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Human health 

depends on 

our gut 

microbiota 

health



The human gut is home 

to a complex ecosystem 

of microbes

• Its function and behaviour is 

best studied as a whole

• Many ecological relationships 

between microbes 

• Nutrient acquisition differs in 

community setting
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• Ex vivo approach to 

studying gut 

microbial ecosystems

• Fresh feces 

• Defined communities

• Measure ecosystem 

dynamics

Chemostats (‘Robogut’)



Clostridium difficile infection (CDI) 

in Canada

(Rupnik et al., 2009 Nat Rev Microbiol, CNISP (PHAC), 2011, Forster et al., 2011 CMAJ)

• Greatest cause of 
nosocomial diarrhea 
in adults

• Can lead to serious 
health complications
• ~ 20% recurrence

• CDI acquisition in 
hospital increases 
stay length
• Large economic 

burden
CDI in Sherbrooke, Quebec, 1991–2003 (CNISP)



• Restoration of gut homeostasis 

• 94% cure-rate for CDI (van Nood, NEJM, 2013)

• Randomized, controlled clinical trial 

• Decreased recurrence rates compared to first-line antibiotic Rx

Healthy ecosystem 

(donor)

Dysbiotic ecosystem 

(recipient)

Fecal transplants (fecal bacteriotherapy)



• Transmission of disease

• Invasive procedure 

• Psychological considerations

• No standardization of 
preparations

• Donor selection

• Infrastructure not available in 
hospitals

• Fecal transplants are 
considered biological drug 
not probiotic by Health 
Canada

• How can we improve?

Andrea Levy, The Plain Dealer, 2013

Drawbacks of fecal transplants



• Acidaminococcus intestinalis

• Bacteroides ovatus

• Bifidobacterium adolescentis

• Bifidobacterium longum

• Collinsella aerofasciens

• Dorea longicatena

• Escherichia coli

• Eubacterium eligens

• Eubacterium limosum

• Eubacterium rectale

• Eubacterium ventriosum

• Faecalibacterium prausnitzii

• Lactobacillus casei

• Lactobacillus paracasei

• Parabacteroides distasonis

• Raoultella ornithinolytica

• Roseburia faecalis

• Roseburia intestinalis

• Ruminococcus torques

• Streptococcus mitis

• Likely novel species 

• Likely novel genus & species  

RePOOPulate (Microbial Ecosystem 

Therapeutic: MET-1) 

“Stool substitute transplant therapy for the eradication of 

Clostridium difficile infection: ‘RePOOPulating’ the gut” 

(Petrof et al., 2013, Microbiome)



Lachnospiraceae family species

• Inversely associated with CDI (Antharam et al., 2013)

• Acidaminococcus intestinalis

• Bacteroides ovatus

• Bifidobacterium adolescentis

• Bifidobacterium longum

• Collinsella aerofasciens

• Dorea longicatena

• Escherichia coli

• Eubacterium eligens

• Eubacterium limosum

• Eubacterium rectale

• Eubacterium ventriosum

• Faecalibacterium prausnitzii

• Lactobacillus casei

• Lactobacillus paracasei

• Parabacteroides distasonis

• Raoultella ornithinolytica

• Roseburia faecalis

• Roseburia intestinalis

• Ruminococcus torques

• Streptococcus mitis

• Likely novel species 

• Likely novel genus & species 

RePOOPulate (Microbial Ecosystem 

Therapeutic: MET-1) 



• MET-1 sent to Kingston 

General Hospital in 

Kingston, Canada

• Administered via 

colonoscopy to 2 patients 

with severe and recurrent 

CDI in 2011

• Patients recovered within 

48 h and C. difficile-free to 

date even with subsequent 

antibiotic usage

MET-1 proof-of-principal study

MET-1 formulation

CBC This Hour has 22 Minutes, Oct 2012

Preparation given to patients in the RePOOPulate study



How is MET-1 

therapeutic for CDI?

Obj. 1: Is MET-1 

directly antagonistic to 

C. difficile?

Obj. 2: Does MET-1 act on 

host cells to confer 

resistance to C. difficile?

Obj. 3: Does MET-1 

stimulate the host to 

produce something to 

affect C. difficile?

Obj. 1: Is MET-1 

directly antagonistic to 

C. difficile?

Sporulation &

germination



Does MET-1 affect toxin gene expression?

   

    

Figure 12. Mice that received MET-1 treatment were protected when colonic loops were exposed 

to C. difficile toxin A. Gavage with MET-1 protected mice from epithelial erosion (shown with 

black arrow) seen in mice not pretreated with MET-1. C57Bl/6 female mice 9 weeks old were 

gavaged daily with vehicle control (top panel) or MET-1 (bottom panel) for 2 days. The large 

intestine was then excised from the abdominal cavity and colonic loops were injected with 

either phosphate-buffered saline control (PBS) or with 50 µg of toxin A (Toxin A+) isolated from 

Clostridium difficile (see Fig 11) and then sutured closed. Intestinal loops were incubated ex 

vivo in DMEM + 10% FBS at 37oC with 5% CO2 for one hour. Intestinal loops were then fixed in 

formalin, embedded in paraffin and 4 ! m sections were cut and stained with hematoxylin and 

eosin. (All at 200X). Destruction of villous tip architecture was evident after 60 min incubation 

with Toxin A in the colons of the saline-gavaged mice (top right panel, arrow), whereas the mice 

that had been gavaged with MET-1 showed no such destruction, and villous integrity/

architecture was preserved (bottom right panel).

Toxin A

Gavaged with Saline

Gavaged with MET-1

Toxin A

PBS

PBS

• MET-1 can block the 

cytotoxic effects of 

TcdA from C. difficile 

ribotype 078 in C57Bl/6 

mouse colonic loops

• Rationale for in 

vitro toxin gene 

expression studies

Mouse intestinal tissue treated with MET-1 

is protected from the cytotoxic effects of 

TcdA

Adapted from (Petrof, 2012 unpub)



1. Filter sterilized MET-1 chemostat 

effluent (‘Liquid Gold’) derived 

from chemostat vessel

2. Filter sterilized chemostat media 

(control)

• 100 mL MET-1 inoculated into 

the chemostat and steady-

state equilibrium attained

Can MET-1 influence C. difficile toxin gene 

expression in vitro?

• Incubated anaerobically at 37°C 

for 8 h

C. difficile



• Non-constitutive 

expression of previously 

published reference genes 

tested

• MET-1 metabolites alter 

reference gene expression

• Cannot assess relative 

changes to tcdB expression

RT-qPCR troubleshooting

* Normalized to rrs, adk, and rpsJ reference genes 

(Denève et al., 2008 and Metcalf et al., 2012)  



RT-qPCR troubleshooting

• Important to validate each reference gene for 

different experimental media and test strains used

Table 2 – Summary of target and references genes used in C. difficile and 

defined bacterial community gene expression studies  



Yen et al., Journal of 

Proteome Research, 

2015

Investigating 

select MET-1 

metabolites and 

their effect on C. 

difficile virulence 

determinants

1H NMR profiling of 

chemostat effluent



Do MET-1 metabolites 

alter C. difficile toxin 

gene expression?

C. difficile 630 grown in BHI 

mixed with 5 mL chemostat 

media supplemented with 12.6 

mM sodium butyrate  

C. difficile 630 grown in BHI 

mixed with 5 mL chemostat 

media supplemented with 30.95 

mM sodium propionate

• Normalized to rrs - 16S 

ribosomal RNA reference 

gene (Denève et al., 2008)  

8 h

24 h



MET-1 metabolites and C. difficile spore loss of 

OD600 and germination 

germination

sporulation



• Rate and extent of loss of spore OD600 varies among 

clinical isolates of C. difficile and within ribotypes



• Physiological concentrations of MET-1 

metabolites used

• Sodium butyrate and sodium propionate are 

not co-germinants of select 078 and 027 C. 

difficile strains

sodium butyrate sodium propionate



CD186 (027) CD247 (078)

• Sodium butyrate and propionate 

do not alter germination 

(outgrowth) of select C. difficile 

027 and 078 ribotype strains 



Summary

• MET-1 is a promising treatment for CDI 

• MET-1 cell-free metabolites:

• Influence tcdB expression in C. difficile 630 

• Do not alter germination properties of C. difficile 027 and 078 

clinical isolates tested

Future directions

• RT-qPCR assays

• Obtain stable reference gene for MET-1 treatment samples

• Expand target gene repertoire

• Investigate the effects the entire MET-1 metabolite profile 

has on spore germination 
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