N

N

Which are the antibiotic resistance strategies that soil
bacteria adopt when irrigated with treated wastewater?
Oriane Della-Negra, Maria Vittoria Barbieri, Marilia Camotti Bastos, Valérie

Bru-Adan, Gaélle Santa-Catalina, Nassim Ait-Mouheb, Marc Heran, Serge

Chiron, Dominique Patureau

» To cite this version:

Oriane Della-Negra, Maria Vittoria Barbieri, Marilia Camotti Bastos, Valérie Bru-Adan, Gaélle Santa-
Catalina, et al.. Which are the antibiotic resistance strategies that soil bacteria adopt when irrigated
with treated wastewater?. 4th International conference on Risk Assessment of Pharmaceuticals in the
Environment, ICRAPHE, Oct 2023, Barcelona, Spain. hal-04832067

HAL Id: hal-04832067
https://hal.inrae.fr /hal-04832067v1

Submitted on 11 Dec 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/hal-04832067v1
https://hal.archives-ouvertes.fr

ICRAPHE
A —oA

INRAS

Which are the antibiotic resistance strategies that soil bacteria
adopt when irrigated with treated wastewater?

Della-Negra Oriane, Vittoria Barbieri Maria, Camotti Bastos Marilia, Bru-Adan Valérie, Santa-Catalina
Gaélle, Ait Mouheb Nassim, Heran Marc, Chiron Serge, Patureau Dominique

4th International Conference on Risk Assessment of Phamaceuticals in the Environment
Barcelona, 9-10 October 2023



> Context & objectives

P> Water scarcity = major issue of XXIth century:

||» Reuse of treated wastewater for irrigation TWW contains

— high N, P, S, OM contents
— pharmaceutical residues
— heavy metals
— antibiotic resistance genes
— mobile genetic elements
— resistant bacteria & pathogens

Few pg/kg vy soil t© MB/KE gry soi
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Investigate the effect of antibiotic nature & concentration, on:
— the evolution of soil endogenous microbial communities

— the spreading of resistant bacteria,

— ARGs, MGEs in soils

— the fate of antibiotics in soils

Irrigation with
Treated wastewater
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> Experimental design

Operating conditions

1 set autoclaved to reduce bacterial abundance & diversity

=> Endogenous bacteria control
1 set autoclaved & irrigated with emQ

= Exogenous bacteria control

Triplicate, sacrificial mode

Maintained at 80% moisture content

Kl.S month incubation at 35°C

1 set with historical soil irrigated for 2 years with TWW
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Impact on bacterial communities

[ - 16S rRNA sequencing
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Physico-chemical analysis

Soil microcosms (from Murviel-les-
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Sulfamethoxazole = SMX ) ) ) : :‘/
Irrigated with TWW (+ control with emQ)
Spiked with sulfamethoxazole at different
-0 -
- 10 ug/Kgyry soi _
- 100 Mg/kgr;/rzosloil [Environmental]*

- 500 Mg/kgdry soil .
- 1000 pg/kgyry so - > [Environmental]

Fate of antibiotics

- LC-MS analysis using a Q-Exactive Orbitrap

_‘

Montpellier platform, France) => quantification & monitoring of SMX

_ => detection of SMX TP

Impact on degradation/resistance gene markers

O s ™
- nb of copy of key ARG & MGE

INRAZ [ - Monitoring of N, sulfate, phosphate

] - nb of copy of efflux pump
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*M. Cycon, et al., Front. Microbiol. 2019, 10

- nb of copy of degradation genes p.3




> Sulfamethoxazole biodegradation

MIC minimum inhibitory concentration
(for bacterial growth)*

Kinetics
Higher degradation rate
0.6
10.125 mg/L
PNEC predicted no effect | g/
concentrations (for resistance . 0> |
ok T
selection) g o4 | — —
E | Soil & irrigation conditions
©
203 | I Soil_reuse + TWW
o | B soil_autoclaved + TWW
é 0.2 | B Soil_autoclaved + emQ
~ I
0.1 |
Fast degradation probably 0o L |
due to co-metabolism 10 100 500 1000

SMX concentration (ug/kg dry soil)

d[SMX]
dt

Hyp: 1st order kinetic: v =

Complete degradation for soil_reuse in each case

= —k X [SMX] = In[SMX] = In[SMX],—k Xt R?[0.8-0.96]

No degradation in soil_autoclaved + emQ (= no photodegradation
= degradation in soil_autoclaved + TWW due to TWW exogenous
bacteria or soil-resistant ones stimulated by TWW irrigation)

INRAZ
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Soil reuse

SMX =100 pg/Kg gy soil (in TWW)

> Sulfamethoxazole biodegradation

Suspected identification of sulfamethoxazole transformation products (LC-HRMS) B SVIX = 1000 ig/kE iy s (in TWW)
Soil autoclaved + TWW

I SMX =500 ug/Kg gy soil (in TWW)

SMX =100 pg/Kg gy soil (in TWW)

Oxidation Desamination Glucuronidation B SMIX = 500 pg/kg gy o (in TWW)
B SMX = 1000 pg/Kg gry soil (in TWW)
2.E+07 N-O 3.E407 5 3E+07 o 0
O\ //O | T N~ O\\ //O /U\
\S\ / O\ O ST Y
o /©/ H/‘\)‘ 3.E+07 \S/:N)’\/)\ 5 E+07 /©/ N
1.E+07 HO S evar ©/ H HoN J\OH
' o} OH
0,_“3 1.E+07 % % 2.E+07 OHYy
O 8.E+06 x 28407 =
S & & 1.E+07
& 6.E+06 L.E+07
4.E+06 I . 5 E406
2.E+06 ;] 1
0.E+00 i 0.E+00 0.E+00 - ® 4 - ] ;
’ 4 1 7 14 2 42
0 0.4 1 3 7 14 28 42 0 0 | ) 3 ' d 8 0 0.4 1 3 . 7 14 28 42
Incubation time (days) ncubation time (days) Incubation time (days)
% Structure to be confirmed with commercial reference
. . g -> Transformation generally performed by ammonia -> Human metabolite
Possible co-metabolism by autotroph nitrifying e n generatly pert yam o A
bacterial oxidizing bacteria during nitrifying/denitrifying periods? | -> Glucuronidation to transport and release SMX across
-> Correlated with nitrate & nitrite evolution the cell membrane (efflux pump)3
INRAZ

3M. Radke, et al., Environmental Science & p.a

1 (i - 2 i -
E. Mduller et al., Chemosphere. 2013, 92(8), 969-978 E. Kassotaki, et al., Water Research. 2016, 94, 111-119 Technology 2009 43 (9), 3135-3141



> Biomarkers of sulfamethoxazole concentrations
PCoA from 16S rDNA sequencing analysis

0.2 - 42 days
_|_
. + Lt *
g° 0.4day + + Incubation time (days)
+
. . . - o 1 + % ** . 0
Differences in microbial * x m 1
o A3

communities between 1 & 7 \ - N -

— K 14
days § ll. 28 days * 28

S 00 - 1 day + 42

— H N

- "z s *

N SMX concentration

| |
ﬁ AA.’v’dolys o . 7days . i
A PS * & 0 mg/kg dry soil
AA ¢ * ﬁ ﬁ 14 days 0.01 mg/kg dry soil
01 - AA A ® @ 0.1 mg/kg dry soil
A . ¢ @ 0.5mg/kg dry soil
ﬁ e 1 mg/kg dry soil
®
0.2 -
-0.2 0.0 0.2
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Relative abundance

LEfSe
LEfSE on times 1,3,7 days
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SMX concentration

0 mg/kg dry soil

0.01 mg/kg dry soil
- 0.1 mg/kg dry soil
. 0.5 mg/kg dry soil
. 1 mg/kg dry soil

Relative abundance

Biomarkers of sulfamethoxazole concentrations

LEfSE on times 14,28,42 days

H

0.005"

0.000"

*
—

Inhibitor effect

" i
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Less marked effect

Maintains a fingerprint of SMX despite its transformation



> Evolution of sull and intl1 in soil _reuse

intl1/16S rDNA

-15

-2.0

-2.5

-3.0

-3.5

-4.0

intl1

;bﬁ

.
'
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W52, %E :% Q
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0 1 3 7 14 28 42
Incubation time (days)
Decorrelated from 16S rDNA evolution

Enrichment of the copy number of int/1 gene in
microbial community after TWW irrigation (day 42)

Concentration effect: 3 levels between 1 & 3
days (0,0.01//0.1, 0.5 // 1 mg/kg dry soil), then

2 levels (> 0.01 mg/kg dry soil)
INRAZ
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sull

-15

-2.0

-3.0

sull/16S rDNA

-3.5

-4.0

25 %%;?ﬁ ’ bbe i'?

SMX concentration
0 mg/kg dry soil
0.01 mg/kg dry soil
o1 mg/kg dry soil
- 0.5 mg/kg dry soil
- 1 mg/kg dry soil

1 3 7 14 28 42
Incubation time (days)

Similar trends with su/1 but less marked

At day 42 enrichment of the copy number of sull
gene for [SMX] > 0.01 mg/kg gy 50i SUggeEring
resistance transfer

From [SMX] > 0.01 mg/Kg g, s fingerprint
of SMX use for sull and intl1 gene even after

42 days of incubation



> Correlations between resistance, degradation & biomarkers
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Intl1 & sull clustered with TP SMX_glucuronide

Pearson index

0.5

Intl1 & sull correlated with biomarkers of SMX concentrations

(selection) & known SMX resistant bacteria

K%k
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*%
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g__Terrimonas
g__Ruminiclostridium_1
g__unclassified Betaproteobacteriales
g__Geobacter

g__unclassified Anaerolineaceae
g__Denitratisoma

g__Geothrix

g__Lacunisphaera
g__unclassified Rhodocyclaceae
g__Gracilibacter

g__unclassified Burkholderiaceae
g__Brevibacillus
g__Hydrogenophaga

g__Anaerosolibacter
___Azoarcus

g__ Lutispora

g__Azospira

g__Flavisolibacter

A I|dentified biomarkers

A SMX resistant bacteria

p. g




> Conclusions & Perspectives

=) For [SMX] > 0.1 mg/kg 4., sii (~ MIC) , 21 degradation rate
— identification of TPs associated with # bacterial groups

What about the other antibiotics?

=) Bacterial inhibition & selection observed for [SMX] > 0.01 mg/kg 4, ;i (~ PNEC)
— main effect observed between 0 & 7 days
— fingerprint of SMX use still observed after 1.5 months

Link to residual SMX TPs?

=) 7 sull & intl1 gene abundance for [SMX] > 0.01 mg/kg 4, s
— increase remains after 1.5 months of incubation suggesting resistance transfer

INRAS What about the effect of repeated and long term irrigation?
Titre de la présentation p. 10

Date / information / nom de I'auteur



/SN
> Acknowledgments ICRAPHE

=

B UNIVERSITE (e B P i
DE MONTPELLIER @7-90 U hglg)"'i!j e e

Membranes

Gestion de I'Eau, Acteurs, Usages

HydroSciences
Montpellier

agropolis fondation

Supporting agricultural research

MUNTPELLIER UNWERS'TE D’EXCELLENCE for sustainable development

INRAZ

Titre de la présentation p. If

Date / information / nom de I'auteur



