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Shikimate pathway
Phosphoenolpyruvate (PEP) + Erythrose 4-phosphate (E4P)

Action du glyphosate : § DAHPsymihase

3-Deoxy-D-arabino-heptulosonate 7-phosphate (DAHP)

e Plantes 3Denydroquinate
. 3-Dehydroshikimate
e Champignons v

e Bacteries Shikimate 3-phosphate (PEP)
Glyphosate .

- EPSP synthase
S-enolpyruvylshikimate 3-phosphate (EPSP)

Tryptophane Phenylalanine Tyrosine

L
\/ oo 5
Phytoalexin, lignin, indoleacetic acid (I1AA), etc.

Related plant and microbe responses: survival, growth, defense and secondary metabolite composition

Source : Van Bruggen AHC et al., Sci Total Environ, 2018, doi: 10.1016/j.scitotenv.2017.10.309. 4
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Résistance au glyphosate

Roundup® bottle

Unclassified Burkholderia/Caballeronia/Paraburkholderia -
Burkholderia cenocepacia -

Unclassified Pseudomonas 4|2

Rhodospirillaceae bacterium IAFO 10 -

Unclassified Burkholdieriales -

Source : Hertel R et al., Environ Microbiol Rep., 2022, doi: 10.1111/1758-2229.13022
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Bacteries et Glyphosate
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Glyphosate [mM]
0 10 20 30 40

B. subtilis SP1 B. subtilis SP1 B. subtilis SP1 B. subtilis SP1 B. subtilis SP1

e

",

E. coliW3110
LHO | Buspjopung
E. coliW3110
LHO | Buspjoyying
E. coliW3110

Burkholderia 2CH1 Burkholderia 2CH1 Burkholderia 2CH1

LHO | elepjoping
E. coliW3110
LHO | Buspjowpung
LHO | euspjoping

Glyphosate [mM] C 70 ] Culivatien time
& g
60 70 80 w%so- OhM24 h
B. subtilis SP1 B. subtilis SP1 B. subtilis SP1 = g 50 4
—==a . N 2 ¢ 40 -
o s W AT, Z . » IRy
[=] S =] E S =] ] £ =] S =
= g F 3 T F T =l © 320
Q S g S 9 S 9 S © 10 -
= g = g = g = S
= ) = ° = e E 9 0
8 /& 8 o’ 8 oy 8 o’ 0\2(\ Q‘b\ d—'\\’b
uj 78 W o u 5 Ui = O O
e ('I) S — Z c-:T:) S % R Z F CI) ép{\@ 60(@ \;OO(b
- = = : = =% - S
Burkholderia 2CH1 Burkholderia 2CH1 Burkholderia 2CH1 Burkholderia 2CH1 O«X‘O 0&.‘(‘0
M 9

Source : Hertel R et al., Environ Microbiol Rep., 2022, doi: 10.1111/1758-2229.13022
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Category Phylum Species Culture Glyphosate IPA Jablo Glyfosat
Conditions> MEC MIC MEC MIC
Potential pathogens Firmicutes Staphylococcus aureus ATCC29213 BHI 0.02 0.07 0.07 0.82
Clostridium perfringens NCO03366 ABB 0.07 0.23 0.23 0.23
Proteobacteria Salmonella enterica Enteritidis DSM107293 BHI 2.86 >10 10.0 >10
Escherichia coli DSM498 BHI 10.0 >10 10.0 >10
Salmonella enterica Typhimurium DSM101475 BHI 10.0 >10 10.0 >10
Commensals Actinobacteria Bifidobacterium adolescentis DSM20083 BHI 0.02 0.02 0.07 0.07
Bacteroidetes Bacteroides vulgatus DJF_B81 BHI 0.02 0.23
Firmicutes Acidaminococcus sp. DJF_RP55 BHI 0.02 0.82
Megasphaera elsdenii DJF_RP06 BHI 0.02 0.82
Streptococcus alactolyticus 010 MRS 0.07 @ 10.0
Streptococcus hyointestinalis 018 MRS 0.07 0.0 0.07 00
Lactobacillus sobrius DSM16698 MRS 0.23 0.82 0.82 0.82
Lactobacillus reuteri DSM20016 MRS 0.82 2.86 2.86 >10
Lactobacillus salivarius DSM20555 MRS 0.82 2.86 2.86 2.86
Mitsuokella jalaludinii DJF_RR21 BHI 2.86 10 0.82 .8
| Enterococcus faectum O4 MRS 2.86 >T10 10.0 @1

Source : Sgrensen MT et al., Animal, 2021, doi: 10.1016/j.animal.2020.100026



Co-résistance glyphosate antibiotigue s 4

e E. coli BLSE - Condor des Andes
- Merle (Turdus amaurochalinus)
- Buse (Geranoaetus polyosoma)
— Cachalot (Kogia breviceps)

* K. quasipneumoniae BLSE = boues d’une station d’épuration

Sources : Fuentes-Castillo D et al., Mol Ecol.,, 2020, doi: 10.1111/mec.15455 ; Dalazen G et al., One Health. 2023, doi:
10.1016/j.0nehlt.2023.100586 ; Sellera FP et al., Cardoso B, Front Microbiol., 2022, doi: 10.3389/fmicb.2022.915375 ; Ghiglione B

et al., Front Cell Infect Microbiol., 2021, doi: 10.3389/fcimb.2021.722536. 3



Impact environnemental FSER
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Source : Péppe J et al., Appl Environ Microbiol., 2020, doi: 10.1128/AEM.01204-20



Sélection résistance par le glyphosate e

e Souche de P. aeruginosa incubée 72 heures avec herbicides a base de glyphosate

(1,8 a 2,8 g/L) et témoin

e Evaluation de la sensibilité a 8 antibiotiques
Non- Roundup  Dominator Gladiator Total Fozat

treated Mega Extra 608 SL 480 SL

Il Non-treated

Il Roundup Mega

I Dominator Extra 608 SL
Il Gladiator 480 SL

B Total

Il Fozat 480

=== MIC breakpoints of resistance
(EUCAST)

MIC values (mg/

11
Source : Hahn J, Sci Rep, 2022, doi: 10.1038/s41598-022-23117-9



Source :

Sélection résistance par le glyphosate  rsenl

Glyphosate acid
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Hahn J, Sci Rep, 2022, doi: 10.1038/s41598-022-23117-9
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Sélection résistance par le glyphosate

e 3 souches de Salmonella avant et apres exposition glyphosate

TABLE 3 Susceptibilities to antibiotics in GBH mutants and ancestors

MIC (mg/liter) and category for<:

S. Typhimurium

S. Typhimurium

12468 12472 S. Enteritidis 12539

Ancestor Mutant Ancestor Mutant Ancestor Mutant
Agent Antibiotic class (40) (160) (40) (160) (80) (160)
Piperacillin B-Lactam =128 R =128 R =128 R =128 R =4S =4S
Piperacillin-tazobactam B-Lactam-B-lactamase-inhibitor =4S =45 8S =4S =4S =45
Cefotaxime 3rd-generation cephalosporin =1S =15 =1S =1S =1S =1S
Ceftazidime 3rd-generation cephalosporin =1S =1S =1S =15 =1S =1S
Cefepime 4th-generation cephalosporin =1S =15 =1S =1S =1S =1S
Aztreonam Monobactam =1S =1S =1S =1S =1S =1S
Imipenem Carbapenem =0.25S =0.25S =0.25S =0.25S =0.25S =0.25S
Meropenem Carbapenem =0.25S =0.25S =0.25S =0.25S =0.25S =0.25S
Amikacin Aminoglycoside =2R =2R =2R =2R =2R =2R
Gentamicin Aminoglycoside =1R =1R =1R =1R =1R =1R
Tobramycin Aminoglycoside =1R =1R =1R =1R =1R =1R
Ciprofloxacin Fluoroquinolone =0.25R =0.25R =0.25R =0.25R =0.25R =0.25R
Tigecycline Glycylcycline =05S =05S =05S =05S =05S =05S
Fosfomycin Epoxide =16 S =16 S =16 S =16 S =16 S =16 S
Trimethoprim-sulfamethoxazole Folate inhibitor-sulfonamide =20S =20S =20S =20S =20S =20S

aMICs were determined using the Vitek2 AST N-248 panel of antibiotics. Changes in MIC between ancestors and mutants are in bold. Numbers in parentheses are
concentrations of Roundup LB Plus, in milligrams per milliliter. R, resistant; S, susceptible.

Source : Poppe J et al., Appl Environ Microbiol., 2020, doi: 10.1128/AEM.01204-20
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Antagonisme et glyphosate Fz'sz:”ﬁf

Degradation of carbapenem by bacterial carbapenemase

K. pneumoniae
(CIP 82.91)

Active carbapenem (absence or malfunction of carbapenemase)

14
Source : Zerrouki H et al., Sci Rep., 2024,doi: 10.1038/s41598-024-68968-6
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Paroi bacterienne BT,
Tested strains Vancomycin GBH Vancomycin + GBH
A. baumannii (CIP 70.10) 19%]f| Wi 98%
A. baumannii (Q9428) 149% | 35%[ I 98%
K. pneumoniae (CIP 82.91) 10% -j 46% _Ja
K. pneumoniae (Q9432) %] 3% 9%
E. coli (CIP 7624) 11% 94%

Source : Zerrouki H et al., Sci Rep., 2024,doi: 10.1038/s41598-024-68968-6

E. coli *(Q1950) 3% 95%
P. aeruginosa (CIP 76.110) 17%B] 24% 99%
P. aeruginosa *(Q35596) 2% 98%
E. cloacae (CIP 104674) 1% | 4% 95%
E. cloacae (P7536) 2% 27% R 97%

i
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Synthese

o Effet propre du glyphosate
e Bactérie résistantes au glyphosate et aux antibiotiques

e Effet in vitro du Glyphosate
- Emergence de la résistance : efflux, porines ?

- Inhibiteur d’enzyme, déstabilisation de la paroi ?
- Pérennité ?

e Effet formulation ?

* Impact en santé animale et humaine ?
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