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Direct infusion electrospray ionization mass spectrometry (DIES-MS) of crude bacterial extracts is a
rapid method that can be used to characterize microbial cells. Phospholipids, metabolites, and pro-
teins can be detected rapidly with minimal sample preparation. However, several factors influence
the detection of signals in such high-throughput analyses. We studied the influence of solvent con-
ditions, including the organic content and pH of the solvent, on the extraction and subsequent
detection of signals in DIES-MS, with a view to improving the detection of protein signals. Unfrac-
tionated cell extracts from three strains of the Gram-negative Escherichia coli (including one encod-
ing a recombinant green fluorescence protein), and the Gram-positive Bacillus sphaericus and B.
subtilis were investigated. Both pH and the organic content of the solvent were found to influence
the spectral information as observed from principal component analysis of the spectral data. A
polar solvent with higher organic content resulted in the extraction of phospholipids that overtly
dominate the spectral information. Decreasing the organic content of the extraction solvent resulted
in the improved detection of protein peaks. Altering the pH of the extraction solvent resulted in
different protein profiles from the same bacterium, as observed after spectral deconvolution. In
addition, the protein profiles were also different when using different organic solvents. Spectral
deconvolution showed several protein peaks that had mass-based homology with those in protein
databases for the (sequenced) organisms studied. These results suggest that a combination of sol-
vent conditions can be used to generate protein profiles rapidly that when combined can provide

additional valuable proteomic information. Copyright © 2005 John Wiley & Sons, Ltd.

In the post-genome era, analysis at the level of proteomes and
metabolomes is increasing in importance as we strive to
understand the link between genomic information and cellu-
lar activities (phenotype). Techniques that can assist in, and
thereby enhance, the fundamental characterization of micro-
organisms at the proteomic and the metabolomic levels are
highly desirable for functional genomic investigations. For
applications such as the detection of biohazards in food and
the environment, for medical diagnosis, and for the screening
of biotechnologically relevant products, techniques that gen-
erate rapid and reproducible (bio)chemical information are
essential. Soft ionization mass spectrometric techniques
such as electrospray ionization (ES) and matrix-assisted laser
desorption/ionization (MALDI) mass spectrometry (MS)
have the potential to generate information-rich mass spectra,
especially of (sub-)proteomes, from microbial cells and crude
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cell extracts' ~® that can be useful for rapid microbial charac-
terizations.

In particular, it has been shown that information-rich mass
spectra can be obtained by directly infusing crude cell
extracts in ES-MS.° However, it has been noted that
phospholipids appear to dominate the spectra, although
proteins, metabolites and other molecular species can also be
detected.® Proteins form a major part of bacterial cell content.
Proteomic information is complex and diverse with con-
siderable physiological and discriminatory importance in
microbial characterizations. Increasing the proteomic infor-
mation content in ES-MS of crude cell extracts would enable
greater utility of such analyses in microbial characterizations.

MALDI-MS is routinely used in proteomic investigations
and is being widely investigated for rapid microbial
characterizations, given the ease of sample preparation,
especially with whole cell MALDI-MS.>*>”® However,
mass accuracy in MALDI-MS, especially with proteins over
10kDa, is often poor or insufficient for unambiguous
database matching where initial predictions are based on
mass alone. In contrast, ES-MS is characterized by multiple
charge states resulting in multiple peaks for a given protein,
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which, because lower mass-to-charge ratios are used (typi-
cally m/z 200-2000 as used here), enables a more accurate
mass to be predicted for a given protein. ES-MS would
therefore be more useful in investigations involving database
matches, compared to MALDI-MS.

The magnitude and detectability of signals in ES-MS is
influenced by many factors, which can affect the extraction
and/or effective ionization and subsequent detection of the
analytes. Factors such as analyte concentration, solvents, pH
and ionic strength of the medium and instrumental para-
meters are known to influence ES-MS signals.9 For proteins,
some of these factors are known to influence the intensity as
well as the charge-state distribution (CSD) of the protein
peaks, even when the proteins are analyzed in isolation.” "'
Furthermore, solvent- and pH-induced unfolding of proteins
can determine the CSD,'>~* as will inter- and intramolecular
interactions in folded proteins.'® It has been argued that the
conformation of the protein in solution and not its charge
state is more important in determining the CSD.'® Instru-
mental settings in ES-MS can influence analysis of protein
mixtures.'”'® Crude cell extracts will contain proteins and
peptides in a complex milieu, along with other molecular
species, including metabolites that are non-covalently asso-
ciated with proteins. In such mixtures, matrix effects can play
arole, as is known for protein mixtures.!*?°

The objective of this investigation was to study the
influence of solvent conditions on the ES mass spectra of
crude bacterial cell extracts. In particular, we sought to
investigate the influence of the organic content and the pH of
the extraction solvent, and to assess the possibility of
improving the spectral information with respect to protein
peaks. This would enable the detection of protein signals that
would be potentially useful in microbial characterizations.
The influence of organic content and pH of the solvent was
studied using a commonly employed solvent mixture,
namely aqueous acidic acetonitrile. To minimize the dom-
inance of phospholipids and enhance the protein signals,
hexane and Folch extractions were investigated. Mixtures of
chloroform, methanol, and aqueous organic acid in
different volumetric ratios of chloroform and methanol
were also studied. Finally, the deconvoluted protein peaks
detected were matched by database search to derive
proteomic information that could be useful for microbial
characterizations.

EXPERIMENTAL

Bacterial strains
The following bacterial strains were used in the study: E. coli
K12 MG1655, UB5201, J]M109 (pUC18) (a recombinant strain
that overexpresses the green fluorescent protein (GFP), from
the lac promoter), B. sphaericus DSM28, and B. subtilis 168.
All bacterial strains, except E. coli JM109 (pUC18), were
cultivated axenically on LabM blood agar base (Media and
Consumables Suppliers, Bury, Manchester, UK) plates with-
out blood, at 37°C, for 16 h. E. coli J]M109 (pUC18) was grown
in Luria-Bertani agar, containing 50 ug/mL ampicillin for
selection. Vegetative cells were carefully harvested using
sterile plastic loops and resuspended in water (HPLC-grade,
Fisher Scientific, Leicestershire, UK), after washing them
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twice. An aliquot of the bacterial suspension was then added
to the appropriate solvent to give a final dry cell concentra-
tion of 0.5-1 pg/pL. The mixture was vortex-mixed for 30s
and centrifuged (17000 g, 3 min). The supernatant was then
directly infused into the ES mass spectrometer, either using a
Hamilton syringe at a flow rate of 5uL/min (DIES-MS),
or using the flow injection mode® using the autosampler of a
Waters 2790 (Waters Corp., Milford, MA, USA) liquid
chromatography separation unit (without the column), at a
flow rate of 30 uL/min (FIES-MS).

Mass spectrometry

This was carried out using a Micromass QToF mass spectro-
meter, supplied by Waters Ltd. (Wythenshawe, Manchester,
UK). Spectra were acquired in both the positive and the nega-
tive ion modes. In the positive ion mode, the mass spectro-
meter was operated at a capillary voltage of 3200V, with a
cone potential of 30V (sample cone at 40V and extraction
cone at 10V). The source and desolvation temperatures
were maintained at 80 and 150°C, respectively, while the des-
olvation and nebulizer gas flow rates were kept at 375 and
20 L/, respectively. In the negative ion mode, the capillary
voltage was set at 2000V, while the other parameters were
kept the same as for the positive ion mode. The ions were ana-
lyzed using the reflectron time-of flight (TOF) analyzer, and
the mass range was set to m/z 200—2000. Before acquiring the
bacterial spectra, the instrument was calibrated using sodium
trifluoroacetate® such that nominal mass measurement was
achieved over the entire mass range (1/z 200—2000). The mass
spectral data was imported into MATLAB (The Math Works,
Natick, MA, USA), where the spectra were normalized to
total ion counts. Principal components analysis (PCA) was
then performed on the data using the NIPALS algorithm.
Spectral deconvolutions were carried out using the maxi-
mum entropy routine (MaxEnt) of MassLynx (version 3.5).

Preparation of crude bacterial extracts

The crude bacterial extracts were prepared using the solvent
systems listed in Table 1. A mixture of acetonitrile (ACN) and
water at different organic to aqueous ratios, and with pH ran-
ging from 1-10, adjusted using formic acid (FA) or 5% aqu-
eous ammonia, was used to study the influence of pH and
organic content on the spectral information. The influence
of non-polar extractants was investigated using Folch
(chloroform/methanol 2:1) or hexane extractions. The influ-
ence of chloroform and methanol at varying ratios was also
investigated.

RESULTS AND DISCUSSION

Influence of pH and organic content

A combination of acetonitrile and an aqueous organic acid
(such as formic or acetic acid) is a standard solvent that is
known to have good electrospray properties® and has been
widely employed by the ES-MS research community. The
same solvent has been shown to be valuable in microbial
characterizations, in particular for obtaining crude cell
extracts that can be infused directly into a ES-MS system for
deriving discriminatory information.®* In these latter stu-
dies, it was noted that the spectral information could be influ-
enced by the composition of the solvent used. In order to gain
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Table 1. Solvent systems used in the bacterial extractions

Volumetric ratios

Aqueous organic Identifier
Solvent system (ACN) pH  inTable2
Aqueous ACN 2:1 1.10 01A
containing FA 1:1 0.90 01B
or 5% ammonia 1:2 0.98 01C
2:1 2.01 02A
1:1 2.02 02B
1:2 2.01 02C
3:1 3.04 03A
1:1 3.34 03B
1:3 3.46 03C
2:1 4.80 04A
1:1 4.80 04B
1:2 4.60 04C
2:1 7.27 05A
1:1 7.05 05B
1:2 7.17 05C
2:1 8.04 06A
1:1 7.85 06B
1:2 7.98 06C
2:1 8.96 07A
1:1 9.10 07B
1:2 8.91 07C
2:1 9.94 08A
1:1 10.02 08B
1:2 9.98 08C
Aqueous ACN 1% FA/ACN 1:1 9
containing 1% FA
Aqueous ACN 1% FA/ACN 1:1, 10

containing 1% FA,
followed by hexane
extraction

followed by
extraction of
supernatant with
2 volumes of hexane
1% FA/ACN 11
1:1, followed

Aqueous ACN
containing 1% FA,

followed by Folsch by extraction of
extraction supernatant
with equal volume
of CHCl;/MeOH
2:1
A mixture of CHCl3, CHCl;/MeOH/FA
MeOH and 1% FA
3:1:1 12A
2:1:1 12B
1:1:1 12C
1:2:1 12D
1:3:1 12E

a better insight, three solvent compositions of aqueous aceto-
nitrile with aqueous-to-organic ratios of 1:1, 1:2, 2:1, at pHs
ranging from 1-10, adjusted using 17% formic acid or 5%
ammonia, were assessed. The solvent conditions tested are
summarized in Table 1. The study was carried out on two
strains of the Gram-negative bacterium E. coli (K12 and
UB5201) and one strain each of the Gram-positive bacteria
B. subtilis and B. sphaericus.

The spectral information obtained from the 24 solvent
conditions (01A-08C) for the four bacterial strains can be
assessed together in principal components (PC) space. PCA
models the variation in the sample set. A plot of the first two
PC scores for the tested conditions in the positive ion mode
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(Fig. 1(a)) reveals that there is considerable variation in the
spectral information that can be attributed to solvent
conditions. The two Gram-negative E. coli strains (prefixed
U and K for UB5201 and K12, respectively) are distributed
along PC1, which accounts for 68% of the variance, and the
Gram-positive B. sphaericus strain along PC2 (prefixed S),
which accounts for 10% of the variance. Most notably, the
spread can be accounted for by the organic content of the
solvent used, as clearly observed for E. coli. The spectral
information for E. coli, obtained using a solvent with higher
organic content (suffixed c), can be seen to cluster away from
that of the intermediate (suffixed b) and lower (suffixed a)
organic content. The first two PC loadings (Fig. 1(a), B) show
that changes in the phospholipid region (peaks between m/z
500-750 and 1300-1500) that are characteristic for E. coli and
B. sphaericus, respectively, contribute to the discrimination to
a significant extent.

The influence of solvent conditions and how it masks the
difference due to biology is clearer when the spectral
information for the two E. coli strains are analyzed separately
(Fig. 1(b)). A plot of PC1 against PC2 reveals that the
separation along PC1, which explains 75% of the variance, is
due to the organic content (less organic—suffix a—having
negative scores and more organic—suffix c—positive scores).
The spread along PC2, which explains 8% of the variance,
appears to be due to a combination of pH and organic content.
PC3, which explains only 6% of the variance, appears to be
due to differences in the biology as the two strains are
separated in the plot of PC1 against PC3 (Fig. 1(b)). An
inspection of the PC loadings reveals that variations in the
phospholipid signals are modeled in the first PC, suggesting
that changes in the organic content affect the detection of
phospholipids. The second PC loading reveals that the
discrimination due to a combination of pH and organic
content affects the region (m/z 750-1200) where protein
signals for the E. coli strains were detected.® Differences in the
phospholipid region that is attributable to one or the other
strain show up only in the third PC loading (where the
positive part of the spectrum corresponds to information due
to E. coli K12 (K) and the negative part to that due to E. coli
UB5201 (U)). Similar observations, albeit less pronounced,
were also made in the negative ion mode.

In order to understand these observations, it was necessary
to study the bacterial spectra under the different conditions.
Figure 2 illustrates the influence of the organic content for E.
coli K12, at pH 2. The difference in the spectral patterns is
clearly discernible. Using a solvent with a higher organic
content results in the extraction of phospholipids (peaks
between m/z 500—750 and 1300-1500), which dominate the
spectral information, as reported earlier.® As the organic
content of the solvent is decreased, the phospholipid signals
are suppressed and protein peaks begin to appear.

Similarly, the influence of pH of the extraction solvent on
the mass spectral information is illustrated in Fig. 3, for
B. sphaericus DSM28, using a solvent with an aqueous-to-
organic ratio of 1:1. The most prominent difference that is
seen is with respect to peaks attributable to proteins. The
MaxEnt-deconvoluted spectra show that different proteins
can be extracted at higher pH as compared to lower pH. At
low pH, the protein peak that dominates the spectral
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Figure 1. (a) The overall influence of solvent conditions on the DIES mass spectra for the four
bacteria. Principal component analysis (PCA) was carried out on the spectral information and the first
two PC scores are plotted for the samples for analysis in the positive ion mode (A). The corresponding
PC loadings are plotted alongside (B). The three parameters, bacterium, solvent pH, and organic
content, are projected in the identifiers as follows: the first letter in capitals indicates the bacterium (K—
E. coli K12, U-E. coli UB5201, B—B. subtilis, S—B. sphaericus); the second identifier is a number
indicating the solvent pH (as per the numbers in the identifier column in Table 1); the third is a lower
case letter indicating the organic content (aqueous/organic 2:1 (a), 1:1 (b), 1:2 (c)). (b) The influence of
solvent conditions on the DIES mass spectra of the two E. coli strains analyzed separately. PCA was
carried out on the spectral information acquired in the positive ion mode and the scores plots (PC1 vs.
PC2 and PC1 vs. PC3) are shown (A), with the corresponding three loadings plotted alongside (B). The

identifiers are the same as in (a).

information has a mass of 30.7kDa. We had previously
reportecl23 that this is likely to be due to S layer surface
proteins. However, at a high pH (10), two other proteins of
mass 7.3 and 12.5kDa appear to dominate the spectral
information.

The solvent used can influence two main stages in the
overall process. The first stage is the extraction of the cellular

Copyright © 2005 John Wiley & Sons, Ltd.

proteins into the solvent medium, and the second is the
electrospray of the extracted proteins into the gas phase for
analysis (consisting of both ionization and desolvation steps).
The difference in the proteins detected could be due to
differences in either or both of these stages under the different
conditions. The phospholipid signals (peaks between mi/z
500-750 and 1300-1500) still appear to dominate the overall
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Figure 2. Influence of solvent organic content on the spectral information. DIES positive ion mass
spectra of E. coli K12 cells extracted using a solvent at pH 2, with aqueous (1% formic acid) to
organic (acetonitrile) volumetric ratios of 2:1, 1:1 and 1:2. The (maximum entropy) deconvoluted

spectra are shown in the inset.

spectral information even at a pH of 10, indicating that these
molecules are readily extracted and protonated in a solvent
that has an aqueous-to-organic ratio of 1:1, and are not
significantly influenced by changes in the pH of the extraction
solvent. However, they do not appear to get readily extracted
in a solvent that is very polar (>1/3 aqueous), as shown in
Fig. 2.

The dominance of phospholipid signals in the DIES mass
spectra from solvent extractions that contain a higher organic
content can be attributed to the surface-active nature of these
analytes. Phospholipids are highly surface active, composed
of long chains of fatty acids that give them a hydrophobic
character, and a relatively small polar head group that is
hydrophilic in nature. Under the ES conditions charge is
stabilized in such analytes, as has been demonstrated by Enke
and coworkers,>*"?” who show that analytes with high
surface activity are more likely to sequester available charge.
Although phospholipids have been detected in DIES-
MS,?83! this has been in extractions using less polar solvents,
usually chlororfom/methanol mixtures. Their spectral dom-
inance even in a relatively more polar solvent such as
aqueous acidic acetonitrile, as reported here and earlier,’ is
remarkable and can be attributed to the amphipathic nature
of the analyte, which possibly helps in forming stable micelles
that in more polar solvents have their hydrophobic regions
facing inwards with the polar head groups on the surface for

Copyright © 2005 John Wiley & Sons, Ltd.

sequestering available charge, under the electrospray condi-
tions.

Differences in the type of phospholipid extracted (reflected
in the m/z value), and their relative abundances (changes in
the relative intensities), can contribute strongly to the
discrimination between the bacterial strains. Although
phospholipids can be used for microbial discrimination,
proteins tend to be more diverse and can be useful in
providing additional, if not more selective, information for
discrimination and hence identification purposes. However,
since the signal from the proteins is not as strong as that from
the phospholipids, this important information may be lost
using a solvent with a higher organic content. Therefore,
employing a solvent with lower organic content may allow
for the detection of proteins once the overlapping charge
distributions are deconvoluted.

Enhancement of protein signals

Due to their amphipathic nature, it was reasoned that phos-
pholipids could be trapped in the aqueous-non polar inter-
face, if a non-polar solvent that is suitable for extracting
lipids were used subsequent to the microbial extraction.
The phospholipids will thus be trapped in the solvent inter-
face if not completely extracted into the non-aqueous
phase. Thus, acidic acetonitrile extractions containing aqu-
eous-to-organic ratios of 1:1 were further rapidly extracted
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Figure 3. Influence of solvent pH on the spectral information. DIES positive ion mass spectra of B.

sphaericus cells extracted using a solvent with an aqueous (1% formic acid) to organic (acetonitrile)
ratio of 1:1, at pH 1, 3, 7 and 10. The (maximum entropy) deconvoluted spectra are shown in the inset.

(2min vortexing) with two volumes of hexane or an equal
volume of Folch extractant (2:1 chloroform/methanol)
(Table 1). The result of this extraction is illustrated in Fig. 4,
for strain E. coli JM109 (pUC18). Whilst the rapid hexane
extraction (Fig. 4(B)) does not seem to have a significant effect
(possibly due to the fact that water-immiscible solvents do
less damage to membranes>?), it is clear that a rapid extrac-
tion step with a Folch extractant (Fig. 4(C)) is effective in sup-
pressing the phospholipid signals, with a concomitant
enhancement of the protein peaks. Although MaxEnt-decon-
voluted peaks attributable to proteins are present in all three
spectra, suppression of the phospholipid signals in Fig. 4(C)
enhances the protein peaks and minimizes the uncertainty in
their subsequent deconvolutions.

It was then reasoned that, compared to the two-stage
extraction discussed above, a combination of both the polar
and the non-polar extraction steps into a single step would be
more rapid and effective. Accordingly, a solvent comprising
chloroform, methanol and an aqueous organic acid (1%
formic acid) was investigated at different volumetric ratios of
chloroform and methanol (Table 1). The result of the
investigation is shown for E. coli J]M109 in Fig. 5. Again, the
comparison shows clearly that the composition of the solvent
influences the spectral information significantly. A solvent
with high methanol content (C/M/F 1:3:1) (Fig. 5(A))
contains the phospholipid peaks that disappear onincreasing
the non-polar content of the solvent (Figs. 5(B)-5(E)). There is
also a discernible difference in peaks attributable to proteins.
This clearly demonstrates both that the solvent used for crude
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Figure 4. Enhancement of protein signals. DIES positive ion
mass spectra of E. coli JM109 (pUC18) cells extracted using
acidic acetonitrile (acetonitrile/1% formic acid 1:1, pH 2) (A),
followed by extraction with two volumes of hexane (B), or an
equal volume of Folsch extractant (2:1 chloroform/methanol)
(C) (as mentioned in Table 1). The (maximum entropy)
deconvoluted spectra are shown in the inset.
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Figure 5. DIES positive ion mass spectra of E. coliJM109 cells extracted using a mixture
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1:2:1, (C) 1:1:1, (D) 2:1:1, and (E) 3:1:1.

cell extractions influences mass spectra greatly, and that
optimizing the solvent plays an important role in
providing sufficient information for rapid microbial char-
acterizations.

Proteomic interpretations
Since different analytes are preferentially observed under
different solvent conditions, it would be useful to combine
this information to obtain a more comprehensive picture
that would be even more valuable for rapid analysis. The
deconvoluted protein signals could clearly form the basis of
constructing (sub-)proteomic markers (several unique pro-
teins for a given microbial strain) for rapid microbial charac-
terizations. The type of information that can be extracted is
illustrated from the summary of prominent protein peaks
(MaxEnt-deconvoluted masses) detected using the different
solvent conditions that match proteins in databases (we
searched against SwissProt, TTEMBL, as shown in Table 2).
It can be seen from Table 2 that, when the spectral information
from all the solvent conditions tested is combined, several
protein peaks are observed for a given microorganism,
even with such crude sample preparations. Some of these
peaks have also been observed with MALDI-MS of whole
cells. 2478

The protein masses detected arise from different cellular
locations and have diverse functions. A majority of the
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proteins detected match those of cytosolic proteins in
proteomic databases. These include masses (Da) 7272, 9226,
9536, 10387, 12207, 15773 and 28475. Some of these masses
correspond to those of proteins expressed when the micro-
organism (E. coli) is under stress. For instance, the MaxEnt
mass at 7272 Da, which is also frequently encountered in
MALDI-MS of whole cells,*® could be the cold shock protein
(cspA) that is induced in response to low temperatures. It
could also be a component of the 50S ribosomal subunit.' The
MaxEnt masses at 9225 and 9535 Da (the latter reported in
MALDI-MS of whole cells?) could respectively be the alpha
and beta components of the histone-like DNA-binding
protein that prevents DNA denaturation under extreme
environmental conditions. The mass at 15773 Da encoun-
tered with E. coli J]M109 matches with that of the 16 kDa heat
shock protein A (15774 Da) that is produced in response to
heterologous protein expression in E. coli.*® Finally, the
recombinant E. coli JM109 strain that overexpresses GFP can
indeed be seen to produce this protein at 27 kDa and the f-
lactamase protein used as a selective marker is also observed
at 29kDa (Table 2).

MaxEnt masses matching those of proteins from the cell
surface could also be detected. For instance, the mass at
18565Da can be attributed to the protein transport
protein hofH or the FimA protein, both of which are
membrane anchored. There are also masses that are detected
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predominantly under one solvent condition but not with the
others. For instance, the protein masses 7889, 9565 and
12014 Da are detected in E. coli K12, when Folch extraction
(solvent condition 11) is employed, but were not apparent
with the other solvent conditions tested. Similarly, masses
7893 and 12 020 Da appear to be unique to solvent condition 9
(1% formic acid /acetonitrile 1:1).

Many of the masses detected in B. sphaericus do not seem to
have matches in the proteome database for this organism,
due to paucity of proteomic information in the databases for
this organism. These include the prominent signals of masses
(Da) 5612, 6729, 7105, 7322, 10975, 12499, 22050, and most
notably 30.7kDa that can be attributed to surface layer
proteins, as reported earlier.”> Although a majority of the
main masses observed for the three E. coli strains have
matches in the E. coli proteome database, some such as 6075,
8356 and 11219 Da, which were prominent signals, do not
appear to have a match. These could be modified proteins or
protein fragments. Of those that match for B. sphaericus,
notable is the weakly detected mass at 31.8 kDa that possibly
corresponds to the toxin Mtx2 that is toxic to mosquito larvae
and that is known to be produced by some strains of this
species.>*?°

For microorganisms for which information is available in
proteomic databases, database search will be useful in
narrowing the identity of the proteins detected. For others,
although the identity of the proteins is not apparent, unique
protein masses can be used as proteomic markers
that will find use in discriminating microorganisms or
different physiological states of a microorganism. For this
to be achievable it will be necessary to construct and maintain
a database of protein masses detected under different
experimental conditions. Where it is difficult to identify
proteins based solely on mass-based constraints, tandem
mass spectrometry can be used to assist in protein identifica-
tions.

CONCLUSIONS

The solvent used in DIES-MS of crude cell extracts has a sig-
nificant influence on the spectral information collected. When
using polar solvents in aqueous conditions, we have shown
that a lower organic content of the solvent enables better
detection of protein signals. Different protein profiles were
generated for the same bacterium by varying the solvent
pH. Phospholipid signals were also suppressed in preference
to protein signals using Folch extraction. The ratio of chloro-
form and methanol was also varied to generate different pro-
tein profiles for the same bacterium. Finally, we also
demonstrated that the deconvoluted protein peaks could be
matched to databases based on accurate mass information.
When combined for different solvent conditions we believe
that this approach will be valuable in microbial characteriza-
tions, especially with respect to rapid detection of protein
markers that is potentially useful for microbial identification
purposes and in proteomic investigations.

Copyright © 2005 John Wiley & Sons, Ltd.
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