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Bruker Corporation Overview 

Bruker Daltonics Mass Spectrometry 
• Small Molecules Analysis  
• Proteomics 
• Food quality & safety 
• Clinical Microbiology 
• Homeland Security/Defense 

• MALDI-TOF(/TOF) 
• Ion Trap MSn 

• ESI-(Qq)-TOF, FTMS 
• IMS 

Bruker AXS X-ray Analysis 
• Materials Identification 
• Materials Research  
• Structural Proteomics 
• Nanotechnology 

• X-ray Diffraction 
• X-ray Crystallography 
• X-ray Fluorescence 
• EDS Microanalysis 
• Spark OES  

Bruker Optics Vibrational Spectroscopy 
• PAT & Quality Control  
• Food 
• Materials Identification 
• Materials Research 
• Pharma ‘Forensics’ 

• FT-IR  
• FT-NIR 
• Raman 

Technology Platforms Major Applications 

Bruker BioSpin NMR and EPR spectroscopy  
• NMR / TD-NMR  
• EPR 
• MRI 
• Analytical Services 

• Analytical Chemistry  
• Pharmaceuticals  
• Life Science   
• Food & beverages 
• Metabolomics 



GLOBAL FOOD TESTING. COM 
discover. Collaborate. Succeed. 

© Copyright 2011 Bruker Corporation. All Rights Reserved. 

• A website for current  
events in food testing 

• Community/user driven 

• A platform for local testing 
labs to collaborate and 
share 

• Sponsored by Bruker, 
operated by the community 



Bruker History 

1960 Bruker was founded by Prof. Laukien. 

2011 >500 MALDI Biotypers installed at microbiological diagnostic labs and industry sites 

2008 First MALDI Biotyper systems at microbiological diagnostic labs and industry sites. 

1985 Establishment of the mass spectrometry business in Bremen, Germany 

1991 Introduction of the first MALDI-TOF mass spectrometer for routine purposes 

1998 The microbiological R&D department starts operation 

2006 Start collaboration with the German Collection of Micro-organisms and Cell Cultures 

2004 Launch MALDI Biotyper 1.0 as research tool 

2012 Bruker completes Patent Portfolio for AST / ESBL testing with MALDI-TOF 

2013 >1000 MALDI Biotyper installed at microbiological diagnostic labs and industry sites 



Identifying Micro-organisms for Food Safety 
 
 

• Consumer products (e.g. food, water) are checked for microbial contaminations => 
to prevent healthcare problems. 

 

• Enumeration (colony counting) => Important to determine contamination level 
(vs set threshold) 

 

• Identity Confirmation of micro-organisms is important to determine:  

• Risk level 

• Contamination source  

• Decontamination treatment 

• Comparison of contaminations 
 

• Quick identification helps to: 

• Stop production / Close the source earlier=> Prevent further product 
contamination. 

• Accurate/earlier decontamination treatment. => Quickly pick-up production 
again. 

• Earlier recall of products => lower exposure.  
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Wouldn´t it be great, ... 
 
 

• if you had a technology that can analyze gram+ 
and gram- bacteria without prior knowledge? 
 

• if this technology could also analyze yeasts, 
fungi and mycobacteria? 
 

• if this method would be a molecular approach 
and not a phenotypical one? 
 

• if this method would give the ID 
in less than a minute? 
 

• if this method had a much better taxonomical 
resolution than biochemical testing? 
 

• if this would be available at a 
very acceptable price per sample? 
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The Technique 



MALDI Biotyper workflow: 

Identification 
Selection of colony 

Unknown 
Microrganism 

? 

MALDI-TOF MS Data interpretation 
Preparation onto 
MALDI target plate 

MALDI-TOF MS microorganism identification 

time to result for one sample: ~ 10 min 
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• Taxonomical Resolution comparable 
to sequencing 
 

• Faster than conventional techniques 
 

• Cost-effective 
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MALDI Biotyper 
 
 Identify gram+, gram- bacteria, yeasts and fungi 

by their unique proteomic fingerprint  

Bacillus subtilis 

Escherichia coli 

Candida albicans 

Aspergillus fumigatus 

1 min 



Laser Desorption/Ionization 

Detector 

Time-of-Flight 

Drift Acceleration 

m/z 

Electrodes 

Intensity 

Modified from: Lottspeich, Zorbas, eds 

 “Bioanalytik”, Spektrum Akademischer Verlag, 1998 

+ + + 
+ + + 

MALDI-TOF Mass Spectrometry  
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Unknown Organism Specifications… 
 
 Classifications of organisms that can be analyzed: Bacteria, yeast, 

molds, mycobacteria 
 

 Cultivation Media:  proved that different media types do not affect 
results.  
 

 Cultivation Temperatures:  demonstrated that different air 
temperatures, composition, and humidity do not affect results. 
Age of Organism:  Although fresh cultures are always better, age 
of the organism doesn’t create misidentifications. 
 

 
 
 
 
 
 
 
 

 02/2009 



Psdm. oleovorans B396_Medium 360 

Psdm. oleovorans B396_Medium 464 

Psdm. oleovorans B396_Medium 53 

Psdm. oleovorans B396_Medium 65 

Psdm. oleovorans B396_Medium 98 

Psdm. oleovorans B396_MRS10 

Psdm. oleovorans B396_YPD 

4000 5000 6000 7000 8000 9000 10000 11000 
m/z 

Pseudomonas oleovorans grown on different media 

MALDI Biotyper - Basics  
Low influence of cultivation conditions 
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Species ID is not dependent upon the age of culture, 
growth conditions, or medium selection (e.g.): 
  

Mellmann et al. JCM 2008 
Veloo et al. Clinical Microbiology and Infection 2011 
Lartigue et al. JCM 2009 
Valentine et al. Appl. Environ. Microbiol. 2005 
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ribosomal Protein m/z

RL36 4364,33

RS32 5095,82

RL34 5380,39

RL33meth. 6255,39

RL32 6315,19

RL30 6410,60

RL35 7157,74

RL29 7273,45

RL31 7871,06

RS21 8368,76

Each microbial species has a unique  
proteomic fingerprint. 
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MALDI Biotyper – score based pattern matching 

Unknown microorganism is matched against a library of more than  
2300 microbial species 

Color-coded identification result. 
December 19, 2014, WPU@bdal.de 
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Weighted Laboratory Profile Tests: 
 

Microorganism group MBT ID Acc. 

(BC ID Acc.) 

Non-Fermenting Gram Negative Bacteria   94 %  (86%) 

Enterobacteriacea   99 %  (97%) 

Other Gram Negative Bacteria   96 %  (91%) 

Gram Positive Bacteria   97 %  (92%) 

Yeasts   97 %  (97%) 

Sum / Overall for ID Acc.   97%   (93%) 

 
 0,61% Identification only on Genus Level (Biochemical: 0,52%) 
 1,91% No Identification (Biochemical: 2,34%) 
 0,69% False-Positive Identification (Biochemical: 4,42%) 
 

MALDI Biotyper - Multicenter Studies  
Evaluation Performance Study  
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The Product 



MALDI Biotyper, October 2010, 
mix@bdal.de 

The MALDI Biotyper 
 
A complete and dedicated solution for fast and accurate  
identification of microorganisms. 

SOP 
• Bacteria, Yeast and Fungi 
• Solid and liquid media 

 

Hardware 
• Benchtop 
• Self Cleaning Ion Source 

Software 
• Automated data processing 
• Tracebility  
 

Regulatory considerations 
• Security and traceability 
• Manufacturing QC  

Library 
• Ready-to-use  
• Extendable  
 
 

Support 
• Application 
• Service 
• Training 

 
One-stop-shop solution: to assure successful use of the application 

 



MALDI Biotyper - Product  
One Reference Library 

Clinical Relevant 

No. of species 

MBT  

Coverage 

MBT library comprises all you need & 

all what you (maybe) don’t need! 

Wohlfahrtiimonas chitiniclastica 

Pseudozyma aphidis 

Aureimonas altamirensis 
Myroides odoratimimus  
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Robustness 

• MALDI-TOF needs to reliably handle between 
10-1600 samples per day.  

 

• Created a dedicated MALDI-TOF for 
microbiology, to provide robustness and 
reliability for routine analysis. 

 

• The Microflex. 

• Long-life time laser  

• Saturation free detector  

• Oil free vacuum system 

• Self cleaning ion source 

 

• Reliable daily use of MALDI-TOF.  

 

  

 

 

 

 

Utrecht, 03/03/2011 



Interactive MALDI Validation 

April, 24th 2012 
MALDI Biotyper, Singapore, 

mix@bdal.de 
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MALDI Biotyper – Software 



Barcodes Bench-top Workstations. 

MALDI Biotyper traceability  
 

22 MALDI Biotyper, Overview Clinical Microbiology, December 19, 2014, mix@bdal.de 

Light guided sample preparation Automated & Quality controled matrix 
preparation 



MALDI Biotyper – Product 
 

Application support & training 

23 
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MALDI Biotyper – Quality Certificates 
 
IVD Registration, ISO 9001 & ISO 13485  
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Service & Support: Ongoing Assistance 

Bruker Daltonics services are 
performed by well trained and  
certified engineers:  
DIN EN ISO 9001:2000  
DIN EN ISO 13485  

IQ and OQ/PV with support for 21 
CFR 11 compliance 
 
Following services can be supplied:  
• System service & maintenance 
• Spares & consumables 
• Service & maintenance contracts 
• Application support 
• Software support 
• Training and user meetings 
• WebEx sessions 
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Field experience 



Bruker serves demands of microbiological labs: 

 

Faster, Better, Cost-Effective! 
 
 
Quality  

  Highly accurate results, comparable to sequencing. 
  Single technique for bacteria, yeast and fungi 
  Hardly any fals positive results. 
  No misidentification by external influences (media, temperature, operators) 

 
 
Significant pressure to reduce overall costs 

 
  Low consumable costs 
  Reduced # of culture plates 
  Reduced # of chromogenic & selective media 
  Less double tests  

 
Faster:  

 No pre-selection test. 
 Quick result, < 10 minutes for 1 sample.  
 Real-time 
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45 MBT systems (Februari 2014)  

The Netherlands 

28 December 19, 2014 
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Febr. 2014: >1100 MBT users.  
Examples of Industrial references. 

• Food Safety 

• Nestlé, Switzerland 

• Eurofins, USA 

• Danisco, Denmark 

• SGS, Germany  

• Asahi Softdrinks, Japan  

• Green Lines, Russia 

• Fonterra, New Zealand 

• BML, Germany  

• CLF (Danone) Germany 

•  Suntory Business Expert Limited, Japan 

•  Maeil Dairies Co., Ltd., South  

•  Kibun Foods, Japan 

•  Nissin Foods, Quality Assurance, Tokyo, Japan 

• Vitens, NL  

• Waterlaboratorium Noord, NL  

• Het Waterlaboratorium, NL 

• Aqualab Zuid 

• Gezondheidsdienst voor Dieren, NL 

 

• Pharma Industry  

• Pfizer, USA 

• Abbott Biologicals, NL 

• MSD, NL 

• Sanofi, Germany 

• Similisan AG, Switzerland  

• Vaxxinova, Germany  

• Boehringer Ingelheim,  Germany  

• Lohmann Therapiesysteme, Germany  

• Astellas, Japan  

• Otsuka Pharmaceutical, Japan  
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Local Authorities  
• AGES, Graz and Vienne, Austria (2 MALDIs)  
• LAVES, Oldenburg, Germany  
• CVUA, Krefeld, Germany  
• CVUAs, BaWü, Germany (4 MALDIs)  
• LALLV, Rostock, Germany  
• TLLV, Bad Langensalza, Germany  
• LGL, Munich, Germany  
• Chinese Academy of Inspection and Quarantine, China  
• Bundesamt für Umwelt (Bafu), Switzerland 
• RIVM, NL 
• Centraal Veterinair Institute 
• Wageningen Universiteit, department of Food Microbiology 
 
 
 
 
Consumer/Packaging Industry  
• Henkel, Germany  
• Tetrapak, Germany  
• Procter & Gamble, USA  
 
 
Service Suppliers 
• Accugenix, USA & Germany (3 MALDIs)  
• MIDI Labs, USA  
• Eden Biodesign, UK  
• Quotient Bioresearch, UK  
• Confarma, France  
• Genematrix, South Korea  
• Biobeheer, NL 
 
 
 
 



Campylobacter sp. as example for the  
differentiation power of MALDI-TOF MS 
fingerprinting 

 

• 24 blinded isolates (Campylobacter and related bacteria) were tested 
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Strain ZC27 was identified as Helicobacter canis after adding its reference spectrum to 
the Bruker database.  



Campylobacter sp. as example for the  
differentiation power of MALDI-TOF MS 
fingerprinting 

Results  

• All isolates could be measured well by MALDI-TOF MS  

 

• 22 strains could be identified correctly as Campylobacter jejuni, C. coli, C. 
upsaliensis, C. helveticus, and Arcobacter butzleri, respectively  

 

• The remaining 2 isolates could not be identified initially because of lacking 
db reference entries.  

 After introduction of the reference spectra into the database they could 
 be identified as Campylobacter hyointestinalis and Helicobacter canis.  

 

• Even unexpected strains can be identified using a comprehensive reference 
database (Bacteroides uniformis from another set of tested suspected 
Campylobacter sp. isolates)  
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Salmonella sp. identification from XLD agar 
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Salmonella sp. identification from XLD agar 
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Bruker Daltonics MALDI Biotyper:  
Unquestionable identification regardless of culture medium, no significant differences in log (score) values.  

All supposed Salomella spp. colonies grown on selective media 
e.g. XLD, XLT4, Ramach have to be confirmed e.g by an 
agglutination test with Salmonella antisera.  
 
Doing this by MALDI-TOF fingerprinting has two main advantages:  
• saving of antisera (minimal costs of sample preparation and 

analysis)  
• very fast measurement with high reproducibility  
 



Differentiate between desired and unwanted 
contaminated lactic acid bacteria. 

• Out of 24 isolates investigated, 18 were reliably identified as different species 
from genus Lactobacillus (log(score) ≥ 2.0): L. fermentum (n=3), L. gasseri 
(n=2), L. crispatus (n=10), L. delbrueckii (n=3).  

 

• The remaining five isolates were identified as: L. fermentum (n=3) and L. 
jensenii (n=2) with a less reliable log(score) < 2.0.  

 

• One isolate was identified as Bacillus coagulans. All results were confirmed 
by 16S rRNA gene sequencing.  

 

• Data by: Alexandra Borovskaya, Elena Ilina, Vadim Govorun, Andrey 
Letarov, Alina Isaeva, Thomas Maier, Markus Kostrzewa; poster at the VAAM 
2009, Bochum, Germany  
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Pre-MALDI work flow map based 
 on Jan 1, 2011-Dec 31, 2011 

 



MALDI-TOF + FLOW STATE 

 

Average: 
26.55 Hours 



Identifying Micro-organisms for Food Safety 
 
 

• Identity Confirmation of micro-organisms is important to determine:  

• Risk level 

• Contamination source  

• Decontamination treatment 

• Comparison of contamations 
 

• Quick identification helps to: 

• Stop production / Close the source earlier=> Prevent further product 
contamination. 

• Accurate/earlier decontamination treatment. => Quickly pick-up production 
again. 

• Earlier recall of products => lower exposure.  
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MALDI Biotyper  
Direct result 

Direct reaction prevented additional deaths and prevented 
the further spread through cheese production. 
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MALDI Biotyper  
Options 



 
MALDI-TOF MS resistance detection 
 Functional assay for antibiotics-sensitivity testing 

• Mass shifts by metabolism of antibiotics can be monitored with 
the MALDI Biotyper! 

 

• Penicillins 
• Ampicillin, plus inhibition by clavulanic acid 
• Piperacillin, plus inhibition by tazobactam 

 

• 3rd generation Cephalosporins 
• Cefotaxime, plus inhibition by clavulanic acid 
• Ceftazidime, plus inhibition by clavulanic acid 

 

• Carbapenemes 
• Ertapenem, plus inhibition by APBA 
• Ertapenem, directly from positive blood culture 

+ 18 Da 

42 

- 44 Da 

December 19, 2014, WPU@bdal.de, Bruker confidential  

http://de.wikipedia.org/w/index.php?title=Datei:Lactamase_Application_V.1.svg&filetimestamp=20100817103939
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www.bdal.com 
www.maldibiotyper.com 



Product Authenticity Testing 
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Identification of Meat 
with the MALDI Biotyper 
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“Filamentous Fungi Consortium“ 

• >20 contributing laboratories (8 countries) 

 

• Goals: 

• reliability test of sample preparation 

• lab-to-lab reproducibility 

• collection of securely identified species 

 

• Project phase: 

• Established sample prep technique 

• Reproducibility test successfull (Six strains from three different genera, 
three different species within one genus, and two strains within one species; 
ten laboratories) 

• Data and sample exchange ongoing 

• Establishmênt of extended database  
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Modified liquid broth cultivation for 
library generation 
→ new cultivation recommendation 
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ID Filamentous Fungi - workflow 

1. Direct Transfer of “Front Mycelium“ (1 min) 

 if successful: ID is FINISHED 

2. Ethanol Extraction of “Front Mycelium“ (10 min) 
 
 if successful: ID is FINISHED 
 

3. Broth Cultivation & extraction  
   (approx. 1 additional day) 
 
ID is possible for agar adhering filamentous fungi 
ID is possible for fast sporulating fungi 
ID is possible for every kind of filamentous fungi 

 ALL matches against the SAME Filamentous Fungi DB 
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 Sample from agar plate vs Fungi DB 

(*1) (*2) 
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New Fungi Database 
 
45 genera, 129 species – 366 strains  
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Monitor unintended transportation 
of microbes by Ballast Water Analysis 
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MALDI-Biotyper as a tool for 
polyphasic taxonomy approaches 
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Dereplication of identical isolates 

• Even if an environmental isolate 
is not in the library, the 
MALDI Biotyper taxonomy tree 
can find identical species. 
 

• Sequencing efforts are reduced. 
 

• Large environmental studies are 
manageable and cost-effective. 
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Analysis o difficult organisms, 
like the algae Prototheca 
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MALDI-TOF MS for subtyping 
and epidemolgy 

Streptococcus equi subspecies: 

 

S. equi subsp. zooepidemicus – commensal, opportunistic pathogen 

 

S. equi subsp. equi – virulent, dangerous infection (“strangles“) 

 

Can the subspecies be differentiated by MALDI Biotyper analysis? 

 

• MALDI Biotyper analysis of 10 strains (6 S. equi equi, 4 S. equi 

zooepidemicus) from national veterinary institute of Sweden (SVA): 

 

• Spectra are very similar, high log(scores) in matches between 

subspecies (>2.4!) 
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S. equi equi 

S. equi zooep. 

S. equi equi S. equi zooep. 

- very homogenous group 

- much more heterogenous 

red/high similarity, blue/low similarity 

Clear dissimilarity! 

Correlation analysis 
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