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CFDA carboxy-fluorescein diacetate

CHAPS 3-[(3-cholamidopropyl)dimethylammonio]-1-propane-sulfonate
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PCR Polymerase Chain Reaction

PI Propidium Iodide

PPM parts per million

rDNA rRNA encoding DNA

Rho-123 Rhodamine-123
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SAPD Surface Accessible Proteins Detection

SCM-MS Supernatant Culture MALDI-TOF MS

SDS sodium dodecyl sulfate

TAE Tris-Acetate-EDTA
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TCA TrisChloroacetic Acid

TE Tris EDTA
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1 INTRODUCTION

Many studies have already covered the effects of space conditions on micro-organisms.
Mostly however, the results of these experiments have been inconclusive and/or
contradictory. Observations as numerous and variable like increased cell density, changes
in colony perimeter, growth reduction, biomass increase, increased resistance to
minimum inhibitory concentrations of antibiotics, no effect on transformation or
transduction, increased conjugation and increased resistance to high doses of radiation
have been put forward. Nevertheless, it has been suggested that more extensive study
needs to be applied to obtain reliable and conclusive evidence on the effects caused by
space related environmental conditions on micro-organisms at the molecular, proteomic
and genetic level.

Not only space related stress conditions will put pressure on the metabolism of the
MELISSA organisms, also the influence of processing conditions will have an effect on
microbial metabolism. Heat stress caused by effluent spill of the first thermophilic
compartment (run at 50°C) to the next (run at 30°C), shear stress, oxygen-, light- and
nutrient-deprivation, supernatant conditions, accumulation of recalcitrant and even toxic
intermediate metabolites and long-time continuous culturing will all have an influence on
the health condition of the bacteria. Furthermore can the latter types of stresses even be
mutagenic. It has been observed that prolonged mild temperature stress can mutagenise
certain strains. Starvation conditions can likewise induce mutants to appear in single
species populations.

Therefore, it is important to investigate the effect of stress on reactor stability, microbial
condition and the nutritional quality of the food source. In addition it will be necessary to
be able to detect stress as soon as possible for immediate intervention when this is
required. Stress has already proved to be detectable in the MELiSSA organisms with a
variety of methods.

In this technical note the results of the detection of stress at the cellular, the proteomic,
and the genetic level.

CHANGES ASSOCIATED WITH TEMPERATURE, H,0, AND

PH STRESSES ON THE PHYSIOLOGY OF MELISSA
BACTERIA USING FLOW CYTOMETRY

2.1. Introduction

Not being aggregated into tissues the way plant and animal cells are, bactetia must deal

with

their environment individually and on intimate terms. Most animal cells are afforded the
environmental luxury of being bathed in an unchanging isotonic nutrient solution maintained
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at an optimal temperature and pH. Plant cells are subject to greater environemental stress, but
their multicellular organization also provides them with some protection from their
environment. In contrast, environmental stresses have immediate impact on a bacterial cell, so
we ought not to be surprised to learn that bacteria have mechanisms to help them cope with a
changing and sometimes hostile environment. Possibly because of the constant selective
pressures of environmental challenge, bacteria as a group have evolved remarkable tolerance
to extreme environments.

2.2. The effect of temperature and H,0, on R. metallidurans

2.2.1. EFFECT OF TEMPERATURE, H,0, OR PH STRESS ON CELL SIZE
AND GRANULARITY OF R. METALLIDURANS.

Sizes and granularities of individual bacteria were estimated cytofluorimetrically by measuring
the forward and side scatters, these parameters measure light scattered at a forward and a right
angle, respectively. The measurement is a complex function of size and refractive index, but
for particles of bacterial size is closely correlated with volume. In principle, yeast and bacteria
can be detected from the background on the basis of their intrinsic light scattering properties in
forward (size) and side (granularity) scatter. The correlation between cell morphology and
light scatter depends on the configuration of the optical system and can be used to estimate
biomass concentration. Changes in refractive index, for example, due to the presence of
inclusion bodies induced by temperature, H,O, or pH stress can affect this relation.

Figures 1a and 2a show the effect of temperature (1a) or oxidative (2a) stress on cell size of R.
metallidurans. No significant change (in comparison with optimal culture temperature (28°C))
could be observed in R. metallidurans when temperature or oxidative stress was applied.

2.2. Effect of temperature, H,0, or pH stress on membrane integrity
of R. metallidurans.

The loss of membrane integrity represents significant damage for cells due to multiple
functions linked to the plasma membrane (permeability barrier, transport, respiratory activity,
etc...). The maintenance of membrane integrity is commonly measured in eukaryotic cells as
an indicator of cell damage or cell death. All microbial cells are bounded by the cytoplasmic
membrane, which allows the cell to communicate selectively with its immediate environment.
Passive and active transport systems across the membrane generate an electrochemical
gradient. Outside of the cytoplasmic membrane, gram-negative bacteria have an additional
outer membrane. Its function is mainly protective because it prevents the entry of toxic
substances into the cell. It is less selective and more permeable than the cytoplasmic
membrane. An intact polarized cytoplasmic membrane and active transport systems are
essential for a fully functional, healthy cell. Few fluorescent dyes used in flow cytometry can
cross intact cell membranes. Most of the membrane integrity assays use nucleic acid stains (for
example propidium iodide or PI in this work), due to the high concentrations of nucleic acids
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within the cells and the large fluorescence enhancement exhibited by nucleic acid stains upon

binding, leading to a clear separation between intact and dead cells.
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Fig. 2.1. Effect of temperature stress on R. metallidurans. The effects of temperature are studied on size
(a), membrane permeability (b), membrane potential (¢ and d), esterase activity (e), intracellular pH (f)

and superoxide anion production (g).
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membrane permeability (b), membrane potential (c and d), esterase activity (e), intracellular pH (f)
and superoxide anion production (g).
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PI is a strongly hydrophilic, small molecule (3,, 660). Only cells that have lost selective
permeability due to the temperature, HyO, or pH treatment take up the dye, which stains
nucleic acids. PI-positive cells fluoresce and can be quantified using flow cytometry.

Figures 1b and 2b show the effect of temperature (1b) or oxidative (2b) stress on membrane
permeability of R. metallidurans. A significant increase of membrane permeability could be
noticed when cells were submitted to low (-170°C, -80°C, -20°C) or high (+50°C, 60°C and
70°C) temperatures. Oxidative stress induced an increase in membrane permeability that was
clearly proportional to the concentration of H,O,,

2.2.3. EFFECT OF TEMPERATURE, H,0, OR PH STRESS ON MEMBRANE
POTENTIAL OF R. METALLIDURANS.

The electrochemical potential occurring through the plasma membrane of metabolising
bacteria is generated by respiration or by ATP hydrolysis. It results from the selective
permeability of biological membranes to a variety of cations and anions leading to a difference
of electric potential across the membrane. Inside, the cell is negatively charged compared with
outside the cell, and membrane potential plays a central role in different cell-life processes
(ATP synthesis, active transport, mobility, regulation of intracellular pH, etc.) Voltage-
sensitive dyes have been developed to measure membrane potential in bacteria. Depending on
the charge of the dye, they are accumulated in polarised (cationic dyes) or depolarised (anionic
dyes) cells. In appropriate conditions, the amount of dye taken up can be directly related to the
level of energy metabolism in the cell. DioC(6)3 and Rhodamine 123 (Rh-123) are lipophilic,
cationic dyes commonly used to detect membrane potential. Accumulation inside bacterial
cells is favoured by a reduction in the magnitude of the membrane potential, allowing dye
molecules to concentrate within the cell, and bind to lipid-rich components. Rho-123 and
DioC(6)3 have been reported to be useful to detect depolarised cells of numerous Gram-
positive and Gram-negative bacterial species. DioC(6)3 is widely used as a viability stain.
Bacteria with a membrane potential exclude the dye, but non-viable bacteria with depolarized
membranes allow it to enter the cell. Rho-123 is a voltage sensitive cationic dye that is
electrophoretically taken up into energized bacteria by virtue of the trans-membrane
electrochemical potential (negative inside) of the plasma membrane.

Figures 1 cd and 2 cd show the effect of temperature (1 ¢ and d) or oxidative (2 ¢ and d) stress
on membrane potential of R. metallidurans. The membrane potential of R. metallidurans
estimated by DioC(6)3 and Rho-123 fluorescences was affected by low and high temperatures
in comparison with 28°C temperature. Concerning the changes induced by oxidative stress in
R. metallidurans, DioC(6)3 fluorescence was increased in function of HyO, concentration
whereas no significant change was observed following Rho-123.
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2.2.4. EFFECT OF TEMPERATURE, H,O, OR PH STRESS ON ESTERASE
ACTIVITY OF R. METALLIDURANS.

Detection of esterase activity is measured using lipophilic, uncharged and non-fluorescent
fluorogenic substrates. Once within active cells, the substrate is cleaved by non-specific
esterases releasing a polar fluorescent product (fluorescein or fluorescein derivatives) retained
inside cells having an intact membrane. Esterases are present in all living organisms, and these
enzymes can be used to provide information on the metabolic state of bacterial cells. Although
enzyme synthesis requires energy, the enzyme-substrate reaction does not, and this assay alone
should be considered energy independent. However, dead or dying cells with damaged
membranes rapidly leak the dye, even if they retain some residual esterase activity.
Consequently, fluorogenic substrates for esterases often serve as activity and cell integrity
probes that measure both enzymatic activity, which is required to activate their fluorescence,
and cell-membrane integrity, which is required for intracellular retention of their fluorescent
products. Fluorescein diacetate (FDA) is known to be retained efficiently inside cells with
intact membrane. FDA is a nonpolar, nonfluorescent substance which enters the cells freely.
Inside the cell, nonspecific esterases, among them lipase and acylase but not
acetylcholinesterase, break the FDA molecule into one brightly fluorescing fluorescein and
two acetates. Being highly polar, the fluorescein is trapped within cells exhibiting cell
membrane integrity and the amount of fluorescence will therefore increase over time
depending on the metabolic activity of those esterases. The measurement of FDA hydrolysis
has been applied to estimate metabolic activity in particular esterase activity, and to help
differentiating between live and dead/unhealthy cells.

Figures le and 2e show the effect of temperature (le) or oxidative (2¢) stress on esterase
activity of R. metallidurans. Following temperature stress, R. metallidurans did not show any
significant change in esterase activity except at -20°C. The oxidative stress induced on R.
metallidurans showed that the esterase activity was increased in function of the H,O,
concentration.

2.2.5. EFFECT OF TEMPERATURE, H,0O, OR PH STRESS ON
INTRACELLULAR PH OF R. METALLIDURANS.

The intracellular pH (pHj,) of bacteria is critical for the control of many cellular processes,
such as DNA transcription, protein synthesis, and enzyme activities. To study regulation and
maintenance of the pHj, a reliable method to measure the pHj, is of outmost importance.
Currently, one of the most commonly used fluorescent probes for pHi, measurements is
carboxy-fluorescein diacetate, succinimidyl ester (5(6)-CFDAse) which is well suited as it is
highly pH dependent and has a fast response time. Viable and culturable bacteria are able to
keep their pH constant when they are incubated at pH = 3 whereas non-culturable cells can not.
CFDAse couples irreversibly to both intracellular and cell-surface proteins by reaction with
lysine side-chains and other available amine groups.

Figures 1f and 2f show the effect of temperature (1) or oxidative (2f) stress on intracellular pH
of R. metallidurans. The temperature stress applied on R. metallidurans showed an increase of
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intracellular pH at the freezing temperatures and also at the three highest temperatures studied.
The oxidative stress induced some changes of intracellular pH as well. Indeed, in R.
metallidurans, a slight increase of CFDAse is observed in function of H,O, concentration.

2.2.6. EFFECT OF TEMPERATURE, H,0, OR PH STRESS ON
SUPEROXIDE ANION PRODUCTION OF R. METALLIDURANS.

Reactive oxygen species (ROS/RNS), including a series of species including superoxide anion
(0;-), hydrogen peroxide (H,0,), hydroxyl radical, nitric oxide, and peroxynitrite, have been
implicated in the etiology of cell death. Oo- is usually considered a precursor of more reactive
species to promote the production of secondary derivatives such as hydrogen peroxide and
hydroxyl radical in intracellular oxidative chain events. Thus it is a reasonable explanation that
0,-, as a primary signaling molecule, promotes the production of ROS downstream, which act
as signaling molecules further to cause cell death through a redox sensitive pathway.
Furthermore, the redox sensitive signaling may interact with more classical signaling pathways
such as transcription factor activation, gene expression, and cell proliferation.

Figures 1g and 2g show the effect of temperature (1g) or oxidative (2g) stress on intracellular
pH of R. metallidurans. R. metallidurans showed a U curve pattern after temperature stress
meaning that the superoxide anion production was increased at the lowest as well as at the
highest temperatures.

2.2.7. SUMMARY OF THE EFFECT OF TEMPERATURE OR H,0, STRESS
ON R. METALLIDURANS.

The following three tables show the statistical summary concerning the effect of temperature
and H,O, on R. metallidurans (one * represents a p<0.05 in comparison with the control (28°C
in temperature experiments and 0 mM H,0, in H,0, experiments); two * represent p < 0.001).
As shown in the following tables, the physiology of the cells was already slightly affected at
the temperatures tested above and under the ideal growth temperature (28°C). Indeed, at 15°C
and at 37°C, the cell membrane (potential and permeability) was principally altered. Above
37°C and under 4°C, R. metallidurans appears to be damaged at the level of its membrane (as
shown by the changes in membrane permeability and potential). Within the cytoplasm,
enzymes, intracellular pH and ROS production are also affected to a level that could be
explained by an induction of cell death at those temperatures. With regard to the effect of
oxidative stress on R. metallidurans, cells showed sensitivity to H,O, concentrations from
13.25 mM meaning that an oxidative stress severely damages the physiology of R
metallidurans.
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T (°C) -170°C  -80°C -20°C 4°C 15°C 37°C 45°C 50°C 60°C 70°C
Size
Mbr. Perm. * * *k * *ok * * * *
g Mbr. Pot. (Dioc) *ok *ok * * * * * *o%
Rbo-123 *k *ok * *% *% *k
Esterase * * * %ok * *
Activity
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H30; (mM) 1325 27,5 55 110 220 440 880
Size "% * o *% *ok *ob * %
Mbr. Perm. % % % %% % %% %%
Mbr. Pot. (Dioc) *o *% *o * *ok *% o
Rbo-123

Esterase %ok % B % sk % % % sk
Activity

Intracellular %k %k % sk %% %% *%
pH

Superoxide * % * ok %ok %5k * ok * ok
anion

production

2.3. The effect of temperature, H,O; and pH stresses on the
physiology of R. rubrum ATCC25903

2.3.1. EFFECT OF TEMPERATURE, H202 OR PH STRESS ON CELL SIZE
AND GRANULARITY OF R. RUBRUM.

Figure 2.3. shows representative dot-plots (side versus forward scatters) of R. rubrum
following temperature, H,O, or pH stress (1%, 27 or 3% row, respectively) whilst figure 7a
shows the effect of temperature, Hy0, and pH stress on cell size of R. rubrum. Shifts towards
lower size and granularity could be observed after incubation at 45°C, 50°C or 60°C whilst a
significant diminution of the size and granularity could be noticed with all H,0, concentrations
tested. Concerning pH treatment, extreme pH induced a diminution in cell size and granularity.
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T° (°C) , -170°C . 4°C ., 28°C . 50°C
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H H H [

H,0, (mM) 0 1325 110 . 880
size P P P P

pH 2 5 7 12
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Fig. 2.3. Representative dot-plots (side versus forward scatters) of R. rubrum after a 1 hour incubation
at either -170°C, 4°C, 28°C or 50°C, in the presence of 13.25, 110 or 880 mM H;0, or at pH 2, 5, 7 or
12,

2.3.2. EFFECT OF TEMPERATURE, H,0, OR PH STRESS ON MEMBRANE
INTEGRITY OF R. RUBRUM.

Figures 4, 5 and 6 (1* row) show representative histograms of PI fluorescence in R. rubrum in
stress conditions and figure 7b shows the effect of temperature, H,0, and pH stress on
membrane permeability of R. rubrum. A significant increase of membrane permeability could
be measured when cells were submitted to low (-170°C, -80°C, 20°C) as well as high (45°C,
50°C, 60°C and 70°C) temperatures. Oxidative stress induced an increase in membrane
permeability that was clearly proportional to the concentration of HyO; in R. rubrum. pH stress
only induced a significant increase in membrane permeability at pH 2 and 12.
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Fig. 2.4. Representative histograms of PI (1* row), Dioc(6)3 2" row), FDA (3" row), cFDase (4" row)
and HE (5" row) fluorescences in R. rubrum following temperature stress at -170, 4, 45 or 70°C. A
temperature of 28°C is considered as control.
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Fig. 2.5. Representative histograms of PI (1* row), Dioc(6)3 2™ row), FDA (3" row), cFDase (4™ row)
and HE (5th row) fluorescences in R. rubrum following oxidative stress at 13.25, 55, 220 or 880 mM

H,0,.
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Fig. 2.6. Representative histograms of PI (1* row), Dioc(6)3 (2nd row), FDA (3rd row), cFDase (4th row)
and HE (5" row) fluorescences in R. rubrum following pH stress at pH 2,5,9 or 12. pH 7 is considered
as control.

r

2.3.3. EFFECT OF TEMPERATURE, H,0, OR PH STRESS ON MEMBRANE
POTENTIAL OF R. RUBRUM

Figures 4, 5 and 6 (2™ row) show representative histograms of DioC(6)3 fluorescences in
various stress conditions. Figures 7c and 8a show the effect of temperature, H0, or pH stress
on membrane potential after DioC(6)3 and Rho-123, respectively of R. rubrum in all the stress
conditions tested. The variation of membrane potential of R. rubrum estimated by DioC(6)3
and Rho-123 fluorescences did not give the same results. Whilst DioC(6)3 fluorescence was
significantly decreased at -20°C, 4°C, 15°C and 37°C, it increased at -170°C, -80°C and from
45°C onwards. However, Rho-123 staining only revealed a change in the staining at -80°C.
Concerning the changes induced by oxidative stress in R. rubrum, DioC(6)3 fluorescence was
increased in function of H,O, concentration from 27.5 mM whereas no significant change was
observed following Rho-123. Finally, pH stress showed an increase of DioC(6)3 staining at pH
10 and 12 whereas with Rho-123, pH 2 was the only pH showing a significant difference in
comparison with pH 7.
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Fig. 2.8. Effect of temperature, H,0, or pH stress on R. rubrum on membrane potential (with Rho-
123) (a), esterase activity (b) and intracellular pH (c). Results of the experiments represent triplicates
= SEM. * represent p<0.05; ** represents p<0.001.
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2.3.4. EFFECT OF TEMPERATURE, H,0, OR PH STRESS ON ESTERASE
ACTIVITY OF R. RUBRUM. ‘

Figures 4, 5 and 6 (3 row) as well as figure 8b show the effect of temperature, H,0, or pH
stress on esterase activity of R. rubrum. Following temperature stress, R. rubrum showed
significant changes in esterase activity except at 4°C, 15°C and 37°C in comparison with
control conditions (28°C). The oxidative stress induced on R. rubrum showed that the esterase
activity was increased in function of the H,O, concentration. Following extreme pH stresses
(2, 5, 10 and 12), the esterase activity was significantly modified.

2.3.5. EFFECT OF TEMPERATURE, H,0O, OR PH STRESS ON
INTRACELLULAR PH OF R. RUBRUM.

Figures 4, 5 and 6 (4th row) as well as figure 8c show representative histograms and statistical
comparisons of cFDAse fluorescence changes following temperature, H>0, or pH stress of R.
rubrum. The application of a temperature stress showed an increase of intracellular pH at the
three lowest (-170°C, -80°C and -20°C) and at almost all the highest temperatures (37°C,
45°C, 60°C and 70°C) studied. Oxidative stress induced no significant changes of intracellular
pH. pH stress only induced a significant difference at pH 12.

L
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2.3.6. EFFECT OF TEMPERATURE, H,O, OR PH STRESS ON
SUPEROXIDE ANION PRODUCTION OF R. RUBRUM.

Figures 4, 5 and 6 (5™ row) and figure 9 show representative histograms and comparative
graphs of HE fluorescence changes following temperature, H,0, and pH stress of R. rubrum. R.
rubrum showed a U curve pattern after temperature stress meaning that the superoxide anion
production was increased at the lowest (-170°C and -80°C) as well as at the highest (45°C
onwards) temperatures. Furthermore, R. rubrum showed an increased superoxide anion
production from 110 mM H,0, onwards. pH stress induced a significant difference of
superoxide anion production at pH 4 and 12.

H.0,

0 1375 275 55 1¢
Temperature (°C) H202 (mM)

Fig. 2.9. Effect of temperature, H,0; or pH stress on R. rubrum on superoxide anion production.
Results of the experiments represent triplicates = SEM. * represent p<0.05; ** represents p<0.001.

2.3.7. SUMMARY OF THE EFFECT OF TEMPERATURE, H,O, OR PH
STRESS ON R. RUBRUM.

The following three tables show the statistical summary concerning the effect of temperature
and H,O; on R. rubrum (one * represents a p<0.05 in comparison with the control (28°C in
temperature experiments and 0 mM H,0; in H,O, experiments); two * represent p < 0.001).
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H;0; (mM) 1325 27,5 55 110 220 440 880
Size * * * * * * *
Mbyr. Perm. * * * * * * *

Mbr. Pot. (Dioc)
Rbo-123

Esterase
Activity

Intracellular
PH

Superoxide

anion
production

As shown in the tables, the physiology of the cells did not seem to be altered between 4°C and
37°C. Above 37°C and under 4°C, R. rubrum appears to be damaged at the level of its
membrane (as shown by the changes in membrane permeability and potential). Within the
cytoplasm, enzymes, intracellular pH and ROS production are also affected to a level that
could be explained by an induction of cell death at those temperatures. With regard to the
effect of oxidative stress on R. rubrum, cells showed sensitivity to H,O, concentrations from
13.25 mM meaning that an oxidative stress severely damages the physiology of R. rubrum.

2.4. Effect of temperature and H,0, on Arthrospira sp. PCC8005.

2.4.1. EFFECT OF TEMPERATURE OR OXIDATIVE STRESS ON CELL
SIZE AND GRANULARITY OF ARTHROSPIRA SP

Figures 10, 11a and 12a show the effect of temperature or oxidative stress on cell size of small
and big filaments of Arthrospira sp.. Concerning the effect on cell size, a decrease of cell size
in comparison with cells cultivated at 28°C could be noticed when cells were submitted to low
(-170°C, -80°C, -20°C) or high (+50°C, 60°C and 70°C) temperatures. After oxidative stress, a
decrease of cell size (in comparison with control conditions) in function of the concentration of
H,0, was observed in big filaments of Arthrospira sp. whilst no significant change was
observed on small filaments of Arthrospira sp..
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Fig. 2.10. Representative dot-plots (side versus forward scatters) of Arthrospira sp. after a 1 hour
incubation at either -170°C, 4°C, 28°C or 50°C or in the presence of 13.25, 110 or 880 mM H,0,.
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Fig. 2.11. Effect of temperature stress on small (left column) and big (right column) filaments of
Arthrospira sp. The effects of temperature are studied on cell size (a), membrane permeability (b) and
membrane potential (¢ with DioC(6)3) and d with Rho-123). Results of the experiments represent
triplicates = SEM. * represent p<0.05; ** represents p<0.001.
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Fig. 2.12. Effect of oxidative stress on Arthrospira sp. The effects of H,O, are studied on on cell size (a),
membrane permeability (b) and membrane potential (c with DioC(6)3) and d with Rho-123). Results of the
experiments represent triplicates = SEM. * represent p<0.05; ** represents p<0.001.
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2.4.2. EFFECT OF TEMPERATURE OR OXIDATIVE STRESS ON
MEMBRANE INTEGRITY OF ARTHROSPIRA SP.

Figures 11b, 12b and 13 (1** row) show the effect of temperature or oxidative stress on
membrane permeability of small and big filaments of Arthrospira sp. Small and big filaments
reacted differently in the way that small filaments seemed to be more sensitive to low
temperatures whereas big filaments reacted essentially to high temperatures. Oxidative stress
induced an increase in membrane permeability that was clearly proportional to the
concentration of H,0, in the big filaments of Arthrospira sp.. Surprisingly, no change in
membrane permeability was observed in the small filaments of Arthrospira sp. after oxidative
treatment.

Temperature Stress

Small + big filaments
-170°C 4°C 28°C 45°C 70°C
PI : A | il ‘M ‘LJM Eu
DioC(®)3 | ! “ ‘ _ “AM _M ,,N M
cFDAse ‘ , ‘,,_ K EM M GM*A.:_““-* ‘-‘“":M

Fig. 2.13. Representative histograms of PI (1* row), Dioc(6)3 (2™ row), FDA (3™ row), cFDase (4™ row) and
HE (5th row) fluorescences in Arthrospira (small and big filaments) following temperature stress.
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Fig. 2.14. Representative histograms of PI (1* row), Dioc(6)3 2" row), FDA (3" row), cFDase (4™ row) and
HE (5" row) fluorescences in Arthrospira sp. (small and big filaments) following oxidative stress.

2.4.3. EFFECT OF TEMPERATURE OR OXIDATIVE STRESS ON
MEMBRANE POTENTIAL OF ARTHROSPIRA SP.

Figures 11 (c and d), 12 (c and d)as well as 13 (an row) show the effect of temperature or
oxidative stress on membrane potential of small and big filaments of Arthrospira sp..
Concerning Arthrospira sp. submitted to temperature stress, DioC(6)3 and Rho-123 stainings
showed that for small and big filaments of Arthrospira sp., the membrane potential was
lowered after cold treatments (-170°C, -80°C and -20°C) and increased after heat treatment
(+50°C, +60°C and 70°C) except that no significant change after temperature treatment could
be observed following Rho-123 staining in small filaments. Concerning the changes induced
by oxidative stress, Arthrospira sp. (small + big filaments) stained with DioC(6)3 showed an
increase of membrane potential in function of H,O, concentration. In contrast, Rho-123
staining of Arthrospira sp. showed a decrease of fluorescence inversely proportional to the
H,0; concentration.
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Fig. 2.15. Effect of temperature stress on small (left column) and big (right column) filaments of A.

platensis. The effects of temperature are studied on esterase activity (e), intracellular pH (f) and

superoxide anion production (g).
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Fig. 2.16. Effect of oxidative stress on small (left column) and big (right column) filaments of A.
platensis. The effects of temperature are studied on esterase activity (e), intracellular pH (f) and
superoxide anion production (g).

2.4.3. EFFECT OF TEMPERATURE OR OXIDATIVE STRESS ON
ESTERASE ACTIVITY OF ARTHROSPIRA SP.

Figures 14 (3rd row), 15¢ and 16e show the effect of temperature or oxidative stress on esterase
activity of small and big filaments of Arthrospira sp.. Following temperature stress, the big
filaments of Arthrospira sp. showed a Gaussian pattern with a maximum of esterase activity at
physiological temperature (28°C) whereas the temperature stress on the small filaments of
Arthrospira sp. showed an increase of esterase activity after freezing (-170°C, -80°C and -
20°C) and after 45°C. The oxidative stress induced on small and big filaments of Arthrospira
sp. showed that the esterase activity was increased in function of the H,0, concentration.
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2.4.4. EFFECT OF TEMPERATURE AND OXIDATIVE STRESS ON
INTRACELLULAR PH OF ARTHROSPIRA SP.

Figures 14 (4™ row), 15f and 15g show the effect of temperature (1if and 2if) or oxidative (3if
and 4if) stress on intracellular pH of small and big filaments of Arthrospira sp..

The intracellular pH of the small filaments of Arthrospira sp. was only affected by the freezing
temperatures and by an incubation at 45°C whereas the intracellular pH of big filaments of
Arthrospira sp. was decreased after freezing and at 37°C and 45°C. The oxidative stress
induced some changes of intracellular pH as well. Indeed, in Arthrospira sp., a slight increase
of CFDAse is observed in function of H,O, concentration.

2.4.5. EFFECT OF TEMPERATURE OR OXIDATIVE STRESS ON
SUPEROXIDE ANION PRODUCTION OF ARTHROSPIRA SP.

Figures 14 (5" row), 15g and 16g show the effect of temperature or oxidative stress on
intracellular pH of small and big filaments of Arthrospira sp.. Small and big filaments of
Arthrospira sp. did not react the same way following temperature stress. Indeed, small
filaments produced significantly more superoxide anions at freezing temperatures and at 45°C
and 50°C whereas the production of superoxide anions in big filaments was lower following
freezing (-170°C, 80°C and -20°C) and high (45°C, 50°C, 60°C and 70°C) temperatures.

2.4.6. SUMMARY OF THE EFFECT OF TEMPERATURE OR OXIDATIVE
STRESS ON ARTHROSPIRA SP.

The following three tables show the statistical summary concerning the effect of temperature
and HyO, on Arthrospira sp. (one * represents a p<0.05 in comparison with the control (28°C
in temperature experiments and 0 mM H,0O; in H,O, experiments); two * represent p < 0.001).
As shown in the following tables, the physiology of the cells did not seem to be higly altered
between 4°C and 37°C in small as well as big filaments. Above 37°C and under 4°C,
Arthrospira sp. appears to be damaged at the level of its membrane (as shown by the changes
in membrane permeability and potential). At those temperatures, within the cytoplasm,
enzymes, intracellular pH and ROS production are also affected to a level that could be
explained by an induction of cell death at those temperatures. With regard to the effect of
oxidative stress on A. sp., small filaments were quite resistant to oxidative stress whilst big
filaments were already damages at the lowest concentration of 13.25 mM meaning that an
oxidative stress severely damages the physiology of big filaments of Arthrospira sp.
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Small filaments ;

T (°C) -170°C  -80°C -20°C 4°C 15°C 37°C 45°C 50°C 60°C 70°C
Size %* %* %* % * * * %
Mbr. Perm. % * % *

Mbr. Pot. (Dioc) * %% % ' * *
Rho-123 %

Esterase *

Activity

Intracellular pH *

Superoxide * %% %3k *

anion production
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Big filaments :
T (°C) -170°C  -80°C -20°C 4°C 15°C 37°C 45°C 50°C 60°C 70°C
Size ok %ok %5 st
Mbr. Perm. * * %
Mbr. Pot. (Dioc) * %% % s
Rbo-123 %% % % % o
Esterase %% % % %% ok
Activity
Intracellular pH * * % %
Superoxide %% *% %% %% %%

anion production
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Small filaments :

H30; (mM) 13,25
Size

Mbr. Perm.

Mbr. Pot. (Dioc)

Rbo-123

Esterase

Activity

Intracellular
H

Superoxide

anion
production

Big filaments :

27,5 55 110 220 440 880

%% * % %% %ot %tk ok
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H0; (mM) 13,25 27,5 55 110 220 440 880
Size % %5k

Mbr. Perm. %%k %% %% %3k EX
Mbr. Pot. (Dioc) % %5 %% %
Rbho-123 %% %ok %% %% sk ok %
Esterase %ok 3% %
Activity

Intracellular

pH

Superoxide * * % %ok *% %
anion

production

2.5. Discussion

Certain morphological changes have been reported in the literature following temperature,
oxidative or pH stress. These include compression of gas vacuoles, cell elongation or
shortening, separation of the membrane from the cell wall, pore formation, alterations of the
cytoskeleton, nucleus, and cell organelles, coagulation of plasma proteins and release of cell
constituents to the exterior. Temperature, H,O, or pH treatment is also known to induce
alterations in the composition of the cell membrane, with resultant phase transitions from
liquid into gel.

In this work, we were interested in the application of flow cytometry to physiological studies
of some of the Melissa bacterial strains following stresses that can happen in space. The results
presented in this study indicate that the R. metallidurans, R. rubrum and Arthrospira sp. strains
showed different staining behaviours with a series of various fluorochromes meaning that
physiological characterisation of the strains reveals a difference in the resistance of the strains
to oxidative, temperature or pH stress. R. rubrum seemed to show higher sensitivity to-
temperature and oxidative stresses than R. metallidurans. Concerning Arthrospira sp., small
and big filaments did not react the same way and temperature or oxidative treatment yielded
varying results. In all three strains, a correlation was observed between membrane integrity
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and potential. Following oxidative stress, the membrane permeability and potential increased
in function of the concentration of HyO,.

In conclusion, flow cytometry has been shown to be a fast, excellent means of obtaining
information about physiological status and metabolism of the MELiSSA strains that provides
individual cell information that is almost impossible to obtain in any other way. It makes it an
ideal tool not only to understand the influence of various stresses (for example, X and UV-
irradiations, pressure, starvation or physical stress) on homogeneous (or heterogeneous)
populations but also to be used in routine controls of the strains present in the Melissa
bioreactors. Finally, flow cytometry with specific fluorescent probes, for example specific
mRNA probes, could be used to follow changes in gene expression patterns that are
consequent to stresses.
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PROTEOMIC ANALYSIS OF THERMIC, OXIDATIVE AND
PH STRESS ON RHODOSPIRILLUM RUBRUM ATCC25903.

3.1. Introduction

A proteomic approach based on two-dimensional gel separation and mass spectrometry protein
identification was used to detect and identify protein modifications in different stress
conditions (temperature and pH variation and oxidative stress). Firstly, we needed to built 2-
DE maps from these both bacteria with the same protein extraction method as Ralstonia.
Afterwards, proteins were identified using MALDI-TOF-MS analysis.

3.2. 2-DE proteomic mapping of R. rubrum ATCC25903

As shown in figure 9, the two dimensional gel electrophoresis maps obtained from total protein
extracts of Rhodospirullum rubrum (center) ATCC25903 was qualitatively very different from
the 2-DE map of Ralstonia metallidurans (right) extract. The 2-DE maps obtained from
Rhodospirillum extracts were characterised by a lot of high concentrated proteins probably
corresponding to the proteins involved in the photosynthetic system.

Fig. 3.1. Comparison of 2-DE maps of total protein extracts from Rhodospirullum rubrum
ATCC25903 (center) and Ralstonia metallidurans CH34 (left). The protein were extracted with the
buffer containing 8M Urea, 4% (w/v) CHAPS, 40mM Tris, 0.2% (v/v) Pharmalyte 3-10, 2mM
Tributyl Phosphine (Bio-Rad) , % tablet/ml Complete Mini EDTA Free Protease Inhibitor Cocktail
(Roche)) and further lysed for 1 minute in an Elma Transsonic 450/H sonicator at 4°C. The protein
were separated by two dimensional gel electrophoresis using a 3-10 IPGs in the first dimension step.

This was moie obviuosly observable around the region of 20KDa protein mass for
Rhodospirillum extracts, respectively. In this context, a poor protein separation for these

samples has been obtained.
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Nevertheless, in the case of Rhodospirullum, the two dimensional gel elctrophoresis from total
protein extraction presented a reproducibility that allowed a reliable comparison of the
proteomic profile between the bacterial samples treated under either control or under stress
conditions as a temperature variations and a oxidatifstress (comparison by a bioinformatic
system as PDQUEST). Also in the case of Rhodospirillum proteomic profiles of the bacterial
suspension undergoing thermic stress (43°C, 2h25min) as well as oxidative stress (50um hyO»,
1h25min, room temperature) was compared with controlled conditions. The Bioinformatic
analysis of the protein spots allowed the detection of increased intensity of three spots under
thermic stress. Four increased intensity spots were observed on the profile obtained from the
suspension that had undergone oxidative stress. These protein spots have been identified by
mass spectrometry in tandem (ESI-MS-MS; TN70.9), the identity of the proteins was obtained
by comparison of the obtained peptide sequences with known proteins on the NCBI database

(table 2).
Protein name | Stress Induction/ Peptide sequence Gene Contig
Repression number |
GroES Thermic Ind VVALDVK 2070 14 |
Oxidative | Ind TAGGIIPDTAK |
GroEl Thermic Ind VGNEGVITVEEAK 2071 14 |
LENVTIDMLGTAK
Thioredoxin | Oxydative | Ind INIDENPQTPSK 3170 2
DnaK Thermic Ind SQTFTAEDSQTAVTIR 315 1
RecA Oxydative Ind SGAIDVLVIDSVAALVP 3157 2
HtpG Thermic Ind LSIDAEAGTLTIADNGIGMNR | 35 1
OxYdative | Rep
Alkyl OxYdative | Ind NFDVLIEDAGLADR 6609 7
hydroperoxy
de reductase
subunit C

genome sequence of Rhodospirillum ATCC11170 induced or repressed during thermic or oxidative stress.

The protein spots that showed significant differences in intensity (3 different extracts from 3
separated experiments) were identified. Their protein sequence is listed below (the
experimental sequenced peptides are highlighted in red). Interestingly, in other bacteria more
of these proteins were known to be modified during temperature or oxidative stress.

GroES
MKFRPLHDRVLVKRLEGEEK TAGGIIIPDTAKEKPMEGEVVAVGSGARGDDGKVVALDVKAGDRILFG
KWSGTEVKIDGTDFLIMKESDIMGIVA

GroEL
MAAKDVKFSTDARDRLLRGVDILANAVKVTLGPKGRNVVLDKSYGAPRITKDGVSVAKEIELKDKFEN
MGAQMVKEVASKSADVAGDGTTTATVLAQAIVREGVKSVAAGMNPMDLKRGIDLAVLAVVEDVKKR
SKKIKTSAEVAQVGTISANGDEEVGKIIATAMEKVGNEGVITVEEAKGLDTELDVVEGMQFDRGYLSPY
FVTNAEKMVADLENPYILLHEKKLSGLQALLPVLEAVVQSSRPLLITAEDVEGEALATLVVNKLRGGLKV
AAVKAPGFGDRRKAMLEDIAILTGGQVISEDLGIKLENVTIDMLGTAKKVTITKEETTLVDGAGDKKDIE
ARCSQIRANIEDTSSDYDREKLQERLAKLAGGVAVIKVGGATETEVKEKKDRVDDAMHATRAAVEEGV
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VAGGGVALLHAIRSLDSVKGANPDQNVGIEIVRRALQAPVRQIAENAGVDGAVVAGKLLENSDTDFGY
NAQTGIYENLVTAGVIDPTKVVRAALQGAASIAGLLITTEAMVAEIPEKKDAMPSPDMGGMGGMGGMG
F

THIOREDOXIN

MKQVSDASFEEDVLKADGPVLVDFWAEWCGPCRQIAPALEELATALGDKVTVAKINI
DENPQTPSKYGVRGIPTLMIFKDGQVAATKIGALPKTKLFEWVEASV

DNAK
LQKMKETAEAHLGEPVTQAVITVPAYFNDSQRQATKDAGKIAGLEVLRIINEPTAAALAYGMDKKNTGT
IAVFDLGGGTFDVSVLEIGDGVFEVKSTNGDTFLGGEDFDARIIDYLASEFKKEQGIDLRTDRLALQRLKE
AAEKAKIELSSSMQTEVNLPFITADQAGPKHLNIKLTRAKLEALVDDLVQRTVEPCRKALADAGIKASEI
DEVILVGGMTRMPKVQQVVKDFFGREPHKGVNPDEVVAMGAAIQGGVLKGDVKDVLLLDVTPLSLGIE
TLGGVFTRLIDRNTTIPTRKSQTFSTAEDSQTAVTIRVFQGEREMAADNKMLGQFDLVGLPSAPRGVPQIE
VTFDIDANGIVNVSAKDKATGKEQAIRIQASGGLSDNDIERMVKEAELNAEADRKRKEAVEARNHADGL |
IHATEKNLKEYGDKIPAEDKAKVEGDLTALKAVLDSEDAESIKAKTDALMQSAMKLGEAAYSAGQSAE ‘
GAPHAAGAEASAQSRTDDGVVDADFEEVDEKKGH*

RecA .1
MSQSVLRLVDKDTMDKQKALEAAVGQIERAFGKGSIMKLGQRGSVVDIESISTGSLGLDIALGIGGLPRG ‘
RIVEIYGPESSGKTTLALHVVAEAQKKGGQCAFVDAEHAFDPLYARKLGVSLDDLLVSQPDTGEQALEI |
ADTLVRSGAIDVLVIDSVAALVPKAELEGDMGDSHVGLQARLMSQALRKLTGTVSRSNTLIIFINQIRMKI

GVMFGNPETTTGGNALKFYASVRLDIRRIGAVKDKEEVVGNQTRVKVVKNKVAPPFKVVEFDIMYGEG ‘
ISKLGEMLDLGVKANIIEKSGAWFSYNSTRIGQGRENAKQFLRDNPAMAEEIENAVRANAGLIAEEMIGG ‘1‘
PGGEDDDAGGAAGVGDEA \

HPTG
MSEETLSFQAEVSKLLDIVVHSLYSDRKIFLRELISNASDACDKLRYEGLTQPALLEGDGAFRIRLSIDAEA
GTLTIADNGIGMNRHELIENLGTIARSGTQAFAEALKAKSQAASGDVSLIGQFGVGFYSAFMVADKVEV
VTRRAGEAQGWRWSSDGKGSFSVSEVEGAGRGAAITLHLREDARDFLDEHRLREIVKTYSDHIAIPVDY
AGKEGEPERLNEASALWTRPRDQITDE

These preliminary results show that the proteomic approach was an appropriate method to
detect gene induction or repression in the MELiSSA strains. Nevertheless, the poor separation
obtained after two-dimensional gel electrophoresis does not allow a statistical comparison on
the whole proteome especially for the protein characterised by a lower concentration. Firstly,
due to the sensitivity of this technology, it is important to take extra measures in sample
preparation. If comparative analyses are desired, it is essential that variables between samples
are limited to controlled experimental modifications. For this reason, all samples that will be
used for comparative analysis should be prepared in an identical manner. It is also necessary,
prior to sample submission, to clean up the protein samples, i.e. remove cell debris and other
latent particulates.
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Sample preparation by a differential extraction
buffer 1: 2ml pelletd
Y buffer 2: Iml buffer 3:0.5ml
sonication
A 4 .
sonication .
[sonieain ] [soncnin]
| pellet 1 | | Supernatant 1 |
petlet3 supernatant3 | pellet5 l | Supernatant 5 [

l buffer 1: 2ml

\ 4

sonication
centrifugation

I pellet 2 | ] Supem;tantZ |

buffer 2: 1ml

| Centrifugation : 20 min 15000RPM |

sonication

centrifugation

i

[ pellet4 I | supernatant4 ]

Fig. 3.2. Sample preparation by differential extraction. Buffer 1: Tris-Hcl 50mM pH 7.5. Buffer 2: 8M
Urea, 4% (w/v) CHAPS, 40mM Tris, 0.2% (v/v) Pharmalyte 3-10, 2mM Tributyl Phosphine (Bio-Rad).
Buffer 3: containing SM Urea, 2 M Thiourea, SB 3-10 (v/v), 4% (w/v) CHAPS, 40mM Tris, 0.2% (v/v)
Pharmalyte 3-10, 2mM Tributyl Phosphine (Bio-Rad).

This clean up is essential and will greatly improve proteomic results. Secondly, if the initial
extraction and clean up results in a whole cell extracts, prefractionation of whole extracts is
strongly recommended. Prefractionation aids analysis by reducing the spot pattern complexity
for individual gels while increasing the total protein detection for the entire protein sample.

There are a number of methods of prefractionation, e.g., fractionation based on hydrophobicity
or salt precipitation, are two examples. The type of prefractionation method used is dependent
on the sample type. One remedy is to use of multiple overlapping narrow IPGs in the first
dimension (zoom-in gels) and/ or used prefractionation proteins by isolation of cell
compartments (extracellular, cytoplasmic, periplasmic) and by sequential extraction
procedures (membranes proteins) with increasingly powerful solubilizing buffer (usually
aqueous buffers, organic solvents and detergent-based to extraction solutions). In this context,
we have tested different sample preparation to increase the resolution during the
electrophoresis especially by a sequential extraction procedure using different buffers
containing different detergents (buffer 1, buffer 2 and buffer 3).
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Sequential extractions are being utilised to distinguish between soluble (cytoplasmic and
periplasmic) and non-soluble proteins (membrane-associated proteins). As shown by the
schema of the differential extraction (Figure 3.2.), for each buffer, two extractions were
realised in the aim to obtain a quantitatively extraction.

Fig. 3.3. SDS-PAGE of the different supernatants obtained during the differential extractions from
Rhodospirullum rubrum (left) and Arthrospira platensis (right). A: supernatant 1; B: supernatant 2; C:
supernatant 3; D: supernatant 4; E: supernatant 6 from Rhodospirullum rubrum.

After each extraction, supernatants containing proteins were analysed by SDS-PAGE. For
Rhodospirillum, the extraction is quantitative for each buffer except for the buffer 3. Indeed,
the protein concentration present in the supernatant 3 and 4 is quantitatively lower than the one
in the supernatant 1 and 2 (figure 3.3.).

To increase the lysis of the bacteria, each extraction is realised with a sonication step (5 min at
4°C). The protein extraction without this sonication step was not quantitatively, especially with
the buffer 1 containing no detergent (data not shown). Moreover, the protein spectrums in the
different supernatants were different in agreement with a differential extraction.

Fig. 3.4. 2-DE of the different supernatants obtained during the differential extraction from
Rhodospirullum rubrum (left) and Arthrospira platensis (right). A: supernatant 1; B: supernatant 2; C:
supernatant 3; D: supernatant 4; E: supernatant 6 from Rhodospirullum rubrum.
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— =B C D E F -

Fig3.5. SDS-PAGE of the different supernatants obtained during the
differential extraction from Arthrospira platensis. A: supernatant 1; B:
supernatant 2; C: supernatant 3; D: supernatant 4; E: supernatant 5; F:
supernatant 6.

The resolution of the separation of the three 2-DEs obtained with the differential extraction is
better than one obtained without differential extraction and to allow now a quantitative
detection of the individual spots by a bioinformatic system. The supernatant A, B and C
probably were constitute essentially of cytoplasmic soluble protein, of the membrane proteins
and of the membrane proteins characterised by a high hydrophobicity, respectively In contrast,
any differential extraction from Arthrospira platensis extracts has been obtained in spite of the
sonication step (Figure 3.4.). In contrast with Rhodospirillum, after a sonication step in TRIS-
HCI buffer without detergent (Buffer 1), the lysis of the bacteria was incomplete: The protein
concentration in the supernatant 1 was similar to supernatant 2. To increase the mechanical
lysis, the sonication step has been replaced by a glass beads lysis (15 min. at room
temperature). As shown in the figure 3.5., this step allows a quantitative lysis of Arthrospira.

3.3. Conclusions

With the DNA sequences of more genomes completed, as well as a draft sequence of Ralstonia
metallidurans CH34 and Rhodospirillum rubrum genomes, a major challenge in modern
biology is to understand the expression, function, and regulation of the entire set of proteins
encoded by a micro organism-the aims of the new field of proteomics. This information will be
invaluable for understanding how complex biological processes occur at a molecular level,
how they differ in various microorganisms, and how they are altered in different growing
conditions as space conditions particularly in the case of the Melissa project. The spectrum of
proteins expressed in a microorganism provides that cell with its unique identity. Elucidating
how the protein complement changes in a cell type during development in response to
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environmental stimuli as oxidative stress, temperature or pH variation. Recent years have
witnessed a revolution in the development of new approaches for identifying large numbers of
proteins expressed in cells and also for globally detecting the differences in levels of proteins
in different cell states. In recent years, protein separation methods as the two-dimensional gel
electrophoresis coupled with various mass spectrometry (MS) technologies have evolved as
the dominant tools in the field of protein identification and protein complex deconvolution.
This approach is probably the best approach to characterise the proteome especially if the
genome is partial or unknown. Among the different steps of this approach, the protein
extraction is crucial for the out come of this approach.

In this context, , an extraction protocol compatible with a proteomic approach using the two-
dimensional gels electrophoresis separation has been adapted for Rhodospirullum rubrum and
Arthrospira platensis. This approach should allowed as it was with success for Ralstonia to
study by a differential comparison the up or down regulated proteins in bacteria growing in
different environmental conditions as oxidative stress, temperature variation, space
conditions.... The preliminary results showed already more known proteins up-regulated
during temperature variations (GroEs, GroEL, Dnak and HtpG) and oxidative stress (GroES,
Thiredoxine, RecA and Alkyl hydroperoxyde reductase subunit C). For Rhodospirillum
rubrum ATCC25903 a number of stress-induced proteins were already identified. Under
conditions of thermic stress, the chaperone proteins GroEL, GroES, DnaK and HtpG were
induced. Under oxidative stress the induced proteins were identified as thioredoxin,
alkylhydroperoxyde reductase, HtpG and RecA. Thioredoxin and alkylhydroperoxyde
reductase are proteins known to be induced under oxidative stress. HtpG on the other hand is a
typical heat shock protein, and RecA is involved with gene repair. Unexpectedly there was no
induction of superoxide dismutase observed. To obtain an induction of superoxide dismutase it
was probably necessary to increase the concentration of HyO, or the time of incubation. The
induction of HtpG during oxidative or thermic stress has already been observed in the
literature and indicates that certain proteins can be induced as a general response against stress.

Moreover, the effectiveness of mechanical devices used to lysis a bacterium is clearly a
function of the bacterial structure: some bacterial species are easily lysed whereas other are
fairly resistance. The result of these observations is that bacteria can now be classified
according to their degree resistance to mechanical lysis especially by sonication.

Sensibility of the bacterial lysis by sonication

Rhodospirillum Rubrum>>>>>>Ralstonia metallidurans>>>>>Arthrospira platensis

In conclusion, Proteomic approach based to 2-DE coupled to mass spectrometry has been
shown to be a excellent means of obtaining information about physiological status and
metabolism of the MELiSSA strains that is almost impossible to obtain in any other way,
especially with an non or partially characterise genome. It makes it an ideal tool to understand
in the molecular level the influence of various stresses (for example, X and UV-irradiations,
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pressure, starvation, pH stress) on the strains present in the MELiSSA bioreactors. Finally,
proteomic approach could be used to understand the behaviour of the MELiSSA bioreactors in
different growth conditions
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SCK/CEN

Part A: Test evaluation document for genetic stability study 40

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or

transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




ME L l S S A issue 1 revision 1 -

page 41

MALDI-TOF ANALYSIS OF THERMIC, OXIDATIVE AND PH
STRESS ON ARTHROSPIRA SP. PCC8005 AND
RHODOSPIRILLUM RUBRUM ATCC25903.

4.1. Introduction

In the context of the MELISSA loop, temperature, pH and oxidative stresses are a perplexing
risk for Rhodospirillum rubrum ATCC25903 and Arthrospira sp. PCC8005 and understanding
the physiological mechanisms induced by those stresses. Here we report the success of mass
spectrometry as a powerful technique to monitor with a high degree of statistical resolution,
cell modifications during temperature, oxidative ad pH stress of R. rubrum and A. platensis.
Moreover, these results confirm these obtained by an other approach based to the
flowcytometry analysis.

A variety of characteristics of microorganisms (both phenotypic and genotypic) are used to
differentiate between strains and often to determine the relationship between strains of bacteria
present on the bacterial cell wall are surface components, which give rise to a unique pattern of
biomarkers. These surface components are important since they mediate the contact between
the cell and the environment. This unique population of molecules can be rapidly desorbed
from the cell surface; ionised and analysed by matrix-assisted laser desorption/ionisation time
of flight mass spectrometry (MALDI-TOF-MS) resulting in a mass fingerprint. This approach
should be rapid and yet be based on a sufficiently large group of proteins so that a unique mass
spectral fingerprint for the organism or strain can be obtained. Some of the difficulties
involved in the MALDI-TOF mass spectral analysis of bacteria have been the complexity of
the spectra, the large mass ranges used, and the subtle differences that may be observed in
spectra from related stains. Moreover, reproducibility is a difficult problem in experiments
that involve MALDI of cells, and large variations have been seen in spectra obtained under
different conditions. There are many experimental parameters that can have a strong effect on
the observed mas spectra (minor variations in the sample/matrix preparation, in the
experimental conditions used to bacterial extraction or analysis). Here we report the success of
the intact mass spectrometry to study statistically and with a high reproducibility
Rhodospirillum rubrum ATCC25903 and Arthrospira sp. PCC8005. Another initially
perplexing issue was the time dependence of spectra noted upon analysis of bacteria from
cultures. Bacteria respond rapidly to environmental changes, and the production of stress
proteins or other similar changes in cellular processes results to a modification in the spectra
for reasons associated with the biology of bacteria. Our results demonstrated that MALDI-TOF
of Whole cells could be used to monitor biological changes, such as those that occur during
oxidatif , temperauture and pH stress. This whole-cell approach to the monitoring of biological
changes would, of course, only allow a fraction of the environmental-response related proteins
to be detected, compared to similar studies with isolated or fractionated protein samples, but
the rapidity of the analysis often offsets this limitation.
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4.2. Stress conditions

Resistance to temperature stress: A 100 ul aliquot of bacterial culture was transferred to a 1 ml
tube (Eppendorf). For temperature stress, samples were stored at one of those temperatures for |
one hour. The temperature range was -170°C (liquid nitrogen), -80°C, -20°C, 4°C, 15°C, 28°C,
37°C, 45°C, 50°C, 60°C and 70°C. Controls were obtained by incubating bacteria at 28°C.
After incubation, the tubes were centrifuged and the supernatant were discarded. Bacteria were
then washed with 200ul of Water (mQ). After centrifugation, bacteria were resuspended in
10pl of water (mQ) and 1pl is spotted on the MALDI plate.

Resistance to oxidative stress: A 100 pl aliquot of bacterial culture was transferred to a 1 ml
tube (Eppendorf). Oxidative stress was generated by addition of hydrogen peroxide (H202
30%, Merck) for an hour at the following final concentrations: 13,25; 27,5; 55; 110; 220; 440
and 880 mM. 10 pl of hydrogen peroxide (10 times more concentrated than the different
concentrations tested) was added to the bacterial suspension and samples were stored at room
temperature for an hour. Controls were obtained by incubating bacteria without any hydrogen
peroxide. After incubation, the tubes were centrifuged and the supernatant were discarded.
Bacteria were then washed with 200ul of Water (mQ). After centrifugation, bacteria were
resuspended in 10ul of water (mQ) and 1pl is spotted on the MALDI plate.

Resistance to pH stress: A 100 pl aliquot of bacterial culture was transferred to a 1 ml tube |
(Eppendorf). Oxidative stress was generated by addition of sodium hydroxide or hydrogen
chloride for an hour at the following final pH: 4, 5, 6, 7, 8, 9, 10 and 11. The final pH of the
bacterial suspension is evaluated with a pH indicator strip. Bacterial suspension and samples
were stored at room temperature for an hour. Controls were obtained by incubating bacteria in
pH 7. After incubation, the tubes were centrifuged and the supernatant were discarded.
Bacteria were then washed with 200ul of Water (mQ). After centrifugation, bacteria were
resuspended in 10ul of water (mQ) and 1pl is spotted on the MALDI plate.

Mass spectrometry measurements were performed on a M@LDI LR (Micromass, Manchester,
UK) laser desorption time-of-flight instrument equipped with a nitrogen UV laser (4=337 nm).
The laser fluency was set just above the threshold for ion production. The mass spectrometer
was used in the positive ion detection mode using an acceleration voltage of +15kV. On
loading each target plate, automatic, accurate indexing of sample/reference wells was
performed, followed by calibration of the m/z range of the instrument, using the average
molecular weights from a standard peptide mixture (Bradykinin, angiotensin, Glu-
fibrinopeptide B, renin substrate tetraddecapeptide, ACTH (18-39) all at 1 pmol/ul, bovine
insulin, 2pmol/ul and ubiquitin, 10pmol/ul). The acquisition mass range was from m/z 500 to
10000 Da. For maximum throughtput of samples the supernatant mass fingerprints were
acquired automatically. Spectra from the reference wells, for lock mass calibration, were also
acquired automatically. Twelve target wells were used for each organism to be entered into the
database. A 1ul aliquot of matrix was applied to each target spot allowed to air-dry prior to
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mass spectrometry analysis. Samples were mixed (1/1, v/v) with cyano-4-hydroxycin-namic
acid on the target and dried in room temperature.

4.4. Data analysis

Spectral data were exported from M@LDI LR as .TXT files of mass, intensity pairs and to the
MicrobeLynx™ search algorithm, which challenges an appropriately selected database from a
range of quality controlled supernatant bacterial reference mass spectra. The quality of the
replicates was determined by comparing each of the twelve replicate spectra to each other
using the root mean square (RMS) value. An RMS rejection value of 3 used to identify
significant outliers and an average mass spectral fingerprint obtained from a minimum of ten
accepted replicate spectra of an individual bacterium was used to populate the database. The
pattern recognition algorithm uses all the mass and intensity data in the mass spectrum to give
the best database match with a probability score. A comparative display of the test spectrum
and the differences from the best database match is produced in a browser format.

For temperature stress, bacteria incubated at 28°C were used as as positive controls for the
intensity of the laser. For oxidative stress, bacteria incubated in the absence of hydrogen
peroxide or at pH 7 were used as as positive controls for the intensity of the laser. Data
(intensity of the different ions) were normalized and expressed as percentages of the value
obtained for cells incubated at 28°C (for temperature stress), at pH 7.0 (for pH stress) or
without any hydrogen peroxide (for oxidative stress) .

4.5. Results

Figures 28 shows the effect of temperature stress on the fingerprint R. rubrum and Arthrospira
sp.. Concerning R. rubrum, a significant decrease of pic surface of some ions essentially the
ions m/z 9750 and 4875 could be observed when cells were submitted to low (-170°C, -80°C, -
20°C) or high (+50°C, 60°C and 70°C) temperatures. Concerning Arthrospira sp., a relevant
decrease of only one surface of ion of m/z: 861) could be noted when cells were submitted to
60 and 70 °C. The other ions do not show a statistically variation in function of the
temperature as well for R. rubrum than for Arthrospira sp.. In conclusion, R. rubrum was more
sensitive to temperature variation in comparison with Arthrospira sp.. Each bacterial strain
showed characteristic ions that were attributed to bacterial membrane and intracellular proteins
and metabolites. It is know that high-mass ions as it observed to R. rubrum (ions m/z 9750 and
4875) were attributed to intracellular bacterial proteins. The ion m/z 4875 was characterised by
a double charge and corresponds to the same protein that the ion m/z 9750. For R. rubrum, the
nature of the protein characterised by a m/z 9750 is unknown but its decrease in high and low
temperature could correspond to a partial lysis of the bacteria due to a increase of the
membrane permeability in function of the temperature.
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Figure 4.2. Effect of oxidative stress on R. rubrum (left) and Arthrospira sp. (right).
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The loss of membrane integrity represents significant damage for cells due to multiple
functions linked to the plasma membrane (permeability barrier, transport, respiratory activity,
etc..). Our results showed different ion variations in the specific spectra of the both bacteria
that reveal a difference in the resistance of the strains to temperature stress. R. rubrum seemed
to show higher sensitivity to temperature stress than Arthrospira sp.

Figures 4.2. shows the effect of oxidative stress on fingerprint of R. rubrum and Arthrospira
sp.. After oxidative stress, a mass shift of some ions (in comparison with control conditions) in
function of the concentration of HyO, was observed in R. rubrum while no significant change
was observed in the spectra of Arthrospira sp.. The mass shift observed, i.e for the ions m/z
9750 and 4875, correspond to an increase of the oxidation state of this corresponding protein
(multiple of 16 Da). Interestingly, Oxidative stress, measured by flow cytometry, induced an
increase in membrane permeability that was, in contrast for the Arthrospira sp., clearly
proportional to the concentration of H,O, in R. rubrum.

Figure 4.3. shows the effect of pH stress on fingerprint of R rubrum. After pH stress, a
significant decrease of pic surface of some ions essentially the ions m/z 9750 and 4875 was
observed when cells were submitted to low pH 6,5,4 and 2) or high (pH 8,9,10,11 and 12) pH.
The other ions do not show a statistically variation. Concerning Arthrospira sp., the analyses
still have to be done. In conclusion, the decrease of the surface pic corresponding to the ions
m/z 970 in high and low pH could correspond to a partial lysis of the bacteria due to an
increase of the membrane permeability as observed during temperature stress. Interestingly, a
significant increase of membrane permeability analysed by flow cytometry was observed when
cells were submitted to the same low (pH 6,5,4 and 2) or high (pH 8,9,10 and 12) pH.
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Figure 4.3. Effect of pH stress on R. rubrum .
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4.6. Conclusion

Certain morphological changes have been reported in the literature following temperature, pH
or oxidative stress. These include compression of gas vacuoles, cell elongation or shortening,
separation of the membrane from the cell wall, pore formation, alterations of the cytoskeleton,
nucleus, and cell organelles, coagulation of plasma proteins and release of cell constituents to
the exterior. Temperature and pH treatment is also known to induce alterations in the
composition of the cell membrane, with resultant phase transitions from liquid into gel.

In this work, we were interested in the application of mass spectrometry to monitor the effect
of different stresses that can happen in space (temperature, oxidative and pH stress) on some of
the MELiSSA bacterial strains. Bacteria respond rapidly to environmental changes, and the
production of stress proteins or other similar changes in cellular processes results to a
modification in the mass spectra for reasons associated with the biology of bacteria. Our
results demonstrated that MALDI-TOF of Whole cells could be used to monitor biological
changes, such as those that occur during oxidatif , temperauture and pH stress. Usually,
bacteria were sampled from colonies on an agar plate, mixed with the matrix, air—dried, and
introduced in batches into the mass spectrometer for analysis. In our work, mass spectra were
directly obtained from liquid culture. Experimental conditions have been establish to obtain
specific and reproducible spectra from the different MELiSSA strains. Moreover, our results
indicate that the R. rubrum and Arthrospira sp. strains showed different behaviours to
oxidative, pH and temperature stresses. R. rubrum seemed to show higher sensitivity to
temperature, pH and oxidative stresses than 4rthrospira sp. Interestingly, These results were in
good concordance with those obtained by flow cytometry. Moreover, in both strains, a
correlation was observed between membrane integrity and the mass spectrum modifications
observed during stress variations.

Mass spectrometry especially applied on the whole cells has been shown to be a fast, excellent
means of monitoring the effect of different environmental stresses on the strains present in the
Melissa bioreactors. Nevertheless, this approach is not able, without a prefractionation, to
monitor specific physiological modifications from heterogeneous populations of a bacteria
strain, as Arthrospira platensis constituted of small and big filaments. Finally, mass
spectrometry could be also used to identify intact cyanobacteria and to detect their secondary
toxic metabolites.

In another interesting way, pigments and proteins from chlorosomes, the light-harvesting
organelles from the photosynthetic bacterium could be characterized directly from organelles.
Recent work shown that by applying a small volume of a concentrated suspension of isolated
chlorosome organelles directly onto the MALDI target, bacteriochlorophyll A and the major
homologs of bacteriochlorophyll C have been characterised from Chlorobium tepidum.
Interestingly, the authors noted that the peak surface of the different bacteriochlorophyl in the
MALDI spectra were proportional to peak areas obtained by HPLC analysis. Similar results
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were reported when whole cells were applied to the target. The MALDI-TOF can rapidly
provide semiquantitative analysis as well as a fingerprint for the small amount pigments
present in bacteria. This approach could be applied to the MELiSSA strains to monitor their
light-harvesting systems in different growth conditions.
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OPTIMISATION OF MOLECULAR METHODS FOR
GENOMIC ANALYSIS OF ARTHROSPIRA SP. PCC8005

5.1 Introduction

One method that has been selected for the detection of genomic changes in Arthrospira in
response to stresses is Amplified Fragment Length Polymorphism (AFLP). However, during
preliminary trials on the MELiSSA strains, Dr Janssen observed that it was very difficult to
obtain good quality DNA from Arthrospira sp. PCC8005 and to perform AFLP, whereas he
had more success with R. rubrum ATCC25903 and R. metallidurans. Therefore, some effort
had to be dedicated to find a suitable method for DNA extraction from Arthrospira. A second
step towards the AFLP was carried out by testing several restriction enzymes for digestion of
the genomic DNA.

We also have studied the affiliation of the Arthrospira strain that is currently being sequenced
at the Human Genome Center in Peking. We have obtained 3 subcultures of the strain ‘China’,
that have been already purified by a student of Prof. Zhang. We have determined in which
cluster they belonged, on the basis of the ITS (Internally Transcribed Spacer) between the 16S
and 23S rRNA genes.

5.2  Extraction of genomic DNA from Arthrospira strains.

The total genomic DNA was extracted from the Arthrospira strains using 3 different kits (
NucleoSpin Plant Kit (Macherey-Nagel), Wizard DNA Kit (Promega), DNeasy Plant Mini Kit
(Qiagen)) and a classical method using phenol/chloroform and Proteinase K (Ausubel et al.
1992) with the following modifications. Centrifuged cyanobacterial cells were washed 3x in
hot (80°C) TE buffer (50mM Tris, 40 mM EDTA). This buffer, with an increased
concentration of the salts, inhibits the non-specific nucleases after lysis and removes
polysaccharides. Then, the cells pellets were frozen at -20°C. Freezing the cells increases the
efficiency of lysis. However, the cells cannot be stored for a long period. Then, an incubation
with Proteinase K was performed at 60°C instead of 37°C. At this temperature, Proteinase K is
most active and some of the enzymes are faster inactivated (e.g. restriction enzymes and
mesophilic and psychrophilic nucleases). In addition, the lysis at 60°C is more efficient. After
the precipitation step, the DNA was resuspended for minimum 3 days at 4 °C. The DNA is
stored at 4 °C to avoid damages inflicted during freezing and thawing. The comparison of the
quality of the DNA obtained with kits and a classical method shows that kits yielded only
small fragments of DNA (< 20 Kbp) and that the DNA was of bad quality. However, the DNA
extracted with a classical method had a good quality and showed fragments sizes of about 50
Kbp (Fig. 1). In addition, it was not degraded even after 16h incubation at 37 °C (Fig. 2).
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Panel A ‘
Lanes 1, 20 - DNA Ladder A /HindIIl |
Lanes 2-7 - DNA extracted from Arthrospira strain PCC 8005 with the NucleoSpin Plant Kit. There were two
modifications: addition of Proteinase K during lysis (lanes 4, 5), and boiling of the cells during the lysis (lanes 6, 7).
Lanes 8, 9 - DNA extracted from Arthrospira strain PCC 8005 with the Wizard DNA Kit.
Lanes 10, 11 - DNA extracted from Arthrospira strain PCC 8005 with the Wizard DNA Kit with boiling of the|cells
during the lysis.

Lanes 12, 13, 16, 17 - DNA extracted from Arthrospira strain PCC 7345 with the DNeasy Plant Mini Kit.
Lanes 14, 15, 18, 19 - DNA extracted from Arthrospira strain PCC 8005 with the DNeasy Plant Mini Kit.

Panel B

Lane 1 — Undigested A DNA.

Lanes 2 - 5 - DNA extracted from Arthrospira strain PCC 8005 with a classical method with modifications.
Lanes 6 - 10 DNA extracted from Arthrospira strain PCC 7345 with a classical method with modifications.
Lane 11 - DNA extracted from Arthrospira strain 1 from Mozambique

Lane 12 - DNA extracted from Arthrospira strain 2 from Mozambique

Lane 13 - DNA extracted from Arthrospira strain from Chad.

(Lanes 2-10 - DNA was extracted from fresh cultures which were washed with TE buffer and frozen at - 20°C} Lanes
11-13 —- DNA was extracted from fresh cultures that were not frozen.)

Fig. 1. DNA extraction with different methods: NucleoSpin Plant Kit (Macherey-Nagel), Wizard DNA Kit
(Promega), DNeasy Plant Mini Kit (Qiagen) (Panel A), and with a classical method with modifications
(Panel B).

For DNA extraction, fresh and frozen (-20 °C) cells of Arthrospira were used. It was observed
that the DNA was more degraded when the Arthrospira cells had been kept several years at -
20 °C (Fig. 3). For extraction, fresh cultures should be used, or the cells should be stored at -80
°C.
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HEGEWALD 1976/83 (D0910/H?)

R Arthrospira sp. China strain 3
L Arthrospira sp. China strain 1
B Arthrospira sp. China strain 2
& Arthrospira sp. Mozambic strain 1

1234 567 8 910 111213141516 1718

Lanes 4 and 18 DNA Ladder A /HindlII

 Lanes 1, 5,6 — DNA extracted from fresh cultui'es frozen for several days.
Lanes 2,3,7 -17e- DNA extracted from cultures frozen since 5 years.

Fig. 3. DNA extraction by a classical method (with phenol/chloroform and Proteinase K) with modifications
from cultures frozen for several days and from cultures frozen since 5 years.

Also, it was observed that is difficult to obtain the same quantity and quality of DNA even
using the same method. A good quality DNA should be aliquoted, kept at -80 °C (avoiding
refreezing) and used during the whole project to avoid a possible unreproducibility of the
results of AFLP.

5.3 Start-up of AFLP

Digestions of chromosomal DNA from 2 Arthrospira strains (PCC 8005 and PCC 7345) with

4 restriction enzymes: Msel, Hindlll, Apal, Xhol were performed to check the usefulness of the
endonucleases chosen for AFLP. The results of these experiments indicated that Afsel cuts
very often and efficiently the DNA of tested Arthrospira strains (Fig. 3), Apal and Xhol cut
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rarely (Fig. 4), whereas HindllIl does not cut or cuts not efficiently the DNA of the Arthrospira
strains PCC 8005 and PCC 7345 (Figs. 3, 4).
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Fig. 4. Digestion of diluted (4x and 2x) chromosomal DNA from Arthrospira strains PCC 8005 and PCC
7345, with Apal, Xhol and HindIIl.

Lanes 1, 21 - Undigested A DNA + A DNA digested with HindIIl.
Lanes 2, 20, 40 - Undigested chromosomal DNA from E. coli
Lanes 3, 4,5 — 2 or 4 times diluted chromosomal DNA from E. coli incubated with buffer for restriction endonucleases
at 37 °C for 3h and over the night.

Lane 6 - Undigested DNA extracted from Arthrospira strain PCC 8005.
Lanes 7, 8,9, 10 — Digestion of 2 and 4x diluted chromosomal DNA from Arthrospira strain PCC 8005 with HindIIl
enzyme at 37 °C for 3h (lanes 7, 9) and overnight (lanes 8, 10).
Lanes 11, 12, 13 - Digestion of 2 and 4x diluted chromosomal DNA from Arthrospira strain PCC 8005 with Xhol at 37
°C for 3h (lane 12), and overnight (lane 11, 13).
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Lanes 14, 15, 16, 17 - Digestion of 2 and 4x diluted chromosomal DNA from Arthrospira strain PCC 8005 with Apal at
37 °C for 3h (lanes 14, 16), and overnight (lanes 13, 15).

Lanes 18,19, 38, 39 - Control of the enzymes X#ol and Apal activity: A DNA digested with Xhol at 37 °C for 3h (lane
18), and overnight (lane 19), A DNA digested with Apal at 37 °C for 3h (lane 38) and overnight (lane 39).

Lane 22, 23 — Chromosomal DNA from E. coli digested with Xhol at 37 °C for 3h (lane 22), and overnight (lane 23).
Lanes 24, 25, 27, 28 - Digestion of 2 and 4x diluted chromosomal DNA from Arthrospira strain PCC 7345 with Xhol at
37 °C for 3h (lanes 24, 26), and overnight (lane 25, 27).

Lane 26 - Digestion of 4x diluted chromosomal DNA from Arthrospira strain PCC 8005 with Xhol enzyme at 37 °C for
3h.

Lanes 29 - Undigested DNA extracted from Arthrospira strain PCC 7345.

Lanes 30, 31, 32, 33 - Digestion of 2 and 4x diluted chromosomal DNA from Arthrospira strain PCC 7345 with HindIII
at 37 °C for 3h (lanes 30, 32), and overnight (lane 31, 33).

Lanes 34, 35, 36, 37 - Digestion of 2 and 4x diluted chromosomal DNA from Arthrospira strain PCC 7345 with Apal at
37 °C for 3h (lanes 34, 36), and overnight (lane 35, 37).

In conclusion, for AFLP, we will be able to use Msel and X#ol or Apal.

Prof. Cheng-Cai Zhang, who is involved in the sequencing of one Arthrospira genome in
China, informed us that the sites of the restriction enzymes HindIll, Xhol or Apal occur rarely
in the genome of their Arthrospira strain. The average lengths of the fragments produced by
these enzymes were 15.5 kbp, 30 kbp and 48 kbp, respectively. Prof. Cheng-Cai Zhang
suggested to use different enzymes, which cut the Arthrospira genome more frequently:
BamHI (10.18 kbp), EcoRI (7.37 kbp), BsaBI (3.18 kbp), EcoRV (2.44 kbp), Clal (4.24 kbp),
Hincll (1.24 kbp).

We are specially interested in the endonuclease EcoRI because it has been used for AFLP to
differentiate Nostoc linckia strains (Satish et al., 2001). Thus, the primers and adapters needed
are already described. Prof. Cheng-Cai Zhang informed us also that there are several possible
DNA methylase genes in the Arthrospira genome, e.g.: type I restriction-modification systems,
DNA methylases, cytosine-specific DNA methyltransferases, site-specific =DNA
methyltransferases. The presence of methylation in the Arthrospira genome could be the
reason that HindIll is not cutting the DNA from strains PCC8005 and PCC7345. The presence
of different kind of modifications in the Arthrospira genome (methylation, glycosilation) could
complicate the use of AFLP or other methods which are based on the restriction of
chromosomal DNA from Arthrospira (e.g. RDA method).

5.4  Conclusions

We have set up a DNA extraction method allowing to obtain High Molecular Weight DNA,
what is necessary for AFLP and other techniques.

Several tests of restriction enzymes for the digest was carried out and showed that Msel, Xhol
and Apal managed to cut the DNA of strain PCC8005. However, we have got later the results
from a ‘in silico’ analysis of the contigs obtained for the sequenced strain in China and on this
basis, EcoRI could be chosen instead of Xhol and Apal, because it cuts the genome more
frequently.
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MORPHOLOGICAL AND GENETIC DIFFERENTIATION OF
ARTHROSPIRA STRAINS

6.1 Introduction

We needed to know if the strain presently sequenced in China was closely related or identical
to the MELiSSA strain PCC8005. However, the origin of the strain was lost. Moreover, it was
also hypothesized that the sequencing problems encountered in Peking could be due to the
presence of contaminants. Thus, we have received 3 subcultures of the China strain thanks to
Prof. CC Zhang and we have carried out a genotypic characterisation based on the ITS
sequence. It appeared that the 3 subcultures are identical and belong to the ITS-cluster IL.A. As
we have already characterised 51 strains of Arthrospira from 4 continents with the same
molecular marker (Scheldeman et al., 1999; Baurain et al., 2002), we have noted that the most
likely candidate, as origin of the China strain, was PCC9108.

6.2  Morphological identification, and study of the purity, of the
three unknown Arthrospira subcultures from China.

The microscopic observation of 5 Arthrospira strains: PCC 8005, PCC 7345 and 3 China
isolates, revealed that the China subcultures seemed to be pure, without any bacterial and
fungal contamination, and they were more similar (positions of gas vesicles) to the type strain
PCC 7345 than to the strain PCC 8005. However, when plated on solid LB medium, bacterial
growth was visible in the China strain.

Fig. 6.1. China strain 1, with gas vesicles dispersed into the cell
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Fig. 6.3. Strain PCC7345, with gas vesicles dispersed into the cell

6.3  Genotypic differentation between Arthrospira sp. strains

To identify the China strains, the 16S and ITS region were sequenced for these three isolates,
using PCR primers specific for cyanobacteria. The analysis of the obtained sequences revealed
that ITS sequences of the China strains were identical and belonged to the ITS cluster IL.A
(containing a.o. strain PCC 9108 from China), whereas there was only 97% of similarity
between the China strains and our MELISSA strain PCC 8005. Our ‘educated guess’ is that
strain PCC9108 is the most likely candidate to be the ancestor of the strain that is currently
sequenced in Peking.
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Concerning the history of strain PCC9108, it was isolated by R. Lewin as Spirulina platensis,
in a commercial culture facility of Cheng-hai, Yunnan, China, and was deposited in the Pasteur
Culture Collection of Paris. In addition, several characteristics ( W/D 8 - 10 pm; motility
permanent; gas vacuoles permanent, dispersed) indicated the similarity of this strain to the
China isolates, e.g. the same position of gas vesicles in the cells.

From previous studies of the Arthrospira genome it is known that PCC 9108, PCC 8005 and
PCC 7345 belong to different ITS clusters (II.A, I.B, II.A/B respectively). The primers
designed by Baurain et al. (2002), that are specific for each ITS cluster, allowed to affiliate the
China strains of Arthrospira to the Cluster II.A (like PCC 9108) (Fig. 5).

Panel A Panel B

Negative control
pPBR/Alul

PCC 8005
PCC7345

China strain 3
Negative control

Negative control
‘China strain 1
China strain 2
China strain 3
China strain 1
China strain 2

China strain 2
China strain 3

China strain 1

Negative control

pBR/Alul

China strain 1
China strain 2
China strain 3

pBR/ Alul
PCC 8005
PCC7345
PCC 8005
PCC7345

%88

123456 78 9101112 123456 789101112 ;L
ITS cluster IA 1B IIA 1IB 1

Fig. 5. Amplification of the ITS region from Arthrospira strains PCC 8005 and PCC7345 and from China
isolates with specific primers.

Panel A : Amplification of the ITS region from Arthrospira strains PCC 8005 and PCC7345 and from China isolates |
with primers specific for ITS subcluster I. A (lanes 1-6) and primers specific for ITS subcluster 1. B (lanes 7-12). |
Panel B : Amplification of the ITS region from Arthrospira strains PCC 8005 and PCC7345 and from China isolates |
with primers specific for ITS subcluster II. A (lanes 1-6) and primers specific for ITS subcluster II. B (lanes 7-12). ’

Using techniques described in the following section, the similarity of China strains and strain
PCC 9108 was confirmed by sequences of other loci, rec4 and gyr4. |
|
1
J
|
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The genus Arthrospira consists of a dozen species (Jeeji-Bai, 1999) that are difficult to
distinguish morphologically. A molecular characterisation based on the ITS (Internally
Transcribed Spacer) of the rRNA operon from 50 Arthrospira strains revealed that there were
4 genotypes grouped into 2 clusters (I and II). Inside each of them, 2 subclusters were
observed (LA, LB and IL.A, IL.B). The 5" genotype was a consequence of the presence of two
ITS forms II.A and ILB in the copies of the same organism (Scheldeman et al. 1999; Baurain
et al. 2002).

To study the genetic variability of several Arthrospira strains belonging to different ITS
clusters, we have used a polyphasic approach based on the polymorphism of 4 DNA loci:
gyrA, recA, rpoC and cpcBA operon. The presence of highly conserved motifs in genes
encoding these proteins enable the construction of PCR primers suitable for the differentiation
of bacteria at the genera, species and subspecies level (Huang, 1996). Moreover, 2
fingerprinting methods have been used: ERIC-PCR (Versalovic et al. 1991) and HIP-PCR
(Bhaya et al., 2000).

RecA protein and recA gene sequence comparisons have been used to study the phylogenetic
relationships among bacterial genera and species (Lloyd & Sharp, 1993). The recA gene has
been used for typing of acinetobacteria (Nowak & Kur, 1995) for example.

Studies on the polymorphism of the gyr4 gene have been used for the genotyping of the
following bacteria species: Pseudomonas (Hocquet et al., 2003), Mycobacterium tuberculosis
(Fletcher et al., 2003), Campylobacter jejuni (Ragimbeau et. al.1998), Neisseria gonorrhoeae
(Deguchi et. al. 1998), Salmonella typhi (Calva et. al. 1997, Arya 1998), Bartonella sp.
(Sander et. al. 1998).

The sequences of rpoCI gene were used for phylogenetic analysis of 5 subgroups of
cyanobacteria (Seo and Yokota 2003), to study genetic differentiation of strains belonging into
several cyanobacterial genera e.g. Anabaena circinalis (Fergusson and Saint, 2000),
Cylindrospermopsis raciborskii (Wilson et al., 2000), Synechococcus sp. (Toledo and
Palenik,1997, Toledo et al. 1999).

In addition, sequences of cpcBA operon have been used to study the phylogenetic diversity of
cyanobacteria among freshwater picocyanobacteria and toxic cyanobacteria (Crosbie et al.
2003, Robertson et al. 2001, Baker et al. 2001, Neilan et al. 1995) and to study the
relationships inside the Arthrospira genus (Manen and Falquet, 2002).

New pairs of PCR primers were designed for the amplification of 3 housekeeping genes: gyr4,
recA and rpoC1. They allowed us to amplify and sequence a fragment of each gene. For
amplification of the cpcB-4 locus primers PcSF (Neilan et al., 1995) and PcaR (Manen and
Falquet, 2002) were used. A comparison of the resolution power of the different DNA loci
with the data of the ITS sequences was carried out.
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6.4

6.4.1

Results

POLYMORPHISM OF RECA GENE.

The 782 bp fragment of 8 recA genes (Fig. 1) from Arthrospira strains belonging to different
ITS clusters (Table 1), were amplified and sequenced.
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Fig. 1. Amplification of the 782 bp fragment of the recA gene.

The analysis of the 717 bp (out of 782 bp) fragment of recA gene sequences, revealed that
there were 35 polymorphic positions (Fig. 2).
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I.A -
1.B
IL.A

I1.B
II.A/B
PCC 7345
II.A/B
D0881

circle).

Fig. 2. Pairwise comparison of a 717 bp fragment from the recA sequences in relation to
the ITS clusters. Numbers indicate the sequence differences between Arthrospira strains
belonging to different ITS clusters. |

The recd sequences from Arthrospira strains belonging to ITS clusters I.A and 1.B, which
have only 2 different nucleotides in their ITS sequences, were identical. However, there were
clear differences between strains belonging to clusters I and II (Fig. 2).

On the other hand, the rec4 sequences allowed to differentiate the strains belonging to cluster
II.A and IL.B (Fig. 2,
cluster II.A/B (Baurain et al. 2002) have different rec4 sequences (Fig. 2 - orange stars). Strain
PCC7345 has a recA sequence that is almost identical to strains from cluster ILA. (Fig. 2 -

blue squares), while strain D0881 was very similar to strains from ITS cluster IL.B (Fig. 2 —red

In the case of strains from clusters IL.A, II. B and I1.A/B, the recA sequences have a higher
resolution power than ITS sequences because they show 7 or 8 polymorphisms instead of only
4 base differences. Interestingly, the translation of obtained rec4 sequences show that the
amino acid sequences of RecA are identical for the cluster I and II strains. This illustrates the
conserved nature of RecA protein.

I.B ILA ILB ILA/B ILA/B
PCC7345 DO0881

0 [ BilR e85 30 350 |
o 30 35

— green triangle). Two strains, PCC 7345 and D0881 which belong to
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6.42 POLYMORPHISM OF GYRA GENE.

The 662 bp fragment of gyr4 gene (Fig. 3) from 12 Arthrospira strains belonging to different
ITS clusters (Table 1), were amplified and sequenced. The 621 bp (out of 662 bp) gyr4 gene
fragment had 20 polymorphic sides (Fig. 4).
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IA LB ILA ILB ILA/B 1LA/B
PCC7345 D0881

LA . 0 20 19 20 19
I.B - 20 19 20

5 |
I1.B - I

II.A/B - 7&?
PCC 7345

II.A/B -

D0881

Fig. 4. Pairwise comparison of a 623 bp fragment of gyr4 gene sequences in relation to
the ITS clusters. Numbers indicate the sequence differences between Arthrospira strains
belonging to different ITS clusters.

In this case, differences were only found between strains belonging to clusters I and II. The
gyrA sequences from Arthrospira strains belonging to ITS clusters I.A and I.B, were identical.
Also, no differences were found between strains belonging to clusters II.A, II.B and I1.A/B
(Fig. 4). Strain D0O881 which belongs to cluster II.A/B. (Baurain et al. 2002) has only one
nucleotide difference with strains from cluster II.A (Fig. 4 — red circle) and strain PCC7345
differs at one position from the rec4 sequences of strains from cluster I1.B (Fig. 4 — blue
squares). Translation of the gyr4 gene into aminoacids revealed that 2 aminoacids are different
between strains belonging to ITS clusters I and II.

6.4.3 POLYMORPHISM OF RPOC1 GENE.

The 734 bp fragment of rpoC1 gene from 13 different Arthrospira strains (Table 1) belonging
to different ITS clusters, were amplified and sequenced.

The analysis of the 704 bp (out of 734 bp) fragment of rpoC1 gene sequences, revealed that
there were 35 polymorphic positions (Fig. 5). The Arthrospira strains belonging to ITS clusters
[.A and I.B show only 1 nucleotide difference in 7poCI gene sequences (Fig. 5). Furthermore,
strains from cluster I are very similar to strains belonging to subcluster II.A. Strains belonging
to cluster I and subcluster II.A are clearly different (about 30 bp) from strains belonging to
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| clusters II.B and II.A/B. Two strains, PCC 7345 and D0881, which belong to cluster IL. A/B.

| have one nucleotide difference in their rpoClsequences (Fig. 5) and both of them are similar to
’ strains from ITS cluster II.B (Fig. 5. — red circles).
|

1. 1.B LA II.B 1ra/r ILA/B
= : PCC7345 D0881

T AGL

LA B}
I./ : :
2

L %8 :
11, ILA :

II.11.B

IL.A/B i ﬁ—(
11, PCC 7345 ‘

II.A/B

D0881

Numbers indicate the sequence differences between Arthrospira strains belonging to different ITS
clusters.

Interestingly, the translation of obtained rpoCI sequences show that the aminoacid sequences
of RpoCl1 are identical for all Arthrospira strains. This illustrates the conserved nature of this

i
|
Fig. 5. Pairwise comparison of a 704 bp fragment of 7poCI sequences in relation to ITS clusters. ‘
protein. *

gg;‘/’é’éN v Part A: Test evaluation document for genetic stability study 62 |

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or
transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




ME L j_ S SA issue 1 revision 1 -

page 63

6.4.4 POLYMORPHISM OF CPCBA OPERON.

The 668 bp fragment of the cpcBA locus from 18 different Arthrospira strains (Table 1)
belonging to different ITS clusters, was amplified and sequenced. The particularity of this
molecular marker is that it consists in partial sequences from 2 genes (cpcB, cpcA) and the
spacer between them. The analysis of obtained sequences, revealed that there were 25
polymorphic positions in total (Fig. 6).

I.A I.B ILA II.B IIA/B
PCC7345

I.ALA = 1
LI1B -

IL g3,

I1.B

II.A/B
PCC 7345

Fig. 6. Pairwise comparison of a 621 bp fragment of cpcBA locus sequences, in relation to ITS clusters.
Numbers indicate the sequence differences between Arthrospira strains belonging to different ITS clusters.

The cpcBA locus sequences from Arthrospira strains belonging to ITS clusters I.A and I.B |
have only 1 different nucleotide (Fig. 6). There were clear differences between strains
belonging to clusters I and II, and strains belonging to subclusters II.A and II.B (Fig. 6 — green
triangle). Strain PCC7345 has a cpcBA locus sequence that is identical to strains from cluster
II.A. (Fig. 6 — blue squares). Unfortunately we do not have the cpcBA4 locus sequences for
strain DO881. The translation of the cpcB and cpcA genes into aminoacid sequences revealed
that 3 aminoacids were different between strains belonging to ITS clusters I and II. Two of
them were in the cpcB gene and one in the cpcA gene. When the cpcAd and cpcB genes and the
IGS between them were analysed separately, we observed that the most polymorphic loci was
the cpcB gene.

6.4.5 FINGERPRINTING METHODS

The ERIC-PCR has been used for fingerprinting and diversity studies of different
cyanobacterial species (Rasmussen & Svenning, 1998) and other bacterial genera (Versalovic
et al. 1991). The use of ERIC-PCR to study the diversity of 18 Arthrospira strains shows that
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strains belonging to the 4 ITS subclusters may have different ERIC patterns (Fig. 10). Indeed,
the ERIC patterns are similar inside the ITS clusters I.A and I.B, but quite heterogenous within
clusters II.A and II.B. It is interesting to note that for the 2 strains belonging to cluster II.A/B,
one (PCC 7345) has a pattern similar to the one of cluster IL.A and the second (DO881) is
similar to Cluster IL.B. Thus, ERIC-PCR might allow to differentiate Arthrospira strains with
higher resolution than ITS sequences.

Fig. 10. Comparison of
the ERIC patterns
obtained for diferent
Arthrospira strains
belonging to 4 ITS
subclusters

Another tingerprinting method, HIP-PCK, has been successtully used to distinguish
cyanobacterial species and strains (Smith ez al. 1998). Bhaya et al. (2000), described several
modified primers based on HIP sequences, from which we have used primer W2HIPACC for
differentiation of Arthrospira strains. Our preliminary results suggest that this method could be
useful for this purpose and has a similar discriminatory power as ERIC-PCR. However, its
optimisation is still underway.
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Table 1. List of strains, origin, and morphology.

Strain name

STRAIN

Origin Morphology

Durham
number

Source

Clones in
other
collections

Arthrospira sp.
('platensis’)

LAPORTE
1963/M132-2b

Natron lake, Chad

D0%06/8

CCALA

Arthrospira platensis

SAG 86.79

Natron lake, Chad

D0882

SAG

Compére 86/79

Arthrospira sp.

C1

Lake Bodou, Kanem, Chad

D0918

A. Sanange-

lantoni

Arthrospira Titicaca'

Lake Titicaca, Peru

D0922

R. Fox

Commercial product
Arthrospira pacifica

B. Meyer

Spirulina Tchad

M. Brouers

Arthrospira sp.

SP-9

Lake Chitu, Ethiopia

DIC

Arthrospira sp.

SP-17

Unknown

SAC

Arthrospira sp.

Strain EF-18A

Unknown

Earthrise
Farms

Arthrospira sp.

PCC 9223

Lake Santa Olalla, Donana
National Park, Spain

PCC

Arthrospira fusiformis

HEGEWALD
1976/83

Lake Nakuru, Kenya

CCALA

Arthrospira platensis

PCC 7345

Saline marsh Del Mar Slough,
San Diego Co, CA, USA

PCC

UTEX 1926;
UTEX 1928 ;
ATCC 29408

Arthrospira platensis

SAG 257.80

Laguna Huacachina, Ica, Peru

SAG

Hegewald
1977229

Arthrospira sp

PCC9108

Commercial culture facility,
Cheng-hai, Yunnan, China

PCC

Arthrospira sp.

PCC 8006

India, Kenya, Mexico or Peru

PCC

Records lost at
PCC

H= helical filaments, S: straight filaments, H(S) straight filaments appearing among the helical filaments
ATCC = American Type Culture Collection, Rockville, Maryland, USA

CCALA = Culture Collection of Autotrophic Organisms, Trebon, Czech Republic
Durham = Culture Collection of Durham University, Durham, UK

PCC = Pasteur Culture Collection of Cyanobacterial Strains, Paris, France

SAC = SIAM ALGAE CO., LTD, Samutprakarn, Thailand

SAG = Sammlung von Algenkulturen der Universitit Géttingen, Germany

UTEX = Culture Collection of Algae at the University of Texas at Austin, Austin, Texas,
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6.5. Conclusions

The new molecular markers and fingerprints have confirmed the existence of the 4 subclusters
found on the basis of ITS sequences. The polymorphism of rec4 and cpcBA gene sequences,
and the ERIC fingerprints allowed us to differentiate Arthrospira strains belonging to ITS
clusters I and II, and between strains from ITS subclusters II.A and II.B, but not between
strains from subclusters I.A and I.B. Strains from subclusters I.A and I.B have only 1 base
difference in their rpoCI and cpcB-A genes sequences.

On the basis of the gyr4 gene sequences, it was possible to differentiate only strains belonging
to ITS clusters I and IL In case of rpoCI sequences, the difference between clusters I and IL.B
was clear (ca 30 bp), while it was very small between clusters I and ILA (2 bp - LA or 3 bp -
L.B). Strains PCC7345 and D0881 (I.A/B) have only 1 base difference between each other and
are almost identical with strains from cluster IL.B (1 bp difference).

Almost all the methods used (excluding rpoC1 gene sequencing) show that the strain PCC7345
(I1.A/B) was identical to strains from cluster IL.A., while the strain D0881 (IL.A/B) was
identical to strains from ITS cluster I1.B. Thus, the sequencing of recd, gyr4, cpcBA genes and
fingerprinting with ERIC allow to differentiate Arthrospira strains with a higher resolution
than ITS in the case of strains from ITS cluster II.A/B. Only a polyphasic approach gives the
best possibility to differentiate these closely related strains belonging probably to the same
species.
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IDENTIFICATION OF GENES RELATED WITH STRESS
RESPONSE USING DEGENERATED PCR, BASED ON
PROTEIC AND GENOMIC ALLIGNMENT

7.1, Introduction

The possible stress resulting from both space conditions and effluents from the various
compartments will be evaluated on the MELiSSA strains. Indeed, these conditions can have an
effect on the physiology of the strains and alter the functioning of the whole system. With this
aim, the genes known to play an important role in the response to stressful conditions need to
be identified.

The expression of genes in bacteria is regulated by environmental conditions. Hence variations
in environmental stimuli will result in differential expression of the genes. In order to detect
differential gene expression under stress conditions (using enzymatic essays, reporter gene
systems, direct RNA quantification, ... ) it is necessary to identify the stress related genes first.

First, the protein sequence of homologous genes present in the databases and identified in
various microorganisms, phylogenetically closely and not-so closely related with the
MELISSA strains R. rubrum ATCC25903 and Arthrospira sp. PCC8005, will be aligned to
identify conserved domains in all these proteins. Then, the nucleotide sequence of the
corresponding genes will be aligned to allow the design of degenerate oligonucleotides on the
basis of the conserved regions in their coding parts. These oligonucleotides will be used to
amplify the genes of interest in Arthrospira sp. and in Rhodospirillum rubrum by PCR. After
confirmation of the correct sequence of the amplicons obtained, these PCR amplified DNA
fragments will then be used to build biosensors, gene probes or design optimal primers for
RNA quantification.

7.2. Growing cultures of Arthrospira sp. PCC8005

Growth of an Arthrospira sp. suspension was followed for two different volumes in Zarouk
medium (Zarrouk, 1966; TN70.1) at roomtemperature (Table 1). The growth rate was
calculated with the following equation: p = dx/dt, where p = specific growth rate (day™), x =
initial biomass concentration (OD), and t = time (days).

To calculate the generation time the equation tg = In2/u was used, with tg = generation time
(days). The mean generation time resides between 2 to 3 days (Table 1). In order to obtain an
OD 1 it was therefore necessary to grow the culture for at least 20 days.
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Volume (ml) | Specific growth rate p (day)) Generation time tg (days)

50 0.219 3.16

250 0.299 2.32

Table 1. Specific growth rate and generation time of Arthrospira sp. PCC8005 cultures grown in
different volumes.

7.3. Growing cultures of Rhodospirillum rubrum ATCC25903

Growth of R. rubrum was tested in different media at 30°C in the light (except for 869 and LB)
in 5-12 ml volumes. Growth rate and generation time were calculated as above. The tested
media were MELiSSA (Segers and Verstraete, 1983), LB (Luria and Bertani, ), 869 (ref) and
Sistrom (Sistrom, 1960). Growth rates were comparable with growth rates of Arthrospira sp.
PCC8005, hence it was likewise necessary to take into account the long incubation times
needed to obtain a suspension of certain desired density.

Medium Specific growth rate p (day™) Generation time tg (days)
MELiISSA 0.24 2.88
LB 0.33 2.11
869 0.28 2.43
Sistrom 0.25 2.80

Table 2. Specific growth rate and generation time of R. rubrum ATCC25903 cultures grown in different
media.

7.4. Extraction of genomic DNA of Arthrospira sp. PCC8005

Because a 500ml culture of Arthrospira sp. PCC8005 needed to grow for 2 months in order to
obtain an OD of 1, extraction essays were tested on smaller volumes of 2 ml for DNA
extraction with the standard Wizard*Genomic DNA kit (Promega), using two lysis solutions

(Fig. 1).

Lane 1 : Smart Ladder 5 pl

Lane 2 : positive control; - Raistonia metallidurans genomic DNA extracted with the
Wizard®Genomic DNA kit; 20pl+ 4pl blue-orange dye

Lane 3 : positive control; Ralstonia metallidurans - génomic DNA. extracted with the
Wizard®Genomic DNA kit; 20l + 4l blue-orange dye

Lane 4 : Arthrospira sp. genomic DNA extracted with the Wizard®Genomic DNA kit 20ul + 4pl
blue-orange dye

Lane 5 : Arthrospira sp. genomic DNA extracted with the Wizard®Genomic DNA kit 20p1 + 4ul
blue-orange dye; replacement of the standard lysis solution by solA (25% sucrose, 10 mM EDTA,
50 mM Tris HCI, pH7.5) ,

Lane 6 ; Smart Ladder 5 pl

Fig. 1. Total genomic DNA extraction of R. metallidurans CH34 and Arthrospira sp.
PCC8005 with the Wizard®Genomic DNA Kkit.
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A Japanese group used the kit under the same conditions for genomic DNA extraction of the
related cyanobacterium Spirulina platensis M-135, for the construction of a genomic library
(Kawata et al. 1998).

Our results show that the kit was not usefull for DNA extraction of Arthrospira sp. PCC8005
(Fig. 1). On the other hand the DNA extracted from a 500 ml culture according to Vonshak
(1997), revealed high quantities of almost pure DNA after electrophoresis (Fig. 2).

7.5. Extraction of total genomic DNA by Vonshak (1997)

1. Grow a culture of 500 ml until OD 1 at 600 nm.

2. Centrifuge the culture 2-3 times at 12000 rpm during 10 min at 4°C.

3. Wash the pellet one time with double distilled sterile water by resuspension and
centrifugation at 12000rpm for 10 min.

4. Resuspend 2ml of the lysis buffer (25% sucrose, 10 mM EDTA, 50 mM TrisHCL, pH 7.5).
5. Incubate the suspension at -70°C for 30 min.

6. Incubate the sample at 37°C for 20 min.

7. Add lysozyme to a final concentration of 1mg/ml and incubate at 37°C for 30 min.

8. Add SDS (final concentration 10 mg/ml) and proteinase K (final concentration 0.1 mg/ml).
Mix by inversion.

9. Incubate overnight in a water bath at 55°C.

Add the same volume of a phenol-chloroform-isoamylalcohol (25:24:1). Mix gently by
inversion.

10. Centrifugate for 10 min at 12000 rpm. Save the supernatant.

11. Treat the sample with RNAse (final RNAse concentration 50 pg/ml) during 1 hour at
37°C.

12. Extract the sample again with phenol-chloroform-isoamylalcohol (25:24:1). Take the
aquaous phase.

13. Add a volume equivalent of chloroforme-isoamylalcohol (24:1). Mix gently for 10-15 min.
14. Centrifuge for 10 min at 12000 rpm. Take the supernatant.

15. Add sodium acetate to a concentration of 0.3 M to precipitate the chromosome.

16. Mix until DNA becomes visible.

17. Precipitate the DNA with ethanol by adding two volumes of cold ethanol.

18. Make a little hook at the end of a sterile pasteur pipet. Catch the DNA by turning the hook
inside the sample.

19. Incubate the hook, containing the DNA, afterwards inside eppendorfs containing 70% and
100% for two seconds in order to wash the DNA.

20. Air dry the DNA for 30 min by opening the eppendorf to allow evaporation of the
remaining ethanol.

21. Resuspend the hook containing the DNA in 500ul of TE buffer (10 mM TrisHCI pHS,
ImM EDTA).
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22. Let the DNA dissolve at room temperature first. If necessary incubate the tube for 15 min
at 65°C to enhance dissolving. If there is still to much DNA attached to the hook, buffer can be
added up to 2ml total volume and a little incubation at 65°C for 15 min can be repeated.

23. Estimate DNA concentration.

24. Store DNA at -20°C in aliquots.

Lane 1 : Arthrospira sp. genomic DNA extracted with the method of Vonshak; 20pl + 4ul blue-orange dye
Lane 2 : Smart Ladder 5 pl

Fig. 2. Total genomic DNA extraction of Arthrospira sp. PCC8005 using the method of
Vonshak.

7.6. Selection of the target genes

The selected genes should play a fundamental role in the general mecanisms of resistance to
divers stresses. The nature of the stress is dependant on the conditions that will most likely
occur in the MELIiSSA loop (temperature stress, nitrogen deprivation, ..) as well as
environmental stresses related to space (oxydative stress, UV irradiation, cosmic irradiation,
...). According to the literature that most of the target stress related genes are relatively high
conserved among closely as well as distantly related organisms of Arthrospira sp. and
Rhodospirillum rubrum. It is therfore reasonable to assume that the proteic and/or nucleic
sequences will present enough homologie among bacterial species to design degenerate
primers in an attempt to amplify the target genes from Arthrospira sp. and Rhodospirillum
rubrum.

For the design of degenerate primers on Arthrospira sp. it was possible to use the sequence of
phylogenetically closely related strain Synechocystis sp. PCC6803. Likewise, other
cyanobacterial sequences have been used during design of the degenerate primers.

For Rhodospirillum rubrum, two purple non-sulfur, relatively close related species, bacteria
(Rhodobacter sphaeroides and Rhodobacter capsulatus) have been considered for the design
of the degenerate primers.

Type of stress gene Protein
Thermic stress rpoH Sigma 32
sigB SigmaB or Sigma 37
dnak dnaK
dnaJ Dnal
groEL GroEL
groES GroES
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clpB ClpB
clpX ClpX
Oxydative stress oxyR OxyR
SOXR SoxR
soxS SoxS
mrsA Methionine sulfoxide
reductase
sodA Magnesium  superoxyde
dismutase
sodB Iron superoxyde dismutase
katE Catalase HPII
katG Catalase HPI
katA Catalase
perA Catalase-Peroxydase
General stress (stationary | rpoS SigmaS
phase)
UV stress recA RecA
lexA LexA
uvrA UvrA
mutS MutS
Nitrogen deprivation glnA Glutamine synthetase

Table 1: List of target genes and proteins selected to be investigated in Arthrospira sp. PCC8005 and
Rhodospirillum rubrum ATCC25903.

Listed above, are the genes (and proteins) selected on the basis of their interspecies
conservation for each selected type of stress (Table 1). At this stage no attempt was made in
creating an exhaustive list of genes implicated in stress response. The list is teherfore limited
to 24 genes relatively well known in scientific literature.

Before testing the possibility of designing degenerated oligonucleotides specific for a certain
gene, the conservation of the proteic sequence is first verified. De homology of the sequences
(in FASTA format on the website http://www.expasy.org/) of each protein was tested on
Eschericia coli or Ralstonia metallidurans (reference gram-negative bacteria), Rhodobacter
sphaeroides and/or Rhodobacter capsulatus (reference bacteria for Rhodospirillum rubrum),
whereafter the homologous proteeic sequence fragments were compared at the genomic level
(translated on the site http://www.doe.jgi.org/) (Table 2).

Proteic sequences were also compared on the site http:/bioweb.pasteur.fr/seqanal/blast/
between the gram-negative reference strains (Escherichia coli or Rhodobacter sphaeroides) and
a reference gram-positive strain Bacillus subtillis, in order to confirm the choice of proteins
induced during stress response (Table 2).
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Protein identity %

DnaK GroEL ClpB ClpX RecA Catalase
E. coli - R. | 68 62 54 71 66 64
sphaeroides |
E. coli — R. | 83 81
capsulatus
E. coli - B. | 62 71 67 63
subtilis
R 54 59 60
sphaeroides —
B. subtilis
E. coli — R 63 68
metallidurans

Table 2. Percentage of protein identity among the reference strains.

An alignement of protein sequences of all proteins, retained from E. coli was accomplished on
the NCBI site with all proteic sequences present at the database, thereby enabling the
possibility of detecting higly conserved regions in the investigated protein sequences.

7.7. Results of the proteic and nucleic sequence alignment

Multiple alligments between the proteic sequences of the same protein synthesized by different
phylogenetically closely related as well as distantly related micro-organisms were
accomplished using website http://npsa-pbil.ibcp.fr./.

A few examples of the allignement results are presented below. On the Fig. 3-7 you can find
the allignements for the proteins DnaK, Catalase (katE), UvrA and MsrA.
The regions containing 6 successive conserved amino acids are encased.
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Fig. 3. Extract of the allignment of the protein sequence of DnaK in phylogenetically distantly related
organisms (Agrobacterium tumefaciens, Caulobacter crescentus, Rhodobacter capsulatus, Alcaligenes
eutrophus, Buchnera aphidicola, Escherichia coli, Chlamydia trachomatis, Bacillus subtilis, Anabaena sp.,
Aquifex pyrophilus) (http://npsa-pbil.ibep.fr) (fragments 10-240 and 330-400), with a mean total lenght of

DNAK_AGRTS
DNAK_CAUCR
DNAK_RHOCA
DNAK_ALCEU
DNAK_BUCAI
DNAK_ECOLI
DNAK_CHLTR
DNAK_BACSU
DNAK_ANASP
DNAK_AQUPY
Consensus

Prim.cons.

DNAK AGRTS
DNAK_CAUCR
DNAK_RHOCA
DNAK_ALCEU
DNAK_BUCAI
DNAK_ECOLI
DNAK CHLTR
DNAK_BACSU
DNAK_ANASP
DNAK_AQUPY
Consensus

Prim.cons.

DNAK_AGRTS
DNAK_CAUCR
DNAK RHOCA
DNAK_ALCEU
DNAK_BUCAI
DNAK ECOLI
DNAK CHLTR
DNAK_BACSU
DNAK_ANASP
DNAK_AQUPY
Consensus

Prim.cons.

DNAK_AGRTS
DNAK_CAUCR
DNAK_RHOCA
DNAK_ALCEU
DNAK BUCAI
DNAK ECOLI
DNAK_CHLTR
DNAK_BACSU
DNAK_ANASP
DNAK_AQUPY
Consensus

Prim.cons.

the protein sequence: 700 amino acids.
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EELITRTIEPCRTAIKDAGVKVSDIDDVILVG@ITRMPKVOEQVRE FFGHEARK]

EDLILRSIEPLKVALKDAGLSVTDINDVILVGGQTRMPMVQOSKVADFFGHEPRKI

EDLVNRSIEPLKVALQDAGLSVSDIDDVILVGGQTRMPMVOKKVAEFFGHEPRKI
SSLIERTKQPCAQALKDAKLSASDIDDVLLVGGMS RMPAVOAVVKE I FGHEPNK(
SHLVERTMGPVRQALQDAGLSASE IDKVILVGGS TRI PAVOEAIKKETGHEAHK(
VDLLGRVRNPVKRALKDAGLRPDDIEEVVLVGGS TRMPMVKQLVRDLIGIEPSEN
NDLIDRTIDIVKQALEDANVKPSDIDEVVLVGGS TRI PLVQQKIKEFFGHEPHK(

dLi Rt p ALkDAgl s#I#eV LVGG tRmP Vg ! ffGKEphkd

|
(VNPDEVVAMGAAIQAGVLQGDVKDV
[VNPDEVVALGAAVQAGVLQGDVKDV
NPDEVVALGAAIQAGVLQGDVKDV
NPDEAVAVGAAIQGSVLSGDRTDV
/NPDEAVAVGAAVQGGVLSGDVKDV
[VNPDEAVAIGAAVQGGVLTGDVKDV
NPDEVVAIGAAIQGGVLGGEVKDV
[VNPDEVVALGAAIQGGVITGDVKDV
NPDEVVAMGAAIQAGILAGEFKDV
[LNPDEVVAMGAAIQAGVLAGEVKEI
[VNPDEVVA GRA!QaG!l G#VK#!

2DLIERTIEPCKQALKDAGLS2SDIDEVILVGGMTRMP2VQEKVKEFFGKEPHKG

/NPDEVVA2GAAIQ2GVLQGDVKDV
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Fig. 4. Extract of the allignment of the protein sequence of DnaK in organisms phylogenetically closely
related to Arthrospira sp. PCC8005 (Synechocystis sp. 6803 who possesses 3 isoforms of protein DnaK and
Synechococcus) (http://npsa-pbil.ibep.fr/), with a mean total length of 800 amino acids.
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MLTSINRSAN

90 100
| |
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|
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LCVDLLGRVRNPVKRALKDAGLRPDDIEEVVLVGGS TRMPMVKQLVRDLI-G
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Fig. 5. Extract of the allignment of the protein sequence of catalase (encoded by kafE) in phylogenetically
distantly related organisms (Rhizobium melitoti, Pseudomonas aeruginosa, Escherichia coli, Mycobacterium
avium, Bacillus subtilis) (http://npsa-pbil.ibep.fr/), with a mean total length of 770 amino acids.
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| | | | _____L____?
NGGELHQI----AEGDTPVLTTAQGGPVADDQNSLRAGERGPJLIEDFHFREKIHHFDHE
TNAKLQSLETFRSDATGQALRTNQGVKIADNQNSLKAGARGP$ LLEDFIMREKITIHFDHE
RNEKLNSLEDVRKGSENYALTTNQGVRIADDQNSLRAGSRGPJLLEDFILREKITIHFDHE
D-PKQRDLESARFRRDTGYLTTQQGVRVDHTDDALTVGERGP | LLEDFHAREKIJHFDHE
EHSKDEQLEQYRTDNSGKKMTTNQGLRVSEDEHSLKAGVRGP | LIMEDFHFREKMTHFDHE

k1l gle r dt $tT QG r!add#nsL aGeRGPEL EDFhfREKif{HFDH

L aGeRGP{L E EKifHFDHE
5N5KL52LE44R5D5D2 5SALTTNQGVRVADDONSL2AGERGPTLLEDFHFREKITHFDHE

130 140 150 160 170 180
| | |

RIPERVVHARGYGVHGFFETYES-LAAYTRADLFQRPGERTPAFYRFSTVAGSKGSFDLA
RIPERIVHARGTGAHGYFQSYGN-HADLTKAGFLODPDKITPVFYRFSTVQGPRGSGDTV
RIPERIVHARGSAARHGYFQPYKS-LSDITKADFLSDPNKITPVFYRFSTVQGGAGSADTV
RIPERVVHARGAGAYGYFEPYDDRLAQYTAARKFLTSPGTRTPVFYRFSTVAGSRGSADTV
RIPERVVHARGFGVHGFFQVYEP-MTEYTRAKFLODPSVKTPVFYRFSTVAGSKGSADTV
RIPER!VHARG gvhG#F# Ye 1la yTrA flg Pg rTPvFJRFSTVaGskGSaDtv
RIPERVVHARG5GAHGYFQPYESRLADYT2A2 FLODPGK2 TPVFVRFSTVAGS2GSADTV

190 200 210 220 230 240
| | | | |
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RDYRGFATKFYTEQGNYDLVGNNFPVFFIQDGIKFPVLVHAVKPEPHNEI POAQSAHDTL
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WDFISLTPESMHMIMWVMSDRAIPRSFRFMEGFGVHTFREVN
WDFVSLVPESAHMVMWAMS DRAIPRSLRMMEGFGVHT FRLINAEGVAS FVKFHW
WDYVSLQPETLHNVMWAMSDRGIPRSYRTMEGFGIHTFRLIN.
WDFVSLQPETLHAIMWLMSDRALPRSYRMMQGFGVHTFRLVN
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| | |
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Fig. 6. Extract of the alignement of the protein sequence of the protein UvrA in organisms, phylogenetically
closely related to Arthrospira sp. (Synechocystis sp. PCC6803 and Anabaena) (http://npsa-pbil.ibep.fr/), with
a mean total lenght of 990 amino acids.

10 20 30 40 50 60 70 80
| | | t t t t |
Anabaena MSDKKL}\ASLNGHLPY}\N“' ISQONT IRIRGARQHFLKNIDLELPRDRLIVFTGVSGSGKSSLAFDTIFAEGQRRYVESLSA
Sy hocystis RIRGARQH] LKNVNLDLPRDRLIVFTGVSGSGKSSLAFDTIFAECQR YVESLSA
Consensus dre& RIRG, ( L#LPRDRLIVFTGVSGSGKS SA
Prim.cons. MSDKKLMSLNGHLPYANZZZQNZIRIRGARQH LKNZZLZLPRDRLIVF’I‘GVSGSGKSSLAFDTIFAEGQR. [YVESLSA
9 100 110 120 130 140 150 160
[ | | | | | | |
Anabaena YARQFLGQLDKPRVEAIEGLSPAISIDQKSTSHNPRSTVGTVTEIYDYLRL}FGRAGEPHCPICDRCIAPQTIDEMVDRI
Synechocystis YARQFLGQLDKPRVDSIEGLSPAISIDQKSTSHNPRSTVGTVTEIYDYLRL: FGRAGSPHCPHCQRI‘IAPQTIDQMA_DRV
Consensus YARQFLGQL! 1 PAISIDQ! VTEIYDYLRL: PhC AP
Prim.cons. YARQFLGQLDK: "GR}\GZPHCPZC?RZIAPQTIDZMZDRZ
170 180 190 200 210 220 230 240
| | | | | | | |
Anabaena MELPDRTRFQILAPVVRGKKGTHRKLLSSLASQGFVRIRVDGEVRELSDSIELDKNITHTIEVVIDRLVKKDGIQERLVD
Synechocystis MELPDRTKFQILAPVVKGKKGTHVQLLSSLVSQGFVRVRINGEVRELSDNIELKKNQ L‘\I'I‘I‘I EIVIDRLI KKEGLQERLVD
Consensus MELPDRTrFQILAPVVr: irgLLSSLaSQGFVR!
Prim.cons. MELPDRT2FQI LI-\PWZGKKGTHZZLLSSLZSQGE’VRZRZZGEV'RELSDZIEL2KNZZHTIEZVIDRLZKKZGZQERLVD
250 260 270 280 290 300 310 320 |
| | | | | | | | |
Anabaena SLSTCLKQAGGIAII--———————— LVSPSTDTPE-——--———==-=— [KDEELVFSENFACPEHGAVMEELSFPRLFSFN
Synechocystis SLSTCLKQAE IDILDKPTLAVL""’ KDDKEALKAAENGQAYHARLPKEII
Consensus SLSTCLKQAeG: ikE ldeEi! 3
Prim.cons. SLSTCLKQAZGZAIIDILDKPTLAVLZZZZZDZZEALK}\AENGQ}\YHA_ E ZELSPRLFSE‘N
330 340 350 360 370 380 390 400
| | | | | | |
Anabaena SPYGACPNCHGLGTLRRFSPELVVPDPEAPVYAAIAPWSEKENSYYLELLYSLGQTHNFELQINWHKLTPEQQQIILYGE

Synechocystis SPYGACPDCHGIGFVRSFCPDLVIPDPEKPVYVAIAPWSEKDNSYYLSLLYSLGQHFDFQLQTPWKKLTKEQKEIILYGT

Consensus SACPHCHGiGE1Rr PVYaAIAPWSEKH#NSYYLeLLYSLGOhh#F#LQOinWhKLTKEQQHIILYGe
Prim.cons. SPYGACP2CHG2G22R2F2P2LV2PDPE2PVY2AIAPWSEK2NSYYL2LLYSLGQ222F2LQ22W2KLT2EQ22IILYG2
410 420 430 440 450 460 470 480
| | | | T T | |
Anabaena KQEAKDNPKTP-—=——————, SFKGVLPILQRQY-EGGSELIKQKLEQYLIDYPCEVCHGKRLKPEALAVHLGQYNILDLT

Synechocystis EEEIWFEGESRYRNKQGYY!

AGALNILOKNYDETNSDAIKQKLEKYIINQPCHTCGGKRLKPEALAVELGQYNINNLT

Consensus efiEakdfigesr rFaGalnILQr#Y EgnSH#alKQKL PCetCgGKRLKPEALAVHLGQYNIN#LT
Prim.cons. E. YRNKQGYYR2F2G2L2ILQ22YDE22S22IKQKLE2Y212¢PC22C2GKRLKPEALAVHLGQYNI22LT
490 500 510 520 530 540 5 560
| | | | | |
Anabaena GVSIRDCRERTEQLKLSDRQMQIARLVLREVKARLQFLLDVGLDYLTLDRAAMTLSGGEAQRIRLATQIGSGYTGVLYVL |
Synechocystis SVPIRQTLERIENLELTSRQAMIGHLALKEIKARLQFLLDVGLDYLTLDRAAMTLSGGEAQRIRLATQIGSGYTGVLYVL }
Consensus gVpIR#crERiEf#LeLsdRQaglajlaLrE ! KARLQFLLDVGLDYLTLDRAAMT EAQRIRLATQIGSGRTGVLYVL ‘
Prim.cons. 2V2IR ER2E2L2L22RQ221I. e =2 < TGVLYVL
\
570 580 590 600 610 620 630 640
+ 4 | | | | | |
Anabaena DEPSIGLHQRDNARLLKTLTKLRDLGNYLIVVEHDEETIRAADYLVDIGPGAGIHGGNIISQGDLQALLTAEESLTGAYL

Synechocystis DEPSIGLHQRDNNRLLATLTKLRDLGNYLIVVEHDEDTIRHADYIVDIGPKAGIHGGEIVCQGDFQTLLKNQRSLTGAYL

Consensus DEPSIGLHQADNaRLLaTLTKLRDLGN]LIVVEHDE#TIRaADYiVDIGPGAGIHGGHI ! cQGD1QaLLka#rSLTGAYL
Prim.cons. DEPSIGLHQHDN2RLL2TLTKLRDLGNYLIVVEHDE2TIR2ADY2VDIGP2AGIHGG2I22QGD2Q2LL2222SLTGAYL
650 660 670 680 690 700 710 720
| | | | | | | |
Anabaena SGRKVINTPGERREGNGRS LS IKNAYRINLRNIDVEIPLGKLVAVTGVYGSGKSTLINELLYPS LQHHLTKKVPLPKELE

Synechocystis SGREAIATPEERRNGNGAKLTLQGCCHINLRNIDVT IPLGKLVCVTGVYGSGKSTLVNELLHPALQHYLSRQVAFPKNLG

Consensus SGRealaTPeERR#GNGakLsignacrlfNLRNIDVeIPLGKLVaVTGV{GSGKSTL!NELLhPaLQHhLsrqValPK#iLe
Prim.cons. SGR22I2TP L NNLERNTDV2TPT.GKTV. TL2NELL2P2LQH2L222V22PK2L2
730 740 750 760 770 780 790 800

|
Anabaena KIQGLSAVDKAIVIDI
Synechocystis  EITGLOAIDKVIVID
Consensus eIqGLgA!DKaIVID!

|
SPIGRTPRSNPATYTGVFDVIRDVFSQTVEAKARGYKPGQFSFNVKGGRCEACSGQGVNVIEMN
SPIGRTPRSNPATYTGIFDSIREIFTQTIEAKARGYKPGQFSFNVKGGRCEACAGQGVNVIEMN
SPIGRTPRSNPATYTG!FDsIRH ! Fs¢T! EAKARGYKPGQFSFNVKGGRCEACaGQGVNVIEMN

Prim.cons. 2I2GL2A2DK2IVIDX T2EAKARGYKPGQFSFNVKGGRCEAC2GQGVNVIEMN
810 820 830 840 850 860 870 880
T | | T | | |
Anabaena FLPRVYVQCEICKGARYNRETJQVKYKDKSISDVINMTVEES LDFFONI PKAATRLQTLVIVGLGYVQLGQPATTLSGGE
Synechocystis FLPRVYVQCDVCKGARYNRETJQVKYKGHSIADVLAMTTEEALTVHENI PRAVNRLQTLVYVGLGYIKLGQPAPTLSGGE
Consensus FLPD%= L 220VKYKdhSIaDVLaMTt #NIPrAanRLQTLVIVGLGY! PAPTLSGGE
Prim.cons. E‘LPDVYVQCZZCKGARYNRETLQVKYKZZSIZDVLZMTZEEZLZZ, 2NIP2A22RLOTLVIVGLGY22LGQPA2TLSGGE
290 900 Q10 920 930 Qg0 950 960
| | | | | | | |
Anabaeng AQRVKLATELSRRATGKTLYLIDEPTT¢LSFYDVHKLLDVLQRLVDKGNSILVIEHN}DVIRCADWVIDRGPEGGDKGGE
Synechodystis AQRVKLASELSRRATGKTLYLIDEPTTGLSHYD LNVLORLVDKGNSVLVIEHN}DVIRCSDWIID}GPEGGDRGGK
Consensys AQRVKLASELSRRATGKTLYLIDEPTTGLSEYDV L#VLQRLVDKGNS ! LVIEHN]DVIRCaDV ! ID}GPEGGDrGGe
Prim.cors~ R PFELSFYDVHZLLZVEURLCVDRGNSZLVIERNLDV. EGGD2GG2
970 980 990
| | |
Anabaena VIAVGTPEEIAKNTRSYTGQYLQQVLEQYPAVVN
Synechocystis IMVAGTPETVAQHPS SYTGKYLAKVLQS-===--
Consensus !iaaGTPEe!AgnprSYTGgYLaqVL#qg
Prim.cons. 2222GTPE22A2222SYTG2YL22VL22YPAVVN

gg;‘/)-coéN Part A: Test evaluation document for genetic stability study 79

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or
transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




ME L j_ S SA issue 1 revision 1 -

page 80

Fig. 7. Extract of the alignment of the protein sequence of the protein MsrA in phylogenetically
distantly related organisms (4rnabaena sp., Caulobacter crescentus, Agrobacterium tumefaciens,
Escherichia coli, Clostridium perfringens, Methanobacterium thermocellum, Deinococcus radiodurans)
(http:/npsa-pbil.ibep.fr/), with a mean total length of 180 amino acids.

10 20 30 40 50 60
| | | | | |
MSA1l_ANASP GHAEV
MSA1l_CAUCR VFWKVPGVYVTAAGYAAGITPNPTYEEVCTGRTGHTEV
Agrobacterium  ------- EIIYLGMGCFWGAERLFWKTPGVWVTAVGYAGGFTRNPTYHETTTGQTGHAEV
MSRA_ECOLI QLPGVYSTAAGYTGGYTPNPTYREVCSGDTGHAEA
MSRA CLOPE ~  -====-] MKKIILAGGCFWGVEEFLSRINGVVSTEVGYANGRTENPTYEDICTKNTYFAEV
MSRA_METTH MMCLSRYEKATFGAGCFWGVEDAFRKVDGVVS TRVGYMGGHLENPTYEDVCTGLTGHRAEV
MSRA_DEIRA GYIGGTVPNPDYRSVCGGQTGHAEA
Consensus gv t gy gg npty vc g tghAEv
Prim.cons. MMCLSR2EKI3LG3GCFWGVE34FWKVPGV2STAVGYAGG6TPNPTYEEVCTGQTGHAEV
70 80 90 100 110 120
| | |
MSA1_ANASP VQIEYDPQLVSYEDLLAVFWDIHDPTTLNRQGPDKGEQYRSVIFFHNEQQAEAAQQSKAK
MSA1l_CAUCR VLVVFDPKVVTYEALLKT FWENHDPTQGMRQGNDIGTQYRSGLYVTSDAQAAARAESKAA
Agrobacterium VKVVYDPAVISLSGLLKIFFEEHDPTQGMRQGNDVGTTYRSAIYATTEGQLQQAQKARDA
MSRA_ECOLI VRIVYDPSVISYEQLLQVFWENHDPAQGMRQGNDHGTQYRSAIYPLTPEQDAAARASLER
MSRA_CLOPE CLVNYDENIISLKELLAKFWTIIDPTSLNKQGNDVGSQYRTGIYYVDSSDLEDILNSKEE
MSRA_METTH VEVTFDPDVVGYSDLLDVEWS IHDPTTLNRQGPDVGEQYRSVIFYHSDEQRRAAIESRRR
MSRA DEIRA VRVTFDPNQISYRDLLGLFFATHDPTSLNRQGADVGTQYRSALFPLTQEQEQTAREMIEQ
Consensus v | 8Dp !sy dLL vFw ihDPt 1nrQG DvG QYRs i% # aa s
Prim.cons. V2VVYDPNVISYEDLL2VFWEIHDPTQLNRQGNDVGTQYRSAIY23T2EQ23AA2ESKE2
130 140 150 160 170 180
| | | | | |
MSA1l_ANASP VQVSGRFEL---DIVTEIKHKSEY YLATEEHQQYFEKQAKR---———=============
MSAl_CAUCR YQOQALSARGLG-TITTEIAPAGPFYFAEDYHQQYLAKNP-NGYCGIGGTGVVCPIGLGVE
Agrobacterium FQQALDEAGHGHAITTEIGPLETFYYAEDYHQQYLAKNP-GGYCGLRGTGVSCNIG----
MSRA_ECOLI FOAAMLAADDDRHITTEIANATPFYYAEDDHQQYLHKNP-YGYCGIGGIGVCLPPEA--~
MSRA CLOPE LOKS--YSK---KIVTEVKPLENY YKAEEYHQKYLKKNP-NGYCHIKLD==========—
MSRA_METTH LEESGRFRD---RIVTAIEPAGTFYEAEEYHQQOYLEKNP-RRRCYLMRLLSTR-=---=~
MSRA DEIRA LGTEDVFGR---PIVTSIEPASTFYVAEDYHONYYKNNPGQGYCMAVISPKVAKLRQYYG
- Consensus g8 f IvTe! pa %Y Re#yHQqYl k#p gyc
Prim.cons. LQQ22RF223G27IVIEI3PA3TFYYAEDYHQQYL3KNP22GYCGIGGTGVVCPIG3222
MSA1l ANASP ==
MSA1l_CAUCR G
Agrobacterium ===
MSRA_ECOLI ———
MSRA_CLOPE e
MSRA_METTH o
MSRA_DEIRA DKLR
Consensus
Prim.cons. 2KLR

In the alignment of the protein sequences of DnaK of the organisms closely related to
Arthrospira sp. it was possible to detect much longer conserved regions compared with the
allignement of DnaK between more distantly related organisms (Fig. 4.). In the alignement of
the protein sequence of UvrA of organisms closely related to Arthrospira sp., it is observed
that the sequences are very strongly conserved (Fig. 5). In this case, it was therefore possible to
choose the most optimal position based on the conservation of the gene at the genetic level and
still keep the level of degeneracy of the primers very low.
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Fig. 8. (see next page) Extract of the nucleic acid sequence alignment of dnaK (Agrobacterium tumefaciens,
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Caulobacter crescentus, Rhodobacter capsulatus, Alcaligenes eutrophus, Buchnera aphidicola, Escherichia
coli, chlamydia trachomatis, Bacillus subtilis, Anabaena sp., Aquifex pyrophilus) (on website http://npsa-
pbil.ibep.fr/); mean lenght of 1870 bases.

30 40 50 60 70 80
1 1 1 | |
Agrobacterium GCAAAAGTAATCGGTATCGACCTTGGCAC---¢ACCAACTCCTGCGTCGCAGTGATGGA
Rhodobacter \TQGCCAAAGTCATCGGGATCGACCTTGGGAC---$ACCAACTCCTGCGTCGCCATCATGGA
Caulobacter
Alcaligenes =  ——mmmmmmmem————e—o ATQGGTAAGATCATCGGTATCGACCTCGGTAC---¢ACCAACAGCTGCGTGTCCATTCTGGA
Buchnera ATHGGTAAAATTATTGGTATTGACT TGGGAAC---AACCAACTCTTGTGTTGCCATTATGGA
EXXXXX9 GGTAARATAATTGGTATCGACCTGGGTAC---TACCAACTCTTGTGTAGCGATTATGGA
Bacillus IAGTAAAGTTATCGGAATCGACT TAGGAAC---AACAAACTCATGTGTGGCAGTGCTTGA
Aquifex GGAAARATAATCGGTATAGACCTCGGAAACGARAACGAACTCAGTCGTAGCGGTTATGAT
Anabaena GGCAAGGTAGTCGGCATCGACT TGGGTAC---RACCAACTCAGTAGTCGCCGTGATGGA
Aphanothece GGAAARGTTATTGGTATAGATCTCGGCAC---¢ACCAACAGTTGCTTTGCTGTTT TAGA
Chlamydia ATGAGCGAAAARAGAAAGTCHAACAAAATTATTGGLATCGACCTAGGGAC-——:ACCAACTCTTFCCTCTCTCTT"TGGA
Consensus atggdg AARa@ T aICGGLAICGACCT GG AC ACcRACtc tgcgT gC gTta
Prim.cons. ATGAGCGAAAZZZZ2222ATGGGTAAA2TZATCGGTATCGACCT2GG2ACCGAAACCAACTCTTGCGTCGCCGTTATGGA
90 100 110 120 130 140 150 160
| | | | | | |
Agrobacterium TGGCAAGGACACGARAGTAATTGAARAACGCAGAAGGCGCGCGGACCACGCCGTCGATGGTGGCATTTTCCGACGATGGCG
Rhodobacter CGGCTCGCAACCCCGCGTGATCGAGAATTCGGAAGGGGCGCGCACCACCCCCTCGATCGTCGCCTACACCGACAA---CG
Caulobacter -GGCAAGACCCCGAAGGTGATCGAGAACGCCGAGGGCGCTCGCACCACCCCGTCGGTCGTCGCCTTCCTCGAGGACGGTG
Alcaligenes AGGCAACACGCCGAAAGTCATCGAGAACT CCGAAGGCGCACGCACCACGCCGTCGATCATCGCCTACATGGAAGATGGCG
Buchnera TGGCAATARACCACGTGTTT TAGAGAAT GCGGAAGGTGATCGTACTACACCGTCAATTATTGCATATACTCARGAAGGAG
Exxxxx9 TGGCACCACTCCTCGCGTGCTGGAGAACGCCGAAGGCGATCGCACCACGCCTTCTATCATTGCCTATACCCAGGATGGTG
Bacillus AGGCGGCGAGCCTAAAGTTATTGCTAACGCTGAAGGARACCGCACAACGCCATCAGTTGTTGCATTTA---ARAACGGCG
Aquifex GGGAGATGAGGCGGTTGTARTTCAGAACCAAGAAGGTTCAAGGCTTACCCCCTCAGTCGTCTCCTGGACTAAGGAARAGG
Anabaena GGGTGGCAAGCCGGTGGTGATTGCCAATGCAGARGGAATGCGAACAACCCCCTCGGTCGTTGGCTTCAGCAARGATGGTG
Aphanothece AGGCGGTARACCCCTTGTTATTGAGAAT GTAGAAGGAGGACGCACAACCCCTAGCATTGTTGCT TTTACCAAAGAAAAGG
Chlamydia AGGTGGCCAACCTAAAGTTATTGCCTCTTCTGAAGGAACT CGTACTACTCCT TCTATCGTTGCT TTTA--~AAGGTGGCG
Consensus GGc aa cC GT aTtGagAAcgc GAAGG gc CGcAC AC CC TC aTcgTtGCcTttacc AaghA gg G |
Prim.cons. AGGC2ACAA2CCGAAAGT2ATTGAGAACGCAGAAGG2GCTCGCACCACCCCGTCGATCGTTGCCTTTACCGARGATGGCG
170 180 190 200 210 220 230 240
| | | | | | | |
Agrobacterium AACGCCTTGTCGGCCAGCCGGCCAAGCGCCAGGCAGTCACCAACCCGACCAACACCCTGTTTGCGGTCAAGCGCCTTATC
Rhodobacter AGCGTCTGGTCGGCCAGCCCGCCAAGCGGCAAGCCGTGACCAACCCCACGAACACCGTCTTTGCGGTCAAGCGCCTGATC
Caulobacter AGCGCCTGATCGGCCAGCCCGCCAAGCGCCAGGCCGTCACCAACCCGACCAACACGCTGTTCGCGATCAAGCGCCTGATT
Alcaligenes AGATCCTGGTTGGTGCGCCTGCCAAGCGCCAGGCCGTCACCAACCCGCGTAACACGCTGTACGCGGTGAAGCGCCTGATC
Buchnera ARGTTTTAGTAGGACAACCTGCTAAACGT CAAGCTATAARCTAAT CCAAAGAATACACTTTTTGCTATARAACGTTTAATT
Exxxxx9 ARACTCTAGTTGGTCAGCCGGCTAAACGT CAGGCAGTGACGAACCCGCARAACACTCTGTTTGCGATTAAACGCCTGATT
Bacillus AACGTCAAGTAGGGGAAGTGGCTARAACGCCAAT CTATTACAAACCC---TAACACAATTATGTCTATCAAACGTCATATG
Aquifex AGGTTCTCGTAGGAGACCCCGCAAAGAGAAGGGCTATCCTTGACCCCGARAATACGG TATACGAGAGTARAAGGT TTATA
Anabaena ARAGGGTTGTTGGGCAAATGGCACGGCGACAAACAGTCCTCAAT CCTCAAAATACAT TTTTTGCCGTAARRACGCTATATC
Aphanothece AGCGGTTAGTGGGTCARCTGGCGARACGACAAGCCGTAACCARTGCAGAAAATACGATT TATAGCATCAAGCGGT TTATT
Chlamydia ARACTCTTGTTGGAATTCCTGCAAAACGT CAGGCAGTAACCAAT CCTGARAARACAT TGGCTTCTACTAAGCGAT TCATC
Consensus Aa gtcT GT GG ca cc GC AAQCG CAggC gT accAAcCC a AAcAC T tttgcgat AAgCGcct AT
Prim.cons. AACGTCTAGTTGG3CAGCCGGCCAAGCGCCAGGC2GTCACCAACCCGAARRACAC2CTGTTTGCGATCARGCGCCTTATC
250 260 270 280 290 300 310 320
| | | | | | | |
Agrobacterium GGCCGCCGTTATGAAGACCCGACCGTCGAGAAGGACARGGCACTCGTCCCCTTCGRAAATCGTCAAGGGCGACAATGGCGA
Rhodobacter GGCCGCCGCACCACCGATGCCGAGGTGGARAAGGACARGARACTGGTTCCCTACAACATCGTCGACGGCGGCAACGGTGA
Caulobacter GGCCGCACCGCCAGCGACCCGGTGGTCGAGARGGACARGGGCATGGTGCCCTACGAGATCGTCARGGGCCCGACCGGCGA
Alcaligenes GGCCGCAAGTTCGAAGAGAAGGAAGTCCAGAAGGACATCGGCCTGATGCCGTACGCGATCGTCARGGCCGACARCGGCGA
Buchnera GGCAGAAAATTTAAAGATGATGAAGTACAACGT GATATAAAAATCATGCCT TATAATATTGTARATTCTGATAATGGTGA
EXXXXx9 GGTCGCCGCTTCCAGGACGARGAAGTACAGCGTGATGTTTCCATCATGCCGTTCARAATTATTGCTGCTGATAACGGCGA
Bacillus GGTACTGATTATARAG
Aquifex GGGAGGAAGTTTGAAGA-——-—— GGTAARGGAAGAGGCARAAAGAGTTTCCTACAAGGTAGTTCCCGACGAGARGGGAGA
Anabaena GGGCGCAGGTATAACGA- -ACTTAGCCCAGAATCGAAGCGTGTACCT TATACAATTCGCARAGATGAAGTTGGCAA
Aphanothece GGACGACGCTGGGAAGA- -TACCGAGCAAGAGCGCAACCGAGTTTCTTAC-----~ CACTGTGTTCCTGGACGAGA
Chlamydia GGTAGARAATTCTCTGA------, AGTCGAATCTGARATTAAAACAGTCCCCTACAAAGTTGCTCCTAACTCGAAAGGAGA
Consensus GG cGca t aaGA gt ag a GA a aa t gT cC Tacaa at gtc a g cga aa gG gA
Prim.cons. GGCCGCA2CTT2ARAGACG2GGAAGTCGAG2AGGACATGAARA2T3GTGCCCTACAAAAT2GTCAATG3CGA3AACGGCGA
330 340 350 360 370 380 390 400
| |
Agrobacterium CGCCTGGGTGAAGGCTCAG-—----- GACAAGAATTATTCCCCTTCGCAGATTTCCGCGATGATCCTTCARAAGATGAAGG
Rhodobacter CGCCTGGGTGGAAGTGCGC~-~-~---~ GGCGAGARATTCAGCCCGGCGCAGGTTTCGGCCGTGATCCTGCAAARAGATGAAGG
Caulobacter CGCCTGGGTCAAGGCCCAC- GGCAAGGACTACAGCCCGCAGGAAGTCTCGGCCTTCATTCTGCAGAAGATGAAGG
Alcaligenes CGCCTGGGTTGGCGTGCGC—-----~ GACCAGAAGCTGGCCCCGCCGCAGGTTTCGGCCGAAGCCGTGCGCAAGATGAAGA
Buchnera TGCATGGATTGATGTAAAA-————-, -AAACAAARAATGGCACCTCCTCAAATTTCTGCAGAAGTAT TAAAAAAAATGAAAR
EXXXXX9 CGCATGGGTCGAAGTTARA- GGCCAGARAATGGCACCGCCGCAGATTTCTGCTGAAGTGCTGAAAAAAATGAAGA
Bacillus = —--=m--- TTGAAATTGRA------ GGARAGGATTACACTCCACAAGAAGTGTCTGCTATCATCCTTCAACACCTTAAAT
Aquifex CGCAGCCTTTGATATACCCAATGCTGGAARAGCTCGTAAGACCCGAGGAGGTGGGAGCTCACGTCCTCAGAAAGCTARAGG
Anabaena TATTAAAGTTGCCTGTCCTCGTCTCAATAAGGAATTTTCCGCCGAAGAGATTTCGGCAATGGTGCTGARRAAGT TGGCAG
Aphanothece TAAAACGGTGGATGTGAAATGTTGGGGCAAACAATACACGCCCCARAGAACTCTCCGCTATGATCT TACAAACCCTGARAG
Chlamydia TGCGGTCTTTGATGTGGAAC----~-~, AAARACTGTACACT CCAGAAGAAATCGGCGCTCAGATCCTCATGAAGATGAAGG
Consensus cgc tgggTtga gt ca ggcaBAg a tt ac CC caggAg Tttc GC t aTccT caaPRgaTgAAgg
Prim.cons. CGC2TGGGTTGATGT2CAACGT333GGCAAGARATTCACCCCGCAGGAG2TTTCGGCT2 TGATCCTGCARAAGATGAAGG
410 420 430 440 450 460 470 480
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| | | } } + | |
Agrobacterium ABACGGCTGRATCCTATCTCGGCGARAAGGTICGAGAARGGCCGTCATCACCGTTCCGGCCTACTFTARCGACGCCCAGCGT
Rhodobacter ARACCGCCGAGAGCTATCTGGGCGAGACCGTGACCCAGGCCGTGATCACCGTTCCGGCCTAT TfCAACGACGCCCAGCGT
Caulobacter AAGCCGCCGARGCCCACCTTGGCGAGCCGGUGACCAAGGCGGTCATCACGGTTCCGGCCTACTFTAATGACGCTCAGCGT

Alcaligenes AGACCGCCGAGGACTACCTGGGCGAGCCCGTGACCGAAGCCGTGATCACGGTGCCGGCGTATTFCAATGATGCCCAGTGC
Buchnera AARCTGCAGAAGACTATTTAGGAGARACAATTARAGAAGCAGTTATTACGGTTCCTGCT TACTfTAATGATGCTCAACGT
EXXXXX9 AAACCGCTGAAGATTACCTGGGTGAACCGG CTGAAGCTGTTATCACCGTACCGGCATACTFTAACGATGCTCAGCGT
Bacillus CATACGCTGARAGCTATCTTGGCGAARACAGTATCAAAAGCAGTTATCACAGTTCCTGCATACTFTAACGATGCTGAGCGT

Aquifex AAGCAGCGGAAGCCTTTTTAGGTGAGCCCGTARAGARGGCGGTAATAACCGTTCCCGCATACTFCAACGAGAGACAAAGA

Anabaena ATGATGCCAGTGCT TATTTAGGGTCAGCAGITACAGGGGCAGTAATTACAGTACCAGCTTATTfCARTGATTCCCARAGA

Aphanothece CGGGAGCCGARGCCTATCTCAACGAGACGG CCGAAGCAGTGATTACAGTTCCCGCCTATTFCACCGATGCCCAACGT

Chlamydia ARACTGCTGAGGCTTATCTCGGAGAAACAG CGGAAGCAGTCATTACCGTACCAGCTTACTJTAACGATTCTCAARAGA
e T o pmenc cmioo orem

Consensus aaac GC GRagccTAtcT GGcGARaaC G e tAACGAtgC CAgcGt

Prim.cons. AAACCGCCGAAGCCTATCT3GGCGARAC2GTARCCGAAGCAGT3ATCACCGTTCCGGCCTACTTTAACGATGC2CAGCGT

TN70.05

SCK/CEN

Part A: Test evaluation document for genetic stability study 82

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or

transmitted without their authorization :
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




MELiSSA

issue 1 revision 1 -

page 83

Fig. 9. Extract of the nucleic acid sequence alignment of dnaK in organisms closely related with
Arthrospira sp. (Anabaena and Synechocystis sp. PCC6803) (on website http://npsa-pbil.ibep.fr/); mean

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

length of 2570 bases.
10 20 30 40 50 60
[ [ [ | [ |
ATGGGCARAG
GTGTTAACGAGTATTAACCGCTCTGCAAATTTTGGGAGCARAGAARRACAACATGGGARRA
ATGGGAAAA
ATGGGCAAA
ATGGGaRAAa
GTGTTAACGAGTATTAACCGCTCTGCARATTTTGGGAGCARAGAAAACAACATGGG2AAA
70 80 90 100 110 120

Anabaena
Synechocysgtis3
Synechocydgtis2
Synechocygtisl

| | | | |
GTAGTCGGCATCGACTTGGGFACAACCAACTCAGTAGTCGCCGTGATGGAGGGTGGCAAG
GTCGTCGGAATTGACCTTGGRACTACCAAT TCAGTTGTGGCCGTCATGGAAGGCGGCARAR
GTTGTTGGGATTGACCTCGGFACTACCAAT TCCTGTGTGGCTGTAATGGAAGGGGGTARAA
GTCATTGGCATTGATTTGGGRACCACCAACAGTTGTGCTTCTGTGT TGGAGGGGGGCARA

Consensus
Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

STCUITeSTAT LeATTTUSSACtACCAACt caggt Gt ggCcGTgaTGGAaGGgGGCARa
GTCGT2GGCATTGAC2TGGG2ACTACCAA2TCA22TGTGGC2GTGATGGA2GGGGGCARA
370 380 390 400 410 420

| | | | | |
CCTCGTCTCAATRAGGAATTTTCCGCCGAAGAGATTTCGGCAATGGTGCTGARRAAGTTG
CCCCGGCTGAARRAAGACTTTGCCCCGGAAGARATTTCCGCCATGATTTTGCGGAAGTTG
CCAGCCCAAGGAAAARCAGTTTGCCCCGGAAGARATTTCTGCCCAAGTGCTGCGGAAATTG
CGCGGAC-----~ AATCCTATACTCCCCAAGARATTTCCGCCATGATTTTGCARARACTG
Ceceg Ct AagacTtTgCccCcgARAGRaATTTCcGCcatgaTgcTGecaaRRatTG
CCC2G4CT3ARRRAARGACTTTGCCCC2GARAGAAATTTCCGCCATG2T22TGC22AA2TTG
430 440 450 460 470 480

| | | | | |
GCAGATGATGCCRGTGCTTATT TAGGGTCAGCAGT FACAGGGGCAGTAATTACAGFACCA
GCCGARGAAGCCAGCCGCTACCTGGGGGARAAGGTEACCGGAGCTGTGATTACTGEGCCT
GTGGACGATGCCRAGCARGTACCTAGGGGAGACCGTFACCCAAGCCGTCATCACCGFTCCT
BAGGCGGACTCTGAGGCTTTTT TGGGGGAGCCGGT FACCCAGGCAGTGATTACCGEGCCG
gcgGa GAtgCcagcgctTaccTaGGGgaaacgGTEACccaaGCaGTgATtACCGEgCCt
GCGGR4GATGCCAGCGCTTA22T2GGGGA2ACGGTTACC222GCAGTGATTACCGTGCCT
490 500 510 520 530 540

Anabaena
Synechocygtis3
Synechocysgtis2
Synechocystisl
Consensus

T | | | | |
GCTTATTTCAATYATTCCCARAGACAAGCCACCCGCGATGCTGGCAGAATTGCCGGTTTA
GCCTACTTTARCHATTCCCARCGGCAAGCCACTAGAGATGCGGGGARRATTGCCGGGCTG
GCCTACTTTAACHACTCCCAARCGGCAAGCCACCARAGATGCGGGTARAATCGCCGGGATC
GCCTATTTCACCHATGCCCAGCGCCARGCGACGAAGGATGCAGGGACGATCGCCGGTTTG
LCCTACTTCRAacdAt tCCCAacGgCAAGCCcACcaaaGATGCgGGgRaaATcGCCGGEtTg

Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

Anabaena
Synechocystis3
Synechocystis2
Synechocystisl
Consensus
Prim.cons.

GCCTA2TT2AACGATTCCCAACGGCAAGCCACCA2AGATGCGGGGAARAT2GCCGG2TTG
560 570 580 590 600

| | | | | |
GAAGTGTTGCGGATTCTCAACGARCCGACAGCAGCGTCTTTAGCT TATGGGT TAGACCGG
GAAGTGCTACGGATTATCAACGARCCCACAGCGGCATCTTTAGCT TACGGCT TAGACCAG
GAAGTCCTGAGAATTATTAACGAGCCCACCGCTGCCTCCCTAGCCTACGGTCTGGATARA
GAAGTATTGCGGATTATCAATGAGCCAACGGCGGCGGCTTTGGCCTATGGGC TAGATARA
GAAGTgcTgcGgATTaTcAACGAaCCcACaGCgGCgtCttTaGCcTACGGgcTaGAcaaa
GAAGTG2TGCGGATTATCAACGR2CCCACAGCGGCGTCTTTAGC2TA2GGG2TAGA22A2
610 620 630 640 650 660
| t t t | |
GGTGATACGGAARAC---JATCTTAGTT TTTGACT TGGGT GGCGGGACHTTTGATGTATCG
GGGCGGATACAARA---HATCCTGGTGTTTGACCTAGGGGGCGGCACHTTTGATGTTTCT
AAGGATAACGAARC---JATTCTGGTGTTTGACCTAGGGGGCGGTACTITTTGACGTCTCC
CAGGAAACGGAAGAGTTHATTT TGGTGTTTGACT TGGGGGGGGGCACHTTTGATGTT TCC
gaggatAcggRRaa  FATccTgGTgTTTGACCTaGGYGGCGGCACHTTTGAEGTETCC
G2GGATACGGAAAR2GTTZAT22TGGTGTTTGAC2T2GGGGGCGGCACHTTTGATGTTTCC
670 680 690 700 10 720

| | | | | |
ATTTTGGAAGTCGGGGATGGAGTATTTGAAGTCARAGCCACCAGTGGCGATACCCAACTA
GTGTTGGAAGTGGGGGACGGCATT TTTGAAGTTAAGGCCACCAGCGGTGATACCCAGT TG
ATCCTCGAAGTAGGGGAAGGGGTATTTGAAGTATTAGCCACCTCTGGGGATACCCATCTG
CTGCTACAGCTTGGTAACGGAGTATTTGAAGTGCTATCCACCTCTGGTAATAACCATCTG
aTgcTggRagT GGggAcGGagTaTTTGRAGT aaagCCACCactGGtgATAcCCAtcTg
ATG2TGGAAGT4GGGGACGGAGTATTTGARGT4A2AGCCACC22TGGTGATACCCATCTG
730 740 750 760 770 780

| | | | | |
GGTGGGAATGACTTTGATAAGAARATTGTCGAT TGGT TGGCAGAGCAATTTTTAGAGACA
GGGGGTAACGATTTTGATCGCCGCATTGTGGAT TGGCTAGCGGARAAGTTTTTAGAAGCG
GGAGGGGACGACTTCGACAARARARRATTGTCGATTTCCTGGCCGGTGAATTCCAGAAGGCC
GGGGGGGATGATTTTGATAATTGCGTTGTCCAGTGGATGGCAGAATCCTTTAAGCARRAG
GGgGGgaAcGACTTtGAtaa aaaaTTGTcgAtTggcTgGCaGaa aaTTttaagRaacg
GGGGGG2A2GA2TTTGATAA4A22ATTGTCGATTGGCTGGCAGAR4AATTTT22GA22CG
850 860 870 880 890 900

| | | | | |
GARAAAGCTAAAATCGAACTCTCGGCCGTCAGCATCACTGATATTAACTTACCCTTCATC
GAAAAGGCCAAAATTGAACTT TCTGGGGTCGGTACTACGGARATTAATTTACCCTTCATC
GAAAAAGCCAAAATCGAACTT TCCGGCGTGAGCCAAACGGAAATTAACCTGCCCTTCATC
GAGAAGGCCARAATCGAACTCTCCAGCATGCTGAATACGACCATTAACTTGCCTTTTATC
GAaARaGCcARRATCGAACTcTCcggcgTcagcaatACggaaATTAACtTaCCcTTCATC
GAARA2GCCAAAATCGAACT2TCCGGCGT2AGCAATACGGARATTAACTT2CCCTTCATC
910 920 930 940 950 960
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| | | | | |
Anabaena ACTGCTAJAGAAGACGGCCCCARACACTTAGARACCAGGCTGACGCGTTCCCAGTTTGAA
Synechocystis3 ACCGCTAQGGAAGACGGTCCCAAACATTGGARACCCAGT TGAGCCGTTCGGRATTTGAA
Synechocystis2 ACTGCCAJCCAGGAT GGGCCTARACATITAGACACCACCCTGTCCCGGGCCAAGTTTGAA
Synechocystisl ACCGCAGATCAGTCGGGACCFAAACAFTTGGAAATGGAAPTTGFCPGCAGCCACTTTGAG
Consensus ACcGCtad gAagacGG CCcAARACAcHTaGRaAccaagcTgaccCGgtcccRgTTTGRa

Prim.cons. AC2GCTA 4 GA2GACGGACCCARACA2TT2GARAACCAAGCTGACCCG2TCCCAGT TTGAA

For the alignment of MsrA between distantly related organisms no conserved region of \
sufficient length was found (Fig. 7). It was likewise impossible to obtain conserved regions of ‘
sufficient length when organisms that are closely related to Arthrospira sp. were used (i.e. |
Synechocustis sp. PCC6803 and Anabaena) (results not shown). In order to be able to design
appropriate degenerate oligonucleotides, a conserved region of at least 7 amino acids should be
found residing at a convenient distance between each other.

Of the 24 stress related proteins, selected on the basis of the literature, 7 proteins were
discarded because they presented a homology that was too low to create reasonable degenerate
primers. The proteins that were discarded were: Sigma432, OxyR, SoxR, SoxS, MrsA,
catalase-peroxydase (perd), MutS (see MrsA, Fig. 7).

The other proteins (DnaK, DnaJ, GroEL, GroES, ClpB, ClpX, SigmaB, SOD-Fe, SOD-Mn,
Ctalase-Peroxidase HPI encoded by katG, Catalase-Peroxydase HPII encoded by katE,
Catalase encoded by katd, RpoS, UvrA, RecA, LexA, GInA) presented enough conserved
regions when the protein sequences were aligned between organisms distantly as well as |
closely related. |

Based on the conserved protein sequences, the nucleotide regions that contained the highest
conservation were selected. In these cases it was possible to select for a region of an
appropriate length, flanked with conserved regions of 20-25 nucleotides (see the rules for |
designing degenerate primers TN70.3). The regions on the nucleotide sequence to which the |
degenerated primers would anneal are encased in the next figures. |
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Fig. 10. Extract of the nucleic acid sequence allignement of katE of distantly related organisms (Rhizobium
melitoti, Pseudomonas aeruginosa, Escherichia coli, Mycobacterium avium, Bacillus subtillis) (on website

http://npsa-pbil.ibep.fr/); mean length of 2320 bases.
10 20 30 40 50 60 70 80
| | | [ | [ |

Bsubtilis ATGAGTGATGACCAAAACAAACGTGTAAATGAACACT
2061xx1 ATGAGTGATGACCAARACAARACGTGTAAATGAACACT:
Ecolix2 ATGTCGCAACATAACGA \GAACCCACATCAGCACCAGTCACCACTACACGATTCCAGCGAAGCGAAACCGGGGATGGA
Psputida ~--ATGCCCAGCAAGARRACGGACGCGCCCARGCE: GAGTGARA
Mycobavium ATGGCCACCGACCACACTTCGGATGCGCCCGATC
Rhizomeliloti — ---=---- ATGGCCAAGARACCCTCTGCGCCGARCAATACGARACCGGCCACCATTCATG
Consensus atga atgaccRaaaaaagcacgcacacgBhaCact
Prim.cons. ATGA222ATGACCAARAAA2GCA2GCAC22GAACACTA222A2C2222CAC2ATTC22GCGAAGCGAAACCGGG22TG2A
90 100 110 120 130 140 150 160
| | | | | | | |
Bsubtilis
2061xx1
Ecolix2 CTCACTGGCACCTGAGGACGGCTCTCATCGTCCAGCGGCTGAACCAACACCGCCAGGTGCACAACCTACCGCCCCAGGGA
Psputida GCCGCTGGCACCCA----—========—=— GACCCCGGACCGGGCCAATACC
Mycobavium
Rhizomeliloti
Consensus
Prim.cons. 22C2CTGGCACC22AGGACGGCTCTCATCG2CC222G2C2G22CCAR2ACCGCCAGGTGCACAACCTACCGCCCCAGGGA
170 180 190 200 210 220 230 240
| | | | | | | |
Bsubtilis CARAGGACGAGCAGCTTGAGCAGTACAGGA----- CCGATAACAGCGGGAAGA
2061xx1 CAAAGGACGAGCAGCTTGAGCAGTACAGGA: \TAACAGCGGGAAGA
Ecolix2 GCCTGAAAGCCCCTGATACGCGTAACGAARRACTTAATTCTCTGGAAGRCGTACGCA: -AAGGCAGTGRAPATTATG
Psputida -AATGCCAAGTTGCAGAGCCTGGAAACCTTCCGC. -GCGACGCTACCGGCCAGG
Mycobavium CRAGCAGCGCGATCTGGAGTCCGCGCGGT-----TCCGCCGCGACACGGGAT
Rhizomeliloti — -=----------——uu—- -ACCAGAAAGCGACACGCGGCAACGGTGGAGARCTTCACCAGATCGCCGRAGGCGRACACGCCCG
Consensus caaBAggaggag agcTgGAg acttcagca ccgacagcaacagg agg
Prim.cons. GCCTGAAAGCCCCTGATAC22G2AA3GCAARGGAGGAG2AGCTGGAG2ACTTC2G2AGATCGCCGACAGC2AC2GG2AGG
250 260 270 280 290 300 310 320

Bsubtilis
2061xx1
Ecolix2
Psputida
Mycobavium

| | | | | | | |
AAATGACGACAARACCAAGGCT TGCGAGTGT CAGAGGATGAGCACTCGT TARRAGCCGGGGTTCGCGGCCCGACGCTGATG
AAATGACGACARRCCAAGGCTTGCGAGTGT CAGAGGATGAGCACTCGT TARRAGCCGGGGTTCGCGGCCCGACGCTGATG
CGCTGACCACTAATCAGGGCGTGCGCATCGCCGACGATCAARACTCACTGCGTGCCGGTAGCCGTGGT CCARCGCTGCTG
CCCTGCGCACCAACCAGGGCGTGAAGATTGCCGACARCCAGAACAGCCTCAAGGCT GGCGCACGAGGGCCGTCGCTGCTC
ACCTGACCACGCAGCAGGGCGTGCGCGTCGACCACACCGACGATGCGCTCACCGTCGGCGAGCGGGGT CCGACGCTGCTC

Rhizomeliloti TCCTGACGARCCGCCCAGGGCGGCCCCGTCGCCGACGACCAGAACAGCCTGCGCGCCGGCGAACGCGGCCCGACGCTCATC

Consensus
Prim.cons.

Bsubtilis
2061xx1
Ecolix2
Psputida
Mycobavium

accTGaccRC aacCRgGGCgtgcgcgTcgeccghcgacchAgaActegeT aa GeeGGeg CGeGGeCCgaCGCTgaTe
ACCTGAC2AC2AACCAGGGCGTGCGCGTCGCCGACGA22AGAACTCGCT3AA2GCCGGCG22CGCGGCCCGACGCTG2T2
330 340 350 360 370 380 390 400
| T T T | |
GAGGATTTTCATTTCCGGGAGARRATGACGCACTTTGACCATGAGAGGATTCCGGAGCGCGTTGTGCATGCGCGCGGATT
GAGGATTTTCATTTCCGGGAG. TGACGCACTTTGACCATGAGAGGATTCCGGHGCGCGTTGTGCATGCGCGCGGATT
GAAGATTTTATTCTGCGCGAG. TCACCCACTTTGACCATGAGCGCATTCCGGHACGTATTGTTCATGCACGCGGATC
GAAGACTTCATCATGCGCGAG. ATCACCCACTTCGACCATGAGCGCATCCCGGHGCGCATCGTGCATGCCCGTGGTAC
GAGGATTTCCACGCCCGGGAG. ATCACCCACTTCGACCACGAGCGCATCCCGGHAGCGTGTGGTGCATGCGCGCGGGGL

Rhizomeliloti GAGGATTTCCACTTCCGCGAG. ATCTTCCACTTCGAT CACGAGCGCATTCCCGHGCGTGTCGTGCACGCCCGCGGCTA

Consensus
Prim.cons.

Bsubtilis
2061xx1
Ecolix2
Psputida
Mycobavium

GAgGAtTTccacttcCGcGAGAARATcaccCACTTCGACCALGAGCGCATECCgGHICGegTEGTgCALGCgCGeGGate
GAGGATTT2CA2TTCCG2GAGAA. CG2GTTGTGCATGCGCGCGGATC
410 420 430 440 450 460 470 480
| | | | | | |
TGGCGTGCATGGCTTTTTTCAGGT TTACGAACCAATGACGGAA-~~-TACACACGGGCCAAATTTCTTCAGGACCCTTCGG
TGGCGTGCATGGCTTTTTTCAGGTT TACGRACCAATGACGGAA---TACACACGGGCCARATTTCTTCAGGACCCTTCGG
AGCCGCTCACGGTTATTTCCAGCCATATARRAGCT TAAGCGATATTACCAAAGCGG---ATTTCCTCTCAGAT CCGAACA
CGGGGCGCACGGCTACTTTCAGAGT TATGGCAACCATGCGGATCTGACCARAGCCG-~~GTTTCCTGCAAGAT CCCGACA
CGGCGCCTACGGCTAT TTCGAACCGTACGACGACCGGT TGGCGCAGTACACGGCGGCGARATTTCTGACCTCGCCGGGCA

Rhizomeliloti CGGGGTGCATGGCTTCTTCGAGACCTACGAAT CGCTTGCAGCC---TACACCCGGGCGGATC TGTGCCAGCACCCGGGCG

Consensus
Prim.cons.

Bsubtilis
2061xx1
Ecolix2
Psputida
Mycobavium

cGgcGecgcAcGGeTatTTccAg ctTAcgaa ccctgacgGa taCAcaccgGe aaatTtct caggacCCgg ca
CGGCG2GCA2GGCT2TTT2CAG3CTTACGAAR2CCCTGACGGA2CTGTACACA22GGC2AA2TTTCT3CAGGACCCGG3C2
490 500 510 520 530 540 550 560

| | | | | | |
TGAAGACACCGGTATTTGTCCGTTTTTCTACGGTTGCGGGTTCTARAGGCTCCGCAGACACGGTGCGGGATGCCAGAGGC
TGARAGACACCGGTATTTGTCCGTTTTTCTACGGTTGCGGGTTCTAAAGGCTCCGCAGACACGGTGCGGGATGCCAGAGGC
AAATCACCCCAGTATTTGTACGTTTCTCTACCGTTCAGGGTGGTGCTGGCTCTGCTGATACCGTGCGTGATATCCGTGGC
AGATCACACCGGTIGTTTGTACGCTTTTCCACCGTGCAGGGTCCCCGTGGT TCGGGGGATACCGTGCGTGATGTGCGCGGT
CCAGGACGCCGGTGTTCGTGCGT TTTTCGACGGTGGCCGGATCGCGCGGT TCGGCCGACACCGTCCGCGACGTGCGCGGG

Rhizomeliloti AGCGAACCCCCGCCTTCGTGCGGTTCTCGACGGTCGCCGGAAGCARGGGCTCCTTCGACCTCGCCCGCCACGTTCGCGGT

Consensus
Prim.cons.

Bsubtilis
2061xx1
Ecolix2
Psputida
Mycobavium

aga gACaCCgGtaTTtGT CGELTTtTCtACgGTtgcgGGttctaa GGeTCcgc GAcaccGtgCG gAtgtccGeGGe
AGA3GACACCGGTATTTGT3CGTTTTTCTACGGTTGCGGGTTCTAR2GGCTCCGC2GACACCGTGCG3GATGTCCGCGGC
570 580 590 600 610 620 630 640
| % T T
TTTGCGACAAAATTTTATACTGAAGAAGEAAACTATGACCTT GTGGGARATAACATTCCGGTGTT TTCATTCAGGACGC
TTTGCGACAARATTT TATACTGAAGAAGEAAACTATGACCTT GTGGGARATAACATTCCGGTGETT TTCATTCAGGACGC
TTTGCCACCAAGT TCTATACCGAAGAGGETATT TT TGACCTCGTTGGCAATAACACGCCAATCFTCTTTATCCAGGATGC
TTCGCGGTCAAGTTCTATACCGACGAAGBTAACTTCGACCTGGTCGGCAACAACATGCCGGTCFTCTTCATCCAGGATGC
TTCGCCACCAAGTTCTATACCGAACARGECAAT TACGACT TGGTGGGCAACAACTTCCCGGTGFTCTTCATCCAGGACGG

Rhizomeliloti TTCGCGGTCAAGATCTACACCAAGGAGGBCAAT TGGGACCTCGTCGGGAACAACATCCCCGTCFTCTTCATCCAGGACGC

Consensus
Prim.cons.

TTcGCgaccARgtTcTAtACcgRagAaGl RacTatGACcT GTgGGcRAcCRACat CCggTcfTcTTcATcCAGGACGC
TT2GCGACCAAGTTCTATACCGAAGAAG! 'TCTTCATCCAGGACGC
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Fig. 11. Extract of the nucleic acid sequence alignment of uvrA in microrganisms closely related
with Arthrospira sp. (Synechocystis sp. PCC6803 and Anabaena) (http://npsa-pbil.ibcp.fr/); mean

length of 2980 bases.
10 20 30 40 50 60 70 80
| | | | | | | |
| Synechocystis ATGCCCGAA:- ARAATAGCATCCGTAT
Anabaena ATGTCAGATAARAAGCTAGCCGCATCCCTGAATGGACATCTTCCCTACGCCAATGACAATAGCCAGAATACCATTAGGAT
Consensus ATcCCcGRA
Prim.cons. ATGTCAGATAAAAAGCTAGCCGCATZCC2GAATGGACATCTTCCCTACGCCAATGACAATAGCCAZAATA2CATZZGZAT
90 100 110 120 130 140 150 160
: | | | | | | | |
Synechocystis TCGAGGCGCTAGACAARCATAACCTAAARARRATGTGAATCTAGACCTGCCCCGCGATCGCCTGATTGTGTTTACGGGGGTGT
Anabaena TCGGGGTGCGCGACAGCATAATCTGAAGAATATTGACT TGGRATTGCCACGCGATCGCCTGATCGTGTTTACTGGTGTAT
Consensus TCGaGGcGCgaGACRaCATAACCTaA? TaTgaAccTaGRacTGCCaCGCGATCGCCTGATCcGTGTTTACQGGEGTaT
Prim.cons. TCG2GG2GC22GACA2CATAA2CT2AA2AAT2T22A22T2GA22TGCC2CGCGATCGCCTGAT2GTGTTTAC2GG2GT2T
170 180 190 200 210 220 230 240
| | | | | | | |
Synechocystis CGGGGTCAGGCARATCTTCCCTAGCTTTTGACACTATCTTTGCAGAGGGACAACGGCGTTATGTGGAATCCCTCAGTGCT
Anabaena CAGGTTCGGGTAAGTCTTCCTTGGCGTTTGATACCATCTTCGCGGAAGGTCAACGGCGCTATGTGGAATCCCTCAGTGCT
Consensus CaGGgTCaGGCA? CTTCCcTaGCgTTTGACACCATCTTcGCaGRaGGaCAACGGCGCTATGTGGAATCCCTCAGTGC
Prim.cons. CZGGZTCZGG2AA2TCTTCC2T2GC2TTTGAZACZATCTTZGCZGA2GGZCAACGGCGZTATGTGGRATCCCTCAGTGCT
260 270 280 290 300 310 320
| | | |
Synechocystis TACGCCCGACAGTTTTTGGGGCAGTTGGATAAGCCTGATGTGGACAGCATCGAAGGGTTGAGTCCGGCTATTTCCATCGA
Anabaena TACGCCAGACAATTTTTAGGACAATTAGATAAACCGGATGTGGAAGCCATCGAAGGCTTAAGCCCGGCGATTTCCATTGA
Consensus TACGCCaGACRaTTTTTaGGaCRaTTaGATAAaCCgGATGTGGAaacCATCGAAGGCT GcCCGGCgATTTCCATCGA ’
Prim.cons. TACGCC2GACA2TTTTT2GG2CA2TT2GATAA2CC2GATGTGGA222CATCGARGG2TT2AG2CCGGC2ATTTCCAT2GA 4
330 340 350 360 370 380 390 400 f
| |
: Synechocystis TCAGARRATCCACTTCCCACAATCCCCGCTCCACCGTGGGTACGGTAACGGARATTTACGACTACCTCCGTCTGTTATTTG
| Anabaena CCAAARRATCTACATCTCACAACCCCCGTTCTACTGTGGGGACGGTGACAGAAATTTACGACTATTTGCGACTGTTGTTTG
Consensus cCRaRAAATCcACaTCcCACAACCCCCGCTCCACCGTGGGgACGGTaACaGAAATTTACGACTACCTCCGaCTGTTaTTTG
Prim.cons. 2CA2ARATC2AC2TC2CACAR2CCCCG2TC2AC2GTGGG2ACGGT2AC2GARATTTACGACTA22T2CG2CTGTT2TTTG
410 420 430 440 450 460 470 480 :
| | | | | | |
Synechocystis GCAGGGCTGGCAGTCCCCATTGTCCCCACTGCCARCGGAATATTGCCCCCCAAACCATTGACCARATGTGTGATCGGGTG
Anabaena GTCGAGCTGGTGAACCCCATTGTCCCATCTGCGATCGCTGTATTGCACCCCARACCATTGATGAGATGGTTGATAGAATT J
Consensus GcaGaGCTGGcaaaCCCCATTGTCCCaaCTGCcRaCGecaaTATTGCaCCCCARACCATTGACcAaATGggTGATaGaaTg
Prim.cons. G22G2GCTGG2222CCCCATTGTCCC22CTGC2R2CG222TATTGC2CCCCARACCATTGA22A2ATG22TGAT2G22T2
: 510 520 530 540 550 560 w
: | | | | | | | |
| Synechocystis ATGGAGTTACCGGACAGARACTAAGTTTCAARATTCTTGCTCCGGTGGTAARAGGGCAARAAAGGGACCCATGTGCAACTACT
Anabaena ATGGARCTACCAGACCGCACGCGCTTCCARATTCTCGCGCCTGTTGTCAGGGGTARGARAGGAACTCACCGCAARATTATT
Consensus ATGGRacTACCaGACaGaACgaacTTcCARATTCTcGCgCCgGTgGTaRaGGGCARaARAGGaACCcCAccgcaRACTACT
: Prim.cons. ATGGA22TACC2GAC2G2AC2222TT2CARATTCT2GC2CC2GT2GT2A2GGG2AA2AAAGG2AC2CA22222AA2TA2T
570 580 590 600 610 620 630 640
| | | | | | | |
Synechocystis TTCTAGCTTAGTTTCCCAAGGCTTTGTGCGGGTAAGAATTAACGGCGAAGTGCGAGAATTAAGTGACAATATTGAATTAA
Anabaena ATCTAGTTTGGCTTCCCAAGGCTTTGTCCGGATACGCGT TGAT GGGGAAGTCCGTGAACTGTCTGATTCGATTGAGTTAG
Consensus aTCTAGcTTaGCTTCCCARAGGCTTTGTcCGGaTRaGaaTTaACGGCGAAGTcCGaGAARcTaacTGAcaagATTGAaTTAa
Prim.cons. 2TCTAG2TT2G2TTCCCAAGGCTTTGT2CGG2TA2G22TT2A2GG2GAAGT2CG2GAA2T222TGA2222ATTGA2TTA2
650 660 670 680 690 700 710 720
| | | | | | | |
Synechocystis ARAAGAACCAAGCCCACACCATTGAAATAGTTATTGATCGCCTGATCAAAAAAGARAGGTT TACAGGAACGATTGGTAGAC F
Anabaena ATAARAATATTACTCATACCATTGAAGTTGTCATTGACCGACTGGTAAAAAAAGACGGTATTCAAGAACGT TTGGTAGAT
Consensus AaARaAAcaaaaCcCACACCATTGAAaTaGTCATTGACCGaCTGaTaAARAAAGRaGGTaTaCRaGAACGaTTGGTAGAC
Prim.cons. A2AA2AA22222C2CA2ACCATTGAR2T2GT2ATTGA2CG2CTG2T2ARAAAAGA2GGT2T2CA2GAACG2TTGGTAGA2
Anabaena GCGCAAAGGGTAAAATTAGCCACAGAATTATCTCGCCGTGCTACAGGTAAGACACTTTATTTAATCGACGAACCTACTAC
Consensus GCcCARaGGGTaRRACTAGCcaCaGRaTTATCTCGCCGQGCcACaGGcARaACacTgTATTTAATCGACGAACCCACCAC
Prim.cons. GC2CAA2GGGT2AAA2TAGC22C2GA2TTATCTCGCCG2GC2AC2GG2AA2AC22T2TATTTAAT2GA2GAACC2AC2AC
2730 2740 2750 2760 2770 2780 2790 2800
| | | | | |
Synechocystis CGGGCTATCTTTTTATGATGTCCACCAT TTGCTCAACGTTTTGCAAAGACTAGTGGATAAAGGCAATTCTGTTTTAGTCA
Anabaena GGGGTTATCTTTTTACGATGTCCACAAATTAT TAGATGTGTTGCAAAGAT TGGTAGATAAAGGTAACTCAATTTTAGTTA
Consensus CGGGCTATCTTTTTACGATGTCCACaRaTTacTaaAcGTgTTGCARAGACTaGTaGATAARGGCAACTCaaTTTTAGTCA
Prim.cons. 2GGG2TATCTTTTTA2GATGTCCAC2AR2TT22T22A2GT2TTGCAAAGA2T2GT2GATARAGG2AAR2TC22TTTTAGT2A
2810 2820 2830 2840 2850 2860 2870 2880
| | | | | | | |
Synechocystis TTGAACATAACCTGGATGTAATCCGCTGTAGCGATTGGATTATTGATCTGGGCCCCGAAGGTGGCGATCGGGGTGGARAA
Anabaena TTGAACACAACTTAGATGTGATTCGTTGTGCTGATTGGGTGATTGATTTGGGGCCAGAAGGTGGTGATAAGGGGGGAGAA
Consensus TTGAACACAACCTaGATGTaATcCGCTGTaccGATTGGaTgATTGATCTGGGCCCaGARGGTGGCGATaaGGGgGGAaAA
Prim.cons. TTGAACA2RAC2T2GATGT2AT2CG2TGT222GATTGG2T2ATTGAT2TGGG2CC2GARGGTGG2GAT22GGG2GGA2AA
2890 2900 2910 2920 2930 2940 2950 2960
| | | | | | | |
Synechocystis ATTATGGTTGCAGGRACCCCGGARACAGTGGCGCARCATCCAAGT TCTTACACAGGGAAATATTTAGCGAAGGTATTGCA
Anabaena GTGATTGCTGTTGGGACACCGGAGGAAATTGCTAARARATACTAGGTCTTATACCGGGCAATATTTACAGCAGGTGTTAGA
Consensus aTgATgGcTGecaGGaACaCCGGRaaaRaTgGCgaRRaATaCaAGgTCTTACACaGGGaRATATTTACaGaAGGTaTTacA
Prim.cons. 2T2AT2G2TG22GG2AC2CCGGA222A2T2GC22AA2AT2C2AG2TCTTA2AC2GGG2AATATTTA22G2AGGT2TT22A
2970 2980
| |
Synechocystis ATCTTAA-———————————————e—
Anabaena ACAGTATCCTGCGGTGGTAARATTAA
Consensus AcagTRa
Prim.cons. A222TA2CCTGCGGTGGTARATTAA
. . oqe
"SFETIZ%EN _| . Part A: Test evaluation document for genetic stability study 86

| This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or
| transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL

—‘.




- 400pb
100pb

ME L i S S A issue 1 revision 1 -

page 87

When the alignment of the gene uvrd was investigated in organisms closely related to
Arthrospira sp., it could be observed that any region of 20 to 25 nucleotides could be chosen
for designing suitable degenerate primers (Fig. 11).

Fig. 12. Gel electrophoresis of PCR products obtained with degenerate primers selective for katEs; o5 and
dnaJgs.o on R. rubrum genomic DNA (PCR annealing conditions: 5 cycles of 37°C; 40 cycles of 57.6°C and
60.2°C respectively using katEss.9s and dnaJy.io); expected band for katEy,.os at 290bp and dnaJy o at 528bp.

600pb Lane 1 : PCR amplicon obtained with degenerate primer mix
selective for karE o4.05 (expected band at 290 pb)
Lane 2 : no DNA; negative control
Lane 3 : 100bp DNA Ladder
Lane 4 : PCR amplicon obtained with degenerate primer mix
selective for dnaJ 510 (expected band at 528 pb)

Fig. 13. Gel electrophoresis of PCR products obtained with degenerate primers selective for sodBs,.¢o on
Arthrospira sp. genomic DNA (PCR annealing conditions: 5 cycles at 37°C; 40 cycles at 58.1°C); expected
band for sodBg,.¢9 at 426bp.

Lane 1 : 100 pb DNA Ladder

Lane 2 : no DNA, negative control

Lane 3 : PCR amplicon obtained with degenerate primer mix selective for sodB ¢,.
s (expected band at 426 pb)

Fig. 14. Gel electrophoresis of PCR product obtained with degenerate primers selective for kat4q,93 and
uvrAiosc.tosa on Arthrospira sp. genomic DNA. (PCR annealing conditions: 45 cycles at 51.7°C and 51.3°C
respectively using katAg;.o3 and uvrAiosc.1osa)
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Lane 1: 100 bp DNA Ladder

Lane 2 : PCR amplicon obtained with degenerate primer mix selective
for katAs,.93 (expected band at 257 pb)

Lane 3 : PCR amplicon obtained with degenerate primer mix selective
for uvrdiosc.1osa

The last series of alignments enabled the design of a number of oligonucleotide couples for
every targeted gene for Arthrospira sp. as well as R rubrum. In total 81 oligonucleotide
couples were defined (see Appendix 1). Among these, 36 of the most representative primer
pairs were selected and tested.

7.8. Results of the degenerated PCR

Due to the temperature (37°C) used during the first 5 annealing cycles initial aspecific
annealing occurred, resulting in the appearrance of amplification smears, except for katFos.os
(amplification using the degenerated primer pair 94 and 95, Appendix 1) for both Arthrospira
sp. and Rhodospirillum rubrum (Fig. 12). Strongly present single bands were also obtained
with sodBey.¢o in Arthrospira sp. (Fig. 13) and for uvrAjp1.103 and dnaJsio (Fig. 12) in
Rhodospirillum rubrum.

To obtain more specificity, annealing PCR conditions were changed into 45 cycles at the mean
estimated annealing temperature. In this case a PCR profile of a number of bands is obtained,
among which the band of interest is more visible against a background of aspecific PCR
amplification bands (Fig. 14, 15). An attempt to increase selection of the bands of interest by
nested PCR, did not result in an increase of specific DNA amplification.

On the 36 tested primer pairs, 10 have resulted in selective amplification with the correct
sequence length: dnakKs.e, dnaJis-1a, S0dA70-712, S0dBer-¢9, katAdoro3, katEgsgs, uvrAigosc-10sa and
uvrAior.103 for Arthrospira sp.; katEo4.os, clpBss.as and uvrdio1.103 voor R. rubrum (Fig. 14, 15).

Further PCR optimisation was done order to obtain higher specificity. For the couples of
Arthrospira sp. dnaKs.¢ and R.rubrum clpBsss¢ a specific band with the correct length was
obtained using touch-down PCR and additional PCR under the same conditions (Fig. 16).
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Fig. 15. Gel electrophoresis of PCR product obtained with degenerate primers selective for uvrAd;o;.193 for
Arthrospira sp. and R. rubrum genomic DNA; dnaJi.14 and dnaKs.¢ for Arthrospira sp. genomic DNA; and
clpBss.as for R. rubrum genomic DNA. (PCR annealing conditions: 45 cycles at 62.8°C, 67.8°C, 55.6°C and
67.7°C for uvrAipi-103, dnaJiz.14, dnakKs ¢ and clpBjs 36).

Lane 1 : no DNA, negative control

Lane 2 : PCR amplicon obtained with degenerate primer
mix selective for wvrd 191103 from Arthrospira. sp.
genomic DNA (expected band at 583 bp)

Lane 3 : no DNA, negative control

Lane 4: 100bp DNA Ladder

Lane 5 : PCR amplicon obtained with degenerate primer
mix selective for dnaJ 15.14 from Arthrospira. sp. genomic
DNA (expected band at 443 pb)

Lane 6 ;: PCR amplicon obtained with degenerate primer
mix selective for clpB 3536 from Arthrospira. sp. genomic
DNA (expected band at 389 pb)

Lane 7 : PCR amplicon obtained with degenerate primer
mix selective for dnak 3¢ from Arthrospira. sp. genomic
DNA (expected band at 794 pb)

Lane 8 : no DNA, negative control

Fig. 16. Gel electrophoresis of PCR product obtained with degenerate primers selective for dnaKs.q, clpB;s.
36, and katEo4.95, using touch down PCR and followed by a second PCR on the extracted band obtained
from the first PCR round.

After PCR "Touch-Down" | After gel purification

dnakK 3-6

(A.platensis)

=> band expected at 794
pb

clpB 35.36
(R.rubrum)

=> band expected at 389
pb

300pb

katE 94.95
(R.rubrum)

=> band expected at 290
pb

200pb

Ligne 1 : PCR amplicon; Ligne 2 : negative control (no DNA); Ligne 3 : 100 bp DNA Ladder
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PCR optimisation with touchdown PCR did not improve selective application of dnaJiz.14 and
sodA7.72. An alternative optimisation method was thereafter selected. In this case the highest
estimated annealing temperature was used in the PCR program. Using the elevated annealing
temperature, a specific band of the expected sequence length was obtained for dnaJis.i4 and
uvrAio1-103 in Arthrospira sp. (Fig. 16).

Fig. 17. Optimisation of the degenerative PCR selective for dnaJis.14, uvrAsoi-103 on Arthrospira sp. genomic
DNA.

e dnaJ 1.14 (bande attendue & 443 pb)

2.072

600
400

2. Bxttaction sur gel 3.
4,  Extraction

' température

sur gel
Touch-down (70°C)

e uvrd 101-103 (bande attendue a 583 bp)
FAp————

600 pb

2. Extraction sur gel "~ 3.PCR2 plus haute température

Optimisation of PCR by adjusting ratio's of degenerate primer pairs could improve selective
amplification of sodBe;.¢9 on Arthrospira sp. genomic DNA (Fig. 18).

Fig. 18. Optimisation of the degenerative PCR selective for sodBe; ¢9 on Arthrospira sp. genomic DNA.

Lane 1 : PCR amplicon obtained with degenerate primer mix 62 (with 19% degeneracy) and
69 (with 4.76%) in a 1:1 ratio.
Lane 2 : : PCR amplicon obtained with degenerate primer mix 62 and 69 in a 10:1 ratio.

LN70,05 Part A: Test evaluation document for genetic stability study 90
SCK/CEN

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or
transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




ME L l S S A issue 1 revision 1 -

page 91

Direct sequencing of the DNA bands extracted from the gel after amplification with sodBs;-6o
and dnaJi.14 did not give satisfying results. It seemed that the products contained too much
additional contaminating amplicons. It was therefore necessary to clone the PCR products,
prior to sequencing. The products of dnaKio1-103, cIpB3s-36, uvrdioi-103, dnatiz-14, 50dBey-e9, and
katEoq.95.

Clones with the expected insert were immediately obtained for dnaKo1-103 and katFosos (Fig.
19).

Fig. 19 Gel electrophoresis of the clones obtained from cloning products of dnaKioi-103 and katEo9s in the
pDrive cloning vector, digested with EcoRI.

Lanes 1-4 : PCR amplicon obtained with degenerate primer
pair katEsy.95, cloned in pDrive, digested with EcoRI

Lane 5 : 1kb DNA Ladder

Lane 6-8 : PCR amplicon obtained with degenerate primer
pair dnaKo;.103, cloned in pDrive, digested with EcoRI dnak
apreés digestion par EcoRI

Lane 9 : 100 bp DNA Ladder

The inserts have been sequenced and alligned with the target genes (Table 4). Only at the site
compatible with the degenerate primers sufficient complementarity was found. Translation of
the nucleotide sequence in a protein sequence did not reveal the targetted stress related genes,
i.e. katE encoding for Catalase in R. rubrum and DnaK for Arthrospira sp..

7.9. Discussion on the results of the identification of stress related
genes using degenerated PCR in Arthrospira sp. and R.
rubrum,

The few results, obtained and the difficulties encountered in the optimisation of the method
indicate that this method will not be able to produce positive results very fast. On the 24
known stress related genes only 17 had sufficiently conserved regions to enable the design of
degenerate primer pairs. Only 11 PCR assays gave detectable bands after gel electrophoresis.
After PCR optimisation it was observed that among those only 6 bands resided at the expected
sequence length. Only two fragments were cloned for subsequent sequencing. Finally, it was
observed after sequencing of the cloned fragments, that no targetted stress related gene was
amplified using this method.

Redesigning of the primers, optimalisation of the PCR protocol and cloning of the remaining
DNA amplicons could result in the identification of stress related genes in the target
organisms.
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On the other hand, the method was very simple in light of the techniques and hardware
involved. It was seen as a first basis for identification of genes of interest for bacterial strains
having an unknown genome. In the meantime R. rubrum ATCC11170 is being sequenced.
Preliminary experiments indicate that R. rubrum ATCC25903 is very closely related to R.
rubrum with a 99% sequence identity.

Nevertheless is the method very labour intensive, because it needs individual design of
degenerate primers as well as PCR protocol optimisation. Furthermore, this method will be
limited to a restricted number of stress related genes, that have already been identified in the
scientific literature. Now that simultaneous detection and quantitative estimation of all
transcripts in a micro-organism by DNA chip technology, and the technology of proteomic
analysis by 2D proteomic mapping is available, these strategies may be more interesting to
use.

Experimental work in this chapter was done by Florence Marty (SCK) during her final thesis.

Marty F. (2002) Identification de genes impliques dans la reponse au stress chez Arthrospira
platensis and Rhodospirillum rubrum: Mise en place de stratégies. Mémoire en vue de
l'obtention du titre d'ingénieur, Genie Biologique; CUST, Université Blaise Pascal, Clermont-
Ferrand.

Sistrom W.R. (1960) A requirement for sodium in the growth of Rhodopseudomonas
spheroides. J. gen. Microbiol. 22: 778-785.

Zarrouk C. (1966) Contribution a 1'étude d'une cyanophycée. Influence de divers facteurs
physiques et chimiques sur la croissance et la photosynthése de Spirulina maxima. Theése de
Doctorat, Paris.
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ANNEX 1:

Complete list of degenerate Primers designed for Arthrospira sp. PCC8005 and R. rubrum
ATCC25903.

List of designed primers for Arthrospira sp.

Gene Primers Sequence (5'-3") Bases Melting temperature Size Degeneracy
(Tm) (bp) (%)
dnak 1 GNATNGAYYTNGGNACNACC 34-60 54.7 424 35
2A GCNGGHACNGTDATNACNGC 439-458 61.3 30
1A GGNATNGAYYTNGGNACNACC 33-60 58.4 432 333
2 GGNNTCNNTNAANTANGCNGG 439-465 50.6 38.1
3 GGNATYGAYYTNGGWACNACC 67-90 584 794 333
6 TTCRATTTTRGCYTTYTCSGC 835-861 52.8 238
4 CCNGCYTAYTTYAMYGAYYCC 478-498 56.2 383 38
6 TTCRATTTTRGCYTTYTCSGC 835-861 528 238
3 GGNATYGAYYTNGGWACNACC 67-90 58.4 431 333
4 GGRRTCRKTRAARTARGCNGG 478-498 50.6 38.1
dnal 12 TTCGSAAGCTRGCWCGYCAG 75-96 70 443 20
14 CCTCYARRRARCGRCCATCT 499-519 65.5 30
14F AAGATGGYCGYTYYYTRGAGG 499-519 54.2 328 28.6
15 CACKAWYTGRTCWCCSCGATC 807 62.7 238
14A TGGAAGATGGYCGYTYYYTRGAGG 496-519 61.8 331 25
15A CACKAWYTGRTCWCCSCGATCRCC 804-827 1722 29.2
groEL 16A AIGGNGTNATYWMVVTNGAA 515-534 45.1 663 40
16B TCYTTSANTTCNRYTTCNGT 1158-1178 42 35
16 AANGANGGNGTNATYWMVVTNGAA 511-534 534 353 41.6
17 CAYNKSYTTRCGVCGDTCRCCRAA 841-864 68.5 41.6
18 AHRYDGYYGGKGAYGGYACC 245-264 55.8 N 40
19 GGTSRYRAAGTARGGVGARA 596-615 50.8 35
19F ATYTCBCCYTACTTYRYSACC 595-615 47.8 548 333
20 TTTRATYACMGCYACACCMCC 1123-1143 65.3 23.8
groES 29 CCYYTNGGCGATCGSGTKTITIGTG 37-60 62.1 257 20.8
31 ATRRTCTTTYTCNGWNARCARNAC 274-294 54.9 375
29 CCYYTNGGCGATCGSGTKTTIGTG 37-60 62.1 104 20.8
30 TTCRCCNAYTTGGGGYTTYTCYTT 119-141 61.4 25
clpB 35 CCNGGNGTNGGNAARACNGCNATC 1090-1113 69.8 389 29.1
36 GAANCKNCKNTCNAGNGCNGCRTC 1446-1479 65.9 375
37 CKGGKGTKGGYAAAACKGCG 656-675 623 1660 25
41 CCGRTTSAGRAAYTCNGGNC 2297-2316 60.4 30
39 GGCCCYACWGGKGTNGGKAAA 1858-1878 67.6 458 19
41 CCGRTTSAGRAAYTCNGGNCG 2296-2316 64.7 28.6
clpX 45 ACCCTGACSGAAGCSGGCTAC 523-542 58.9 719 95
50 AATAAATTCGGGAATCAGRCC 1222-1242 58.4 4.8
45 ACCCTGACSGAAGCSGGCTAC 523-542 589 369 9.5
47 CAAAGCCSATSGATTTTTGC 872-892 573 9.5
44 GTMGCKGTTTAYAACCACTAC 334-354 512 857 14.3
49 CCKMGCTCCGGTYTTACGRCG 1171-1191 65 19
regulonB 56 GGKYTAGAACGRGGKGTMGAGAARTTT 397-483 59.5 75 222
57 GTARGCATARGTGGARAACTTRTAYCC 446-472 62.7 18.5
53 ATYGGWCGKGTRCCYYTGTITA 93-114 60.7 390 28.6
56R AAAYTTCTCKACMCCYCGTTIC 403-423 62.2 19
54 ATGATTSARGCWAATCTSCGG 301-321 62.6 171 19
57 GTARGCATARGTGGARAACTT 452-472 52.7 . 143
53 ATYGGWCGKGTRCCYYTGTTA 93-114 60.7 279 28.6
55 CCGSAGATTWGCYTSAATCAT 352-372 56.9 19
sodB 62 GCCTACGTYAAYAAYTWCAAC 94-114 582 428 19
69 GGGACGACGGTTTTGRTAGTC 508-528 56.3 4.76
62 GCCTACGTYAAYAAYTWCAAC 94-114 58.2 215 19
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65 GTCAGCGKYGATTTTGTCSGC 295-315 579 14.2
62 GCCTACGTYAAYAAYTWCAAC 94-114 58.2 377 19
67 GGTCAGYARMGGRGTTTGACC 457-477 58.9 143
sodA 70 TTYGGNWSNGGCTGGGYMTGG 379-399 58.7 185 333
72 GTANTCYRRRCGKCKRITYTG 544-564 49.8 429
70 TTYGGNWSNGGCTGGGYMTGG 379-399 58.7 85 333
71 ATCARCGGRSWRRTCYTGRTT 445-464 50.4 38.1
katG 75 ATGGRNYYNATYTAYGTNAMNCCSGAA 681-707 61.1 587 40.7
76 CATRTCNCKGTNNRTCAGYTTRAACA 1245-1268 59.7 29.6
83 GTTAACCCKGARGGSSYGGAT 748-768 55.1 1399 23.8
91 GGAGTTRGAACCAAACACCAG 2128-2148 553 4.7
84 GSCATGAAYGACGARGAAACC 826-846 61 826 143
87 AGTCATTTCCGGYGCSGTYAG 1894-1915 60.7 143
86 CCSMARGAAGATYTRATYTGGCAA 1357-1380 58.6 791 25
91L24 GGAGTTRGAACCAAACACCAGRTC 2125-2148 58.5 8.3
86 CCSMARGAAGATYTRATYTGGCAA 1357-1380 58.6 664 25
90 CAARTTMACRAAGAAGTCRTTIRCT 1999-2022 56.3 20.8
90F AGYAAYGACTTCTTYGTKAAYTTG 1999-2022 55.5 149 20.8
91 GGAGTTRGAACCAAACACCAGRTC 2125-2148 58.5 83
78 CAAMSKTGGTGGCCMGCCGACTGG 307-330 69 1688 16.7
89 TACKCCMACSCGRTCRGTRAAGAC 1972-1995 67.2 25
katd 92 GAAAARYTNKCNCAYTTCRAC 133-153 54 257 333
93 TTCNGTRTARAAYTTTNAYRGC 370-390 49.4 333
katE, 94 AARATSWYSCACTTYGAYCAYGAG 364-387 61.1 290 333
95 GATRAAGAASAYNGGNRWGTTIRTT 631-654 54.1 333
rpoS 98 ATYCGCCAGASSATYGARCGG 586-606 69 470 23.8
100 CTGGCGMACMCGYTCRCGSGT 1036-1056 732 238
uvrd 101 ATYGGYYTNCAYCMNMGNGAYAAC 1720-1743 62.9 583 375
103 AAANAYNCCKGTRTADGTNGCVGG 2280-2303 62.7 333
105C GGTCAGAAAAAGAWAATTCC 1073-1092 51.8 1269 5
105A ACGTTGAAAGAAAATTGTCC 2323.2342 50.7 0
1058 TCAGAAAACTTTGCCTGTCC 889-908 54.1 1453 0
105A ACGTTGAAAGAAAATTGTCC 2323-2342 50.7 [¢]
lexA 115A ATGGAACSYCTMACMSRAGC 1-20 55.2 189 30
118 GGCTTTRCCKTCAGTCCAWT 170-189 56.4 15
gind 119 AANATTNARMTKATYGACCTC 46-66 50.5 1081 28.6
122 ATARGGRTTRGMSGTRGCRTC 1111-1126 492 333
119 AANATTNARMTKATYGACCTC 46-66 50.5 995 28.6
121 ACGRTTWCCTTGGGARTARGC 1021-1041 59.3 19
List of designed primers for Rhodospirillum rubrum
Gene Primers Sequence (53" Bases Melting temperature Size Degeneracy
(Tm) ®p) %)
dnak 1 GNATNGAYYTNGGNACNACC 34.60 54.7 424 35
2A GCNGGHACNGTDATNACNGC 439.458 613 30
1A GGNATNGAYYTNGGNACNACC 33-60 58.4 432 333
2 GGNNTCNNTNAANTANGCNGG 439-465 50.6 38.1
dnaJ 8 CGCARACYTGTCCGACCTGT 512-531 61.3 528 10
10 AGGYYYACCGGKGTTTCGAC 1021-1040 59.1 20
7 TACGAGRTTYRGGSGTKTCC 19-39 482 1021 23.8
10 AGGYYYACCGGKGTTTCGAC 1021-1040 59.1 10
7 TACGAGRTTYRGGSGTKTCC 19-39 482 512 238
8 ACAGGTCGGACARGTYTGCGG 512-531 62.6 9.5
groEL 16A AIGGNGTNATYWMVVTNGAA 5154534 451 663 | 40
16B TCYTTSANTTCNRYTTCNGT 1158-1178 42 N 35
16 AANGANGGNGTNATYWMVVTNGAA 511-534 534 353 41.6
17 CAYNKSYTTRCGVCGDTCRCCRAA 841-864 68.5 41.6
24 AAGGBATGCARTTCGACCGYGGYTACC 572-598 69.1 319 14.8
25 GCCVGTCAGGRYYGCRAKRTCCTSCAG 865-891 69.8 29.6
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24F GBATGCARTTCGACCGYGGYTACC 575-598 65.5 349
26 CTYCRTVCCGAKSTCKKCMGAGAT 901-924 64.5
22 TTCGARAAYRTGGGYGCSCAGATG 196-219 68.6 157
23 CGYTTSAGRTCCATCGGRITCATG 330-353 61.2
grokS 32 CCRYTGCATGAYCGYGTGMTSGTC 13-36 64.7 264
33 CCAKRATGTCSSWYTCNKWCATGA 254-277 57
clpB 35 CCNGGNGTNGGNAARACNGCNATC 1090-1113 69.8 389
36 GAANCKNCKNTCNAGNGCNGCRTC 1446-1479 65.9
sodA 70 TTYGGNWSNGGCTGGGYMTGG 379-399 58.7 185
72 GTANTCYRRRCGKCKRTTYTG 544-564 49.8
70 TTYGGNWSNGGCTGGGYMTIGG 379-399 58.7 85
71 ATCARCGGRSWRRTCYTGRTT 445-464 50.4
katG 75 ATGGRNYYNATYTAYGTNAMNCCSGAA 681-707 61.1 587
76 CATRTCNCKGTNNRTCAGYTTRAACA 1245-1268 59.7
katd 92 GAAAARYTNKCNCAYTTCRAC 133-153 54 257
93 TTCNGTRTARAAYTTTNAYRGC 370-390 494 333
katE 94 AARATSWYSCACTTYGAYCAYGAG 364-387 61.1 290 333
95 GATRAAGAASAYNGGNRWGTTRTT 631-654 54.1 333
rpoS 98 ATYCGCCAGASSATYGARCGG 586-606 69 470 238
100 CTGGCGMACMCGYTCRCGSGT 1036-1056 732 23.8
uvrd 101 ATYGGYYTNCAYCMNMGNGAYAAC 1720-1743 62.9 583 375
103 AAANAYNCCKGTRTADGTNGCVGG 2280-2303 62.7 333
recA 107 TTYGGYAARGGCTCSATCATG 94-114 61.6 776 19
114 GCCSAGRTCRACSAGYTCGCC 850-870 63.7 238
112 TGATCTTCATCAACCAGATCC 602-622 536 194 0
113 CGSNGCSAYYTTGTTCTTCAC 775-796 54.5 238
107 TTYGGYAARGGCTCSATCATG 94-114 61.6 314 19
110 CTGYTCSCCSGTGTCSGGCTG 388-408 63.1 19
108 GGNAARACCACGCTGACSCTG 316-336 68.4 244 14.3
111 TTSGGCGTCAGCCGCCACSGA 469-491 69.9 9.5
108 GGNAARACCACGCTGACSCTG 316-336 68.4 623 14.3
114 GCCSAGRTCRACSAGYTCGCC 850-870 63.7 238
108 TCSGGNAARACCACGCTGACSCTG 244-267 73.1 247 16.7
111 TTSGGCGTCAGCCGCCACSGAGTC 466-491 71.9 83
107 TTYGGYAARGGCTCSATCATG 94-114 61.6 242 19
109 GTCNAGMGCRTGTTCRGCRTC 316-336 55.6 23.8
107 TTYGGYAARGGCTCSATCATG 94-114 61.6 528 19
112 GGATCTGGTTGATGAAGATCA 602-622 53.6 0
gind 124 GAYGGCTCSTCSATYGSSGGC 154-174 59.3 722 286
129 CAGRYCNGCRTATTTGTCSCC 859-876 59.8 238
124A AYGGCTCSTCSATYGSSGGC 155-174 575 634 30
127 CATSGGYTTYGGCATRAAGG 860-876 56 20
125 GGYTACTTCCCGGTKMMMCCG 538-558 60.5 339 238
129 CAGRYCNGCRTATTTGTCSCC 859-876 59.8 238
124 GAYGGCTCSTCSATYGSSGGC 154-174 59.3 722 28.6
131R CGGAATACGGAYRSASSCMGA 1027-1047 60.8 28.5
131 TCKGSSTSYRTCCGTATTCCG 1027-1047 50.7 140 28.6
132 GATCTTGTTCTTGATRCCRTC 1147-1167 522 9.5
131 TCKGSSTSYRTCCGTATTCCG 1027-1047 50.7 191 28.6
133 TTCTTCYGGCGGCAGRTCRTA 1198-1218 57.8 143
124 GAYGGCTCSTCSATYGSSGGC 154-174 59.3 488 28.6
126 TTCGTGGTGRTGSKYRTCNAC 622-642 51.6 28.6
124 GAYGGCTCSTCSATYGSSGGC 154-174 59.3 404 28.6
125 CGGKKKMACCGGGAAGTARCC 538-558 64.7 28.6

TN70.05

SCK/CEN

Part A: Test evaluation document for genetic stability study 93

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or
transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




ME L j_ S SA issue 1 revision 1 -
page 96
gglz(/)é)éN Part A: Test evaluation document for genetic stability study 96

This document is confidential property of the MELISSA partners and shall not be used, duplicated, modified or
transmitted without their authorization
Memorandum of Understanding TOS-MCT/2002/3161/In/CL




