Departamento de Genética
USP Ribeirao Preto-FMRP

GENOMAS PROCARIOTOS

Aparecida Maria Fontes

Ribeirao Preto — Marco/ 2020

aparecidamfontes@usp.br




L
Conteudos Principais:

® Distribuicao dos Procariotos

® Filogenia principais grupos

W Variacao da infeccao hospitalar ao longo de 3 anos

¥ Projeto Microbioma Humano

B Microbioma do Trato Gastro Intestinal

® Bacterias mais comuns do ambiente hospitalar
- Staphylococcus aureus

1 Neisseria meningitidis

B EXxercicios



L
Distribuicao dos procariotos

Numero de Carbono total em
procariotos (x 1028) procariotos (x 1075 g)

Sub-superficie

Oceano 999 o
Sub-superficie 05 250 22.215
Terrestre
Solo 26 Z6
Oceanqs, lagos e 12 2.2
rios

Corpo Humano 0,00004
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Filogenia: principais grupos

ARKII\RYA

BACTERIA ARCHAEA EUKARYA

] last universal common ancestor
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Filogenia: principais grupos

Bacteria Archaea Eukaria
Bactérias
Verde .
Spirochetes ~ Filamentosas Entamoebl\llltiﬁ:%tozoa Animais
Gram Methanosarcina Fungos
) positivas Methanobacterium Halophiles
Proteobacteria 1 Plantas
Methanococcus .
Cyanobacteria Ciliados
T. celer,
Planctomyces Thermoproteus Flagelados
) Pyrodicticum
Bacteroides Trichomonadida
cytophaga
Microsporidia

Thermotoga

Diplomonadida
Aquifex —



Filogenia: principais grupos
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Taxonomia
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International Nucleotide Sequence Database

Collaboration

The International Nucleotide Sequence Database Collaboration (INSDC) consists of a joint effort to collect and disseminate
databases containing DNA and RNA sequences.m It involves the following computerized databases: DNA Data Bank of Japan
(Japan), GenBank (USA) and the European Nucleotide Archive (UK). New and updated data on nucleotide sequences contributed

by research teams to each of the three databases are synchronized on a daily basis through continuous interaction between the
staff at each the collaborating organizations.

http://www.insdc.org/



International Nucleotide Sequence Database
Collaboration

atabase Collaboration

|

ABOUT INSDC POLICY ADVISORS

International Nucleotide Sequence Database Collaboration

DOCUMENTS

¢ The International Nucleotide Sequence Database Collaboration (INSDC) is a long-standing foundational initiative that
operates between DDBJ, EMBL-EBI and NCBI. INSDC covers the spectrum of data raw reads, through alignments and
assemblies to functional annotation, enriched with contextual information relating to samples and experimental

configurations.
S
» NCBI

Data type DDBJ EMBL-EBI NCBI

zzl DDBI Next generation reads | Sequence Read Archive Sequence Read Archive
Capillary reads Trace Archive European Nucleotide | Trace Archive
Annotated sequences | DDBJ Archive (ENA) GenBank
Samples BioSample BioSample
Studies BioProject BioProject




Lista dos genomas bacterianos sequenciados

Contents [hide]

1 Abditibacteriota

2 Actinobacteria

3 Aquificae

4 Armatimonadetes

5 Bacteroidetes/Chlorobi group

6 Caldiserica

7 Chlamydiae/Verrucomicrobia group
8 Chloroflexi

9 Chrysiogenetes

10 Cyanobacteria

11 Deferribacteres

12 Deinococcus- Thermus

13 Dictyoglomi

14 Elusimicrobia

15 Fibrobacteres/Acidobacteria group

- - —

16 Firmicutes

17 Fusobacteria

18 Gemmatimonadetes

19 Nitrospirae

20 Planctomycetes

21 Proteobacteria
21.1 Alphaproteobacteria
21.2 Betaproteobacteria
21.3 Gammaproteobacteria
21.4 Delta/epsilon subdivisions
21.5 Zetaproteobacteria

22 Spirochaetes

23 Synergistetes

24 Tenericutes

25 Thermodesulfobacteria

26 Thermotogae
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Filos grupo Bacteria detectadas Hospital St
Marina Varna — 2013 - Bulgaria

untested, 4, 0.92%
P.mirabilis, 12, 2.75% other, 95, 21.79%

 mirabilis, 12, 2. \
'S.epidrmides, 14, 3.21% -

unverified, 15, 3.44%}

Acinetobacter
baumannii, 90, 20.64%

K.pneumonie, 74,
16.97%

P.aeruginosa, 44,
10.09%

S.aureus, 24, 5.50%

E.cloace, 36, 8.26%

E.coli, 28, 6.42%




Filos grupo Bacteria detectadas Hospital St
Marina Varna — 2014 - Bulgaria

untested, 4, 0.92’6]

|

E.cloace, 36, 8.26%

Acinetobacter
baumannii, 90, 20.64%

other, 95, 21.79%

P.mirabilis, 12, 2.75%

'S.epidrmides, 14, 3.21°

K.pneumonie, 74,
16.97%

P.aeruginosa, 44,
10.09%

S.aureus, 24, 5.50%




Filos grupo Bacteria detectadas Hospital St
Marina Varna — 2015 - Bulgaria

K.pneumonie; 56;
12.84%

P.aeruginosa; 52;
11.93%

Acinetobacter
baumannii; 82; 18.81%

S.aureus; 45; 10.32%

{

f

| other; 39; 8.94% '

: Candida albicans.; 31;
7.11%

—_

untested; 2; 0.46%

% |

unverified; 6; 1.38%

E.cloace; 30; 6.88¢

K.oxytoka; 6; 1.38%
P.mirabilis; 5; 1.15%

Streptococcus spp.; 11;
2.52%

E.coli; 29; 6.65%

CNS/S.epidrmides; 16;
3.67% E.faecalis; 26; 5.96%




Conclusoes

Depois de 2012, a principal causa etiolégica de
infeccoes nao comensais é Actinetobacter
baumanni que é responsavel por 13% das
infeccoes em 2012; 24% em 2013; 20% em
2014 e 18% em 2015.

O principal patégeno n3ao comensais foi
Pseudomonas aeruginosa que é responsavel por
9% das infeccoes em 2012; 10% em 2013; 12%
em 2014 e 10% em 2015.



Conclusoes
Staphylococcus aureus foi o patégeno com o
aumento mais significante, como

porcentagem das infecgdes ndo comensais: de
5.5% em 2014 para 10% em 2015.
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\ﬂ ﬁo.vervlw Membership PublEtlons Resources ~ Data  Outreach Login

home > resources > tools and technology

Tools and Technology

Tools ~ Tools
Protocols N Software and online resources used by, or developed as part of the HMP are provided here.

Please be aware that HMP1 funding ended in 2012, and therefore some of these resources may have
Walkthroughs y | changed, moved or been discontinued. This list is no longer regularly maintained.

» Microbial Reference Genomes
» Sampling, Sequencing, & Analyses of 16S RNA

» Sampling, Sequencing & Analysis of Whole Metagenomic Sequence



NIH Human Microbiome Project

Characterization of the Characterization of microbiome
microbiomes of healthy human and human host from three
subjects at five major body sites, cohorts of microbiome-associated
using 16S and metagenomic conditions, using multiple ‘omics
shotgun sequencing. technologies.

Enter iIHMP

Enter HMP Integrated Portal ‘ )




Projeto Microbioma Humano

O Que é o Projeto Microbioma Humano?

d Um consorcio que envolve 45 Instituicbes de pesquisa e iniciado em
2008. Teve como objetivo caracterizar as comunidades microbianas

encontradas em varias partes do corpo humano e analisar o papel
desses microbios na saude humana e nas patologias.

€ Foram analisadas 30,000 amostras
de 48 locais do corpo humano .
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e

\

7




Microbioma Humano

Click on a label for more information




Filos do grupo Bacteria detectadas em humanos

5-9% (see key below)

Actinobacteria
25-9%

Proteobacteria
29-5%

Bacteroidetes
7-1% Firmicutes
31-1%

Hugon et al 2015 Lancet $S1473-3099(15)00293-5
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Filos grupo Bacteria detectadas em humanos

[ Spirochaetes 2-8%

[ Tenericutes 1:4%

B Synergistetes 0-2%
Deinococcus-Thermus 0%
~usobacteria 1-1%

[ Lentisphaerae 0%

B Verrucomicrobia 0%

[ Chlamydiae 0-4%




Microbioma trato gastrointestinal

F Stomach W
102 - 104 bacteria mL"!

: Lactobacillus spp.
—
i Colon i Propionibacterium spp.
> 10! bacteria mL-! Sftre};:t;)coccus Spp-
aphylococcus spp. |
Alistipes spp. lL ﬁ
Anaerostipes spp.
Bacteroides spp.
Bifidobacterium spp.
Clostridium cluster spp.
Dorea spp.
Eubacterium spp. F Small intestine il
Faecalibacterium spp. 107 - 108 bacteria mL-!
Parabacteroides spp.
Roseburia spp. Escherichia spp.
- Ruminococcus spp. Bacteroides spp.
- | Clostridium cluster XIVa spp.
Lactobacillus spp.
Streptococcus spp.

|!- Veillonella spp. JJ




Fatores ambientais que afetam a microbiota
intestinal

.

il

antibioticos

c:'"’
\ estilo de vida / higiene

Hiperimunidade

IL-6 Alteragdo da Imunodeficiéncia

NOD2
IL-12 microbiota <€ IL110
TNF / \
inflamacao ) disfungdo
cronica metabdlica

Chavasco et al 2017 Ministério da Educacao Unifal



Microbioma trato gastrointestinal

Qual é o periodo do desenvolvimento humano que ocorre a formacao
do microbiota do trato gastrointestinal?

O A colonizagcao do microbioma humano inicia-se algumas horas apos o
parto.

O Do nascimento aos 3 anos de idade é o periodo em que ocorre a
colonizacao do trato gastro-intestinal de forma continua e progressiva,
com aumento gradual da diversidade filogenética.

O A amamentacao influencia o tipo de colonizacao intestinal.

d A introducao dos alimentos solidos esta associada com o aumento da
abundancia de Bacteroidetes e uma mudanca que facilita a utilizacao do
lactato, carboidrato, biosintese de vitamina e degradacao de
xenobioticos.



L
Bacterias mais comuns ambiente hospitalar

 Acinetobacter baumannii
 Candida albican

d Candida parapsilosis

O Enterococcus faecalis

d E. coli

d Klebsiella pneumoniae
 Staphlococcus aureus
 Staphylococcus coagulase

 Stenotrophomonas maltophilia



Staphylococcus aureus

European nucleotide archive

Firmicutes

Bacill-

Bacillales

Overview ——Forward strand 1,474 bp =3

Features H—Forward strand 1,474 bp i
mmm
1 bp 1,474 hp
Source

“Staphwiococcus aureus

JLASR 2 A 1N ) VI 1045 A YUR 10N ) VI 108 1A YURR 10124 ) VI 1108 1 YUREF (0P8 400 VI {1008 1 YURPRF (0128 i) VI 1004 3 YURIPRF 10N ) VIR 104 3 VOPRF 10174 ) VI 10 4 Yot 14 4



taphylococcus aureus

Q Staphylococcus aureus: problema clinico crescente devido o
desenvolvimento agressivo de resisténcia a antibioticos.

€ Principal causa de infecgao bacteriana nos paises desenvolvidos.

@® MRSA ® MSSA

Sample type
B Bronchoaspiration material
M Lesion swab
B Nasal swab Nose lavage
Pharyngeal swab
B Sputum / Sputum swab
[ Various material

Operative unit
B Cystic fibrosis
W External
M Emergency room
Immunology / Allergology
B Infectious diseases
[l Intensive care
B Oncology
Pediatrics
! Respiratory physiopathology
I Surgery
Il Week hospital

PVL
B Positive
W Negative

SCCmec type
HI
| it
LIV
| Y

B not determined

Manara et al 2018 Genome Medicine 10: 82
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Resisténcia a antibioticos em S. aureus

Penicillin  Methicillin
l Penicillin-resistant l Methicillin-resistant
S. aureus ]—»[ H J
[ 1950s S. aureus 1970s S. aureus (MRSA)
Vancomyc
1997 1990s

: 2002 .
Vancomycin Vancomycin- -
resistant | =— intermediate Vae':“;gng'gcirfsgéa)"t
S. aureus (VRSA) S. aureus (VISA)




16S rRNA S. aureus

S 4

W

Khusainov et al 2016 Nucleic Acids Res. 44: 10491
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S. aureus sensivel a vancomycin

A. Vancomycin-susceptible S. aureus

Division septum Protein A | |
A

r

LD > (< occccc«‘cc )
cc.s.ccc‘xcccccc.‘i 1¢s
2330 abieIabatiapaba:

GCCCCQCCQI
e V% Vo Llpotelchmc acuds . . D . ¢‘;~' c‘c‘c

"“‘*-%‘-*‘-q

.....................................................................................

....................................................................................................

WalKR (YycFG) regulon controls cell
division: ssaA, isaA, sceD, lytM, altA
(autolysins, required for cell wall turnover)

Howden et al 2010 Clin. Microb. Rev. 23: 99



B. Vancomycin-intermediate S. aureus

—< Alanyl group Vancomycin e
Do . . .
uvusuonAseptum MprF/FmtC—reduced ) Reduced protein A
’ cell wall cross-linking Charge repulsion Increased capsule
1| Thickened cell wall | ¢
9
- ' L‘ipoteichoic acids s = > Ao : -~ Wall teichoic acids
TS A il i
R | Lot i Y= i vancomycin ||
p at false
WalK p \ binding site
I Lipid Il

| @
s P " ~ GG
; G 4425

Capsule operon ? raSR, vraFG, vraDE Up regulation of
f BIE= O ‘ J * * \ ¢ v £ cell wall“stimulon”

(>40 genes)

Modified WalKR operon (YycFG)
low activity—reduced autolysis,

cell wall thickness increases \ f dit operon (alanylation of TA) f mprF/fmtC

i ‘ WalKR f mgrA, rot ‘ agr —» Reduced exotoxin production



16S rRNA S. aureus

Khusainov et al 2016 Nucleic Acids Res. 44: 10491
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16S rRNA S. aureus

| | I I | |
839 865 831 855 831 855

S. aureus B. subtilis  E.coli T. thermo-
h26 h26 h26 prI‘?éILés

Khusainov et al 2016 Nucleic Acids Res. 44: 10491
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Neisseria meningitidis

O Neisseria meningitidis: serogrupo B — principal causa de meningite e
septicemia em criancas e adolescentes.

1cai\o) IN

porA porB fetA nhba nadA fHbp

Mustapha et al 2015 EBioMedicine 2:1447

— I . 2000 - 2013 (116) A
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e — 0 2 A
.=
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| - = 2003013011 g; %
I BN 2007 ]
B el 2013 -
— I B e 2008 ]
S M w2001 ]
- B w1997 (I
— I [ — BN 1994 - 2004 (10) [
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E- B 2009 ]
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— . BN 2010-2012 (2) [
— BN . 2010-2013 (77) O
= B e 2011 ]
— B e 2008 -
— [ — . 2012-2013 (4) [



Neisseria meningitidis

Proteobacteria

Betaprote .,.

Neisseriales

Neisseriaceae

Neisseria

Overview —Forward strand 1,471 bp

Features ——Forward strand 1,471 bp =
F-::-:-:-:-:-::-:-:-:-:-::-:-:—:—:—::—:—:—:—:—::—:—:—:-zq
1bp 1,471 bp

Source “Meisseria meningitidis
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Exercicios

 Determine: Filo, Classe, Ordem e Familia das principais

bactéerias de ambiente hospitalar

1 Qual o Filo mais abundante?

 Qual o tamanho do 16S rRNA das principais bactérias de

ambiente hospitalar?
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