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per shot) in repetitive measurements of all
spots. Measurements were done with HCCA
matrix in the positive linear mode. Calibration
was performed based on a set of eight
characteristic peaks of the complex standard.
Further 48 sample spots across the target

Several studies containing analyses of 48
samples across the target revealed mass
accuracies of each protein of at least ±600
ppm. In all cases, the resolution of each

Minimum requirements for the MALDI-
TOF microorganisms profiling procedure
were established using a dedicated
bacterial standard After introduction of

Clinical isolates derived from Children’s
Hospital of The King’s Daughters were
measured on a fourth instrument (ultraflex III)
optimized according to the described procedure
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Introduction
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MALDI-TOF MS profiling has been shown to be
a fast and reliable method for the classification
and identification of microorganisms. Thereby,
it is a promising tool for clinical diagnostic,
environmental and taxonomical research, or

Further, 48 sample spots across the target
were analyzed to control the success of
parameter optimization. Subsequently,
microorganisms from strain collections and
clinical routine were identified by pattern
matching against a reference database.

protein was higher than 250 (examples, see
Fig. 1 and Tab. 1). Next, mass spectra of two
different microorganisms (i.e. Proteus
myxofaciens, Halomonas cupida) were
acquired on microflex LT and ultraflex III,
respectively. The spectra were analyzed using
MALDI Biotyper software and a reference
database containing >1500 different microbial
species. Both microorganisms could be

bi l id tifi d i d d t f th

bacterial standard. After introduction of
the standardized parameter settings,
measurements of microorganisms (i.e.
clinical isolates) could be performed on
different instruments and the resulting
spectra could be identified using the
MALDI Biotyper software and database.
The secure identification of bacteria
independent from the used instrument

and analyzed using MALDI Biotyper (examples
in Table 2). A secure identification could be
performed. For Achromobacter, only the genus
could be determined (logScore lower than 2.0).
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(a) ultraflex III, Biotyper Standard
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Organism (best match) logScore Organism (second best match) logScore

Kluyvera georgiana DSM 9409 HAM 2.120 Kluyvera ascorbata DSM 4611 HAM 1.876

Enterococcus faecalis DSM 2570_DSM 2.622 Enterococcus faecalis DSM 6134_DSM 2.275

Enterobacter asburiae DSM 17506_DSM 2.046 Enterobacter cloacae ssp dissolvens DSM 16657 HAM 1.941

Pseudomonas stutzeri B367T ATCC 17588 UFL 2.237 Pseudomonas stutzeri DSM 5190 HAM 2.223

Morganella morganii ssp sibonii Mb19277_2 CHB 2.480 Morganella morganii ssp morganii 15284_1 CHB 2.281

Stenotrophomonas maltophilia (PX) 23086229 MLD 2.143 Pseudomonas geniculata LMG 2195 HAM 2.116

Achromobacter ruhlandii DSM 653_DSM 1.971 Achromobacter xylosoxidans ssp xylosoxidans DSM 6388_DSM 1.918

Haemophilus influenzae besSt30 THL 2.142 Haemophilus influenzae DSM 11121_DSM 2.111

Streptococcus agalactiae ATCC 27956 THL 2.517 Streptococcus agalactiae DSM 2134 DSM 2.156

Conclusions

environmental and taxonomical research, or
food processing quality control. For routine
utilization of the method, high quality
databases as well as accurate and reproducible
microorganism profile spectra measurements
are mandatory. Therefore, standardized
measurements on different mass
spectrometers have to be established. Here,
we present an optimization and
standardization procedure using a dedicated

unambiguously identified independent from the
choice of mass spectrometer (Fig. 2).

independent from the used instrument
indicates that the method has a high
potential to be introduced in clinical
microbiology.
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(b) autoflex II  TOF-TOF, Biotyper Standard
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(c) microflex LT, Biotyper Standard
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Fig. 1. MALDI-TOF MS spectra of a dedicated bacterial 
standard; measured on
(a) ultraflex III, (b) autoflex II TOF/TOF and (c) microflex LT Identification Results

Detected Species Score log Score
Proteus myxofaciens DSM 4482 DSM 266 2 425

(a) Proteus myxofaciens; microflex LT

Identification Results
Detected Species Score logScore
Proteus myxofaciens DSM 4482 HAM 390 2 591

(b) Proteus myxofaciens; ultraflex III

St eptococcus aga act ae CC 956 5 St eptococcus aga act ae S 3 _ S 56

Klebsiella pneumoniae ssp pneumoniae 9295_1 CHB 2.501 Klebsiella pneumoniae 37585 PFM 2.411

Bordetella bronchiseptica CCM 6047 CCM 2.139 Bordetella bronchiseptica CCM 6082 CCM 2.112

Pseudomonas aeruginosa 19955_1 CHB 2.501 Pseudomonas aeruginosa 8147_2_CHB 2.485

Table 2. MALDI-Biotyper classification results of several clinical 
isolates, which were measured on ultraflex III.
logScores >1.7 indicate genus ID, >2.0 indicate species ID 

Rough

A.

Methods

p g
standard that enables the tuning and precise
calibration of MALDI-TOF mass spectrometers
for microorganism identification using a
dedicated reference database.

• Development of a dedicated
bacterial standard for
establishment of minimum
parameter settings for MALDI-
TOF microorganisms profiling
procedure

• Identification of isolates from
clinical routine diagnostics using
Bi f d

An adopted standard was developed containing
an extract of E. coli and two additional

i i h f 4 17

43616953.442516953.734216953.716952.3 DaMyoglobin

46513683.735413683.630013683.413683.2 DaRNAseA

87810299.874710299.955010299.510300.1 DaRS19

8107274.37657274.35397274.57274.5 DaRL29

7426255.66566255.55206255.86255.4 DaRL33meth

6265381.76045381.75045381.65381.4 DaRL34

6075096.95595097.14445097.05096.8 DaRS22

4764365.04564364.94064364.94365.3 DaRL36

Resolutionm/zResolutionm/zResolutionm/z

microflex LTautoflex II TOF TOFultraflex IIIspecified massName
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2

3

Identification Results
Detected Species Score log Score
Halomonas cupida DSM 4740_DSM 318 2.502
Halomonas elongata B496_UFL 16 1.197
Rh d  h d ii B305 UFL 15 1 174

Proteus myxofaciens DSM 4482_DSM 266 2.425
Proteus myxofaciens DSM 4482_HAM 206 2.314
Proteus mirabilis 9482_2 CHB 44 1.644
Proteus hauseri DSM 30118_DSM 35 1.541
Proteus mirabilis DSM 46227_DSM 31 1.491

(c) Halomonas cupida; microflex LT

Proteus myxofaciens DSM 4482_HAM 390 2.591
Proteus myxofaciens DSM 4482_DSM 341 2.532
Proteus vulgaris DSM 2140_DSM 33 1.521
Proteus mirabilis DSM 18254_DSM 33 1.519
Proteus vulgaris DSM 13625_DSM 31 1.498

Identification Results
Detected Species Score logScore
Halomonas cupida DSM 4740_DSM 432 2.636
Rhodococcus rhodnii B305_UFL 22 1.336
Halomonas elongata B496 UFL 18 1 255

(d) Halomonas cupida; ultraflex III
Mucoid

B.

RoughMucoid

Biotyper software and a
reference database containing
more than 1500 different
microbial species

Table 1. Molecular masses and resolutions of eight 
characteristic peaks of the dedicated bacterial standard 
measured on ultraflex III, autoflex II TOF/TOF and microflex 
LT (spectra see Fig 1).

Fig. 2. Identification of Proteus myxofaciens (a, b) and 
Halomonas cupida (c, d) using the standard pattern matching 
method; spectra were acquired on microflex LT (a, c) or on 
ultraflex III (b, d). 

Microbial Analysis

proteins, covering the mass range from 4 to 17
kDa. Different MALDI-TOF instruments were
tuned using this microorganism standard to
reach minimum values for different
parameters, i.e. mass accuracy, resolution,
relative intensity, and signal intensity (counts

Rhodococcus rhodnii B305_UFL 15 1.174
Pseudomonas aeruginosa 8147_2_CHB 12 1.069
Pseudomonas aeruginosa ATCC 27853_CHB 12 1.061

Halomonas elongata B496_UFL 18 1.255
Lactobacillus vini DSM 20605T_DSM 18 1.247
Neisseria meningitidis Serogruppe_X_BRL 12 1.071 Fig. 3. Spectra from 22 Pseudomonas aeruginosa isolates from 

cystic fibrosis patients, extracts spotted in duplicate.
A. Isolates include 13 colonies of mucoid and 9 of rough 
morphology. Seven pairs of samples included both rough and 
mucoid  colonies cultured from the same donors.
B. Averaged spectra intensities of the 6000-6800 m/z range. 
Green is rough morphology, Red mucoid.


