Ildentification of Brucella by
MALDI-TOF mass spectrometry

Dr. De Maio Flavio
27/02/2015



S I S ~ Multilocus enzyme electrophoresis (MLEE)
Limited Genetic Diversity of Brucella spp. highligths a limitated genetic diversity and
A A PN MARTINES KOMERO 0 MoK supports the proposal of a monospecific genus

\picas, IPN, and Cenoro de lnvest

ipacitn sobve Rjacitn de Niarbpeno,
Senvicios de Salud de Zocawecas, S.S A Zacorecas,

Rocetved 30 June 20005leracd for modification 29 Auguest 2000/Accepied 16 € nm:t::n' | /-
B. abortus biovar 1, 2, 3,4, 5,6, 9

B. melitensis biovar 1, 2, 3

| Alphaproteobacteria

| Rhizobiales B. suis biovar 1, 2, 3, 4, 5

| Brucellaceae B. canis

Is
rucella ]
| B. ovis

B. neotomae

B. inopinata

B. ceti

Cell Membrane

Serological agglutination with smooth
lipopolysaccharide and associated antigens A
and M allows the biovar clissification

B. microti

B. pinnipedialis



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.cibo360.it/cibo_salute/digestione/brucellosi.htm&ei=MYhrVOz5LYfWar2DgfAM&psig=AFQjCNHBM67YwBt-XA3NzXdnpw3a8omlbg&ust=1416419648234971

Why Is iImportant to identify Brucella species?

* The identification of the Brucella species is important and necessary for the
different pathogenic impact for the host (specie-specificity)

« ldentify the circulating Brucella species and biovar may be important for
epidemiological studies, to identify the reservoir and deploy informed control
strategies to prevent the spread of the infection (relevant economic impact in the
primary sector and for public health)

 Rapid automated system often give misidentification

* PCR shows high sensitivity and specificity but remains cumbersome and with
standardization problems
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FIG. 1. Differentiation of all Brecella species and S19, RBS1. and Rev.1 vacane strains by Bruce-ladder multipiex PCR. Lane 1 (A), B. aborus: lane
2 (M). B meliensis; lane 3 (O), B. ovis: lane 4 (S), B. suis; lane 5 (S19), B. aborrus S19 vaccine strain; lane 6 (RB51), B. abarrus RB51 vaccine strain; lane
7 (Rev.1), B. melisensiy Rev.1 vaccine strain: lane 8 (C), B. canis; lane 9 (N), B. necwornae: lane 10 (Bp). B pinnipedialis; lane 11 (Bc), B. ceii.




Multi locus variable number tandem repeats (MLVA)assay
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Mass spectrometry and bacteria identification
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1975: Anhalt and 1980: the develop of 1996: MALDI-TOF Today: MALDI-TOF
Fenselau combined soft ionization allows bacteria protein used for routine in
pyrolysis and MS to to analyze large spectra can be rapidly clinical microbiology
characterize some molecules and simply obatained laboratories
pathogenic bacteria from whole cells

without a previous

treatment

* Proteome is very dynamic in living cells: the pattern of proteins could change in response to growth
conditions

* Doubts on the differences and similarities in mass spectral patterns to establish taxonomy

» Lack of comprehensive databases covering all clinically relevant species

 From the point of view of microbiologists, the identification procedures seemed too simple relative to
the complexity of the task

» Identify an organism in a sample in only a fraction of the time required by an expert seemed
unreliable

* Most of the early publications involving MALDI-TOF MS-based identification appeared in journals
most microbiologists do not access regularly
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Figure 1: Published item report accessed from Web of Science on Oct 30, 2012 illustrates the

number of papers published annually in the field of mass spectral identification of bacteria. In the

¥ Published items in 1993 - 2012 period
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1975-1992 time interval, less than 20 papers were published every year.
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Figure 1| The number of identified microbial species from 1979 to 2012. The
development of new technologies has had a substantial impact on the number of

microbial species that are identified each year.

Nature reviews microbiology 2013




Standard assay vs new MALDI-TOF assay for
clinical diagnosis

Empiric treatment

GRAM stain
_ Positive Identification . . .
Incubation blood culture Sensitivity test I Final diagnostic result I
Septic patient
Blood culture
0 e -e 7 24-48h 48-72h  time
MALDI-TOF

identification

Specific treatment
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Spectral fingerprints
vary between
microorganisms
Among the compounds
detected in the spectra,
some peaks (molecular
masses) are specific to
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Biomarkers

« Cellular compounds detected:
mostly ribosomal proteins or DNA-binding proteins but also complex lipids and
polysaccharydes

* Proteins detected:
extractable, soluble, moderately hydrophilic, stable, and abundant

« Determination of proteins mass signal intensities:
favored by abundance, stability, amino acid composition (esp. Arg and Lys)

metabolites enzymes & enzyme complexes

: . : -
matrix structural proteins & polymers
p— I :

Range of detection MALDI-TOF (2-20kDa)



MALDI-TOF applications
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MALDI-TOF sample preparation

Direct method:

» Touch colony with transfer device, such as toothpick
« Transfer a small amount onto spot

* Cover with 1uL of HCCA Matrix, let air dry

* Analyze

Bacteria
identification

5 minutes



MALDI-TOF sample preparation
Ethanol/Formic Acid Extraction:

* Pick colony

* Resuspend in 300ul H20
* Add 900ul ethanol

* Inactivation/storage/shipment

* Add 70% formic acid and ACN

* Centrifuge

* Pipette 1ul onto target

* Cover with 1uL. of HCCA Matrix, let air dry
* Analyze

Bacteria and yeasts
identification

900 pL Extraction- Analysis of
Material Ethanol Pellet suspension Supernatant
transfer

15 minutes
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BJCM i Benefits:

- rapidity
[mportance of Using Bruker’s Security-Relevant Library for Biotyper cge
[dentification of Burkholderia pseudomallei, Brucella Species, and - SpeC”:IClty
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e e P S ——— - standardization

- possibility to use Biotyper reference or
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Identification of Brucella by MALDI-TOF Mass
Spectrometry. Fast and Reliable Identification from Agar
Plates and Blood Cultures
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Table 2. Identification by MALDI-TOF mass spectrometry and conventional identification of 131 blind-coded Brucella.

Conventional ldentification (n° isolates) MALDI-TOF ldentification

Correlation at the genus

level (%) Correlation at the species level (%)
/3" 2/37 1/37 0/3"
B abortus (17) 100 82.4 11.8 0
B melitensis (112) 100 10.7 8.9 23.2
B suis (2) 100 50 0 0
Total {131) 100 206 9.2 19.8

Each strain was spotted three times (replicates 1, 2 and 3).
* No. of replicates.
doi:10.1371/joumal. pone.0014235.1002
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Database creation
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Database strains Biovar
B.abortus RB51/ST14 ]
B.abortus/A7
B.abortus/ST19 1
B.abortus/ST20
B.abortus/ST21

B.abortus/A5

B.abortus/ST29 > } |

B.abortus/ST31 7 s T . e T J'» ‘ 4\ i

B.abortus/ST33 | : |
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B.canis/ST53
B.melitensis/ST1

B.melitensis/ST4 1 |

B.melitensis/ST7
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B.melitensis /A1 L AN S ZA LS e e
25

B.melitensis /A2
B.melitensis /A4

B.melitensis/PU8
B.melitensis/PU9
B.melitensis/PU11 -
B.neotomae/ST55

B.ovis/ST50

B.suis/ST38 1

Unknown
strains

Database
strains

B.suis/ST49 5




At the species level,
identified...

a total of 93% of bacterial samples were correctly

MALDI Biotyper results

Sample No. Correct/ total  No. Incorrect/ total Misdiagnosis (NO)
B. melitensis 53/53

B. abortus 36/39 3/39 B. suis (3)

B. suis 4/5 1/5 B. melitensis

B. ovis 1/1

B. canis 0/1 1/1 B. abortus

B. neotomae 0/1 1/1 B. abortus

Incorrect biovar assignments were found in:

- B. abortus 23/39
- B. melitensis 4/53

« Automatic identification

» Analogue identification in at least two
well

* View the highest score




Phenotyping '\f[')'/al‘o'l—r%' Genotyping

« Multiple susceptibility tests * Pulsed field gel

* Phagetyping electrophoresis (PFGE)

. Sgrotypir)g _ Without additional step « Whole genome sequencing
* Biochemical typing Cheap

1

Easy to perform
Reproducibility

Used to understand the Possibility to look for
epidemiology of a small Lack of guidelines epidemiological
community or relationships between
healthcare — associated strains in a larger
infections Correlation index population range

Developed for individual
bacteria taxa and not
transferable to other taxa
without considerable
adaptation

More complex approach 1




Brucella melitensis dendrogram
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Brucella abortus dendrogram
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Brucella MALDI-Typing

B. melitensis bv3

B. abortus I




Conclusions

v Growth conditions show a good standardization of sample
treatment

v" Our protein extraction method is faster and safer than “old”
methods, with inactivated sample after cell lysis

v'Possibility to analyze inactivated samples shipped from other
centers

v New home-made database highlights an excellent resolution as
species identification



For the next future...

v’ Include negative controls in the database (Rhizobium, Ochrobactrum)

v" Increase the number of Brucella strains in the database

v’ Increase the number of Brucella species with different biovar

v" Assess the clustering of different strains using MALDI-TOF assay with gold

standard MLVA analysis and more recent whole genome sequencing to better
understand the relationship between circulating strains and infected hosts
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New generation of susceptibility test...

p-lactamase -

strain

p-lactamase +
antibiotic

S— strain
' solution \
Enterobacteriaceae | | | |

p-lactamic ring
hydrolysis evaluation
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Composite correlation
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Fig. 5: Hydrolysis of Cefotaxime by a RB-lactamase positive strain (B). DHS5a, as negative control (A),
shows only slight background hydrolysis. Green-highlighted peaks comespond to the non-hydrolyzed
form and red-highlighted peaks comespond fo the hydrolyzed form.
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Ampicillin 3494 | 3504 | 372.4 3944 368.4 | 3904 | 4124 3244
Piperacilin | 517.5 | 518.5 | 540.5 562.5 398.5 | 420.5 §536.5 | 558.5 | 580.5 (492.5)
Cefotaxime | 455.5 | 456.5 | 478.5 396.5 414.5 | 370.5
Ceftazidime | 546.6 | 547.6 468.6 486.6 | 442.6
Ertapenem | 475.5 | 476.5 | 498.5 | 514.5 | 520.5 | 536.5 | 542.5 4945 | 516.5 | 538.5 | 554.5 | 450.5 4725 | 488.5
Imipenem 2994 | 3004
Meropenem | 383.4 | 384.5 | 406.5 428.5
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Use of Matrix-Assisted Laser Desorption Ionization-Time of Flight
Mass Spectrometry for Caspofungin Susceptibility Testing of Candida
and Aspergillus Species

Elena De Carolls, Antonletta Vella® Ada R. Florlo,” Patrizia Posteraro,® David S. Perlin,® Maurizlo Sanguinatt,®

and Brunella

Instrute of Microbislogy® and Institute of Hyglene, Universz Cattolica del Sacro Cucre, Fome, Italy; Cinical Laboratory, Ospedale San Carlo, Rome, taly®: and Pubibc
Hesith Rasearch Institute, New Jersay Medical School, UMIONJ, Newark, New Jersey, USA®

Spectrum Number arb.u 100
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CSF 4 pg/ml

CSF 2 pg/ml

C. albicans cells exposed to CSF scalar dilutions



MALDI-TOF in microbiological diagnostic

Discrimination of highly related species
Reduced time of identification compared to conventional methods (viek AL et al. 2012)

Reduced time (11.9 vs 9.3 days) and costs of hospitalization ($ 45,709 vs $
26,126) (Perez KK et al. 2013)

Reduction of mortality: 20.3 % vs 14.5 % (Huang AM et al . 2013)

$

Exhaustive and shared database
Typing intra — species
Revelation bacterial and fungal toxins

Rapid and automated detection of drug resistance



Characterization of culture supernatant proteins from
Brucella abortus and its protection effects against
murine brucellosis

JinJu Lee®®! Jeong Ju Lim®™!, Dae Geun Kim®, Hannah Leah SimborioP®,
Dong Hyeok Kim?®, Alisha Wehdnesday Bernardo Reyes®, WonGi Min®,
Hu Jang Lee®, Dong Hee Kim¢, Hong Hee Chang, Suk Kim™4:*

* Animal and Plant Quarantine Agency, Anyang, Gyeonggi-do 430-757, Republic of Korea

b College of Veterinary Medicine, Gyeongsang National University, Jinju 660-701, Republic of Korea

¢ School of Medicine, Gyeongsang National University, Jinju 660-701, Republic of Korea

4 Institute of Agriculture and Life Science, Gyeongsang National University, inju 660- 701, Republic of Korea
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FIGURE 2 | Vaccine candidate selection approach. An important aspect of
a vaccine candidate is antigenicity. /n silico analysis of available genomic
seqguences can aid in the selection of open reading frames that code for
desired properties such as T and B cell epitopes, subcellular localization (i.e.,
outer membrane proteins), and a lack of homology to host proteins.
Secondly, antigens with evidence for a role in pathogenesis are often
targeted in the identification of vaccine candidates. |dentification of factors

Vaccine
Candidates

Virulence Factors

Mutagenesis
Random or Directed

ldentification of a protective protein from stationary-phase
exoproteome of Brucella abortus

WT Smikha Jain®, Subodh Kumar”, Sudhic Dohs”, Prachiti Alley, Nabonila Sengupts® & Syed | Alam®
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Infection-Dependent Gene Expression

important for invasion, survival, and replication can be performed via
mutagenesis studies in the mouse or cell culture systems. Additionally,
comparative transcriptomic and proteomic studies of wild type and mutant
pathogen strains can be carried out to identify potential virulence factors.
Lastly, the priming of an immune response to a specific antigen relies on its
availability. In order to identify antigenic targets present during infection,
infection-dependent gene expression studies may reveal suitable targets.

Gabriel Gomez et al, 2013
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