brucella genus ID, but subgenus ID is
Accuracy systems or 16S rRNA prone to high intra-generic similarity and
sequencing the versatility of the library
. Available sam[.)le backtra.c k for Selective enrichment of sample needed for
Typing further analysis and possibility mapning protein posttranslational
flexibility to build custom libraries for PpIng protein po-
. modifications
various purposes
Peptide Ideal for already confirmed/ Not the technique of choice for detection/
fingerprinting sequenced peptides identification of new peptides
Two-thirds less than Maintenance and consumables are
Cost bacteriology considering inexpensive, but the cost of the
materials and staff spectrometer is high
First-line epidemiological typing tool for instant application of infection
Usefulness control measures
Phyloproteomic dendrograms may allow future strain distinction

In the current investigation, a library for Brucella recognition by MADI-TOF MS was created
based on the proteomic profiles of 11 Brucella reference strains. This MSP creation broadly
covers strain varieties of the first 3 classic Brucella species that have been reported in Egypt
(Sayour and Sayour, 2015) in addition to the live B. abortus and B. melitensis vaccines used
for livestock immunization. A dendrogram based on phyloproteomic relations was plotted
Fig. (1) for proteomic profile matching among Brucella reference strains. The distance level
is inversely proportional to the correlation. All in all, strains of B. abortus and
B. melitensis were proteomically related with B. abortus strain 1119 - 3 relatively distant.
High proteomic resemblance existed between the following pairs of strains, the vaccines Rev1
and S19, B. abortus Bv. 1 strains RB51 and 544, and B. melitensis biovars 1 and 3. The high
similarity between the different species Revl and S19 can be attributed to the dual presence
of identical peptides with m/z ratios of 3024, 8036, 9074, 11369 and 16073 (Sayour and
Sayour, 2015). Peptide matching of B. abortus Bv. 1 colonial phase differing strains, viz. the
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smooth 544 and the rough RBS51 confirmed the fact that, the latter was a rifampicin and
penicillin dependent mutant of the mother strain B. abortus bv. 1 strain 2308 (Schurig e al.,
1991) was mainly different from the CO; requiring strain 544 in its CO; independence
(OIE Terrestrial Manual, 2018). Such matching was revealed by a replica of peptides
existing in both strains of 2585, 3024, 3757, 4896, 6042, 7511, 9074, 9787 and 16073 m/z
ratios (Sayour and Sayour, 2015). The highly matching proteomes of B. melitensis biovars 1
and 3 reflect the fact that, the biovars of B. melitensis are actually serovars that are
biologically alike (Corbel and Banai, 2005). This B. melitensis Bv. 1/3 peptide fingerprinting
homology was reflected by many identical MS peaks at m/z ratios of 2585, 3695, 4538, 6672,
7393, 9074, 9787 and 16073 (Sayour and Sayour, 2015). The smooth B. suis Bv. 1 strain
1330 and the rough B. ovis strain Reo had close phyloproteomic relationship. This proteomic
similarity may be attributed to the presence of common peptides with MS peaks of 2426,
2585, 3757, 6672 and 9787 Da (Sayour and Sayour, 2015). The vaccinal strain 2 of B. suis
Bv. 1 expectedly differed from B. suis bv. 1 strain 1330 as the former had vaccine markers.

Bacteriologic examination of samples from 69 unvaccinated seropositive ruminants revealed
the detection of 45 Brucella field isolates from 20 cows, 7 buffalo cows,7 ewes, 7 goats, a she
camel, a queen, a bitch and a man (Table 2). Isolates were phenotypically (Tables 2, 3 and 4)
and proteomically (Table 5) identified as 29 B. melitensis Bv. 3 and 16 B. abortus Bv. 1.
Isolates giving MALDI score less than 2.3 were retested until scoring more than or equal to
2.3 for reliable results. Isolated strains belonged to 12 governorates, viz. Damietta, Kafr
Elsheikh, Matrouh, Ismailia, Sharkia, Dakahlia, Beheira, Monofia, Giza, Beni-Suef, Minia
and Shalateen (Table 5) , Fig.( 2). All the aforementioned governorates had the predominant
B. melitensis. Four governorates namely Damietta, Dakahlia (Mansoura city), Shatkia and
Monofia (Shbeen El-Koam) additionally had B. abortus Bv.1. B. abortus was associated
with intensive dairy farms common in those Nile Delta governorates. Previous isolation of
B. abortus from bovine animals in those four Delta governorates was reported (Sayour and

Sayour, 2015; Wareth ez al., 2016; El-Diasty et al., 2018).
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CONCLUSION

Under conditions of this investigation, it was concluded that:

- Both B. melitensis Bv. 3 and B. abortus Bv. 1 were detected in cows and buffalo cows,
while only B. melitensis Bv. 3 was recovered from small ruminants, a she camel and a man.

- Bacteriologic and MALDI biotyping results fully matched thanks to the limited diversity of
Brucella isolates including only two species and the narrow MSP library.

- For better distinction at the Brucella sub-species level, MALDI-TOF MS deserves selective

enrichment of samples.
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