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• Soil microorganisms

 Source for the production of natural compounds with biological activity

 actinobacteria, Bacillus spp., Pseudomonas spp., etc.

• Majority of biotechnological products available

 Isolation and screening of microorganisms and plants

 Applications : medical, industrial and agricultural areas

• High rate of “rediscovery” of new products

 Screening of culturable microorganisms

 Continuous sampling of the same environments

Bioprospection: technology versus nature
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Trends in bioprospection

• New approaches in the search of microbial products

 New environments

 Endophytic microorganisms, marine, polluted and extreme 
environments

 New strategies

 New methods for selective isolation

 Cultivation-independet methods: “metagenomics”

New bioactive 

compounds
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Why Metagenomics?

• Allow the access to the metabolic diversity of uncultured
microorganisms (the unseen majority)

4Daniel, R., 2004, Current Opinion in Biotechnology 15:199–204.



5

Metagenome sequencing of
extreme environments

40/119!!
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Functional Metagenomics
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Novel enzymes ????

Petroleum industry



Screening of phenol degrading activity in microbial 

metagenome from petroleum refinery wastewater

Cynthia Canêdo da Silva  & Valéria Maia de Oliveira

Petroleum refinery

(Brazil)

Membrane Bioreactor + 
high phenolic load

(68.5 mg phenol/ 30 days)

Phenol batch 
enrichment (1000 mg

phenol/30 days) 

or

Screening (phenol
degradation)

Fosmid extraction
Large Construct Kit 

(Qiagen)

Pyrosequencing FLX Titanium libraryEmulsion PCR

Bioinformatics (phylogenetic
and functional diversity)
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Screening by PCR  
phenol hydroxylase large subunit gene (LmPHs)
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13,200 clones 

MBR – 10,000 clones 

BAT - 3,200 clones

1st PCR: pools with 10 clones

2nd PCR: individual clones of 

positive pools (identification of 

positive clones  in each pool)

Sequence-based 

screening

1- MBR  library - 10 positive clones

2- BAT library - 11 positive clones

 Positive control:  Acidovorax sp. 

isolated from the enrichment after 

acclimation

Results:



13,200 clones 

MBR – 10,000 clones 

BAT - 3,200 clones
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Functional Screening: colorimetric assay

 chromatographic assays will be performed (quantitation and identification of 

subproducts)

1- MBR libray - 211 positive clones

2- BAT library - 202 positive clones

Mineral medium + 0.02% 

phenol (microplate assay)

Thiazolyl blue  [3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium 

bromide] (1h / 37ºC): 

detection of clones able to grow on phenol 

as sole carbon source (violet color)

48 h /37ºC

Activity-based 

screening
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Positive clones for 
phenol degradation

New genes related to phenol degradation in metagenomic 

libraries derived from petroleum refinery sludge

Cynthia C. Silva, Tim Sawbridge, Helen Hayden, Maira P. Souza, Ana P.R. Torres,

Vânia M.J. Santiago & Valéria M. Oliveira (in preparation)

454 RUN DATA
129,635 reads

341 contigs (>1000 bp)

Fosmid DNA 

pool

 
 

MG-RAST – Metabolic profile



13

contig-581 (gene 2)

contig-579 (gene 2)

Phenol hydroxylase P3 [Azoarcus sp. BH72] (YP_933945)

methane/phenol/toluene hydroxylase [Thauera sp. MZ1T] (YP_002890087)

contig-20 (gene 17)

methane/phenol/toluene hydroxylase [Burkholderia vietnamiensis G4] (YP_001110001)

contig-74 (gene 1)

Phenol hydroxylase P3 [Pseudomonas sp. CF600](P19732)

methane/phenol/toluene hydroxylase [Pseudomonas putida GB-1] (YP_001669536)

contig-6 (gene 1)

Phenol hydroxylase P1 [Pseudomonas sp. CF600](P19730)

100

99

91

97

67

85

58

66

0.2

Phenol hydroxylase Sub 3

Contig-530 (gene 1)

Contig-36 (gene 1)

Contig-20 (gene 18)

Contig-579 (gene 1)

Contig-581 (gene 1)

Phenol hydroxylase P1 [Azoarcus sp. BH72] (YP_933947)

Phenol hydroxylase P1 [Pseudomonas sp. CF600] (P19730)

Contig-74 (gene 2)

Phenol hydroxylase P1 [Acinetobacter calcoaceticus] )(Q7WTJ6.3)

Phenol hydroxylase P1 [Acinetobacter radioresistens SK82] (EET83667)

Phenol hydroxylase subunit P3 [Azoarcus sp. BH72] (YP_933945)

100

100

100

94

99

75

59

0.2
Phenol hydroxylase Sub 1

Catechol 2,3 dioxygenase [Thauera sp. MZ1T] (YP_002890083)

contig-581 (gene 4)

contig-579 (gene 4)

contig-79 (gene 2)

contig-80 (gene 2)

contig-20 (gene 15)

catechol 2,3-dioxygenase  [Pseudomonas sp.] (JE0127)

Catechol 2,3-dioxygenase [Pseudomonas putida] (Q04285)

Catechol 2,3-dioxygenase [Pseudomonas putida] (P08127)

Naphthalene dioxygenase [Pseudomonas sp. 30-2] (AAK56793)

100

90

100

88

100

78

0.2

Cathecol 2,3-dioxygenase
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Future work

Chromatographic analyses to select the best performing clones 
for phenol degradation;  

 Evaluation of the ability of metagenomic clones to degrade 
other phenol derivatives;

 Genetic characterization of positive fosmids able to phenol
degradation (new genes or pathways?);



Metagenomic studies of microbial community in petroleum samples 
and investigation of  its biocatalytic potential

Suzan Pantaroto de Vasconcellos  & Valéria Maia de Oliveira
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Biodegradation
assays (GC-MS)

Functional screening  for 
hydrocarbon 

degradation (HTS)

Construction of a fosmid library

Petroleum sample 
(Potiguar Basin , RN)

Aerobic and anaerobic 
bacterial enrichments



2010
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 Metagenomic library (aerobic + anaerobic enrichment of biodegraded oil + 

hexadecane as carbon source):  31,000 clones

Vasconcellos et al., 2010
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Assay for hexadecane degradation:

• microplates (colorimetric assay): 72 positive hits among 5,000 clones evaluated

• chromatographic analyses: 1 positive pool (9 clones) in 8 pools evaluated

• Pool CO8 – 5 clones were able to degrade hexadecane (>70%)

Vasconcellos et al., 2010



 Aerobic and anaerobic
bacterial enrichments

 Diversity analysis (16S rDNA
libraries)

 6 bacterial phyla detected

―Anaerobic enrichment (N = 91)

―Aerobic enrichment (N = 96)
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Vasconcellos et al., 2010



Functional Screening: 
lipases and proteases 

 Lipases: screening of 5,000 clones in plate assays with tributyrin

Proteases: screening of 7,800 clones in plate assays with skin milk

 20 positive hits for protease

28 positive hits for lipase

(a) (b)

Results:
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3 clones = higher than 85% 
tributyrin conversion



Structural characterization of genes encoding hydrocarbon 
degradation activity in microbial metagenome derived from 

petroleum reservoirs

Isabel Natalia Sierra Garcia & Valéria Maia de Oliveira 
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Positive fosmid clones 
(HC degradation)

Sequencing and
Data analysis

Assembly and gene 
chracterization

Random shotgun library
construction



HTS assays
(Vasconcellos et al., 2010)

Clones (CO8) Phenanthrene

degradation

10A 49%

1A 5%

6G 15%

3B 21%

2B 44%

Biodegradation evaluation of
metagenomic clones

Clones (CO8) Hexadecane

degradation

10A 86%

1A 91%

6G 92%

3B 70%

2B 98%

1 pool: C08
58% hexadecane degradation

9 clones: 5 clones > 70% 
hexadecane degradation
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Sequencing of shotgun library (clone 1A) 

604 clones

1500

1000

750

Amplicons of shotgun clones derived from fosmid 1A with primers
M13F e M13R.

PCR 
M13F e M13R

304 clones
already sequenced
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General statistics

#Clusters 100

#Contigs 24

#singlets 76

Total length 47088

Mean contig size 1774

N50: 700 22 contigs



Sequencing of shotgun library (clone 1A)
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Contig Contig size
(bp) 

Number of 
sequences in 

Contig

Top BLASTX hit Identity (%) Organism type Target Accesion

Contig 39 614 2 succinate-semialdehyde
dehydrogenase [NADP+] 

73.7%  Bradyrhizobium
japonicum USDA 110 

NP_770638.1| 

Contig 35 990 5 Alcohol dehydrogenase
zinc-binding domain

protein

76.8% Thauera sp. MZ1T YP_002355505.1| 

Contig 11 1190 5 flavoprotein 54.4%  Azoarcus sp. BH72 YP_935028.1| 

Contig 44 882 2 uroporphyrinogen
decarboxylase

73.3% Aromatoleum
aromaticum EbN1

YP_158609.1|

Contig 25 1774 13 putative Orn/Arg/Lys
decarboxylase

78.5% Azoarcus sp. BH72 YP_934701.1|

Contig 46 431 2 Orn/Arg/Lys 
decarboxylase 

63.2%  Azoarcus sp. BH72 YP_934701.1| 

Contig 3 1365 8 glycosyltransferase, 
group 2 family protein 

53.9%  Thiobacillus
denitrificans ATCC 

25259 

YP_315294.1| 



Future work and Comments
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 Sequencing of additional clones derived from fosmid 1A is being conducted
in order to achieve the complete coverage of the insert (~40 kb) responsible
for hexadecane degradation (92%)

 Shotgun cloning and complete sequencing of fosmid 2B, able to degrade
hexadecane (98%) and phenanthrene (44%), are also being carried out

 Genetic sequences responsible for oil degradation processes in Brazilian
reservoirs are being for the first time identified by means of the metagenome
approach

Results reinforce the huge potential of metagenomics for bioprospecting
hydrocarbon degradation genes from extreme environments
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http://www.fapesp.br/index.php
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