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THE PROBLEM

Deaths attributable
to AMR every year
by 2050

SALUD - Se venden casi tres veces més farmacos que en Alemania
Espana encabeza el
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Su uso Increment6 casi en un tercio entre 2013 y 2014. A mayor uso
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The Review on Antimicrobial Resistance, Chaired by Jim O'Neill




THE PROBLEM

How antibiotic resistance can spread

Antibiotics given “
to animals

Resistant bacteria spread to
humans and other animals
through poorly prepared food,

‘j’ close proximity and poor . . ‘

-~ <> it

Resistance may develop ¢

Resistant bacteria spread to humans
and other animals through the
environment (water, soil, air)

Resistant bacteria spread to
the environment and food
through water contaminated
by faeces or through wildlife*
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https://www.amr.gov.au/resources/infographic-how-antibiotic-resistance-can-spread

Antibiotics given to
a person in hospital
or the community

Resistant bacteria
spread to other people
through poor hygiene
and close proximity

Resistance may develop
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THE PROBLEM
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A AR gene
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THE PROBLEM

How antibiotic resistance can spread

or the community

Antibiotics given “ Antibiotics given to
to animals a person in hospital

Resistant bacteria spread to

humans and other animals Resistant bacteria
through poorly prepared food, . ‘ spread to other people
close proximity and poor . through poor hygiene
hygiene and close proximity
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Resistant bacteria spread to humans
and other animals through the
environment (water, soil, air)

Resistance may develop
\ Resistance may develop

Resistant bacteria spread to
the environment and food ¢ E . I R .
b b g nvironmental Resistome:

by faeces or through wildlife*

\ ,.2‘ W Y N What do we know about it ?
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THE PROBLEM

Antibiotic resistance research

Knowledge
Water
; 3700 papers
Soil
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1400 papers
Food
8000
papers ‘
Animal
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number of papers published Rarsls 105000 papers

An approximate overview of the
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THE HIPOTHESIS

Cyanobacteria may be resistant to antibiotics

Cyanobacteria may aquire and dissiminate antibiotic resistance genes

Cyanobacteria may have a role on water resistome




PREVIOUS WORK (Dias et al. 2015. Front. Microbiol. 6: 799; Dias E. et al. 2018. STOTEN 652: 447-454).

Microcystis Aphanizomenon Chrisosporum Planktothrix Planktothrix
aeruginosa gracile bergii Agardhii Mougeotii .
: (n=9) (n=1) (n=1) (n=8) (n=8) Antibiotic (mg/L)
Y J L J m
-
Freshwater reservoirs WWTP O T N-HOOOC SO O
. . - O O 0O 0O OO0 O OO0 OO
(ESSACC Collection) (LEGE Collection)

Kanamycin

Aminoglycosides Gentamicine

Streptomycin
Tetracycline The degree of susceptiblility depends

{ Ceftazidime on the specie and/or the antibiotic

Beta-lactams Ceftriaxone

Antibiotic (mg/L)

Amoxicillin
Norfloxacine h2 N 8S8 3
Quinolones Re s dassdcsgces

Nalidixic acid None of the strains are

Trimethoprim susceptible to NAL and TMP




PREVIOUS WORK (Dias et al. 2015. Front. Microbiol. 6: 799; Dias E. et al. 2018. STOTEN 652: 447-454).

Minimum inhibitory concentrations (mg/L) of antibiotics on cyanonbacteria strains

M. aeruginosa AMX CAZ CRO KAN GEN STR TET NOR NAL TMP

LMEXCYA 7 0.8 0.4 0.2 0.2 0.2 - >0.8 0.05 >1.6 >1.6

LMEXCYA 50 0.2 0.8 0.8 0.2 0.2 0.1 >1.6 0.2 >1.6 >1.6

LMEXCYA 91B 0.1 0.1 16 0.2 0.2 0.4 >1.6 0.05 >1.6 >1.6

LMEXCYA 108 0.2 0.8 0.8 0.1 0.2 0.025 >1.6 0.1 >1.6 >1.6

LMEXCYA 113 0.1 0.4 0.8 0.4 0.4 0.05 >1.6 0.05 >1.6 >1.6 All strains have reduced Susceptibility
LMEXCYA 142 0.2 0.2 0.8 0.2 0.2 0.05 >1.6 0.2 >1.6 >1.6 g . . . .
LMEXCYA 151 16 0.2 0.8 0.2 0.2 005  >16 0.1 516 >16 to nalidixic acid and trimethoprim.
LMEXCYA 159 0.1 0.2 0.4 0.2 0.2 0.025 >1.6 0.05 >1.6 >1.6

LMEXCYA 167 0.2 0.8 0.8 0.2 0.2 0.025 >1.6 0.2 >1.6 >1.6

Planktothrix agardhii AMX CAZ CRO KAN GEN STR TET NOR NAL TMP Int ri nsic resista nce?
LMEXCYA 153A 0.1 1.6 1.6 0.2 0.2 0.1 0.4 >1.6 >1.6 >1.6

LMEXCYA 230 0.05 0.8 0.8 0.2 0.1 0.05 0.8 >1.6 >1.6 >1.6

LMEXCYA 257 0.025 16 0.8 0.2 0.1 0.025 0.4 >1.6 >1.6 >1.6

LMEXCYA 269 0.025 0.4 0.4 0.2 0.1 0.025 0.2 >1.6 >1.6 >1.6

LMEXCYA 280 0.8 16 16 0.2 0.1 0.05 0.8 >1.6 >1.6 >1.6

LMEXCYA 283 0.05 1.6 0.8 0.2 0.1 0.025 0.2 >1.6 >1.6 >1.6

LMEXCYA 292 0.05 1.6 0.8 0.4 0.2 0.1 0.4 16 >1.6 >1.6

LMEXCYA 303 0.05 0.8 0.4 0.2 0.1 0.025 0.2 >1.6 >1.6 >1.6

Planktothrix mougeotii | AMX CAZ CRO KAN GEN STR TET NOR NAL TMP P. mou ge otii (WWTP) have reduced
LEGE 06224 >1.6 0.4 0.2 0.2 0.8 0.05 >1.6 >1.6 >1.6 >1.6 R o

LEGE 06225 >1.6 0.8 0.4 0.2 0.8 0.1 >1.6 >1.6 >1.6 >1.6 suscept|b|||ty to antibiotics of 4 # classes.
LEGE 06226 >1.6 0.8 0.8 0.4 0.8 0.05 >1.6 >1.6 >1.6 >1.6

LEGE 06233 >1.6 0.4 0.2 0.2 0.4 0.05 16 >1.6 >1.6 >1.6

LEGE 07227 >1.6 0.8 0.8 0.4 0.4 0.05 >1.6 >1.6 >1.6 >1.6

LEGE 07229 >1.6 0.8 0.4 0.4 0.8 0.1 >1.6 >1.6 >1.6 >1.6 . .

LEGE 07230 >1.6 0.8 0.4 0.8 0.8 0.05 >1.6 >1.7 >1.6 >1.6 Acqui red resistance?
LEGE 07231 >1.6 0.4 0.4 0.4 0.8 0.1 >1.6 >1.6 >1.6 >1.6

Aphanizomenon gracile| AMX CAZ CRO KAN GEN STR TET NOR NAL TMP

LMECYA 40 0012 0025 0012 0.4 0.4 - 16 0.2 >1.6 >1.6

Anabaena berghii AMX CAZ CRO KAN GEN STR TET NOR NAL TMP

LMECYA 246 0.012 0.4 0.1 0.8 0.4 - 1.6 0.8 >1.6 >1.6




PREVIOUS WORK (Dias et al. 2015. Front. Microbiol. 6: 799; Dias E. et al. 2018. STOTEN 652: 447-454).

Antibiotic resistance genes (n=17) and MGE (n=4)

Cyanobacteria Strain
specie
intl sull gacAE strA-strB
LMECYA 50 - - - +
LMECYA 918 - - - -
LMECYA 108 - - - -
LMECYA 113 + + - -
M. aeruginosa
LMECYA 142 - - - -
LMECYA 151 - + -
LMECYA 159 - + - -
LMECYA 167 + + + -
LMECYA 153A + + + +
LMECYA 230 - - - -
LMECYA 257 - - -
LMECYA 269 - - - -
P. agardhii
LMECYA 280 + + - +
LMECYA 283 - - - -
LMECYA 292 - - - -
LMECYA 303 + + - +
LEGE 06224 - - - -
LEGE 06225 + + - +
LEGE 06226 + + - +
LEGE 06233 - + - -
P. mougeotii
LEGE 07227 - - - +
LEGE 07229 - + - +
LEGE 07230 + + - -

LEGE 07231

* 33% of cyano cultures w/ MGE and 25% w/ ARGs

* Higher % ARGs in WWTP CB

* Phenotype * Genotype

* Genes confering resistance to antibiotics for witch
cyanobacteria are resistant (TMP, NAL) were not detected.

Instrinsic resistance?

Does cyanobacteria harbours new ARGs?

* Cyano cultures w/ genes conferring resistance to
antibiotics for witch they are susceptible.

Low expression level of Cyano ARGs?

Are ARGs from cyanobacteria-associated bacteria?



PREVIOUS WORK (Dias et al. 2013. ECCMID).
I

s Isolation of bacteria

SUSCEPTIBILITY OF CYANOBACTERIA-ASSOCIATED BACTERIA TO DISTINCT CLASSES OF ANTIBIOTICS

< 3
' E % o| £ c ‘EE % E
Cyanobacteria  |Bacterial isolate Identification £ £ 2 E g _E E E e E £ -+ ] .g = —E £ :E i E-Fo.. E S = % é
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Sl 85| 3| 8|3|8|&| 858|588 = 8€|ss|€|F|Es|8 2|2 gls|8
AR ARAR Hle|El gL s 2 S| & sl <|=35]8 8 w3
ICl7-1a \Hydrogenophaga spp
ICI7-1b \Hydrogenophaga spp
Microcystis spp  |ci7-2a IRhizobium radiobacter -
(LM ECYA 7) ICI7-2b Rhizobium radiobacter
ICI7-2¢ IRhizobium radiobacter
CI7-3 Hydrogenophaga atypica spp
CI7-4 IRhizobium radiobacter
ICl40-1 \Limnobacter thioxidans
Cl40-2 lLimnobacter thioxidans
Cl 40-3b lLimnobacter thioxidans
ICl 40-3c |Limnobacter thioxidans
|Aphanizomenon spp|cl 40-4 IHydrogenophaga spp
(LMECYA 40) ICl40-5 \Hydrogenophaga spp
ICl40-6 \Hydrogenophaga spp
Cl40-7 IRunella slithyformis
ICl40-8 Novosphingobium panipatense
ICl40-9 Enhydrobacter aerosaccus
ICl40-10 \fipia spp
ICl246-1 \Hydrogenophaga palieronii
ICl246-2 IMethylobacterium radiotolerans - - . .
Anabaena spp Cl246-3 Novosphingobium panipatense M u Itl re S I Sta n t
(LMECYA 245) ICl246-4 Novosphingobium panipatense
ICl246-5 Novosphingobium panipatense - pattern!
ICl246-6 Novosphingobium panipatense
ICl 260-1 ISphingobium spp
Planktothrix spp  |cl 260-2 |Brevundimonas lenta
(LMECYA 260) Cl 260-3 |Brevundimonus lenta

[ Susceptible I Resistant [ Intermediate susceptibility




THE PROJECT
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THE PROJECT

gDNA extraction from CB

N :
RN A (TP

DNA amount/quality Library quality

Incomplete databases
Computational errors or biases




PRELIMINARY RESULTS (Dias et al. 2019. 11th ICTC)

Nucleic Acid Synthesis
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Figure 1. Comparison of genomic sequences harboring thyA gene (in orange, coding to thymidylate synthase EC 2.1.1.45) and/for
foiA gene (in blue, coding to bacterizl dihydrofolate reductase EC 1.5.1.3). The CLC genomics workbench 10.0 [Qjzgen] and the Basic
Local alignment Search Tool (BLAST) were used to compare the similarity of Microcystis seruginosa sequence harboring thys gens
[LMECYAT_contig 228) with other LMECYAT contigs mapping other bacteria species.

Instrinsic resistance of cyanobacteria to TMP
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Figure 2. Comparizon of genemic sequences harboring thyA gene (in orangs). The CLC genomics warkbench
10.0 {Qiagen) and the Basic Local alignment Search Tool (BLAST) were used to compare the similarty of

Micracystis spp. sequences harboring thyd gene (coding to Thymidylate synthase EC 2.1.1.45).

* M. aeruginosa LMECYA 7 lack the gene codifying dihydrofolate redutase (FolA) (Fig. 1).

» The gene folA is also absence in the genomes of other M. aeruginosa strains previously sequenced (Fig. 2).



PRELIMINARY RESULTS

Microcystis-associated bacteria
(WGS of M. aeruginosa cultures)

UNDISCLOSED




THE PROJECT

* Understand how aquatic ecosystems

are impacted by antibiotic pollution.

: °* Ma the AR rofiles of a
Water resistome - P p

representative number of freshwater

resources.

|dentify/characterize ecological niches

X
#
£
TRV
E8'y
[ ]

P Ay oS associated with the occurrence of

.......... ” resistant microorganisms.

* Define monitoring/preventive/control measures
against the dissemination of AR in the

environment.
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