o

»
N

f de Boer

E

ey

W 1Y R e

S

J ,ﬁx 3 ... R
S ok o 5
Al




Explore and exploit nature for valuable microbial activities:
Products

Bioactive
compounds

Enzymes

Microorganisms
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Explore and exploit nature for valuable microbial activities:
Technology

o Functional
screens

N 4 N 50

Sequence
analysis




brief) history of antibiotics and antibiotic resistance

1935

Sulfanamide drugs are
released, becoming the first
antibiotics to be used
systematically.

1910
The first
antimicrobial drug,
Salvarsan, is
synthesised from
clothes dye & used
to treat syphilis.

1928

Alexander Fleming

discovers penicillin &
begins investigating i
antibiotic poten

Pre-20thC

In the pre-antibiotic age,
it was common to die
from minor infections

1941

Ernst Chain and
Howard Florey
begin first clinical
trials of penicillin.

1959
Methicillin
antibiotics are
invented to combat

1943

Allied WW2 soldiers
begin receiving supplies
of antibiotics, saving
thousands of lives.

this, no new
classes of

1948

Penicillin-resistant
staphylococcus
becomes a global
pandemic.

~30 years.

1960

resistant

1945

Nobel Prize awarded to
Fleming, Florey & Chain for
their work on antibiotics. In
his acceptance speech,
Fleming warns of the dangers
of antibiotic resistance.

1953

Antibiotics are
introduced to animal
feed in Europe.

antibiotics are
discovered for

2015
The World Health
Organisation (WHO)
launches the first
Antibiotics
Awareness Week.

2017

Present Day
Individuals, researchers
& policymakers are
working together to
fight antibiotic
resistance.

The first strains of
methicillin-

Scientists produce
improved form of

Teixobactin: a new
class of antibiotics
with the potential

staphylococcus
ayreus (MRSA)

to destroy
superbugs.

2014

The British public
vote for antibiotic
resistance to be the
focus of the £10m
Longitude Prize.

O

ng Antimicrobial Resiste”
€ross council initiative

Source: UK Research and Innovation (www.ukri.org)



Antibiotic use and water

e Antibiotic use
* Has increased by 65% worldwide between 2010-2015
* Increase mainly driven by increased use in low and middle income countries
* Especially rapid increase in “last-resort” compounds

* \Waste water treatment
* Antibiotics end up in wastewater treatment plants
* Waste removal often includes biological treatment (bacteria)
e Old, un-upgraded facilities do not remove antibiotics completely

e Antibiotics in surface water

* Leads to increased numbers of antibiotic resistant bacteria (ARB) and antibiotic
resistance genes (ARG)

e Measure antibiotic concentrations to link to ARB and ARG

E solu

life Klein et al, PNAS, 2018
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Bacterial reporter bioassays (MicroGLO™)

Biomass
conversion

Antimicrobials

Redox cycling
Anti-oxidants

Structural recognition of specific groups
of antibiotics
Lignocellulose degradation
Inhibition of
Quorum sensing
o Fermentation inhibitors
Replication
Transcription
Translation
Cell wall synthesis

Fatty acid synthesis
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Bioluminescence in nature

life
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Different bacterial luciferase operons

Core bioluminescence genes

P. luminescens ‘ ‘ ‘

P. phosphoreum

P. leiognathi
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Prokaryote luciferase reporter assay

luxCDABE

structural 'D' .

genesin an %/
=
}

EXpression
wvector

rganisms
habauring the
hacterial luciferase
and fatty acid
reductase genes
will emit Rlue-green
light.

Mon-luminescent
bacteria, such
as E.cof
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Microbial reporter assays
Example: pPHZlux reporter (oxidative stress)
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Microbial reporter assay panel (antimicrobial)
Usable antimicrobial reporters and their function

reporter Measured effects
PTETIux Protein synthesis inhibition (detects tetracycline)
pSOSlux-2AtolC Reporter that detects DNA damage
pROSlux-3 Reporter for the detection of oxidative stress (agonism) and anti-oxidant compounds (antagonism)
pPQSlux-2 Detects alkyl-quinolones
pAHLIux-1 Detects AHL quorum sensing
pAHLIux-2 Detects AHL quorum sensing
pAHLIux-3 Detects AHL quorum sensing
pBLAlux-2AampD Cell wall synthesis inhibition (detects beta-lactams)
pPMACIlux-3AtolC Protein synthesis inhibition (detects macrolides)
pPHZIux Detects phenazines

Q@anfe
solutions




Transform of pPHZIux-1 DH5a
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Microbial reporter assay panel (MicroGLO™)
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Antimicrobialreporterassaypanel

Modelcompounds

Plumbagin

Pyocyanine

Spiramycin

Erythromycin

Ampicillin

PenicillinG

N-3-oxododecanoyl-L-HSL

N-3-oxohexanoyl-L-HSL

N-butyryl-L-HSL(BHL)

PQS

H202

MitomycinC

Ciprofloxacin

Doxocycline

Tetracycline

Compound

PTETIux

pSOSlux-2AtolC
pROSlux-3

pPQSlux-2

pAHLlux-1

pAHLlux-2

pAHLlux-3

pBLAlux-2AampD
pMAClux-3AtolC

pPHZlux
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Microbial reporter assay panel (anti-microbial)
Cross validation (all compounds on all reporters)
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Microbial reporter assay panel (anti-microbial)
Not all reporters are sensitive enough: New reporter system

5Kb
< >
Direction of
% gene exprassion B
c D A B E
pCS26-Pac \ /
derived Bacterial luciferase
Reductase Synthetase Transferase

gy P NN

Fathy Acid Reductase Enzyme Complex

* Not clear if all 5 lux genes are expressed and translated at the same level
* No substrate present at operon induction -> response lag
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Microbial reporter assay panel (anti-microbial)
splitting the CDABE-|lux operon

Belkinetal, 2010
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RLU
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New vs old reporter system
absolute induction and percentages

Tetracycline reporter
Absolute induction
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Tetracycline reporter
Percentage of max
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RLU

RLU

Overview new reporter system
some of the new reporters

DNA damage reporter
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alkyl-quinolone reporter
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Microbial reporter assay panel (anti-microbial)

Case studies: KWR medical waste and water samples

» Several samples from medical origin both pharma filtered and not

* Activity tested on Calux and Antimicrobial panel

* Antimicrobial activity on pre-pharma filtered but not in clean samples
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Microbial reporter assay panel (anti-microbial)
Case studies: NIOO plant microbe interactions

e Plant samples treated with microbes
* Differential metabolites detected in treated samples

* Low activity (only oxydative stress) probably due to low extract concentrations

ref curve pROSIux pROSIux-3 DH5a
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MicroGLO bioassay panel
To conclude...

* \We have developed a fast and sensitive bioassay panel to measure
antibiotics and/or novel antimicrobial compounds

e Effect based which means a broad range of compounds will be
measured and cumulative effects can be determined



