Extremofilos: Ecologia e Aplicagdes Biotecnologicas

Um olhar de bioprospecc¢ao para Caatinga:
Singular Bioma Brasileiro

Suikinai Nobre Santos
suikinai@gmail.com




Irregular rainfall;
Long periods of drought;

Low hydric in rivers and lakes
High temperature: 45 °C
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Metabolism” of Earth’s vegetation
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Net Radiation
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Land Surface Temperature




Caatinga of the semiarid regions: Rainy and dry season




Caatinga “White forest:
Extremophile area in Brazil
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National Aeronautics and Spece Administration

Global Nutrient Limitation
In Terrestrial Vegetation

NASA has determined the limits to vegetation

growth from soil nutrients availability

(JPL) calculated maximum possible

vegetation productivity—as determined

by available water and light—then cross-

compared that theoretical maximum with v
observed vegstation productivity. Where s
actual vegetation productivity was less than

the theoretical maximum, the researchers

found vegetation was nutrient imited, after

accounting for disturbance

N
N
Using 19 years of remote sensing data, f
res ht led by Dr. Josh Fish:
a research team led by Dr. Jo isher %
)
&

The global study detacted

large scale nutrient gradients—
an East - West gradient across
Amazonia, fertilization differanc.
es between ‘daveloped’ and
‘developing’ countries, tres line
migration boundarnes in boraal
North America. and distinctions
balween biomes such as forests,
savannas, and grasslands

Y -G - -

N\

Globally, nutnient limitation
reduces piant growth by
16-28%, on average,

The nutrient limitation maps
icantly advance global carbon
and climate models, which

to charactenze the role of
cling In limiting the ability
ostrial blosphere to take

@ carbon cycle @ water cyol @ nutrient cycle

sesesnsnes OO0
proagn i ennancad or imitnd by e amounts of nutnents in He se

WWW.nasp.gov

3 a 4 meses de chuvas;

Floresta de caatinga

Joshua B. Fisher | Jet Propulsion Laboratory & Galifornia institute of Techr
Grayson Badgley ford Uni
Eleanor Blyth | UK Canfre for Ecology & Hyd

< Disponibilidade de nutriente

- < Oferta de materia organica;

- Ciclagem limitada na época chuvosa

< Disponibilidade de agua




Global map depicting the percentage that vegetation growth is limited by available
soil nutrients, with O representing no nutrient limitation, and 100 being completely
nutrient limited. Image credit: NASA/JPL-Caltech, Jun, 2017.




Estratégias:

RADIORESISTENTES

HALOEILICOS.... \ |/




Aplicacdes Biotecnologicas

e Celulases: Endoglucanases e B-  Alcool desidrogenase (sintese quimica)
glucosidades * Xilanases (papel bleaching)

* Esterases e lipases * Bacteriorodopsina (Colirio)

* Pectinases * Compativeis soluveis (protecao contra

* Proteases e Lipases (Detergentes e « congelamento aquecimento)

produtos diarios) e Antibidticos

* Fosfatase . Pigmentos

* Aminopeptidases * Linhagens Promotoras de crescimentos

* lacases e Substitutos de agrotdxicos

e Peroxidases

e Surfactantes

 Polimeros

e Lipidios

* B- carotenos (industria de
alimentos)

* Nucleases E amilases



GENETIC AGRICULTURE

Biological Control

Transformed Replacement of Pesticides

into Replacement of Herbicides

mutants
OGM Growth promoters
Inoculants
Recovery areas
desertification
INDUSTRIAL

BIOTECHNOLOGY
Production of
biofuels Antibiotic
Production of
green plastics

N Antibidtics
Biopolymers Production

Pharmaceutical

cosmetics Pigment Production



Metabolims Primary

Concentragio

de penicilina

ou aglicar ou
nimero de células

scientific importance

Tempo . .
ecological importance

industrial importance

Secondary Metabolism

chemically diverse substances



Natural
Product

Bioprospecting



Sistema
de Coleta
de Amostras

Inventario da
Biodiversidade

Programa para

descoberta
Sistema Sistem_a : Novas Novas
de Preparo de Determinacdo Descobertas Tecnologias

de Extratos das Propriedades

Conhecimento
Basico

Conservacao da Desenvolvimento
Biodiversidade Regional

Oportunidades de Novos
Investimentos
Desenvolvimento Sustentavel
Elevacao do Padrao de Vida

Representacao esquematica dos procedimentos globais para bioprospec¢ao de produtos naturais

Novas
Empresas




Extremophiles
DO 10.1007/s00792-013-0588-7

ORIGINAL PAPER

Isolation and biological activities of an endophytic Mortierella
alpina strain from the Antarctic moss Schistidium antarctici

Itamar S. Melo - Suikinai N. Santos -
Luiz H. Rosa - Marcia M. Parma * Leonardo J. Silva -
Sonia C. N. Queiroz - Vivian H. Pellizari

9.0 4

Mycelial growth (cm)

TIME/ Hours

Pyrrolo [1,2-a] pyrazine -1,4-doine,
hexahydro - 3- (phenylmethyl).




HALOTOLERANT BACTERIA: isolated halotolerantes plants in the Brazilian
semiarid region: Promising production of ECTOINE

How Halophiles survive high
alt concentrations??

Ectoine



Symbiosis
DO 10,1007/513199.012.0218.7

Endophytic fungi from Combretum leprosum with potential
anticancer and antifungal activity

Suikinai Nobre Santos - Faustos Klabund Ferraris -
Ana Olivia de Souza - Maria das Gragas Henriques -
Itamar Soares Melo

Viabilidade (%)
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Metagenomica Funcional: Estratégia para acessar metagenoma do solo

por meio da construcao e screening de bibliotecas de DNA

Escolha de um metagenoma
Projetos Genoma l
Tradicionals
Descrever ambienle . Amostra
Pro; - : i
Me;g'geggzn?ca (coleta de metadados) T~ Auvaliar diversidade
\ l ~ +Andlises de riNA 165
\ e *Fingerprinting com T-RFLP
Baseados em sequéncia \\\ o EthﬂQiO e * Andiisos basoadas em hibridizagho
Baseados em fungdo - gt "\’ DNA/RNA
- \ l
Novas tecnologlas permitem \
0 sequenciamento sem
a construcao de bibliotecas Cflar biblioteca \\\\
l V — - \\‘h
Sequenciamento Avaliar funcao
Depésito e v
/ curadori% de : Expressio de genes
. - banco de em sistemas heterologos
Mm'fgem "’;;"n"e‘?' dados  \ ]
. Comparar I Detecgdo de clones positivos
otacao com outras 4
. - para a funcao de interesse
| comunidades | emmca . Bioinformatica |
SPIRCR0 e-Andlise Sequenciamento de clones
nciamen
de genomas elat s i
completos
\ /’
O QUE ELES

!
Dlagrana’ Complelo o UM OWANSTO s GRGANISMOS?  ESTAO FAZENDO?

raderido ¢ ateptado de: ARSEAACH COUNCL (U.S) COMMITTER ON METAGENOMICS: CUALLENGES AND FUNCTIONAL APPUCATIONS, 200



Samplng
colection of uncontaminated sampie material

DNA isolation
¢ % ORI Isolated metagenomic DNA
4 & &
Random ampiification (WG A) ‘% & rrononon Ao
and/or fragmentation & RN o
ORI LM
g
(eseF 45-&5\ M
Cbnind ' Direct HT
Cloning of DNA into BAC, fosmid or broad Specific ampiification sequencing
TR PCR-ampliication of 8.9. 165
TRNA gene
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Function-based screening Sequence-based analysis

Bioinformatic data mining
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Figura 1. Esquema da metodologia geral de estudo metagenomico. Fonte: Lewin et al. (2013).



Metagenoma de solos da caatinga_ MG_Rast

location start
_contig_1_35_1231
_contig_1_1762_1541
_contig_1_3174_1990
_contig_1_3364_3966
_contig_1_4168_4410

_contig_1_4471_5895
_contig_1_5892_7466
_contig_1_7661_8773
_contig_1_9599_8811
_contig_1_10300_9596
_contig_1_11342_10374
_contig_1_11970_11335
_contig_1_12298_13068
_contig_1_13102_13476
_contig_1_13607_13843
_contig_1_16557_13945
_contig_1_16487_17245
_contig_1_16740_17123
_contig_1_18362_18826
_contig_2_457_1803
_contig_2_1897_2502
_contig_2_3023_2499
_contig_2_3197_4408
_contig_3_195_49
_contig_3_232_1512
_contig_3_1663_4293
_contig_3_4290_4556
_contig_3_4817_4575
_contig_3_6414_5005
_contig_3_6869_6531
_contig_3_7101_8678
_contig_3_8783_8971
_contig_3_9073_9157
_contig_3_9202_10554
_contig_3_10716_11180
_contig_3_11177_11368
_contig_3_11563_12828
_contig_3_12995_14851
_contig_3_14820_15101
_contig_3_15098_16042
_contig_3_16479_16036

9599
10300
11342
11970
12298
13102
13607
16557
16487
16740
18362

457

1897

3023

3197

195
232

1663

4290

4817

6414

6869

7101

8783

9073

9202
10716
11177
11563
12995
14820
15098
16479
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function aliases figfam evidence_codes
hypothetical protein

hypothetical protein

hypothetical protein

Cation transport protein chaC

hypothetical protein

Nodulation protein noeA

Choline-sulfatase (EC 3.1.6.6) isu;Choline_and_Betaine_Uptake_and_Betaine_Biosynthesis
hypothetical protein

1-acyl-sn-glycerol-3-phosphate acyltransferase (EC 2.3.1.51)
YdcF-like protein

Cell division protein FtsX

Cell division transporter, ATP-binding protein FtsE (TC 3.A.5.1.1)
bll1389; hypothetical protein

Two-component response regulator

hypothetical protein

Hypothetical protein

Small Subunit Ribosomal RNA; ssuRNA; SSU rRNA
4-carboxymuconolactone decarboxylase (EC 4.1.1.44)
hypothetical protein

Type | secretion outer membrane protein, TolC precursor
MII1106 protein

hypothetical protein

I isu;Pyrene_degradation isu;Protocatechuate_branch_of_beta-ketoad

isu;Multidrug_Resistance_Efflux_Pumps

Valyl-tRNA synthetase (EC 6.1.1.9) idu(1);tRNA_aminoacylation,_Val
hypothetical protein
Valyl-tRNA synthetase (EC 6.1.1.9) idu(1);tRNA_aminoacylation,_Val

bll5864; hypothetical protein
Sensory box/GGDEF family protein
hypothetical protein

Glutamine synthetase type | (EC 6.3.1.2) isu;GIutamine,_GIutamate,_Aspartate_and_Asparagine_BiosynthesiI
Nitrogen regulatory protein P-II 1017

NAD(P)HX epimerase / NAD(P)HX dehydratase isu;YjeE isu;YjeE
hypothetical protein

tRNA-Leu-TAG

Cell division trigger factor (EC 5.2.1.8)

ATP-dependent Clp protease proteolytic subunit (EC 3.4.21.92)

ATP-dependent Clp protease proteolytic subunit (EC 3.4.21.92)

ATP-dependent Clp protease ATP-binding subunit ClpX

ATP-dependent protease La (EC 3.4.21.53) Type |

Biosynthetic Aromatic amino acid aminotransferase beta (EC 2.6.1.57) @ Histidinol-phosphate a
Cyclohexadienyl dehydrogenase (EC 1.3.1.12)(EC 1.3.1.43) # TyrAc, NADP-specific

bll0174; hypothetical protein

icw(1);cAMP_signaling_in_bacteria icw(2);Proteolysis_in_bacteria, A
icw(1);cAMP_signaling_in_bacteria icw(2);Proteolysis_in_bacteria, A
isu;Proteolysis_in_bacteria, ATP-dependent
icw(3);Proteolysis_in_bacteria, ATP-dependent

Z2.0.1.9)




Screening
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Bioprospeccao em isolados

- Collect area
- Northeast of Brazil
- Dry season

Temperature around 40 — 50 °C

Crude extract from

Semi- solid medium
Fermentation after 7 days
grown, 28 celsios degreen
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Fermentation: Farming, Filtration and Obtaining Raw extracts of strains selected

(28 °C/ 30 days

Successful metabolomic research requires effective metabolite extraction. For
non-targeted metabolomics, extraction methods need to capture a broad range
of cellular and biofluid metabolites, while excluding components such as
proteins that are not intended for analysis. Extraction is made more challenging
by the physico-chemical diversity of metabolites and by metabolite abun-
dances that can vary by many orders of magnitude.

Crude extract

Authors
Theodore Sana and Steve Fischer

Agilent Technologies, Inc.,
Santa Clara, CA, USA
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Screening crude extract

v
Mosquito Assay




Processo de Purificacao

Liquid Medium with
20 day of growth




Crude extract Streptomyces CMAA1322
52-ARS-CMAA1322 (1.3 g)

I

Ligud/bquid parmton:
Sofubiized in Methanel: water |51 80 mL

52-ARS-FrHX
{112 mg)

52-ARS-FrCPM
(531 80 ma)

52-ARS-FrEtAc

(1374 n‘g'u

S2.ARS-FrAQ

Sdica Column Preparative: Biotage
Gradient elution of hexane: ethyl

Gro1
13.6mg

aoetate

Broassay: larvcels activity

52-CPM-G6-31-A

52-CPM-G6-31-B

52{PM-GE&-31-C

. -

The best activity

Semi-preparative RP-
HPLC

Sioassay. Aarecidyd actiaey
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Genome-Scale Analysis of Streptomyces Caatingaensis CMAA 1322

Genome Sequencing of Streptomyces sp. CMAA1322

Comparing expressed metabolites (Produced in vitro) and
gene clusters (annotated in the genome)

- Metabolic Secondary presence;
- Clusters — PKS/NRPS;

- Pathway biosynthesis

- Biotechnological relevant

compounds
s " ! °
£ P
1 %
{ & s
1 o 4
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Subsystem
Coverage

Subsystem Category Distribution

Genome: 7,055,077 bp
Predicted to encode proteins:

Stress responses;
Osmotic stress,
Heat shock, and
Oxidative stress.

Subsystem Feature Counts

@ W Cofactors, Vitamins, Prosthetic Groups, Pigments (307)
@ W Cell Wall and Capsule (161)
@ W@ Virulence, Disease and Defense (60)
@ @ Potassium metabolism (15)
@ @ Photosynthesis (0)
Miscellaneous (33)
B Phages, Prophages, Transposable elements, Plasmids
(12)
1 Membrane Transport (67)
@ M Iron acquisition and metabolism (16)
RNA Metabolism (98)
@ W Nucleosides and Nucleotides (126)
@ W Protein Metabolism (314)
@ M@ Cell Division and Cell Cycle (39)
Motility and Chemotaxis (3)
Regulation and Cell signaling (59)
Secondary Metabolism (10) |
DNA Metabolism (120)
@ W Fatty Acids, Lipids, and Isoprenoids (271)
Nitrogen Metabolism (35)

@ Dormancy and Sporulation (26)
Respiration (124)
[y Stress Response (135)
Metabolism of Aromatic compounds (42) |

Amino Acids and Derivatives (613)

Sulfur Metabolism (27) |

Phosphorus Metabolism (42)

@ EEE®

Carbohydrates (421)

PacBio RS SMRT cell
(Pacific Biosciences BioProject)




Andlise Antismash :

Cluster Classificagao

Cluster 1 Bacteriocina Cluster 21 T3 PKS

Cluster 2 T1 PKS Cluster 22 Terpeno

Cluster 3 T2 PKS Cluster 23 Lantipeptideo
| Cluster 4 Phenazinas | Cluster 24 T2 PKS

Cluster 5 NRPS Cluster 25 Sideroforos

Cluster 6 Indole Cluster 26 T3 PKS

I Cluster 7 Terpene I Cluster 27 T1 PKS
Cluster 8 othar [Cluster 28 TIPKS-NRPS |
ICluster 9 NRPS | Cluster 29 T1PKS-T3PKS

Cluster 10 Bacteriocina Cluster 30 NRPS

Cluster 11 Terpeno [ Cruster 3T Sigerororos |

Cluster 12 T1 PKS C:uster 32 Terpeno

: ; T1 PK
Cluster 13 Lantipeptideo Eluster ;31 <3 PKz
Cluster 14 T1 PKS uster
Cluster 35 NRPS-T1PKS
Cluster 15 Other
Cluster 36 NRPS-Terpeno
Cluster 16 Terpene -T1PKS
a 4y - Cluster 37 T1 PKS
uster Cluster 38 Sideroforos
Clusteras T2PKS Cluster 39 T1 PKS
Cluster 19 Terpeno Cluster 40 T2 PKS

Cluster 20 Terpeno Cluster 41 NRPS-T1PKS
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