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Introduction

Crude oil

@ Alkanes

Saturated hydrocarbons

H2C _CHz
cyclopentane

Alkanes are the major components
of crude oil and the most abundant
and available carbon and energy
sources in reservoirs.
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Introduction

0 Microbial degradation of crude oil in reservoirs

\ 4

Crude oil —> Heavy oil

Increase the oil viscosity
Amount of sulfur
Acidity
¥
Worldwide problem for petroleum industry
recovering and refining difficult and costly



http://www.biomedcentral.com/1471-2180/9/60/figure/F1?highres=y
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Introduction

0 Microbial degradation of crude oil in reservoirs

Effects on the composition and physical properties of crude oil are
well-known

Limited knowledge is due to the use of

Culture — based methods

S

* Access only a small part of microbial communities 2t 2

)

* Continuous isolation of the same species
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Introduction

0 Pathways for aerobic and anaerobic bacterial

alkane degradation

Long-chain n-alkane

"""""" R Anaerobic routes

ey Several bacterial strains can degrade alkanes using enzyme PN
alkana q : -
systems that have still not been characterized and that may

include new proteins not related to those currently known
(Rojo, 2009).

Ketone Aldehyde ", Acyl-CoA
Baeyer-\Villiger Aldehyde g o
manooxygenase l dehydrogenase ) [-oxidation
Ester Carboxylic acid
| of Fadﬂgc?;y:-caﬂ Acyl-CoA
re se
Eslerase synthetase
Acyl-CoA
1 p-axidation
Wentzel et al. (2007). Appl Microbiol Biotechnol 76: 1209-1221
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Introduction

0 Metagenomic approach

*Culture independent method which allows the
access to the metabolic potential of previosly
uncultured microorganisms

* In petroleum environments would allow the access
to new genes or complete metabolic pathways
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Introduction

Contents lists available at ScienceDirect

Organic Geochemistry

ELSEVIER journal homepage: www.elsevier.com/locate/orggeochem

Screening for hydrocarbon biodegraders in a metagenomic clone library
derived from Brazilian petroleum reservoirs

Suzan Pantaroto de Vasconcellos 2, Célio Fernando Figueiredo Angolini®, Isabel Natalia Sierra Garcia?,
Bruna Martins Dellagnezze 2, Cynthia Canedo da Silva?, Anita Jocelyne Marsaioli ®,
Eugenio Vaz dos Santos Neto®, Valéria Maia de Oliveira®*

Metagenomic fosmid library constructed
31.000 clones
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isolate genamic End-repair Ligate Package
DNA ~40 kb ~40 kb DNA lambda phage)

Fosmid 45 Kb
Cloning-Ready Copy Control pCC2FOS (EPICENTRE)

FOS1A 91%
High hexadecane

5.000 clones screened for degradation rate

Petroleum sample collected at

the Potiguar Basin in Brazil

hexadecane degradation
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Introdution

|

1 clone:FOS1A
Hexadecane degradation = 91%

Identification of metagenomic

sequences responsible for the observed
hydrocarbon degradation

|
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Methodology and Results

Fosmidial clone
FOS1A

Random shotgun

library construction

N
N

Data analysis

Assembly and gene
chracterization
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Methodology and Results

Random shotgun
library construction
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Methodology and Results

0 Shotgun library construction

Clone FOS1A [

Fosmid 40kb

-
TP
7 N
—
(¢ )
S -

Ligation with pBluescript
KS+ and Electroporation

into E. coli DH10B
,,,,,,, 7

[ [pBluescript 11 SK (+) e
|pBluescrip +
‘\ \ 30kb sact

m

|
pUC ori
:

Fosmid
DNA isolation

604 clones ranging from 600 —
1600bp from a 40kb fosmid
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Materials and methods

Origin of the metagenomic
library

Fosmidial clone
FOS1A

A4

Random shotgun
library construction

¥

Data analysis
Assembly and gene
chracterization
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Methodology and Results

Sanger sequencing

M 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

-

604 clones

PCR testec

Sequencing
MegaBace 500 System

304 clones
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Methodology and Results

Origin of the metagenomic
library

Fosmidial clone
FOS1A

A4

Random shotgun
library construction

¥

Data analysis
Assembly and gene
chracterization
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Methodology and Results

Data analysis

Assembly and gene
chracterization
|

B 0l o s i Local BLAST (blastn, blastx)
il | Genebank Database

C o c ¢aGICaTICE

N\
{
|

A A A 1 \ f\
4 thonmall A ‘-“‘ L {0 K 1 [l (M AUWA AN A ‘“‘\'\
PSRRI R o o )

AGGGATGGACGTNGAGCTCCAAGAAAGGAAA AATGGGG TGNACACCATGGGATTGGATACGTGGGACCAG -
QUCCATGAAGTGAAGGAGACTAATGAACAGAACTTCTCAAAATAGOCACTGAACTTTTACTTACAGARAG E_Va | u e : < 10 5
AGCTTATGTCAGOOGGCTOGACCTOCTAGATCAGGTATTTTATTGCAAACTATTAGAAGAAGCAAACOGA

GGCTCATTTCCTGCAGAGATGGTGAATAAM TCTTTTCTAACATT TCATCAATAAATGCCTTCCATAGTA

S R e Identity > 80%
T, - Alignment length > 100bp
Phred/Phrad/Consed

Vector and contamination
screening and removal

Open reading frame ORF
Genemark

Quality trimming NCBI, SwissProt, and EMBL
Assembly
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0 Assembly

Assembly statistics

Total length 47505 bp
#Clusters 100
#Contigs 24

- ‘Aligned Reads (on b br) ) Consed Main Window (on bioi 1 br) [-J[g)(x]
File Mavigate Info Color Din Hisc File MNavigate Info Options Help

clear ISeq_FDSIHNaPhrad‘Fasta‘snraen.a:a.l

Search for String| Undo Edit...| Print Quit Consed

B fssenbly View| Add Hew Reads| Digests| Renove Reads| Hiniassenbly|

# S i n g I et S 7 6 | S6q_FOS1AxaPhred. fasta, soreen.ace. 1 | Contig23

Search for String| Conpl Cont| Conpare Cont| Find Main Hin| Err/10kb:

Single Click and then Click 0K or
Double Click to Select Contig

Mean contig size 1058 bp

Contig List
[GEA*GEGARCGARACAGTCLGLARARX THCTCCCATTATCGTAGAGATCLGCATTATTARTC TCAGGAGLE ™

Contigl6 {10 reads, 1146 bps)
| Contigl? {11 reads, 1411 bps)
. . lzaa*zogRacgaa b 8 (12 reads, 1591 )

La r est Co ntl 1774 b . EQQ*EEEAAEEARREAETEEEEAAﬁﬁ*T*ETEEEQTTATEETREQEQTEEEEATTRTTHQTETEQEEAEEE Contigld {19 roads, 2523 bo)
A [ GEESEERERE TCCCATTAEEET AGREATCCGCEETAT TAATCTCAGGAGCE. Contig20 {20 reads, 2033 bped

[GHA*GEGARCGARACAGTCGGGAAAARTHCTECCATTATCGTAGAGATCCGCATTAT TARTETCAGGAGEL” -

5+ GCGAAC GARACABTCEEEARAAK THCTCCCAT TATCGTAGAGATCCGCATTAT TAATC TCAGGAGLL” Ez::i:g; (oo roades 02 ::z;

Contig23 {90 reads, 6038 bps)
You may type full contig name:

Read List

N50: 700 22 contigs

End_sequence_FOS_1A_400ng.abd  Contigl (1676 bps fron -284 to 1
End_sequence_F0S_1A_500ng,abd  Contigl (*1712 bps fron -265 to i«
FOS1AC13B2_M13F.abd  ContigP2 {*966 bps fron 3100 to 3987 )
FO51AC13B3_H13F.abd  Contig?l {881 bps from 2193 to 3046 )
FOS1AC13B4_M13F,abd  Contig23 (856 bps from 4529 to 5359 )
FOS1AC13B8_H13F.abd  Contig23 {928 bps fron 4811 to 5667 )
FOS1ACI3C11_M13F.abd  Contig22 ¢~939 bps from 4251 to 5138 »
FOS1ACI3D11_H13F.abd  Contig23 (849 bps fron 5430 to 6213 )

Find reads containing (*'s alloued): |1 Clear
Find 1st read starting with: i
_Shou Contig |
T ————————_________ ] Shou Contig | Close ALL Windous
<<<| <¢| <| Prev| Mewt| > >>| 33| cursor disniss
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Methodology and Results

0 Assembly

Contig 35

Alcohol dehydrogenase Thavera sp. MZ1T  YP_002355505.1]|
zinc-binding domain

protein

Contig 39 614 2 Succinate-semialdehyde™\ 73.7% Bradyrhizobium NP_770638.1|
dehydrogenase japonicum USDA
[NADP+] 110
Contig 11 1190 5 flavoprotein 54.4% Azoarcus sp. BH72 ~ YP_935028.1|
Contig 44 882 2 uroporphyrinogen 73.3% Aromatoleum YP_158609.1 |
decarboxylase aromaticum EbN1
Contig 25 1774 13 putative Orn/Arg/Lys 78.5% Azoarcus sp. BH72  YP_934701.1|
decarboxylase
Contig 46 431 2 Orn/Arg/Lys 63.2% Azoarcus sp. BH72 YP_934701.1|
decarboxylase
Contig 3 1365 8 glycosyltransferase, 53.9% Thiobacillus YP_315294.1|
group 2 family protein denitrificans ATCC

25259
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0 Alcohol dehydrogenases (ADHs)

Catalyzes the oxidation of alcohols to aldehydes,
is widely present in all organisms

In the context of alkane biodegradation, ADH catalyzes the
second reaction step of the oxidation pathway

| Long-chain n-alkane |

Aerobic routes e L Anaerobic routes

Addition

Subterminal Alma, T pAHs | Cytochrome . Carboxylation - o fofumarate, o
alkane others .+ -, ' atC-3position - ¥ C_skeleton :
mongoxygenase P 7?7 4a v rearrangement ¥
Secondary alcohol | | Primary alcohol : | Carboxylic acid |
Alcohol o Fatty aldehyde Alcohol N - : Acyl-CoA
dehydrogenase reductase hydroge: . ‘, synthetase
Ketone ‘ | Aldehyde ‘ " | Acyl-CoA l
Baeyer-Villiger Aldehyde ‘. idation
monooxygenase l / dehydrogenase B 18
Ester | | [ Carboxylic acid |
| ad Fatty acyl-CoA 1 Acyl-CoA
reductase
Esterase synthetase
Acyl-CoA l

l B-oxidation
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Methodology and Results

0 Aldehyde dehydrogenases (ADLHSs)
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Conclusions

@ Metagenomic approach have allowed the access to potential
new sequences involved with hydrocarbon biodegradation

@ Complete sequencing of the shotgun library may improve the
assembly and may allow a complete coverage for the
metagenomic fosmid responsible for hydrocarbon degradation
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Conclusions

@ Accessing new catabolic properties from such a hostile
environment may represent an interesting source for
biotechnological use in bioremediation

@ For the first time in Brazil, gene sequences responsible for the
degradation processes in oil reservoirs are being identified from
microbial metagenomic data
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