
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Quantitative proteomics of food pathogenic Bacilli - a quest for biomarkers

Stelder, S.K.

Publication date
2016
Document Version
Final published version

Link to publication

Citation for published version (APA):
Stelder, S. K. (2016). Quantitative proteomics of food pathogenic Bacilli - a quest for
biomarkers. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/quantitative-proteomics-of-food-pathogenic-bacilli--a-quest-for-biomarkers(2292bccb-4eae-4cea-ae99-2b674e131fe0).html


75

Chapter 6 – Contributions and
recommendations
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CHAPTER 6

Considering the knowledge obtained and methods developed as described in this
thesis a number of research lines may be further pursued in the future.

Analysis of Bacillus weihenstephanensis spores

Chapter 2 describes the sequencing and annotation of the type strain of Bacillus
weihenstephanensis. As a result genetic manipulation and analysis of the proteome
of B. weihenstephanensis was enabled. Though it has a high similarity to B. cereus
when it is in its spore form, its vegetative state compounds an increased risk 
of food infection due to its ability to grow at refrigerated temperatures. In
the interest of food safety, expanding the scope of spore research to include
this species could pave the way for distinguishing between these species in
microbiological testing.

Interestingly, the CDGS medium83 designed for B. cereus
supporting growth and promoting sporulation. Hence, the most pressing issue is

spore proteome of B. weihenstephanensis
the effect of sporulation temperature on the protein content of the spore was
determined. Though not focussed on the proteome, similar studies have been
done on Bacillus cereus.36,170 In order to make a direct comparison use of similar 
sporulation conditions for both species would be required.

Method adjustments

The qualitative proteomics approach described in Chapter 3 and the quantitative
approach described in Chapters 4 and 5 relied on splitting the spore proteome
into a soluble and an insoluble fraction.81 To get a complete picture of the spore, 
analysis of both fractions is required but there is a difference in downstream
processing. The result is a quantitative disconnect between these fractions which

had been working on the development of a one-pot approach which retains both
soluble and insoluble fraction in a single digest. After disintegration of the spore
through bead beating, SDS-extraction is performed in the same vial to chemically
open up the spores even further. At this point normally the solubilised proteins
in the supernatant would be removed as the soluble fraction while the remaining
pellet material would be washed and dried to form the insoluble fraction. In
the one-pot approach, digestion is performed in the same vial as where bead
beating occurs. Though this may result in a more complex proteome, the
quantitative relation between soluble and insoluble fraction is maintained. Though
at this point the method was not yet at a level which would make it usable for 
QconCAT analyses it holds great promise in more accurately representing the
entire spore proteome.

Expanding the quantitative analysis of spores

As elaborated in Chapter 4, the QconCAT methodology allows for absolute

chosen did not include several proteins of interest due to their absence from
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some reason not quantotypic.79 To further our understanding of the spore’s 

would be imperative. Prime candidates include but are not limited to structural
proteins SpoVID and SpoIVA, as well as the lytic enzyme CwlJ as mentioned in
Chapter 4. But also CotX2, CotY1, CotY2 and BC_0996 which appeared to be

data. To be able to quantify these proteins, the QconCAT method may need to
be supplemented with AQUA (Chapter 1) to bypass the strict requirements of 
quantotypic peptides which may be included in a QconCAT.79

The QconCAT methodology described in Chapter 4 and 5 has so far been
applied to spores made using the same sporulation conditions. As the spore
proteome varies with the sporulation conditions used, as shown in Chapter 3, it
would be interesting to study the effect of sporulation conditions quantitatively
as it gives an indication of the robustness of the spore proteome. Perhaps
differential abundance of particular proteins may be linked to differences in spore
resistance characteristics. The robustness of CotB1 and CotB2 of B. cereus is of 
particular interest as CotB is shown to be sporulation temperature dependent
for its inclusion in spores of B. weihenstephanensis (Chapter 3). As they appear to 
be attractive biomarkers (see below) the robustness of their inclusion in spores
is of crucial importance for their potential use in developing detection methods.

Combining the QconCAT strategy with mutant strains as detailed in Chapter 
5 has proven to be a powerful tool in showing protein dependencies and
interactions. Beyond the CotE deletion mutant other proteins may be knocked
out to investigate several other aspects of the spore. For instance, one of the
more pressing matters in spore research is which proteins are crosslinked and
how. The Transglutaminase enzyme (Tgl) has been indicated to be responsible for 
forming one of the potential crosslinks made in spores, namely -( )-glutamyl-
lysine isopeptide linkages.18,19 Knocking out Tgl would eliminate the spore’s 
ability to form these types of crosslink. This would result in proteins normally
crosslinked in this manner being more accessible to tryptic digestion and

level. Other interesting targets would be structural proteins SafA and ExsY which
are important for retention of proteins to the inner coat and non-cap region
of the exosporium respectively.32,33,41 Knockout strains would enable proteome
wide localisation analyses in line with Chapter 5 for these parts of the spore.

Perspective technology assessment for B. cereus
detection

When trying to identify opportunities for new technologies which apply
the knowledge obtained as part of this thesis it is important to place it in a
framework of existing strategies used to assess contamination of foods. Extensive
reviews of potential methods for food pathogen detection are available;171–174

methods which show particular promise for detection of Bacillus spores are
detailed below. 
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Current regulations require food business operators to ensure that numbers of 
B. cereus between 103 and 105 per g are not reached at the stage of consumption
under anticipated conditions of storage and handling.47,175 Current ISO guidelines 
(ISO 7932, ISO 21871) are based around incubation on agar plates for 24 hours

49 These 

are time consuming. Considering products with a limited shelf-life such as milk, 

the necessity for a quick resolution is even more important.

To be able to improve upon established methods the benchmark to beat is to

be direct distinction between different members of the B. cereus group as they
may vary in their potential for pathogenesis as discussed in Chapters 1 and 2. For 
the same considerations mentioned above, testing on site and thereby reducing

not require extraction of a certain component of the spore is also preferred
as extractability is generally low and can change with sporulation conditions

to test for infection would be as late in the production chain as possible to
eliminate a potential secondary infection occurring. Taking all these arguments
into consideration, a lab-on-a-chip approach which requires minimal sample
processing i.e. targets intact spores is then optimal. A nanotechnology based
biosensor approach would be an ideal candidate as it gives direct results and
would be small enough to not require extensive setups at the food manufacturer. 

analyte present on or isolated from the target, the bioreceptor which interacts
with the analyte, and a transducer which converts the binding interaction of 
receptor and analyte to a measurable signal. 

Biomarkers
After the anthrax attacks in 2001 detection of Bacillus anthracis has become
a hot topic in the interest of combatting bioterrorism. As such a vast number 
of technologies have been developed based on different detection methods. 
More on topic, also examples of B. cereus detection are available in literature. 

PCR,176–180

181 proteinaceous toxins can
182,183 or 

surface plasmon resonance (SPR) in a clinical setting,184 extracted spore core 
185 or 

even Raman spectroscopy has been applied.186 The ideal biomarker candidate 

have reliable interaction with the receptor, and be surface exposed so as to be
accessible to the molecule it is supposed to bind to. Extending the use of these
potential biomarkers to detection of B. cereus in food in a biosensor setting, 

can overcome the low abundance but the DNA needs to be extracted from the
core of isolated spores. Saccharides are an interesting target as they are exposed
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for B. cereus and B. weihenstephanensis. Direct detection of toxins runs into 
issues as it gives no information on spore load and does not eliminate the risk 
of spores germinating and producing toxins at a later stage. Targeting DPA once
again requires sample handling to isolate spores and extract it from the core and
DPA-content has been shown to vary with sporulation conditions as shown in
Chapter 2 so it is not a robust quantitative indicator. As may be concluded from
the information detailed in the previous chapters, the ideal biomarker candidates
for detection of B. cereus
high abundance, notably: CotB1, CotB2, CotX, InhA and BC_0987. 

Bioreceptors

bioreceptor molecule needs to be developed. The nature of this bioreceptor 
molecule would either be antibody-based or an aptamer.187 Generally

a library of antibodies or oligonucleotides respectively in order to discover 

of the receptor may be determined and robustness may be screened. As

extensive information about the potential biomarker targets which has several
consequences for the choice of bioreceptor. 

Aptamers require the analyte to be in native condition for their interaction to
occur. Selecting an aptamer which binds to intact spores would likely lead to
an unknown interactant being responsible.188–190 In light of the results detailed 
in Chapter 2, this raises the question whether this aptamer is then able to bind
spores regardless of their sporulation history.

Antibodies then hold bigger promise and in fact sensors using antibodies for 
the detection of B. cereus have been developed.191–193 With the new information 
obtained on spore biomarkers one can distinguish suitable targets to immunise

able to avoid cross reaction with other potentially immunodominant proteins
which spores may contain. As such, the antibodies obtained with known

A recent trend is the use of camelid antibodies which consist of only the antigen
binding heavy domain. These hold large promise for use in biosensors due to
their interesting properties which have been extensively reviewed elsewhere.194

In short, they show high physicochemical stability and due to their smaller size
can more readily penetrate into the antigenic site. As such they would be able to
interact with the proteins of the exosporium and be the bioreceptor of choice
for detection of spores.

Transducers
Once the biomarker binds to the receptor this interaction needs to be
converted into a readable signal. A large variety of options are available as
reviewed elsewhere.171–174 Looking at methods already in use for detection of B. 
cereus, a few examples are available in literature. Pal et al. (2008)193 show
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conductometric detection of vegetative cells sandwiched between antibodies
with 35–88 CFU ml-1 being detected within 6 min. Susmel et al. (2003)191

developed a platform based on the measurement of the diffusion of a redox
probe using a self-assembled monolayer of antibodies. Initial results showed a
detection limit for vegetative cells to be somewhere in the range of 104 cells
ml-1. Vaughan et al. (2003)192 report a similar detection limit of 104 cells ml-1
using a piezoelectric quartz crystal microbalance approach, once again looking
at the interaction between antibodies and cells. The detection limits obtained
with these setups prove to be low enough to be useful in a food safety setting; 
however they have not attempted detection of spores. These existing platforms

could expand their application to detection of spores likely at similar detection
limits. Alternative approaches may also prove to be successful but any suggestion
on which method to apply would be speculative. 

Food safety market analysis in the United States shows a shift towards
application of these rapid-screening methods. Interestingly, the prospective
market for a B. cereus biosensor would be either in processed foods or dairy 
which have the highest total number of microbiological tests and highest number 
of tests per plant respectively.195 Though the exact shape of the biosensor 

concerns of any nanomaterials ending up in the product under investigation. 
Once a platform is developed, its application in the food industry should prove
simple enough.


