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1) Diversity and taxonomy

2) Toxicity detection



1) Diversity and taxonomy

2) Toxicity detection



Cyanobacteria are a group of photosynthetic bacteria of
which the taxonomy has to face several problems:

1) Morphological simplicity
2) Morphological plasticity with environmental conditions

— Use of molecular taxonomic markers to base the
taxonomy on genetic information

Escherichia coli S i M5
SSU rRNA
variability map M, &
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All molecular tools based on Polymerase Chain Reaction

1.
2.

Amplification of the gene of interest by PCR

Detection by electrophoresis on agarose gel

— millions of copies

— presence/absence

of a band (PCR product) and/or sequence determination

3. Possibility of quantification of a PCR product
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PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

Step 1: denaturatiqé

1 minut 94 °C
||' ' I |||||

Step 2 : annealing ]
45 seconds 54 °C

forward and reverse
primers !!!

(TN 3
34Juuuuuu lLJ_Ll__J_u_LIJ.JJ.IlJ.Li Step 3 : extension |

2 minutes 72 °C
only dNTP's
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Andy Vierstrasie 1999

Werification of PCR product on
agarose or separide gel
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— Sequencing




However, the morphological diversity does not generally
coincide with genetic diversity :

- alot of different morphotypes corresponding to a conserved
genetic marker

ex: Microcystis
- alot of genetic diversity hidden behind a simple morphology

ex: Leptolyngbya




Microcystis




5 S

R -ﬁz“
: b ] Sl B,
s, 5
s o -.. y :' ::? zge Iy !‘P *ﬂ

.
e il
€ ‘o

o T @

-
» o o
oS TRl

P
e\.
.
.
o 5E°
2

Al after Entwisle et al.(1997)

One tight 16S rRNA
different morpholp

Otsuka at al. (2001): one|s

including M. aeruginosa; M.

ichtyoblabe, M. novaceki
M. wesenbergii
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Microcystis sp. (41)
—Microcystis sp. AWT139

y

ﬁicrocys‘[is aeruginosa TAC86
icrocystis ichthyoblabe TAC48
1Micr0cystis sp. P.R.China 4A3
Microcystis sp. P.R.China 4B3
“Microcystis sp. KND9506
Microcystis aeruginosa PCC7806
Microcystis sp. 269
{—Microcystis wesenbergii NIES111
Microcystis wesenbergii NIES112
Microcystis sp. NIES104
Microcystis sp. 199
Microcystis sp. PCC7941
Microcystis sp. 130
Microcystis sp. GL260735
Microcystis sp. 205
Microcystis wesenbergii TC7
Microcystis aeruginosa TAC170
Microcystis wesenbergii TACS2
Microcystis sp. Thailand T17-1
Microcystis sp. Thailand T1-4
{Microcystis aeruginosa NIES87
F'Microcystis aeruginosa PCC7005
Microcystis ichthyoblabe [AB012339]
LMicrocystis novacekii TAC65
Microcystis sp. GL280641
Microcystis novacekii TAC20
Microcystis viridis CC9
"Microcystis viridis NIES102
Microcystis novacekii BC18
Microcystis ichthyoblabe TC24
Microcystis aeruginosa NC7
Microcystis wesenbergii TAC38
Microcystis aeruginosa TAC71
Microcystis viridis TAC78

Microcystis viridis TAC17
~“Microcystis aeruginosa NIES89
Microcystis wesenbergii NIES107

Microcystis aeruginosa PCC7820
Microcystis aeruginosa NIES98
Microcystis aeruginosa PCC7941




Filamentous, straight or coiled, with
heterocysts (sometimes akinetes)
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_ Filamentous, In bundles, with
Aphanizomenonsp.  peterocysts (sometimes akinetes)

(microcystines + anatoxine a + saxitoxines + LPS)
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Very distinct morphologies but similar 16S rRNA sequences
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Planktothrix

Filamentous
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T —— -~ (microcystines, anatoxine aet LPS)



Good agreement between morphology and 16S rRNA sequences !

Planktothrix ag
et al. 2002)

2.3-9.8 umw

ardhii (Suda

de

Planktothrix agardhii NIVACY A168
Planktothrix agardhii NIVACYAI1S5
Planktothrix rubescens NIVACY A128
Planktothrix agardhii NIVACY A127
Planktothrix agardhii NIVACY A1
Planktothrix agardhii CCAP1459/36
lanktothrix agardhii NIVACYA10
lanktothrix agardhii NIVACY A137
lanktothrix agardhii NIVACY A30
Planktothrix agardhii NIVACY A59
Planktothrix agardhii NIVACY A29
“Planktothrix rubescens BC-P1a9303
lanktothrix agardhii C1-17
lanktothrix agardhii NIVACYA116
lanktothrix agardhii NIES594
lanktothrix agardhii NIES595
lanktothrix agardhii NIVACY A126
lanktothrix agardhii NIVACY A68
Planktothrix agardhii CCAP1459/15
Oscillatoria sp. CYA126
Oscillatoria sp. 28
Oscillatoria agardhii IAMM-244
Planktothrix agardhii NIES205
Planktothrix agardhii NIES204
Planktothrix agardhii NIVACY A64/6
Planktothrix agardhii NIVACY A21
Planktothrix agardhii NIVACY A105
[Planktothrix agardhii C1-12

Oscillatoria sp. 2

“Planktothrix agardhii NIES596
Planktothrix agardhii CCAP1459/21




Usefulness

*Molecular diversity studies can tell us if the genotypes present in the
sample belong to known toxin-producer, and thus can be used as an
Indication that further studies are needed.

*They also show the seasonal variations of bloom-forming taxa in one site.
*Presence/absence can be related to environmental parameters.

*Detection of invasions by exotic toxic cyanobacteria (Cylindrospermopsis
raciborski, ...)

Weakness

Toxic and non-toxic strains cannot be differentiated on the basis of 16S rRNA
sequences (Lyra et al 2001)

except Nodularia spumigena of the Baltic Sea (Lehtiméki et al 2000)



1) Diversity and taxonomy

2) Toxicity detection

» Genes of toxin synthetase (microcystin)

*‘mcy independent’ genetic markers in Microcystis
strains

 \Working with single colonies

 DNA chips

e Real-Time Quantitative PCR



Molecular tools for toxicity detection

I Only the genetic potential to synthetize a toxin can be determined

1) Microcystin synthetase )

I I I I I I 145

mch mcyH mcyG mcyF mcyE mcyD mcyA mcyB mcyC

i 5| na——— " 0 ) B -

Scheme of mcy operon "

Shirai M. J. Biochim..126 (1999): 520-529.

Microcystin synthetase is a long gene cluster (58 kb) and there are several
genes that can be used for detection by PCR

2) Cyllndrospermopsm synthetase

Tailoring

FIG. 2. Structural organization of the cylindrospermopsin gene cluster from C. raciborskiii AWT205. Scale indicates gene cluster length in base
pairs.

Cylindrospermopsin synthetase is a long gene cluster (42 kb) and there
are several genes that can be used for detection by PCR

Mihali et al. 2008



mcyA, mcyB and mcyE are the most frequently used to detect
strains of microcystin- producing Microcystis and Planktothrix
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mcyE : synthesis of aminoacids Adda and Glu, that are important for
toxicity of microcystins/nodularins, less variable than the other genes

- mcyE gene is an adequate tool for the monitoring of cyanobacteria
that are toxigenic (microcystin/nodularin)

http://www2.hu-berlin.de/biologie/moloeko/Research.htmi



Example of use of mcyB and mcyD for toxigenic Microcystis

§@eshoopa s

Spoechocooo s Morooysils Micmeysils Morocysils Planklothix
UTEX 2470 PCo T2 UTEX 23s PCC TS LE-3 PCC TE1
oy T i | {
(e Tz i | [ . .H_m'l'mn;!‘ (T o | Tz [Teaie]
a c d ]

- _: i - i e
1- .I. = 5 - Fe |__ G‘ c:::' 5 -- g
= - " I_l £ o ::I IIL H b i L $ :- Bk - &
3 :“I: i 3 .2 LA 3 s
i i 1 .3
m n o 4] q F
CrA (=13 ETA ErA ErA ErA

]

B

Local pond

Ouellette & Wilhem, 2003



s
ANALYSES in B-BLOOMS1

STEP I: Microscopic observations: presence or absence of cyanobacteria

If cyanobacteria
Ay -

STEP I1: Detection of microcystin genes (mcyB/mcyE)

If test +

A7 I

STEP I11: Confirmation of microcystin presence by analytical methods

Of the 46 Flemish BLOOMNET samples positive for the two
mcy genes, 54% actually contained total microcystins, in a
range of concentration from 18 to 2651 pg [g DW]?



OK:

Constitutive transcription of mcy genes at a low level, increased
with light or other factors (Kaebernick et al. 2002)

KO:

Gene deletions can produce non-toxic strains (Christiansen et
al. 2007)
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mcy genes not always adequate — other molecular tools

e PCCEBIS
NIES103 vir @ — 001 substitutions/site

£ 1 ) . 100 E%EEE%E?E: i ITS
mcy independent’ genetic =

markers in Microcystis | e "

MMY 404 aer

strains mivce =
MMY 405 aer W
MMY416 aer
MMY 402 aer
MMYE2 aer
NIES101 aer
100; MIES112 wes 53 er-ggfﬁm =
Bf Thcoz wes } A — 007 substitutions/site "55153: :;r:
MNIEST055 wes @
000 NIES1062  wes = HIES:_:JD:EZEE;E -

MIES1070 aer @

NIESZS8 aer @
MNIESGE04 wes rpOCI

TACTE vir @
100[ MIES1091 wir @
gz| ' MNIEST058 wir @ E

MIEST0Z wvir @
1000 NIES10Z vir @
LMMI508-2  aer
MNIES101  aer
MIESTI05 aer @
MY 409  aer
‘ MY 416 aer . .
1000 Mmyez aer TO C St a S
MY A02  aer “ ¢ XI r In
MMY 404 aer
MMYA0E  aer

—f——— Pcoeen2
Yoshida et al. 2008



Working with single colonies instead of blooms samples

Colonies in one bloom sample can be toxic or non-toxic

Janse et al. (2004) finds a relation between toxicity and the
sequence of ITS (spacer in the rRNA operon)
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Seasonal dynamics in a Dutch lake :
more non-toxic genotypes at the end
of the bloom



Working with single colonies instead of blooms samples

Importance of studying single clones/filaments as the relative

proportion of toxic/non-toxic genotypes will determine the
quantity of microcystin

New method (Whole Genome Amplification) to amplify whole

genome up to 5 billion-fold from a single cell (Raghunathan et
al., 2005)

This allows multiple PCR reactions with different genes and
solves the problem of ‘unculturable’ taxa



Sample reception

l Picture and control under

‘ microscope
N
P &~

Isolation under stereoscopic
microscope

-Whole genome

amplification

-PCR with cyanobacterial l

specific primer h

-Sequencing

-Analysis Storage in PCR tubes in a

small known volume



Conclusions

Working with single colonies/filaments seems merely
useful for research purposes. It should help to

elucidate the population genetic make-up and
dynamics.



An emergent technology: DNA chips

On a support (glass slide) are deposited and linked thousands (or
more) tiny spots of a few pls containing probes (DNA fragments) that
are able to recognize and hybridize with a specific sequence of DNA of
a sample. Hybridization is detected because the sequence that will
hybridize is labelled with fluorescence.

A high-throughput method that
can be automatized

Frouin & Gidrol (2005) Biofutur 252



Toxic Cyanobacteria - mcyE gene
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(slide by Anne Rantala)



Some reSUltS On Aphanizomenon sp. 202 Calothrix sp. PCC7714,

Lake Vesijarvi, Finland Pool, India

strains

Microcystis wesenbergii Planktothrix 1L T27S08
NIES104, Freshwater, Japan Lago Trasimeno, Italy

Spirulina subsalsa PCC6313 Synechococcus Heg 74-30,
Lake Kuusjarvi, Finland



Environmental sample from Lake Tuusulanjarvi

and new hybr. contr%|

« Signals from 16S rRNA spots
— Microcystis []
— Synechococcus
— Anabaena/Aphanizomenon [_]
— Leptolyngbya
— Woronichinia []

— various Anabaena/
Aphanizomenon subgroups
e.g. toxic Anabaena []

— Snowella []

e With other methods (microscopy,
strain isolation, cloning, DGGE)
the same groups were detected in Signals from mcyE-spots

Lake Tuusulanjarvi samples « Anabaena-mcyE [ ]and Microcystis-mcyE []

(slide by Anne Rantala)



Conclusions

* DNA chips can be used as monitoring tools (and for
research)

» Well designed probes can give more information than

microscopy (e.g. presence of mcyE genes) in one
operation

« Thanks to the multiplicity of the probes, the DNA chips
can give a global view of the diversity (in contrast to
PCR reactions targeting one or few genes)

» Flexible design to integrate new toxin genes when the
sequences will be determined (neurotoxins)

BUT need of a special non-routine equipment



Quantification by Quantitative Real-Time PCR
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Quantification by Quantitative Real-Time PCR

mcyE of Microcystis,
Planktothrix and
R Anabaena in lakes of
Oligatraphic (n= 19  Mesotrophic (n = i} different trophic
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Rantala et al. 2008



Conclusions

With technological improvements, and well designed
probes, the quantitative Real Time PCR could be useful
to monitor bloom developments at the diversity and
toxigenicity levels and quantify the copy numbers of
toxin genes in the samples.

VEOLIA (France) is busy to develop such an automated
quantitative PCR system.



Final conclusions

* Only molecular techniques can tell which of the
cyanobacterial genera present in a sample is the actual toxin
producer

* Molecular techniques are very sensitive compared to most
chemical methods

(Dittmann & Borner, 2005)

— Potential tool for early-warning systems



