
Ramy Karam Aziz, PhD 
Faculty of Pharmacy, Cairo University 



Medical Microbiology/ 
Microbial pathogenesis 

Microbiome  
Research 

Microbial 
Ecology/ 

Genomics/ 
Bioinformatics 

13 April 2016 BVA 2016 



  The human microbiome 
  The human microbiome and microbiome variations 
  What is the microbiome like? How to best describe it/model it? 

  Decoding the human microbiome 
  Problems / bottlenecks 
  New tools  applications 

  Human microbiome in health, disease, and therapy 
  Host’s health and disease state 
  Drugs (systems pharmacology) 

  What next? Future directions 
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  Marwa ElRakaiby 
  Moamen ElMasry 
  Soha Gamal-Eldin 

& Collaborators: 
  Rob Edwards 
  Mya Breitbart 
  Bas Dutilh, Utrecht 
  Jack Gilbert, ANL 
  Jarrad Marcel, ANL 
  Janet Johnson, PNNL 

  Rania Siam, AUC 
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Ali ElBehery Sherry Aziz AbdelRahman Aly 



How it all started? 
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  Higher-than-expected similarity between humans 
on the DNA level 

  Phenotypic differences are not fully explained by 
genotypic differences 

  What else could introduce variation? 
  regulation 
  epigenetics 
  microbiota (traditionally described as normal flora)  

attention towards the human microbiome 
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~1013 ~1014 

The Economist. Aug 2012 
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The microbiome cloud model 
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Microbiome cloud model... 
  Variations: 

  Inter-individual 
  Intra-individual 
▪  Spatial 
▪  Temporal 
▪  Developmental 
▪  Hormonal 
▪  Geographical 
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  We are inhabited by a cloud of gen(om)es  
coming mostly from microbes (and viruses)  
that we have been “domesticating”  
for long long time. 

  This cloud enriches our gene pool, 
which, unlike ours, is wrapped in uncertainty.  
That’s why the microbiome is exciting. 
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Developing or improving  
computational tools to  
overcome analysis bottlenecks 
 

? 
? 
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  Plasmids/ Transposons/ Insertion elements 
  Transposases: Jumping genes 

  They make assembly difficult 
  Raison d’être? 
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  Problem: 
  No marker gene (16S equivalent):  

no gene is conserved in all viruses 
  Highly mosaic genomes 

  Metrics are still being developed… 
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Incomplete faulty assembly 

Seq. errors 

- complete 
- accurate 

BVA 2016 

Credit: Andrew Kropinski Credit: Bas Dutilh 
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Incomplete faulty assembly 

Seq. errors 

- complete 
- accurate 

Credit: Andrew Kropinski Credit: Bas Dutilh 



  crAssphage 
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Nat Commun. 2014 Jul 24;5:4498. 



  Resistome =  
complete set of 
antibiotic  
resistance-encoding 
genes or resistance-
generating 
mutations 

  Many efforts in 
literature but also 
many erroneous 
results… 
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A. Reyes et al.  Viruses in the 
faecal microbiota of monozygotic 
twins and their mothers. Nature. 
2010 Jul 15;466(7304):334-8. 



  The microbiome topic is 
certainly trendy now;  

  But, the interest & debate 
are > 100 yr old 

An idea of the truly enormous daily 
bacterial proliferation which takes place 
in the intestinal tract may be obtained if 
one remembers that a considerable 
portion of the fecal mass is made up 
of the bodies of bacteria, dead and 
living. At the same time the 
multiplicity of types and variety of 
physiological requirements of this 
intestinal flora are indications of the 
excellence of the incubator and a strong 
reminder of the influence which the 
unrestrained activity of these 
organisms might conceivably exercise 
upon the general condition of the 
host." (p. 499)	
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  The microbiome topic is 
certainly trendy now;  

  But, the interest & debate 
are > 100 yr old 

Dr. Theobald Smith1 has stated 
the case admirably in the following 
terms: 'It is what bacteria do 
rather than what they are that 
commands attention, since our 
interest centers in the host rather 
than in the parasite.'	



1 Theobald Smith: Some Problems 
in the Life-history of Pathogenic 
Microörganisms, Amer. Med., viii, pp.
711-718, 1904." (p. 500-501)	
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  Decoding the microbiome is an art and science:  
  Using computational resources is appealing but error prone.  
  Human expertise is indispensible but slow. 
  Combining human expertise and computer propagation is priceless 

(e.g., RAST, resistome analysis)! 
  Thinking outside the “one microbiome box”  e.g., crAss 

  A good question is half the way to the answer: 
  Defining the question helps selecting the tool and strategy. 
  Cataloguing species is tempting; but with function-related questions, 

there’s no way around analyzing genes and pathways. 
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 The interaction between a host and its 
associated microbiota mostly plays a 
beneficial role in one’s health. 

 The microbiota has a valuable role 
during normal homeostasis, modifying 
the host's immune system and 
prompting host development and 
physiology. 

 Any disruption of this homeostatic 
coexistence leads to dysbiosis, which 
has been powerfully associated with 
human disease. 

Source: Pflughoeft, K.J. and J. Versalovic. Annu. Rev. Pathol. Mech. Dis. 2012. 7:99–122 
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Germ-free mice need more food to take in 
enough calories because they are less 
efficient at assimilating food. Even though 
they eat less, normal mice have 40% more 
body fat than germ-free mice 

Transferring bacteria from normal to germ-
free mouse restores its ability to assimilate 
food, and increases its body fat  
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Ley, R.E. et al.. (2005). Obesity alters gut microbial ecology. PNAS USA. 102: 11070-11075. 
Turnbaugh, et al. (2006). An obesity-associated gut microbiome with increased capacity for energy harvest. Nature. 444: 1027-1131. 
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ElRakaiby et al.  
OJIB 2014 
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Bacterial communities in eye swabs from the two eyes of 18 patients + 2 controls 

Analysis: Moamen elMasry 



1. Microbiome = clouds of microbes, their genomes, 
viruses, plasmids, mobile elements, etc. with 
different levels of variability. 

2. What they do is not always correlated with 
who they are. 

3. Microbes play major functions that affect health, 
disease, and nutrition. 

Last, but not least, how about their effect  
on pharmacotherapy (drugs)? 
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PharmacoMicrobiomics 
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The microbiome cloud model 
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Saad et al. Gut Pathogens 2013 
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Digoxin 

Acetaminophen 

EROD + 
GSTA  – 
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ElRakaiby et al. OJIB 2014 
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http://pharmacomicrobiomics.org 



13 April 2016 BVA 2016 

http://pharmacomicrobiomics.org 



13 April 2016 BVA 2016 

http://pharmacomicrobiomics.org 
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  3-year performance assessment 
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PharmacoMicrobiomics 



IN VITRO/ IN VIVO 

  Pharmacomicrobiomics of 
Voriconazole in cancer patients 

  Azodye degraders from skin and 
gut 

  Nasal microbiota competition 
with Staphylococcus aureus 

  How bacterial pathogens react 
to sugars of the gut environment 
(rhamnose, fucose, etc.) 

IN SILICO 

  Azo-reducatases and dye 
peroxidase mining tools 

  Beta glucuronidase data mining 
tools 
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  Our cells are surrounded by a microbiome cloud 
that interacts with us and affects our health, 
disease, nutrition, and therapy. 

  Decoding this microbiome cloud is not easy and is 
sometimes challenging. 

  The future of “our” biology is eternally connected to 
those intimate strangers. We have a common 
destiny! 
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