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The Metabolic Syndrome 
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The Obesity Epidemic 



http://apc.ucc.ie 

United States of Obesity 
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Irelands Obesity Rate Among World’s Worst 
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Cellular Mechanisms Involved in Obesity 

1. Adipogenesis 
 (macrophage recruitment) 

 
2. Lipid Storage 
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Gut Hormones & Obesity 



http://apc.ucc.ie 

Within the APC Microbiome Institute 

John F. Cryan & Timothy G. Dinan 
Nature Reviews Neuroscience (10) 701-712 (October 2012) 
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Gut Microbiota and Energy Metabolism  

(1) (2) 

Cani and Delzenne (2009) Current Pharmaceutical Design 15, 1546-1558 
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Can Microbes Make You Fat? 

Felix Sommer & Fredrik Bäckhed 
Nature Reviews Microbiology 11, 227-238 (April 2013) 
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Gut Microbiota and Obesity  

• Enterobacter cloacae B29 : obesity & insulin resistance  
      altered Fiaf (fasting induced adipose factor) expression 
        (Fei & Zhao, 2013; ISMEJ)  
 

• Gram-negative LPS: fat deposition, insulin resistance in 
mice 

         (Cani et al., 2007, 2008; Diabetes, de la Serre et al.,2010; AJPG) 
 

• Bacteroides thetaiotaomicron-Methanobacter smithii 
cocolonization: increased adiposity in germ-free mice 
(Samuel & Gordon, 2006; PNAS)  

 
 

• Mollicutes (Erysipelotrichia): western diet obese 
mice                                                                       
(Turnbaugh et al., 2008;cell  host microbe) 
 

• Erysipelotrichaceae, Desulfovibrionaceae: 
following 6 months of high fat feeding  

       (Zhang et al., 2010; ISMEJ) 
 

• Bacteroides  and Staphylococcus: linked to weight 
gain during pregnancy 

     (Collado et al., 2008, AJCN) 

 

• H2-producing Prevotellaceae, methanogenic  
Archaea  

       (Zhang et al., 2009; PNAS) 
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• A. muciniphila: improved metabolic profile, reversed 
high-fat diet-induced metabolic disorders, including fat-
mass gain, insulin resistance 

      (Everard et al., 2013: PNAS) 

 

• Enteroccus faecalis FK-23: anti-obesity, hepatic steatosis  
(Motonaga et al., 2009;Masatoshi et al., 2014;) 

 

• Lactobacillus gasseri SBT2055: lowered human 
abdominal adiposity, body weight; gassericin T producer  

        (Kadooka et al., 2010; EJCN) 
 

• Bifidobacterium animalis ssp. lactis 420  prevented 
weight gain and glucose intolerance in DIO mice                     
(Stenman et al., 2014; Benef microbes) 

 

Bacteroidetes : Firmicutes 

• bacterial diversity  
 
• A. muciniphilia: in obese and T2D mice                        

(Everard et al., 2013; PNAS) 
 

• C. leptum group (Ruminococcus flavefaciens), 
Bifidobacterium  

       (Schwiertz et al., 2010; Obesity) 
 

• Butyrate-producing organisms: Roseburia spp., 
Faecalibacterium spp., Eubacterium spp., 
Faecalibacterium prausnitzii, Haemophilus 
parainfluenzae, Clostridiales (order) : T2D MGWAS 
study - control enriched organisms                                              
(Qin et al., 2012; Nature). 
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Microbiota Impacts Host Metabolism 

Ryan & Delzenne, 2016. 

e.g. SCFA 
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Meier (2012), Nature Reviews Endocrinology 

Glucagon-Like Peptide-1 
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Probiotics as Synthetic Signalling Therapeutics 

Vaccines 

HIV-1 

Tetanus 

H. pylory 

HPV 

Glucagon-Like 
Peptide-1 (GLP-1) 

Obesity 

CVD T2D 
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X 
GLP-1 

KGLP-1 

DPP-4 

DPP-4 

Inactivated 

GLP-1 

Fragments 

Active KGLP-1 

In order to protect the expressed peptide from the proteolytic 

action of Dipeptidyl Peptidase-4 (DPP-4), the peptide sequence 

was altered – with addition of a lysine to native GLP-1 before the 

N-terminal histidine. This peptide was termed KGLP-1 and 

expressed within the pNZ44 plasmid within  

Lactobacillus paracasei NFBC 338. 

Construct & Peptide 

DPP-4 Resistance 



http://apc.ucc.ie 

In Vitro Insulinotropic activity in Rinm5F β-cells 

Lb. paracasei NFBC 388 pNZ44-KGLP-1 cell-free 

extracts stimulated significant insulin secretion 

from murine β-cells, at levels comparable to cells 

treated with 50μM of pure GLP-1 or KGLP-1. 
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Cincinnati Metabolic Disease Institute Rat Study 

20 Long-
Evans Rats 

pNZ44 

109 CFU/day 

KGLP-1 

109 CFU/day 

Paul Ryan 



http://apc.ucc.ie 

Lb. paracasei pNZ44 KGLP-1 Corrects Dyslipidaemia 
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Weight Gain & Glucose Tolerance 
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• γ-aminobutyric acid (GABA) is synthesised through decarboxylation of glutamic 
acid by glutamic acid decarboxylase (GAD) 
 

• main inhibitory neurotransmitter in the CNS 
 

• biological functions of GABA are mediated by activation of GABA receptors in the 

brain and periphery (gastrointestinal tract, ovaries, uterus, and pancreas)  

 
• α-cells, GABA induces membrane hyperpolarisation 
      and     glucagon secretion 
 
• β-cells, GABA induces membrane depolarisation 
      and     insulin secretion 
 
 
 
• GABA exerts β-cell regenerative effects, stimulates 
      β-cell proliferation, protects β-cells against apoptosis and has anti-inflammatory                    
      and immunoregulatory activities 

 

Gamma-Aminobutyric Acid 
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GABA vs Diabetes 
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GABA = Microbial Metabolite vs Diabetes 

• The GAD system in micro-organisms is mainly related 
with resistance against acidic conditions 

 
• Can be considered a probiotic factor, as this system 

enables organisms to pass through the acidic conditions 
of the stomach barrier  

 

91 intestinally-derived bacteria assessed, one 
Lactobacillus brevis strain (Lb. brevis DPC 6108) 
could convert up to 90% MSG to GABA in vitro 
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GABA producing Lb. brevis DPC 6108 
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GABA Yoghurt 

GABA 
250 mg 

CONTROL 

Lactobacillus bulgaricus CH 

Streptococcus thermophilus GABA+ 

Lactobacillus bulgaricus CH 

Streptococcus thermophilus CH 

Dr. Daniel 
Linares 
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21 days old on 
arrival 

5 weeks 
acclimatisation 

12 weeks of 
High Fat 
feeding 

GTT + ITT  
10 weeks of 
intervention 

GTT + ITT + 
MMG 

Culled after 12 
weeks of 

intervention 

Anti-Obesity / Diabetes Probiotics - What’s next? 

98 C57BL/6J Mice 

Low-Fat 
Control  

High-Fat 
Control 

High Fat + 
Metformin 

High Fat + 
Vildagliptin 

High Fat + 
Lb. brevis 
DPC 6108 

V326 

High Fat + 
Lb. paracasei 

NFBC 338  
pnz44 

High Fat + 
Lb. paracasei 

NFBC 338  
KGLP-1 

GABA KGLP-1 

Trial Outline 

http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOzh55rCv8cCFcgEGgod5YwI4w&url=http%3A%2F%2Fwww.taconic.com%2Fdiet-induced-obese&ei=XebZVay_JciJaOWZopgO&psig=AFQjCNGVnQmmYFIroZ_4SFyj6not9_-9uw&ust=1440430016307343
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Glucose Intolerance & Insulin Sensitivity 

Inability to clear blood 
glucose after 12 weeks 

HF feeding 

Reduced insulin 
sensitivity after 12 
weeks HF feeding 
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Glucose Intolerance & Insulin Sensitivity 

Lb. brevis V326 significantly improved glucose 
tolerance after 10 weeks feeding 
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Conclusions 

• Over 37% of Irish men & women will be obese by 2025 
 
• The gut microbiota alters the energy harvesting capacity of the 

host 
 
• Altered gut microbial composition in obesity and diabetes 
 
• Microbial metabolites can regulate appetite and energy balance 

 
• GABA & GLP-1 could prove effective metabolites for the 

treatment of high fat dietary induced hyperglycaemia 
 

• Could be used as functional food ingredients for yoghurt, dairy 
drinks, formula drinks for healthy & diabetic individuals to 
control blood glucose 
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