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GCBG-­‐CEBio	
  @	
  FIOCRUZ-­‐Minas

Biotecnology
Academic projects 
R&D with industry

Synthetic Biology

Genomics and Bioinformatics
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Schistosomiasis

ü 200 million infected	
  

ü Over 200 thousand deaths/year
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The	
  Schistosoma	
  mansoni
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Schistosomiasis

Control

- No vaccine 
- One drug 
- Resistance?
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Making	
  use	
  of	
  the	
  genome

Berriman et al., Nature, 2009 
Protasio et al., PLoS NTD, 2012 

Young et al., Nature Genetics 2012

Genomic features S. mansoni S. haematobium S. japonicum

Sequencing Methods WGS WGA WGS

Genome size (Mb) 381 385 403

Repetitive elements (%) 45 47,2 40,1

GC content (%) 34,7 34,3 33.5

% coding genome 4,72 4,43 4,32

Number of predicted genes 10.852 13.073 13.469

Gene lenght (average) 13.397 11.952 10.003

Exon number per gene (average) 6,2 5,4 5,3

Exons lenght (average) 218 246 223

Intron lenght (average) 2.331 2.442 2.058
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  use	
  of	
  the	
  genome

Berriman et al., Nature, 2009 
Protasio et al., PLoS NTD, 2012 

Young et al., Nature Genetics 2012
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Data	
  integraton:	
  SchistoDB

Zerlotini et al., NAR, 2009 
Zerlotini et al., NAR 2012
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SchistoDB	
  3.0

www.schistodb.net

http://www.schistodb.net
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SchistoDB	
  access

180,000	
  visits



Genomics and Computational Biology GroupGenomics and Computational Biology Group
Gene	
  annotaIon

Silva et al.,  BMC Genomics, 2012

• >40%	
  without	
  annotaIon	
  
• similarity	
  based	
  annotaIon
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Gene	
  annotaIon

Silva et al.,  PLoS NTD, 2012.
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Gene	
  annotaIon

Silva et al.,  PLoS NTD, 2012.

• 11,763 S. mansoni proteins 
• 7,964 phylogenetic trees 
• 70% of the proteome 
• 3,038 unknowns 
• Expansions 

• Tetraspanins, Fucosyltransferases 
• Venom allergen-like proteins tegumental-

allergen-like proteins (SmTAL), leishmanolysins 
• elastases
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Target	
  idenIficaIon

• Metabolic	
  pathways	
  
• The	
  kinome	
  
• HMEs	
  
• AnIgen	
  characterizaIon
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Metabolic	
  pathways

Berriman et al., Nature 2009 
Zerlotini et al., NAR, 2009

SchistoDB.net

Annotated genome 

Pathway and genome 
database 

Genes/ORFs 

Gene products 

DNA sequences 

Reactions 

Metabolic path. 

Compounds 

Reference 
database 
(MetaCyc) 

PathoLogic 
Software 

Integrates genomic 
data and pathway for 
the description of the 
metabolic networks 

Genomic map 

Genes 

Gene 
products 

Reactions 

Metabolic path. 

Compounds 
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Metabolic	
  pathways

Berriman et al., Nature 2009 
Zerlotini et al., NAR, 2009

SchistoCyc

SchistoDB.net
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Metabolic	
  pathways

Berriman et al., Nature 2009 
Zerlotini et al., NAR, 2009

SchistoDB.net

Asparagine	
  biosynthesis	
  III	
  
Betacyanin	
  biosynthesis	
  (via	
  dopamine)	
  
Chorismate	
  biosynthesis	
  
De	
  novo	
  biosynthesis	
  of	
  pyrimidine	
  deoxyribonucleoIdes	
  
DegradaIon	
  to	
  2-­‐amino-­‐3-­‐carboxymuconate	
  semialdehyde	
  
Fa[y	
  acid	
  biosynthesis	
  iniIal	
  stps	
  I	
  
Folate	
  transformaIons	
  
Formy	
  lTHF	
  biosynthesis	
  I	
  
Glutamate	
  biosynthesis	
  I	
  
Glutamine	
  degradaIon	
  II	
  
Glycine	
  cleavage	
  complex	
  
Glycogen	
  biosynthesis	
  II	
  (from	
  UDP-­‐D-­‐Glucose)	
  
PolyglutamylaIon	
  
Lipoate	
  biosynthesis	
  and	
  incorporaIon	
  I	
  
Mannosyl-­‐chito-­‐dolichol	
  biosynthesys	
  dolichyl-­‐
diphosphooligosaccharide	
  biosynthesisc	
  
Phenylethanol	
  biosynthesis	
  
UDP-­‐N-­‐acetyl-­‐D-­‐glucosamine	
  biosynthesis	
  I

Responsible	
  for	
  floral	
  scent	
  in	
  roses!	
  
Used	
  in	
  insects	
  for	
  chemical	
  communicaIon.	
  
Cancer	
  treatment.
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Chokepoint	
  analysis
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Drug	
  reposiIoning

• Fosfofrutoquinase	
  
• HMG-­‐CoA	
  Redutase	
  
• L-­‐Dopa	
  descarboxilase	
  
• Quinureninase

ClassificaIon Number %	
  total

Genes 13.302 0,0456

Enzymes 112 0,0084

Targets	
  (literature) 4 0,0003

Targets	
  (EC	
  #) 8 0,0006

Compound Dose	
  
mg/Kg

%	
  reducIon

Alopurinol 300 30,50

Metotrexate 20 35,67

PravastaIne 65 10,35

Trimetropime 25 0,23

PZQ 200 35%

Control 0 0
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The	
  ePKinome

Andrade et al., BMC Genomics 2011 
Avelar et al. J. Signal Trans. 2011

HMM 
Hidden Markov Model 

 

HMMER software 
Predicted S. mansoni proteome 

Functional annotation 
Sequence similarity 

 
 

InterProScan 
RPS Blast 

Alignment of the kinase domain 

 

68 proteins 

Mafft 

 

S.#Mansoni##
ePKinome#

!!!Functional annotation 
Phylogenetic inference 

 
 

 
PHYLIP, V 3.69 (different programs).  

Accessory domain 
analysis 

 
Pfam 

H. sapiens, M. musculus, S. cerevisiae, 
C. elegans, D. melanogaster 
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ePKinome

Andrade et al., BMC Genomics 2011 
LoVerde et al. Curr Op Microbiol, 2009 

Andrade et al., PLoS NTD, submitted

Embryonic 
Lethal!
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JNK	
  and	
  ERK
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JNK	
  and	
  ERK

Control

RNAi ERK

Control

RNAi JNK
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p38

!

!

!

!

SB	
  203580	
  Knockdown
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p38

!

!

!
Regulation of response to oxidative stress
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The	
  SETtReND	
  project

h[p://se[rend.cebio.org•Identify HMEs  
•RNAi 
•Test inhibitors

 
Catalytically  
Active HMEs 
3D structure 
(SmHDAC8) 

 

 
Characterization 
of HMEs in silico, 

RACE-PCR 
 

 
Validation of  

targets 
RNAi 

 

HT Screen 
Fragment-based 

Screen: 
Lead to  

candidate 

 
In silico screen 

Modelling 
Lead to  

candidate 
 

 
In vitro, 

In vivo testing 
Larvae, adults 

 
 

Gene  
Expression 
Signatures 

 

Enzyme Leads 

Structures 

Leads 

Ray Pierce

HME$family$
candidates$

Alignment$of$
conserved$regions$

HMM$

Phylogene8c$analysis$
• PhyML$

Manual$annota8on$
• Artemis$

Domain$analysis$

Pierce et al., Curr Pharm Des 2012
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RNAi

In vitro 
transformation 

Neves, 2003  

qPCR 

Marek et al., PLoS Pathogens 2013
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New	
  compounds

Marek et al., PLoS Pathogens 2013
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A-­‐PARADDISE
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AnIgen	
  Search

Ribeiro PLoS NTD, 2014
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AnIgen	
  Search

Ribeiro PLoS NTD, 2014
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AnIgen	
  Search

Gaze, PLoS Pathogens, 2014

215 proteins
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