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 Identification of microbial samples is important for food 
safety and agriculture.

 Traditional microbiological assays tend to be laborious, 
time intensive and can be subjective, requiring trained 
technicians.

 MALDI-TOF MS is a fast, easy and effective alternative 
for identification of microbial isolates.  This method has 
been validated against gold standard methods and is now 
FDA approved (2013) for clinical diagnostic applications 
for species level identification.

Introduction

Presenter
Presentation Notes
We all know that the identification of microorganisms is important for assuring the safety of our food.  This audience also likely knows well that traditional microbiological approaches to microorganism identification tend to be laborious, time intensive and can be subjective requiring trained technicians.  What I will talk to you about today is an alternative approach based on direct measurement of proteins using MALDI-TOF mass spectrometry.  This approach has been demonstrated to be fast, extremely easy to perform and effective as validated against the gold standard methods.  In 2013 it was approved by the FDA for use in clinical diagnostic applications for species level identification.
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 Overview of mass spectrometry (MS) and 
MALDI-TOF MS

 How we use MALDI-TOF MS to identify 
microorganisms at the species level.

 Advanced applications of MALDI-TOF MS for 
identification of strains and serotypes. 

Outline 

Presenter
Presentation Notes
I am going to start today with a general overview of mass spectrometry technology and talk specifically about what MALDI-TOF is and how it is different from other mass spectrometry approaches.  I will then go through the steps of how we use MALDI-TOF MS to identify microorganisms at the species level.  In the last portion of the presentation I will spend some time talking about advanced approaches that enable extension of the approach for identification at the strain and serotype level.
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Mass Spectrometry The Molecular Scale 

Adapted from "What is Mass Spectrometry?" by Chace and Sparkman, ASMS, 2005
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Presenter
Presentation Notes
At the most basic level a mass spectrometer can be described as a molecular scale.  A mixture of molecules is introduced into the mass spectrometer where the molecules are ionized and then separated based on their size.  The output is a mass spectrum where the x axis is mass/charge and the y-axis is intensity.  
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Mass Spectrometry:  How does it work?
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Parts of a Mass Spectrometer

Presenter
Presentation Notes
There are many types of mass spectrometers but they all are comprised of the same basic four parts.  First we must have a way to introduce the molecules into the system – this can be done in many different ways sometimes on liquid, gas or solid samples.  The ionization source is typically closely coupled with the inlet and describes the process where the molecules are given a charge either positive or negative which enables their detection.  Once the ions are charged they are separated in the mass analyzer based on their mass to charge ratio.  Mass analyzers are typically described in terms of their resolution which is directly correlated with the instrument mass accuracy.  The separated ions are detected in the detector.  The parts that typically define an instrument are the ionization source and the mass analyzer.
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MALDI-TOF Mass Spectrometry

Matrix
Assisted
Laser
Desorption
Ionization

Time
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Presenter
Presentation Notes
MALDI-TOF mass spectrometry is just one type of mass spectrometry instrument.  It stands for matrix assisted laser desorprtion ionization time of flight.  The MALDI part is the ionization step and the time of flight is the mass analyzer.  MALDI is an example of a solid state ionization.  In this process a sample is mixed with a matrix– this matrix is a UV absorbing compound typically a small organic acid.  The mixture is allow to co-crystalize on a solid target plate.  Once it is dry the target is inserted into the instrument under high vaccum conditions.  Inside the instrument the cocrystalized sample is hit with the UV laser which causes both the sample and the matrix molecules to desorb from the surface. The matrix ions absorb the laser energy and kind of carry the sample molecules along into the gas phase.  Charge transfer occurs in the gas phase which results in 
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MALDI-TOF Mass Spectrometry

Matrix
Assisted
Laser
Desorption
Ionization

Time
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Flight

KE = 1/2mv2

m = 2KE/v2

Figure adapted from Bruker Daltonics
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Microorganism Identification
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Presenter
Presentation Notes
The unique ribosomal proteins are abundantly present in living microorganisms, do not change under influence of growth conditions, and ionize & fly very well in MALDI-TOF: ROBUST method using proteomic fingerprintFrom Wikipedia:The ribosome is a complex molecular machine found within all living cells, that serves as the site of biological protein synthesis (translation). Ribosomes link amino acids together in the order specified by messenger RNA (mRNA) molecules. 
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Step 1.

Colony picked from 

culture plate

Microorganism Identification 

Presenter
Presentation Notes
The science of microorganism identification exists in several different iterations amongst MALDI-TOF manufacturers. In our laboratory we utilize the Biotyper system setup and maintained by Bruker Daltonics. At its core, there are 5 basic steps in performing a Biotyper experiement. 	1. The first step is controlled growth of a yeast or bacterium culture – from a brewery this could be a culture from a sample of pitching yeast or if 	contamination is suspected, a culture of the spoiled beer. 	2. From a single colony the Protein is extracted and the sample spotted onto a stainless steel target plate. 	3. The target plate is inserted into the MALDI instrument and the Biotyper program is initiated.96 samples can be analyzed in about an hour.
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Step 2.

Transfer colony to 

target and add 1µL of 

matrix

Microorganism Identification

Presenter
Presentation Notes
The science of microorganism identification exists in several different iterations amongst MALDI-TOF manufacturers. In our laboratory we utilize the Biotyper system setup and maintained by Bruker Daltonics. At its core, there are 5 basic steps in performing a Biotyper experiement. 	1. The first step is controlled growth of a yeast or bacterium culture – from a brewery this could be a culture from a sample of pitching yeast or if 	contamination is suspected, a culture of the spoiled beer. 	2. From a single colony the Protein is extracted and the sample spotted onto a stainless steel target plate. 	3. The target plate is inserted into the MALDI instrument and the Biotyper program is initiated.96 samples can be analyzed in about an hour.
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Step 3.

Acquire spectral fingerprint 

using automated 

acquisition.  

Real time search against 

spectral library (~2500 

different species)

Microorganism Identification

43
64

.0
6

53
80

.6
4

62
54

.6
4

63
15

.4
9

50
96

.0
1

71
57

.6
5

72
73

.8
7

64
10

.9
0

78
70

.6
2

83
68

.9
9

0

1000

2000

3000

4000

5000

In
te

ns
. [

a.
u.

]

4000 4500 5000 5500 6000 6500 7000 7500 8000
m/z

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

Presenter
Presentation Notes
The science of microorganism identification exists in several different iterations amongst MALDI-TOF manufacturers. In our laboratory we utilize the Biotyper system setup and maintained by Bruker Daltonics. At its core, there are 5 basic steps in performing a Biotyper experiement. 	1. The first step is controlled growth of a yeast or bacterium culture – from a brewery this could be a culture from a sample of pitching yeast or if 	contamination is suspected, a culture of the spoiled beer. 	2. From a single colony the Protein is extracted and the sample spotted onto a stainless steel target plate. 	3. The target plate is inserted into the MALDI instrument and the Biotyper program is initiated.96 samples can be analyzed in about an hour.
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 Proven to be as accurate as gold standard methods

 Significant cost savings (time, reagent costs, technical 

expertise, etc.)

 FDA approved for clinical diagnostics (species level only)

Microorganism Identification

Presenter
Presentation Notes
The science of microorganism identification exists in several different iterations amongst MALDI-TOF manufacturers. In our laboratory we utilize the Biotyper system setup and maintained by Bruker Daltonics. At its core, there are 5 basic steps in performing a Biotyper experiement. 	1. The first step is controlled growth of a yeast or bacterium culture – from a brewery this could be a culture from a sample of pitching yeast or if 	contamination is suspected, a culture of the spoiled beer. 	2. From a single colony the Protein is extracted and the sample spotted onto a stainless steel target plate. 	3. The target plate is inserted into the MALDI instrument and the Biotyper program is initiated.96 samples can be analyzed in about an hour.



Proteomics and 
Metabolomics Facility

 Many subtypes within a species – result of minor genetic 

variation but greatly influence virulence.

 Often not resolved by 16S rRNA sequencing – require higher 

resolution genomic approaches.

 MALDI-TOF spectra of subtypes are highly similar and not 

resolved using commercial informatics approaches.

 Biomarkers

 Chemometrics and Predictive modeling

Microorganism Identification – Subtyping

Presenter
Presentation Notes
The science of microorganism identification exists in several different iterations amongst MALDI-TOF manufacturers. In our laboratory we utilize the Biotyper system setup and maintained by Bruker Daltonics. At its core, there are 5 basic steps in performing a Biotyper experiement. 	1. The first step is controlled growth of a yeast or bacterium culture – from a brewery this could be a culture from a sample of pitching yeast or if 	contamination is suspected, a culture of the spoiled beer. 	2. From a single colony the Protein is extracted and the sample spotted onto a stainless steel target plate. 	3. The target plate is inserted into the MALDI instrument and the Biotyper program is initiated.96 samples can be analyzed in about an hour.
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Microorganism Identification – Subtyping
Biomarker Example:  methicillin-resistant Staphylococcus 

aureus (MRSA) subtype

 Characterized by production of specific toxin, phenol-soluble moduline
(PMS-mec)  shows up as a peak in the MALDI-TOF spectrum.

 Detection of PMS-mec indicates +MRS; Absence of PMS-mec is 
inconclusive

Advantages

• High specificity/accuracy

• Easy and fast

Disadvantages

• Significant development/discovery 

• Unique biomarkers may not exist for 
every subtype

Presenter
Presentation Notes
Important in the context of antibiotic resistanceOne approach to differentiate subtypes by MALDI-TOF MS is to identify unique biomarker peaks.  For example, this approach has been recently demonstrated for the identification of a methicillin-resistant Staphylococcus aureus (MRSA) subtype characterized by the production of a specific toxin, phenol-soluble moduline (PMS-mec).  While this approach can be successful, initial biomarker discovery and validation requires significant research and development and biomarker databases are highly specific to the species of interest. Furthermore, the likelihood of unique biomarker peaks for each subtype decreases as the number of subtypes increases.
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Journal of the American Society for Mass Spectrometry, 2017

Chemometrics Example – strain typing of Xanthomonas
axonopodis (plant bacterial pathogen)

Microorganism Identification – Subtyping

Presenter
Presentation Notes
Three examples illustrate mass features of unique presence (b), unique absence(c), and differential abundance (d) for three strains. The examples display five representative spectra for each strain, and the spectra for the discriminatory strain are shown in red.
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Chemometrics and Predictive Modeling

Sindt NM, Robison F, Brick MA, Schwartz HF, Heuberger AL, 
Prenni JE, Journal of the American Society for Mass Spectrometry, 2017

Performance = correct 
classification of test set

Microorganism Identification – Subtyping

6 colonies sampled for 
each of the 32 strains

Partial Least Squares 
Discriminate Analysis 
(PLS-DA)

x6

Presenter
Presentation Notes
Schematics of the MALDI PLS-DA classification workflow. X. axonopodis colonies (n=6) were picked and spotted in analytical replicates (n=4) for each of the 32 strains. MALDI-MS spectra from each strain were randomly assigned to a model set (75% of spectra) or test sets (25%). Model and test datasets were preprocessed independently to eliminate alignment biases in the test data using the MALDIquantpackage in R [1]. Parameter tuning was performed by assessing model performance at various signal-to-noise and mass filter settings and across five iterations of re-randomization using SIMCA software (v. 14.0). The performances of the models were determined by the percent correct classification of spectra in the test set 
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Journal of the American Society for Mass Spectrometry, 2017

Microorganism Identification – Subtyping

83% 92%

Classification Performance

Prediction Score (0-1)

Individual replicates “Rolled-up”

Presenter
Presentation Notes
Classification performance of PLS-DA model at s/n=3, Mass Filter=0.7 and utility of the rolled up MDR. Initial validation of the model is performed by assessing the percent of spectra in the test set correctly predicted by the model based on the Maximum Decision Rule (MDR).  Test spectra receive a Ypred score between 0 and 1 for each class (strain) in the model, where scores closer to 1 indicate a good fit to that strain within the model. (a) A heatmap of the raw Ypred scores for n test spectra and k strains creates an n x k matrix where 100% correct classification of the test spectra (y axis) follows the diagonal. (b) The rolled-up MDR (ruMDR) heatmap summarizes the Ypred matrix by accounting for replicate spectra in the test set and creating a proportion of replicates within each strain predicted to each class. ruMDR improves classification sensitivity over MDR for the full dataset from 83% to 92% for five random iterations of model and test data.
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Salmonella Serotypes

Microorganism Identification – Subtyping
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 MALDI-TOF MS is a fast, easy, and effective tool based on chemical 
fingerprints for microbial identification.

 Current commercial workflows enable species level identification.

 We have successfully demonstrated a novel chemometrics predictive 
modeling approach for strain typing of an important plant bacterial 
pathogen.

 Future work will evaluate robustness across laboratories and 
extension to other important questions such as serotyping (e.g. 
salmonella) and drug resistance.  

Microorganism Identification by MALDI-TOF MS 
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