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Sources of antimicrobial resistance
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The principle

* Addition of an antibiotic to soil will kill or inhibit
growth of bacteria sensitive to that antibiotic.

e Bacteria with resistance to the antibiotic can continue
to grow.

* Therefore, in the presence of antibiotic and 180-
water, only resistant bacteria will become labelled
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Chilworth experimental site
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Which bacteria constitute the soil
resistome in soil?

antib antib ——{ DNA extraction 1
H,'80 H,180 H,0 H,0
Soil Soil Soil Soil { DNA-SIP } 18
O-DNA
180-water 180-water  water water
antibiotics antibiotics l
Controls )
* Antibiotics: mem, ctx, cip, tmp: 100 pg/ml (each) Bact 16S rRNA gene:
* Soil (1 g) in 1.5 ml final volume (water or O'8-water) gPCR

* Antibiotic addition: every 2 days

* Incubate 200 rpm, dark, room temperature

*  Sampling time: 2 (only treatment) & 4 days (treatment
and controls)

* Triplicates for all incubations

MiSeq lllumina sequencing
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Stable Isotope Probing (SIP) of nucleic acids
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Stable Isotope Probing (SIP) of nucleic acids
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quantitative PCR (qPCR) — High throughput sequencing



Abundance of bacterial 16S rRNA gene in CsCl densitiy
gradients after H,80 incubation

Bacterial 16S rRNA gene copy numbers

0.00 0.10 0.20 0.30 0.40 0.00 0.20 0.40 0.60
171 L i A |} A A A

Antib. H,'20 (day4) Antib. H,O (day4)

1.72

1.73

1.74

CsCl buoyant density (g ml1)

1.75 +

- v




UNIVERSITY OF

Southampton

Network for Anti-Microbial Resistance and Infection Prevention

.& No Antibiotics Antibiotics
<
N
S -
x
<
o
o
N
— o _|
o o
<
o
O
a
N
S
@ H'®,0-Heavy
O H®,0-Light
@ H,0-Heavy
O H,0-Light
< @ Original soil
3 CS
I I I I I I I
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

PCoA-1 (37.37%)



UNIVERSITY OF

Southampton

Anti-Microbial Resistance and Infection Prevention

Day 2 :
y o
ze
8
©
o
0.1 0.2 0.3
Value

- Heatmap showing

T T the relative abundance

18H-AB-heavy 18H-AB-light Original soil Of Se I ected OTU S

OTU-683: Acidobacteria
0TU-2401398: Acidobacteria .

OTU-472: Acidobacteria - OT U S Wi t h th e
OTU-946: Acidobacteria

OTU-840: Actinobacteria, Cellumonas h ig h e St C O n t ri b u t i O n to

OTU-8474: Actinobacteria, Microbacteriaceae
. .

OTU-1460: Actinobacteria, Gaiella P CA rd I n t I n W r-

OTU-2599: Actinobacteria, Gaiellales O a O e e

OTU-1031: Actinobacteria, Solirubrobacterales

0OTU-11488: Bacteroidetes, Cytophagaceae S e I e Ct e d

OTU-353881: Bacteroidetes, Flavobacterium

Acidobacteria

OTU-3582019: Bacteroidetes, Flavobacterium
OTU-17446: Bacteroidetes, Terrimonas
0OTU-5863: Bacteroidetes, Chitinophagaceae
OTU-669361: Bacteroidetes, Saprospiraceae
0OTU-97202: Bacteroidetes, Saprospiraceae
OTU-416: Gammatimonadetes

OTU-115: Alpha-proteo, Bradyrhizobium
OTU-466: Alpha-proteo Hyphomicrobium
OTU-361: Alpha-proteo, Pseudolabrys
OTU-8449: Beta-proteo,

0OTU-1292010: Beta-proteo, Rhodoferax
OTU-7246: Beta-proteo, Xenophilus

QOTU-2966: Beta-proteo, Commamonadaceae

QOTU-427389: Beta-proteo, Commamonadaceae

OTU-707: Beta-proteo, Commamonadaceae

0OTU-7289808: Beta-proteo, Commamonadacea
OTU-1611177: Gamma-proteo, Arenimodas
OTU-1764: Gamma-proteo, Arenimodas

OTU-7: Gamma-proteo, Stenotrophomonas
OTU-575: Gamma-proteo, Acidibacter
OTU-267: Gamma-proteo, Steroidobacter
OTU-:2042 Proteobacteria, unclasified
OTU-8196: Verrucomicrobia, OPB35

OTU-3934: Verrucomicrobia, DA101

OTU-424: Verrucomicrobia, DA101
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Day 4

- Heatmap showing
the relative abundance
of selected OTUs
18H-AB-heavy 18H-AB-light Original soil . . .
. highest contribution to
o528 e PCA ordination were
0OTU-6115349: Se I e Cte d

OTU-946: Acidobacteria

0TU-2728: Acidobacteria

0OTU-11488: Bacteroidetes, Cytophagaceae
OTU-3582019: Bacteroidetes, Flavobacterium
OTU-17446: Bacteroidetes, Terrimonas
OTU-5863: Bacteroidetes, Chitinophagaceae

!
Count
10

Acidobacteria

0TU-97202: Bacteroidetes, Saprospiraceae
OTU-115: Alpha-proteo., Bradyrhizobium
OTU-466: Alpha-proteo, Hyphomicrobium
0OTU-1184: Alpha-proteo, Rhizobiales
OTU-361: Alpha-proteo, Pseudolabrys
OTU-626: Alpha-proteo, Pseudolabrys
OTU-3812: Alpha-proteo, Variibacter
OTU-707: Beat-proteo, Comamonadaceae
0OTU-1339: Beat-proteo, SC-I-84
0OTU-26200: Beat-proteo, SC-1-84

Proteobacteria

OTU-160: Delta-proteo, Haliangium
OTU-7: Ganna-proteo, Stenotrophomonas
OTU-575: Gamma-proteo, Acidibacter
OTU-8196: Verrucomicrobia, OPB35
OTU-1280: Verrucomicrobia, DA101
OTU-326742: Verrucomicrobia, DA101
OTU-3934: Verrucomicrobia, DA101
OTU-424: Verrucomicrobia, DA101
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Conclusions

* Acidobacteria are highly abundant after two days of
incubation with antibiotics

* We also observed the presence of Stenotroohomonas
after four days of incubation with antibiotics
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Conclusions

* Acidobacteria are highly abundant after two days of
incubation with antibiotics

* We also observed the presence of Stenotroohomonas
after four days of incubation with antibiotics

* The results indicate that both non-pathogenic soil-
bacteria as well as potential clinical pathogens are
present in this agricultural soil, but it is still unclear if
horizontal gene transfer between these groups can occur.



Horizontal gene transfer (HGT) in soil

Can HGT between two defined bacterial
strains occur in a soil environment?
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Soil sampling
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Recovery of transconjugants (0, 3, 24 & 48 h)

‘ Plant + PBS ’

A\ 4

E. coli K. pneumoniae
NCTC13441 NCTC13443
+E. coliJ53 +E. coli )53

‘ Pulsifier 30 sec ’

v

1®
1®
1®

TBX+ 100 pg/mL
sodium azide +
2 ug/mL ctx

TBX+ 100 pg/mL
sodium azide +
2 ug/mL mem

TBX+ 100 pg/mL
sodium azide +
2 pg/mL ctx

5 0x106 _ Filtration Recovery of donors and recipient (24 & 48 h)
.0x106° cells/g soil (11,5 & 0.2 um) /-\ /-\
Sites: \./ \./
Chilworth ¥ _
Rosemaund 0.2 um + 1 ml PBS TBXE._{;(()Z(l)uﬁéL/mL T%L T%L T%L
BOXWOI"th Vortex 2 min sodium azide ctx mem ctx
* Sodium azide-resistant E. coli 153 (J53 ArR) RECIPIENT
* Klebsiella pneumoniae NCTC13443 (encodes blaNMD-1) DONOR
* Escherichia coli NCTC13441 (encodes blaCTX-M-15) DONOR
* Destructive samples: 0, 3, 24 and 48 h, incubation at room temp. References:

Scott et al., 2006
Wolffs et al., 2006
Warnes et al., 2012
Highmore et al., 2017

* Triplicates for all incubations
* Total samples: 72 plants
* Some transconjugants kept in glycerol 20%
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Recovery from the soil after 24 h
incubation (examples)

Escherichia coli Klebsiella pneumoniae Escherichia coli 153 SA
NCTC13441 NCTC13443 resistant carrying the
plasmid pEK499 with gene
blacry .15 (Ctx resistance)



Transconjugants
selected on
TBX+SA+ctx
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Transconjugants
selected on
TBX+SA+ctx

Klebsiella pneumoniae as donor
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Conclusions

* The results indicate that potential pathogens can survive
in soil and transfer their plasmid to a recipient after 48 h
incubation.

* Transconjugants carrying plasmid conferring resistance
through the gene bla ;.15 from both donors (K.
pneumoniae and E. coli) were found.

* No conjugation of the plasmid containing NDM-1 metallo-
B-lactamase was observed.

* These are early studies confirming that horizontal gene
transfer can occur in the soil.
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