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Why the microbiome?

* Arich source of alternative targeted antimicrobials
* More opportunities for intervention to improve or
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Mireland

If the microbiome is a significant
player in infection, then it should
be possible to mine interventions
from this niche

+ faecal microbiota transplants
* probiotics

* bacteriophage

pharmabiotics

« (bioactives, bacteriocins, etc.)

Fecal microbiota transplantation FMT success rates in CDAD
Donor with

The gut microbiota is the collection of microorganisms hgalth){ gut G (2015) |
that live in the stomach and intestines. microbiota van Nood (2013) 1

When the healthy gut microbiota is altered,
C difficile may cause an infection that can
be difficult to cure.
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probiotics
bacteriophage

pharmabiotics

+ (bioactives, bacteriocins, etc.)

If the microbiome is a significant
player in health and disease, then it
should be possible to mine
interventions from this niche

* faecal microbiota transplants
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Synbiotic (probiotic and prebiotic)

ARTICLE

24 AUGUST 2017 | VOL 548 | NATURE | 407 doi:10.1038/nature23480

A randomized synbiotic trial to prevent sepsis
among infants in rural India

Pinaki Panigrahi'~, Sailajanandan Parida®, Nimai C. Nanda®, Radhanath Satpathy®, Lingaraj Pradhan®, Dinesh S. Chandel’,
Lorena Baccaglini', Arjit Mohapatra®, Subhranshu S. Mohapatra®, Pravas R. Misra®, Rama Chaudhry®, Hegang H. Chen’,
Judith A. Johnson'?, I. Glenn Morris Jr'?, Nigel Paneth!! & Ira H. Gewolb'”

Lactobacillus plantarum

and FOS

The synbiotic preparation consisted of a
capsule containing ~109 Lactobacillus
plantarum ATCC strain 202195 and 150 mg
of fructooligosaccharide with 100 mg

maltodextrin as excipient

tract infections.
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Probiotics and acute diarrhoea
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* The current evidence, which is of low
Effectiveness of probiotics on the occurrence of

infections in older people: systematic review and qualitY? does not support the use of
meta-analysis probiotics for the reduction of the

PATRICK ALEXANDER WACHHOLZ!, VANIA DOS SANTOs NUNES?, ADRIANA POLACHINI DO VALLEY, occurrence of infection in Older people.

ALESSANDRO FERRARI JAONTG, PAULO Jost FORTES ViLLas-Boas®

'Departament of Public Health, 530 Paulo State University (UNESP), School of Medicine, Botucatu—S30 Paulo, Brazil
Departament of Internal Medicine, Sao Paulo State University (UNESF), Schoel of Medicine, Botucatu—S3o Paulo, Brazil

Addres: ond 1o0: P. A, Wachholz, Av. Prof. Mério Rubens G des Monte: ), sin. UNESP— Campus de Botucatu, M H H
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Probiotics and porcine salmonellosis

_ %Diarrhoea  ~  Clinical scores
(day 4) (blinded)

)
|

* Isolated 10,000 strains from uninfected pigsina ™

Salmonella infected herd 5+ 304
* Chose 5 strains with in vitro anti-Salmonella o & ol
activity (4 x Lactobacillus, 1 Pediococcus)
* Conducted a blinded trial (N=10) where pigs il T
were fed the microbial consortia before being Control Comsortium _ Control Consortiam

deliberately infected with Salmonella on 3
consecutive days

Salmonella/g Weight gain/kg
107 - faeces (day 15) (day 15)

106 T 25 ke

*kk

Control  Consortium Control Consortium

Casey et al. 2007 Appl. Environ. Microbiol. 73:1858-1863 Walsh et al. 2008 FEMS Microbiol. Ecol. 64:317-327

Probiotics and bovine mastitis

Bovine mastitis is the most Infused infected quarters with
persistent disease in dairy " ##" Lactococcus lactis DPC3147
cattle. (produces lacticin 3147).

Treated with broad A single application led to
spectrum antibiotics, milk complete recovery within 3
must be withheld. days (11/11 animals).

Billions of euros every year. No withholding of milk.
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Probiotics and bovine mastitis :

Ireland

Compared live culture against leading antibiotic treatment (N=25)
. . Clinicall d Sub-clinical
Clinical cure rates iedly cure Hbreinied
80
. % _ ~nd
L. Lactis 64% (16/25) 1
Antibiotic ~ 72% (18/25) * ]
50
i nd
40
; * culture antibiotic culture antibiotic

Kklostermann et al., 2008 J Dairy Res 75:365-373 Crispie et al., 2008 J Dairy Res 75:374-384

Probiotic mechanism of action

Bacteriocin production as a mechanism for the
antiinfective activity of Lactobacillus
salivarius UCC118

Sinead C. Corr*, Yin Li**, Christian U. Riedel*, Paul W. O'Toole*, Colin Hill**, and Cormac G. M. Gahan*$

Lactobacillus

Centre and of and %School of Pharmacy, University College Cork, Cork, Ireland

Edited by Todd R. Klaenhammer, North Carolina State University, Raleigh, NC, and approved March 1, 2007 (received for review January 17, 2007)

B.longum  B.infantis  B. breve Lb. salivarius  Lb. casei Lb. acidophilus
JCM7050 CCUG36569 UCC2003 ucclig NCDO1205 NCDO1748

uccn8 uUCcn8 (Bac-)

Rare instance in which a single molecule has been identified as the probiotic mechanism




Next Generation Probiotics

nature

microbiology PERSPECTIVE

PUBLISHED: 25 APRIL 2017 | VOLUME: 2 | ARTICLE NUMBER: 17057

Next-generation probiotics: the spectrum from
probiotics to live biotherapeutics

Paul W. O'Toole™, Julian R. Marchesi?? and Colin Hill!
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referredtoas mxl—glnlmmn pmhmu,:mw!ﬂmwuﬂmwﬂhthl il of live bis ic products. The
latter is a class of i n this ive, we discuss what lessons
Ilm b|l|| learned from working with traditional prohntlu, explore the kinds nlnrg;nnm that are likely to be used as novel

ics, discuss the i and propose how scientists may meet this challenge.
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Mireland

Probiotics

Long history of use, e.g.
Bifidobacterium
Lactobacillus
Saccharomyces
Escherichia coli

~<~
,ff%:»?

Mlcm@—b

Live biotherapeutics
(and next-generation probiotics)

No history of use, e.g.
Akkermansia
Bacteroides
Faecalibacterium

l Food and supplements

l Medicinel

Figure 2 | Schematic diagram summarizing some differences in the
history and route to market of probiotics, next-generation probiotics and

live biotherapeutic products.

* Phase 3 development
candidate, SER-109, oral
microbiome therapeutic for
the prevention of recurrent
Clostridium difficile infection.

* The FDA has granted SER-109
both Breakthrough Therapy
and Orphan Drug designations.

Healthy
Microbiome

* SER-109is an ecology of
bacterial spores enriched and
purified from healthy,
screened human donors.

Loss of diversity
and functionaiity

Dysbiotic
Disease State

L

Restore diversity
and functionality

Re-established
Healthy Microbiome

&

www.serestherapeutics.com/pipeline/ser-109
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Bacteriocins and mastitis

If the microbiome is a significant
player in infection, then it should
be possible to mine interventions
from this niche

* faecal microbiota transplants

* probiotics

bacteriophage

* pharmabiotics

+ (bioactives, bacteriocins, etc.)
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Thuricin CD - narrow spectrum

Tm-a

Screened
>30,000 -
sporeformers
from faecal - s
specimens [P h

M: — ) )

Thuricin CD; a two ) ) B -
B ” th . g . t o Control Vancomycin Metranidazole  Lacticin Thuricin
acillus thuringiensis componen i
sactibiotic .
Faecal fermentation

Reaetal.,2010. Proc. Natl. Acad. Sci. 107:9352-9358. Rea et al., 2011. Proc. Natl. Acad. Sci. 108:4639-4644.

Nisin (E234)

* Nisin is a 34 aa lantibiotic used in food
as a preservative

* And in veterinary medicine for mastitis

* Gene encoded, can be bioengineered
for additional properties




Nisin bioengineering

Mireland

M21V Enhanced anti-Listeria

K22T Enhanced anti-Staphylococcus

WT N20P  M21V K22T

St aureus
§T528

St aureus
DPC5245

Strep. agalactiae
ATCC13813

Enhanced Diffusion

Wt SVA

o Ji

Field et al., 2008
Field etal,, 2010  Molloy et al., 2013
Healy et al., 2013

Carroll et al., 2010

Rouse etal., 2012 Campion etal., 2013

Nisin in the gut

Enhanced Anti-Gram Negative

Lt
Z wt
Zw
5204 529G [l 5294 529G i
6 - -
L JL J1
© sakazalr i

Epa i E

5204 529G
I
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* Nisin cannot be used for gut applications
because it is sensitive to trypsin and o-
chymotrypsin (6 cleavage sites)

* Nisin S is an engineered version
of nisin with all protease sites
removed but with full activity

3 chymotrypsin
M trypsin

10
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Isolated 2 phage active against
Pseudomonas aeruginosa

Tom Patterson USA

Acinetobacter baumannii

If the microbiome is a significant
player in infection, then it should
be possible to mine interventions
from this niche

* faecal microbiota transplants

probiotics

bacteriophage

* pharmabiotics

) \ « (bioactives, bacteriocins, etc.)

(@ Means of patient-reported VAS
scores for individual clinic days
(day zero score as 100%)

50.0%

RCT (N=24) for treatment
of chronic otitis due to
antibiotic-resistant
Pseudomonas aeruginosa
(United Kingdom)

16y old male (France)

Staphylococcus aureus

Alemayehu, et al. 2012. mBio 3(2): €00029-12.
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Bacteriophage in feed and food

Research in Veterinary Science 93 (2012) 1173-1178

Use of bacteriophage for biological control of Salmonella Enteritidis infection

in chicken

Tae-Hyun Lim®, Myung-Seob Kim®, Dong-Hun Lee®, Yu-Na Lee*, Jae-Keun Park®, Ha-Na Youn?,

Hyun-Jeong Lee®, Si-Yong Yang", Young-Wook Cho”, Joong-Bok Lee?, Seung-Yong Park?, In-Soo Choi?, f’,‘)
Chang-Seon Song®*

* Avian Disease Laboratary, Callege of Veterinary Medicine, Konkuk University, 1 Hwayangdong, Gwangjin-gu, Seoul 143-701, Republic of Korea
" Research Insticute of Biotechnology: ¢] Cheiljedang Co. Gayangdong. Gangseo-gu. Seoul 157-724, Republic of Koren

vard LISTERIA SOLUTION  SALMONELLA SOLUTION  APPLICATIONS

THE POWER OF NATURE

The natural
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Fig. 3. Results of Salmonella Enteritidis counts (CFU logg) in intestines d it 3 weeks after chall significant

Phage enzyme therapy

Purified fractions
of CHAP,

CHAP,

w/ Aidan Coffey, Cork Institute of Techi
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Microbiome solutions for MRSA

Ireland

Bacteriocins

€8¢ -
&% St

S

Live gg

biotherapetics

Traditional antibiotics
Bacteriophages

Combination therapies

* Not a binary choice, could use microbiome-based solutions with
standard small molecule antimicrobials as combination therapies
1071 .
MRSA 10°4 10°4 * . .
m Control 1085
.. [ 8 107‘ §103-
W Nisin 1ug/m ‘é’ 1657 S
B Methicillin 32ug/ml E 10°%4 3107_
S 104
B Nisin 1ug/ml © 402l 106
Methicillin 32ug/ml 15%]
1014 E. coli E. coli E. coli E. coli
1001 K88F4*  F3P3 F2S2  Fl8ab
12 hrs
Nisin and methicillin Nisin and cinnamaldehyde

Ellis et al, unpublished Field et al, Antibiotics 2017. 6:35
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Combinations and biofilms

Mireland

npj ‘Biofilms and Microbiomes ww.nature com/npibiofiims

REVIEW ARTICLE OPEN

Fighting biofilms with lantibiotics and other groups of
bacteriocins N
Harsh Mathur'?, Des Field &, Mary C. Rea'?, Paul D. Cotter'?, Colin Hill** and R. Paul Ross™* § %

Biofilms are sessile communities of bacteria typically embedded in an extracellular polymeric matrix. Bacterial cells embedded in
biofilms are inherently recalcitrant to antimicrobials, compared to cells existing in a planktonic state, and are notoriously difficult to 8
eradicate once formed. Avenues to tackle biofilms thus far have largely focussed on attempting to disrupt the initial stages of 14
biofilm formation, including adhesion and maturation of the biofilm. Such an approach is advantageous as the concentrations

required to inhibit formation of biofilms are generally much lower than removing a fully established biofilm, The crisis of antibiotic

resistance in clinical settings worldwide has been further exacerbated by the ability of certain pathogenic bacteria to form biofilms. a.
Perhaps the most notorious biofilm formers described from a clinical viewpoint have been methicillin-resistant Staphylococcus (j

aureus (MRSA), Staphylococcus epidermidis, Pseudomonas aeruginosa, Gardnerella vaginalis and Streptococcus mutans, the latter of #’ #‘ J’ é’ \{?
which s found in oral biofilms. Due to the dearth of novel antibiotics in recent decades, compounded by the increasing rate of »f (g- qé' o
emergence of resistance amongst pathogens with a propensity for biofilm formation, solutions are urgently required to mitigate J\ 'J\
these crises, Bacteriocins are a class of antimicrobial peptides, which are ribosomally synthesised and often are more potent than @1‘ \
their antibiotic counterparts. Here, we review a selection of studies conducted with bacteriocins with the ultimate objective of N ol \.*
inhibiting biofilms. Overall, a deeper understanding of the precise means by which a biofilm forms on a substrate as well as insights. ‘gf ~ »
into the mechanisms by which bacteriocins inhibit biofilms is warranted. o‘- 0"

~ ~

npj Biofilms and (2018)4:9; doi:10.

biofim formation (Adapted from Field et al. 2016b '* under the terms of the Creative Commons Attribution License)

Opportunities and

Fig. 2 Anti-biofilm activity of nisin and polymyxins against P, aenuginosa: Inhibition of biofilm formation of P. aeruginosa PA-01 a) in the
presence of nisin (1/3x MIC), colistin (1/2x, 1/5x MIC) and combinations thereof and b) in the presence of nisin (1/4x MIC) and polymyxin 8 (1/
2, 1/5x MIC) and combinations thereof, whennmndm microtiter plates and subjected to crystal violet (CV) staining for the detection of

18/09/2018

* Microbiomes can act as a rich source of novel antimicrobials. Fewer
issues with resistance?

* Microbiome-based solutions for infection could be deployed alone orin
combination with antibiotics/preservatives.

* Paradigm shift needed, current regulatory framework is not appropriate
for microbiome-based interventions aimed at impacting health; these will
involve complex biological compositions and food and feed based
solutions (FDA: CBER and CDER).

* Microbiome may deliver ‘traditional’ blockbusters, but is more likely to
involve personalised or targeted solutions.

14
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Thanks

APC Microbiome Ireland
Bacteriophage Laboratory
Bacteriocin Laboratory
Paul Ross
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