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Harmful Algal Gene - Protein - Reactions Introduction iecti
Blooms 4 — A - . ObJECtIVES
(Meta)genomic . Fueled by eutrophication and global warming, harmful algal blooms Reproduce accurate Genome-Scale Metabolic Networks of
Data — — - - 0—>0 are an international concern, being both a sanitary and an economic Microcystis and their communities
O burden [1]. At its center, one phylum : Cyanobacteria. o _ _ _
W@& J Microcystis is one of the most pervasive genus of freshwater Integrate a key toxin blosyntheS|s.pathw:i1y in their GSMNs,
currently absent from metabolic reactions databases
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The complex cooperative interactions with its surrounding
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Annotations heterotrophic bacterial community metabolllsm favour bloom S and its community
development, but the global process behind them remains
- EC:1.2.23 : : : :
Q unknown[2]. Identify key metabolites produced by Microcystis through
=/ o We built and analysed 12 communities of Genome-Scale cooperation with it's community

T Rl Metabolic Networks (GSMNs) from a bloom, and explored them

9 M- EC:4.116 y g y using mechanistic metabolic modelling.
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Microcystin-LR Biosynthesis T Community comparison
Microcystin-LR is a potent hepatotoxin produced by Microcystis, by non ribosomal peptide synthase enzymes [1]. ANOSIM y bled
Despite its high toxicity and frequency in bloomes, its biosynthesis pathway is absent from metabolic databases and . R =-0,0148 p-value = 0706 Between > and 16 Metagenomes—Assgm = oenomes
oA+ H H20 thus had to be integrated in GSMNs through curation. 0.9- o ' ' were reconstructed for each Microcystis strain
itramaiate =" Pyrvate + Acelyl-GoA N ° Metabolism similarity Across Communities
We curated a biosynthesis pathway of .. i
H20 () o0 o . . . . -
Microcystin-LR  and  successfully 02 o o Microcystis-centered microbial communities
D-MeAsp identified the coding sequences of o '"c't o from a same bloom are not significally different
H20 . . . . ) et
N NADP NADPHH L-Glu 2-0x0Glu v 0 the involved enzymes in Microcystis M,.C,Oégﬁs 0'-2. Dissimilarity within community is higher than
3-methylmalate € N 7 > 1-Methyloxalo-acetate \ /‘> OH oH genomes. ¢ across communities
0o- NMDS3
0] NHS*
__________ ’ MAE—OOIMg Microbial community of a same bloom are shaped
___________ T :[ 1 D-MoAsp : aesL;;C NMDS2 by similar overall metabolic functions, by
[ | 0 1 L- . . . . .
| 4 Malonyl-CoA i | 3 NADP i 1 LSer | lust 0.4~ - | | | | gathering diverse bacterias around a Microcystis
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| 4 SAM | 12H20 | 1LArmg | e strain
| 2 ATP ' | 2ADPP || 1SAM | | 1H20 | 5/12 strains hold the complete Figure 3: NMDS on GSMNs reactions presence. Coloration per community
| 2 L-Glu | | 12-OxoGlu | | 4 ATP | | 4 ADPPi |

___________________ e biosynthesis pathway.

| The curation of D-MeAsp by
L-Phenylalanine K/: Adda KJ Microcystin-LR

4-phosphopantéthéine Microcystis, a  precursor  of

o etineLR was alag needed s 1 Added value of heterotrophic bacterial community for
Figure 1: Curated Biosynthesis Pathway of Microcystin-LR and of its precursor D-Methyl- was absent MetaCyc database. meltaboute SyI‘IthESiS by MiCI’OCYStiS

Aspartate (D-MeAsp)

Metabolites producible from a medium growth environment (BG11) or seeds were inferred, for each
Microcystis strain growing alone or with its community, using Metage2Metabo's systematic screening [4,6].
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Figure 2: Tanglegram of known phylogeny and GSMNs hierarchical clustering. Hierarchical clusterin was made communities were analysed. Pseudomonas or Nocardioceae

using Jaccard distance on reactions presence boolean matrix.

Conclusion

We curated a Microcystin-LR toxin biosynthesis pathway in a collection of 12 Microcystis GSMNs. Out of the 12, 5 hold the
full pathway.

Our reconstructions of GSMNs are consistent with the phylogeny of Microcystis, which suggests accurate reconstruction
of its metabolism.

We assessed the metabolic functions carried by the heterophic community of Microcystis and identified categories of
metabolites that are only producible through cooperation with the community and are expected to benefit the
metabolism of Microcystis. For those categories, we identified essential taxa enabling target molecules synthesis by
Microcystis.

Perspectives

We expect new (meta)genomic data from long-read
sequencing, which may better capture the genomes of the
heterotrophic community and its complementarity with
Microcystis.

Parallel to this work, metabolomic analysis on those same
communities are conducted and results will furtherly be
integrated into our analysis.
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