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PRESENTATIONS AT CONFERENCES

1) Poster presentation at Annual PhD student meeting from Doctoral School

of Organismal Biology, Neuchéatel, Switzerland. April (19.) 2010.

Survival in extreme environments -
Natural diversity of spore-forming bacteria

Tina Wunderlin!, Thomas Junier? & Pilar Junier!

Introduction

* Under environmental stress, some bacteria produce
endospores, tough capsules housing the bacterias’ full
genetic information.

* The spores can survive for long periods of time and later
germinate again into viable cells.

* The formation of endospores is a survival strategy found
mainly in the group of Firmicutes.

* Spore-forming bacteria (i.e. Bacillus, Clostridium) are
widely studied in the food and medical research.

* The natural diversity of spore-forming bacteria is not
known.

Sampling sites
1. High salinity

- = ‘A Sample

|

Salt desert, Salar de Huasco,

Methodological Approach

Questions

* What is the best method to isolate spores from
environmental matrices to obtain DNA of only spore-
forming bacteria.

* |s there a common core of genes involved in sporulation
among different species of spore-forming bacteria?

« Can we identify new spore-forming microbial species?

Objective
Study the natural phylogenetic diversity of spore-
forming bacteria by metagenomics.

First Results

* Preliminary tests indicate
treatment with a strong oxidizing
agent (i.e. Sodiumdocecyl
sulftate) is effective to break cells
and free spores.

Methods to isolate
spores from a
complex matrix.

Chile -

2. High temperature and pressure

Spores

228

ST

DNA extraction

—

a) Extraction of
genomic DNA from
isolated spores

b) Target specific
genes with in silico
designed genetic

%/V primers

sequencing

Geothermal research lab,
Gross-Schonebeck, Germany

TAACGCATAGTCCGTATAACGCATAGTCCG
Dry-wet cycles

I-.JI i EF. lrli

De novo assembly

IL_LFI A

Fluctuating groundwater table,
Bargen, Switzerland

1 Laboratory of Microbiology. Institute of Biology, University of Neuchatel, Switzerland
2 Computational Evolutionary Genomics Group. University of Geneva, Switzerland

Bacillus alvei with endospores

« A core of 6 common sporulation
genes was identified in 27
genomes from spore-forming
bacteria.

Phylogram with 6 concatenated common
sporulation genes

Université ml
de Neuchatel



2) Poster presentation at 4th European Spore Conference, Cortona, Italy.

May (27.-29.), 2010.

New approaches to study the diversity of spore-forming
microorganisms in natural communities

|}
Université I
de Neuchatel

Tina Wunderlin', Thomas Junier? & Pilar Junier’
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Introduction

The ecological diversity of spore-forming bacteria is far from being
comprehensively assessed, mainly because it is difficult to specifically target
this group within a complex microbial community. DNA extraction methods
are often biased towards bacterial cells that are easy to lyse. Bacterial spores,
with their cortex resistant to damage, are therefore often missed in microbial
diversity studies from environmental samples.

Conclusion

To develop an effective and efficient method for targeting spore-
forming bacteria in environmental samples, genomic approaches need
to be combined with physical separation of spores from natural
samples.

Aims...

...to develop methods to specifically target the
community of spore-forming bacteria in natural
samples...for...

...studying the natural diversity of spore-forming
bacteria in different environments.

'

Fig. 1~ Characterization of Fig. 2 - Spores of
Bacillus subtilis spores by B. megaterium observed by
Scanning Electron SEM

Microscopy (SEM)

Two different approaches

1) Separation of spores

Different chemical treatments have been tested for breaking up
cells of three test strains (Gram + spore-forming, Gram +
non spore-forming and Gram - non spore-forming).

A treatment with Sodiumdodecyl sulfate (SDS) or NaoH for 5 h
inhibits growth (MPN counts) of cells from all tested
strains without significant damage to the spores.

Bacteria used in separation tests: Treatment with SDS 1%

1E42 o

2) Comparative genomics

A common core of 6 genes involved in sporulation was found
among 27 genomes of spore-forming bacteria.

. 1610 | i 5
A: Bacillus alvei sporulated culture _ vEos "—:‘" !
B: Bacillus alvei cell culture S e .
C: Escherichia coli (Gram.) e 2 .
’ ) - e 2
D: Lactobacillus lactis (Firmicute, rE02 - - - 1
non-sporulating, Gram*) Leon  Treatment with Cocktail It -
- LB o S
/ 0] 4
b A :_‘;;: Sime {) Fig. 6 - Phylogeny of 6 spore genes versus phylogeny of 165 rRNA of 27 genomes
- S g iEoe . Table 1 - Description of 6 common genes
1.E+02 3 S Name Gene symbol Function
'-EE“w 24 524 1524 1 [ ae stage o sporulation protein A SpoOA Global transcription regulator for sporulation
oz stage V sporulation protein T SpovT Global regulator activated by sigma G
©Eera 4 TTEAtMENt wm-: NaOH 1N stage V sporulation protein AC SpoVAC i inwi
1E410
1E+08 :ﬁﬁ' ) stage V sporulation protein AD spovAD
Z revos {m,
= '-EE'N N ° stage IV sporulation protein B SpoivB. Protease that activates processing of the pro-sigma K factor
1Ee02 |
*-EE""’ 24 1524 1534 su spore protease 8pr b
1E02 furing germination
T e eelaines Lt o Treatment with Lysozyme smein! Analysis of the 6 common sporulation genes and the
1.E+10 H i
e corresponding phyl?geny and conservation plots suggest spooA
& 1o and gpr genes are suitable for development of molecular markers.
1Ev0q
102

1.E+00

A B C D

Fig. 3 - Growth (Most Probable Number) after
chemical treatment of cell cultures for 1, 5 and
24 h, respectively.

Fig. 5 — Images of artificial community (mix of

A, B, Cand D) before and after treatment with  Cocktail: mix of SDS (0.3%), NaOH (0.3 N),
NaOH (1 N) for 16 h. EDTA (0.3 mM) and Lysozyme (5 mg/ml).

Fig.7- Conservation plot of spooA gene Fig. 8 - Conservation plot of gpr gene
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PRESENTATIONS AT CONFERENCES

3) Poster presentation at Annual Assembly of the Swiss Society of Microbi-
ology (SSM), Zurich, Switzerland. June (24.-25.), 2010.

New approaches to study
diversity of spore-forming microorganisms
n in natural communities

—

UNIVERSITE

O CEMEVE
Tina Wunderlin', Thomas Junier® & Pilar Junier'

—

Spores...

...are highly resistant cell states formed by some bacteria,
mainly from the phylum Firmicutes.

...are ubiquitously found in most environments
(soil, water, air).

...have lower cell lysis efficiency and are often missed with
conventional DNA extraction methods.

...are therefore often neglected in microbial diversity studies.

Objective

In this project, we are developing methods to
specifically target the spore-forming fraction of
natural microbial communities.

We want to study the natural diversity of spore-
forming bacteria in different environments.

Fig. 1,2 and 3 - Characterization of Bacillus spores by Scanning Electron Microscopy (SEM)

Methodological approaches:

1) Comparative genomics

We found 6 genes involved in sporulation that are conserved
among 27 genomes of spore-forming bacteria.

Fig. 4 - Phylogeny of 6 spore genes versus 165 rRNA

Analysis of the 6 common sporulation genes and the
corresponding phylogeny and conservation plots suggest
that spooA and gpr genes are suitable for development of
molecular markers.

Fig. 5 - Conservation plot of spooA gene  Fig. 6 — Conservation plot of gpr gene

Table 1- Description of 2 best conserved sporulation genes

Gene Symbol Function
Stage o sporulation protein A 5p00A Global for
Spore protease gor Degradation of the small acid-soluble spore proteins

(SASPs) during germination

2) Separation and extraction protocol
The second approach is to develop a protocol to separate and

extract spores from samples, i.e. from residual biomass and
environmental matrix.

Sample
Separation
protocol

Spores

Initial tests on different strains
grown in the lab show that a
combined  treatment  with
lysozyme and a mix of NaOH
and SDS, is effective to break
most vegetative cells without
damaging the spores.

Treatment with Lysozyme (smg/mi), NaOH (0.5 N) and
X 505 (1%)
i
DNA extraction i
Fig. 7 - Cell counts (Most Probable Number) of
High throughput re-grown cultures (Bacillus alvei spores and
sequencing cells, E. coli as Gram' and Lactobacillus lactis as

Gram' control) after treatment with lysozyme,

TAACGCATAGTCCGTATAACGCATAGTCCG NaOH and sodium dodecyl sulfate (SDS).

This protocol is then tested
with artificial communities and
communities mixed with
environmental matrix (sand,
soil) before being applied to
environmental samples.

De novo assembly
The spore fraction is separated
from samples before being
subjected to DNA extraction.
The diversity will then be

analyzed by sequencing and
genome annotation.

post

Fig. 8 and 9 - Image of artificial
community (mix of 4 lab cultures) before

and after treatment with NaOH (1 N).

' Laboratory of Microbiology. Institute of Biology, University of Neuchatel, Switzerland
2 Computational Evolutionary Genomics Group. University of Geneva, Switzerland
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4) Poster presentation at ISME Conference, Seattle, Washington, USA. Au-

gust (22.-27.), 2010.

New approaches to study the
diversity of endospore-forming microorganisms
. in natural communities
e

Tina Wunderlin & Pilar Junier
Laboratory of Microbiology, Institute of Biology, University of Neuchatel, Switzerland
= =

Université
de Neuchatel

Endospores.. . ...areresistant cell states formed by certain

bacteria to survive harsh
environmental conditions.
...are ubiquitous in most environments.
...are often resistant to cell lysis and therefore
missed with conventional DNA
extraction methods.

g 1 Endospor

Objective

The aim of this study is to look at the natural
diversity of spore-forming bacteria in different
environments.

For that we will first develop a method to
specifically target the spore-forming fraction of
natural microbial communities.

s of Poenbacls vl
st microscopy.

nphase con

...are often neglected in microbial diversity studies.

DNA extraction

S

=

Separation

High throughput
sequencing

De novo assembly

1) Screening for best method

The spores fraction is isolated using treatments that damage the
membranes of vegetative cells without damaging the spores.
Initially the different treatments were tested on four strains grown
in the lab. The method was evaluated by looking at the recovery (re-
growth) of cells after treatment.

Escherichia ol (Gram)

2) Best method verified on samples
The best method to damage cells without damaging spores was
tested on three different samples:

A) artificial community (mix of four strains used in screening)
B) sediment sample from Lake Loclat, Switzerland

C) sediment sample amended with P. alvei spores.

Samples were analyzed using Live/Dead BacLightTM bacterial
staining kit (invitrogen) and observed by fluorescence

paenibacilus i Paenibacilus alvei
vegetative cells. endospores

microscopy.
Fig 2-Strains usefor separatin experiments Control Treated
Table used i -grown
. 2 0=751  1=50-75%; 2= 25-50 %; 3= 0-25% N t N d "
i n
e e e L e e Artlficlal because of damn
o o S ST S T T B, R, community B
Duration (min) _300 _&0 5o S0, So_6o o 29:60:60 19.60-60 .
Pael-
odompores 3 3 0 o o o o s P o s
Pt vege
w5 e 5 5 o a s 5 s s 3
EolGam o 3 3 3 5 3 3 3 3 3 3 3 ) Only few live cells
Llocis Gram_0 3 2 2 i 2 2 2 2 2 Sediment in control. Treated
sample only dead
. o “ cells.
: : :
" £ 17 .
f : f i § - Sediment Spores are
i i IR with P. alvei extractable and
i i) i spores appeared intact
after treatment
control

Fig. y
(untreated) sample. 1= P. alveispores; 2= P. alvei cells 3= . col; and 4= L. lacts.

Further tests have to be conducted to verify the absence of residual DNA from cells present in the treated samples.
The extraction method for sediment needs to be optimized to separate all spores from particle aggregates in the sample

We acknowledge funding from the Swiss National Science Foundation through grant No. PZooP3_126330

231



PRESENTATIONS AT CONFERENCES

5) Oral presentation at Anniversary of F.A. Forel Institute, Geneva, Switzer-
land. September (17.), 2010.

/\\ m' Laboratoire de Microbiologie
L-'l.jﬂl"i; de I'Université de Neuchatel
\_/ www?2.unine.ch/lamun

Spore-forming bacteria
in lake sediments

Tina Wunderlin & Pilar Junier
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6) Poster presentation at Swiss meeting of Microbial Ecology, Engelberg,
Switzerland. February (2.-4.), 2011.

Metagenomics on a microbial sub-population -
finding molecular markers for endospore-forming bacteria

Tina Wunderlin, Thomas Junier, Manon Brenier, Ludovic Roussel-Delif, Nicole Jeanneret and Pilar Junier

Laboratory of Microbiology, University of Neuchatel, Switzerland

Bacterial endospores are... ...resistant cell states formed by selected bacteria to

- - endure unfavorable environmental conditions

Microscopy SEM)

.. ubiquitous in most environments
.. difficult to lyse with conventional DNA extraction methods

..underrepresented in microbial diversity studies

Our objective is to investigate the diversity of the spore-forming fraction
of microbial communities in different environments.

We therefore designed molecular markers that target genes exclusive
to this group of bacteria.

1) Sequences of proteins involved in sporulation from 2) With bi-directional BLAST of the sporulation proteome we
27 spore-forming species were retrieved from the found 6 genes with conserved sequences
Comprehensive Microbial Resources database. (cut-off at e-value of 10¢°).

o

Engulfment
(stage )

Qf::‘m

the six conserved genes i the pathway.

3) Two of these genes (spo0A and gpr) are suitable for
molecular markers because...

4) The sequences were aligned and searched for conserved
regions (20 bp) that could function as primers for PCR
amplification.

A selection of possible primers was tested on
spore-forming and non spore-forming (control) strains.
(two examples of spo0OA primers shown)

a) they contain conserved and variable regions
(conservation plot for spo0A).

b) their phylogeny is similar to the 16S rRNA gene
(trees).

primer et 3, expct

for
strains (100 bp adder from Promega).

&:Blank

> Our primers are promising markers for spore-forming bacteria,
since amplification occurs only in DNA extracts from this group.

165 ANA gene spo0A
ek » These markers can be used for amplification, sequencing and
and draw wih Newick Utities Junier,201) phylogeny as well as quantitative PCR.

We acknowledge funding from the Swiss NSF through Grant u

No. 31003A-132358/1and No. PZ0ooP3_126330 Université ml
de Neuchatel
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