UNIVERSIDADE DE SAO PAULO

Faculdade de Zootecnia e Engenharia de Alimentos
Departamento de Medicina Veterindria

Disciplina de Microbiologia Fundamental

SUMARIO

GENETICA DE MICRORGANISMOS

Prof. Dr. Ricardo L. M. de Sousa

1. Organizacio gendmica

2. Expressdo génica

3. Mecanismos de transferéncia genética
4. Operon

5. Aplica¢des em Biotecnologia

ORGANIZAGAO GENOMICA

ORGANIZA CA~ O GENOMICA
o A célula procariética
= Cromossomo unico,
circular, dupla fita, no
nucledide o o

Outer membrane

oo
Pepti lycan
peptogean

> DNA extra-cromossomal
= plasmideos

= uso de quase todo genoma
na codificacio e regulacio
(auséncia de seqiiéncias b
reduntantes) Hiagelum S

DNA
Flasmid

= colinearidade = genes —
produtos protéicos

Tortora et al., 2005
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Prokaryotic Chromosomes

Many prokaryotes contain a single
circular chromosome.

Prokaryotic chromosomes are
condensed in the nucleoid via DNA
supercoiling and the binding of
various proteins (HU, THF).

Because prokaryotic DNA can
interact with the cytoplasm,
transcription and translation occur
simultaneously.

Most prokaryotes contain only one
copy of each gene (i.e., they are
haploid).

Nonessential prokaryotic genes are
commonly encoded on
extrachromosomal plasmids.

Prokaryotic genomes are efficient
and compact, containing little
repetitive DNA.

Eukaryotic Chromosomes
« Eukaryotes contain multiple linear
chromosomes.

« Eukaryotic chromosomes are
condensed in a membrane-bound
nucleus via histones.

« Ineukaryotes, transcription occurs
in the nucleus, and translation
occurs in the cytoplasm.

« Most eukaryotes contain two copies
of each gene (i.e., they are diploid).

« Some eukaryotic genomes are
organized into operons, but most are
not.

« Extrachromosomal plasmids are not
commonly present in eukaryotes.

« Eukaryotes contain large amounts of]|
noncoding and repetitive DNA.

Griswold, 2008

=t Species Chromesomes  Genes Base pairs
Human 45 28-35,000 3.1 billion
(Homo sapiens) (23 pairs)
Mouse 40  225-30000 2.7 bilien
5 (Mus musculs)
Puffer fish 44 31,000 365 million
(Fugu mubripes)
Malaria mosquito 6 14,000 288 million
(Anophelzs gambiae)
i Fruit fly 8 14,000 137 million
(Drosophile melanogaster)
Roundworm 12 19,000 97 million
(C. elegans)
Bacterium * 1 5,000 4.1 million
(E. col)

Blumberg, 2004
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{Traducéo

)

figura 7.2 Transcricdo em procariotos. Um Gnico mRNA fre-
quentemente contém meis de uma regido codificadora
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« Cromossomo bacteriano

sepercoil

« Mapa genético cromossomal de Escherichia coli

g

13 Griswold, 2008 14
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L, Table 13.1  Major Types of Plasmids
« Plasmideos : e Cops Pmber
e Fepromttivs  Sertidpy | (CopiiCurammone) st Phcootypic Frature®
> DNA extra-cromossomal de e o - .
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+ R - 13
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« Plasmideos

= alguns com genes de transferéncia (conjugativos) =
conjugacio — plasmideo F ou plasmideos tipo-F

2 capacidade de integracio ao cromossomo

2 plasmideos de resisténcia (R)

« Plasmideos F

> IS2 e IS3: seqiiéncias de
inser¢iao

> y8: transposon (Tn1000)

= tra genes: sintese de pilus
e conjugaciio

> rep genes: replicacio de

DNA
A
= oriV: inicio de replicagiao
para DNA circular
Y o > oriT: inicio da replicaciio
» circulo-rolante e
transferéncia génica
-
17 . Tortora et al., 2005 18 Prescott, 2008
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« Elementos « Transposon
transponiveis
Insertion sequence
> Seqiiéncias de an
R Ty ;] s = . wn S— - = —
. SEpRTE g | inser¢iio: seqiiéncias TERRE G e L] omrecvansomese [T CREIRAE]] P
curtas (750 a Rapicao inverida Repatizao inverido &
1600pb), (&) Seqidrcin da insardio "SI ,‘/ /f
J
transposase + &
C s . £
repeticdes invertidas \
\
A coropoite trasspeson de bases e )
g a i ¥ T A
R IR Other genes !:_Mfmﬁml L_ 1
[T T1 r7—1] = Transposons 5 Si
b compostos:  genes: {b) Tronspoton compleco “1n3 (¢} Plasridoc R
Inserticn Ihsertien
saquence saquance toxinas, resisténcia a
antibidticos,
transposase
19 Prescott, 2008 20 Tortora et al., 2005
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« Transposon

Sequencia de LUNA-alvo

ABCD
L wBCco

[IR | IR |
(IR} IR |
Elementa
transponivel
Insergao
ABCDIE [@ABCD
A ol IR 1 A'B C' D'

L Sequéncia-alvo duplicada J

21

Madigan etal., 2010
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o Transposon — Mutagénese

Gene A Cene1 Gene2 Gened

| — -Gene 2 interrompido - -

Gene1 | Gene A ' Gene3

Cromossomo

Madigan etal, 2010
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‘Iable 13.2 ‘The Properties of Selected Insertion Sequences

Tnverted Repeat Targel Sile Number of Copics on
Insertion Sequence Length (bp) (Length in bp (Lengt in bp) E. coli Chromesoms.
181 768 ] Yors 610

152 1327 l 4-13

1S3 1,400 38 3-4 S-602)

154 1,428 18 er 12 1-2

153 1,193 16 4 10-11

Table 13.3 The Propertics of Sclected Composite Transposons
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« Replicaciio bidirecional
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Tabela 7.3 Fatores sigma de Escherichia coli

Nome”

o RpaD

o RpcN

o™ RpaS

* RpoH
o FliA

o RpoE

" Fecl

Sequéncia consenso
de reconhecimento
a montante

TTGACA
TTGGCACA

CCGGCG

TNTCNCCTTGAAS
TAAA

GAACTT

AAGGAAAAT

Fungao

Para a maioria dos genes,
principal fator sigma duran-
te o crescimento norma

Ass milagZo de nitragénio

2rincipal fator sigma durante
atase estaciondria, tam-
bém para genes envolvidos
ermn respostas oxidativas €
osméticas

Resposta ao choque térmico

Para genes eavalvides na sin

= de flagelos

Resposta a preteinas dabra-
das incorretamerte na
periplasma

Para certos genes envolvidos
ne ransporte de ferrc

Madigan et al., 2010
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34 Marques, 2012}
j v TRADUCAO DOBRAMENTO E SECRECAO DE PROTEINAS
2
IO mencko « chaperonas
1 M"Y moleculares ou BR A
chaperoninas:
dobramento correto Prowica
= ey | PO Froteina corctamente
- Dnad dobrade (ativa)
« maioria: dobramento
espontineo junto com
a traducao g
ADP
Protaina cometamente
dobrada (ativa)
35 Madigan et al., 2010 36 Madigan et al., 2010




DOBRAMENTO E SECRECAO DE PROTEINAS

REGULACAO DO FATOR SIGMA 32

« seqiiéncia sinal: 15 a 20 aa

> proteina pronta para
ser exportada

>impede o dobramento
completo

37 Madigan et al., 2010

o resposta ao choque térmico: sigma 32 e chaperonas

Temperatura normal:

Dnek core

s

Choque térmice:
Proleinas

/ desnaturadas
.
% &
i
~

mRNA

38 Marques, 2012

MECANISMOS DE TRANSFERENCIA
GENETICA

TRANSFERENCIA GENETICA

« Conjugacio

> transferéncia de DNA de uma bactéria para outra,
envolvendo o contato entre as duas células: doadora (F+)
e receptora (F-)

= depende de genes localizados no operon tra plasmidial:
sintese do pilus F (contato) e transferéncia do DNA
plasmidial

= plasmideos podem ser integrados ao cromossomo =
células Hfr (High Frequency of Recombination): 1 em
cada 10° células

40 Madigan et al., 2010
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« Ponte de Conjugacio (Pilus ou
Fimbria sexual)

41

42

153
Tn(6oo
(—, /
99,2kpb/0

Regiao
tra

—75kpb  Plasmideo F

N\

Ve

25 kpb

Madigan et al., 2010
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Plasmidor £
bacteiana
: Pilus
'

Célula F* Retragfio o pils. Célula F-
I 0 dar calulr 4 estabilzado.
Ui 83 Tras o PuSHCR: F & consas

43 Madigan et al., 2010
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Tortora et al., 2005

TRANSFERENCIA GENETICA TRANSFERENCIA GENETICA
Minutes Lremossomo DuA trsnetornatta
0 5 10 * 15 20 25 « Transformacio - -
1 1 1 1 |
T I - Captacio de
Origin ;’"’ aziton lac gal

molécula de DNA ou
fragmento do meio e
incorporacio no
genoma da bactéria

> DNA captado: fita
simples (maioria)

46

Madigan et al., 2010

TRANSFERENCIA GENETICA

47

o Transformacgio

Transformation with a plasmid
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o Transducio

Fage

¥ g e @ , 5
) = 2 incorpora¢io do DNA no genoma da receptora de
& QD) — @EeD) — o) — (W) — @ poras : P
b, - — maneira que possa ser herdado
Géiuia DNA dc fego Fago
DACISAANa nermal
2 2 Paticuls > 2 processos: movimentacio fisica do DNA e
Transdugio C © )_‘ C O ) - ( @ ) - ( @ ) frinosting incorporacio no genoma da célula receptora
Racombnegio Célula transduzica
homéloga
49 Madigan et al., 2010 50 Stokes & Gillings., 2011

o Transferéncia Génica Lateral ou Horizontal (TGL ou TGH)

> transferéncia de DNA de uma célula a outra na
auséncia de divisao celular

TRANSFERENCIA GENETICA
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o Transferéncia Génica Lateral ou Horizontal (TGL ou TGH)

Table 1. The collectiva forces that drive Lateral Gene Transfer

Mechanisms Mechanisms of

of transfer incarporatinn Mohile elements*

Conjugation 1 —Autenomous Plasmids' (1)
replication

Transformation 2 Transposition Transposons (2)

Transduction 3 - Site-specific Insertion sequence CoOmImMon
recombination regiors (2)
4 —Homologous Integrative and conjugative
recomkinaticn elements’ (3)
Gene Lasselles (3)
Integrons*

51 Stokes & Gillings., 2011
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¢ Transferéncia Génica Lateral ou Horizontal (TGL ou TGH)

= Elemento conjugativo integrante: elemento integrado que
pode se excisar para formar um intermediario de
transferéncia circular replicante; carreia genes para
transferéncia via conjugacio de DNA

> Integron: segmento de DNA integrado contendo:
integrasse, um promotor e um sitio de integracio para
cassetes génicos

> Cassetes génicos: segmento de DNA ndo replicante,
circular, contendo somente ORFs, faz parte de integrons

Stokes & Gillings., 2011
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Hierarchical function

Clone (ecovar) Spread

Plasmid

integron [ [ Maintenance

RN
Insention sequence end CTX-M gene [l  Mobilization, expression

FIGURE 2 | Hisrarchical complexity of blacry.y genes witl
structures and bzcterial clones participating in the mol
spread, and maintenance of thase ganes (sse the text for further
explanation).

Canton et al., 2012
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Units of fransfer Sinks/ sources

(a) ——

O G rEm K
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(b)

DNA vectors

Differant bactarial species

vy

Bacteria Dilferent hosl species

Stokes & Gillings., 2011
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« Expressio génica

> Operon: grupo de genes relacionados, transcritos em
conjunto — unidade de expressio génica (genes estruturais
+ elementos que controlam a expressio). Composto por 3
partes:

= Promotor: sitio de ligacio da RNA-polimerase
= Operador: sitio de ligagiio de proteinas regulatérias

= Genes estruturais contiguos

> Operon ¢ transcrito em um unico mRNA policistronico
(codifica mais de uma cadeia polipeptidica)

o Operon lac = codifica enzimas utilizadas no catabolismo da
lactose (galactose + glicose). Lactose = indutor

gene lacl
regulator gene gene 1 gene 2 gene3
(codes for (codes for (codes for
s “ ——— BS-palactosidase) permease) trans-acetylase)
v - - 7 re
transcription, - - | L
translation promoter operator
M (binding site  (binding
Vv, for RNA site for Z e o
“ polymerase) repressor)
repressor
protein lactgse operon il e

hidrolise da lactose acetila lactose niio-

hidrolisados *
eliminac¢io da célula

transporte da lactose para dentro da célula

57 Madigan et al., 2010 58
OPERON OPERON|
e Operon lac = codifica enzimas utilizadas no catabolismo da ey R el
lactose (galactose + glicose). Lactose = indutor (operon eI N T
indutivel) i / ]
0,00 CHLOH
‘ i Kepit Kok
|<—Heglula.torysequences—— ~+—— Structurel genes — = =
DNA T I e e — Lactose
T | Z v :ﬂ-galm:lnmdm
T } Operator () ,” \ ‘bt el /’
remater for . | Structurel gene ]
regulatory gene :{:’J:'ﬁ}ref; ;;nes ﬁ)‘f-"-éc—gj;\?cﬁlszifiase \ for fi-galactoside
(i) D) transacetylase
Regulatory gene Structural gene
(i) codes for for i-galactoside

repressor protein permease

59
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Regulatory Promoter
gene ‘
lac operon
r A \
R < - = TS — o -
LTSNS DNA / ,m:{/ T I YT ey | [ tacA NN
l ANA i
RNA 3 polymerase /
( / mede mMRNA s,fp mANA 5' I
\ /
Y L T
[& 1
mANA &—, Protain H E— B |
5 polymerase {\
Allolactose Inactive
. = (inducer) mpmanor
indugio o
. . tica (b) Lactose present, repressor inactive, operon on
enzima
Active

Protein repressor
(a) Lactose absent, reprassor active, operon off
61 Tortora et al., 2005 62 Tortora et al., 2005

Figure 18.21 Positive control: cAMP receptor protein

Fromoter  Operator
——

Tauna

polymerase

.n:uu-
came ™

GRP binding site

|..a._me tec
reprassnr
Inactive
CRI
(@) Laclose present, giucose ansent (CAMP lsvel hign):
abundant Jac mFANA synthesized
Promcter  Operator
- Al
DNA iae?
-
CHP Dinding site
polymerese
Inactive
CRP Inactive lac
repressor

(D) Lactose present, glucose present (CAMP level low):
little laz mANA synthesized

63 Comvriem © T e G Puslishing Cursprary b

OPERON

OPERON|

AMP ciclico é um
alarmonio = sinal de
alarme celular em
resposta ao estresse
ambiental ou
nutricional

CRP: proteina
receptora de AMP
(adenosina
monofosfato) ciclico

Tortoraet al., 2005

o Operon triptofano = codifica enzimas utilizadas na sintese de
triptofano. Exemplo de operon repressivel

RNA polymerase

Repressor
inativo =
operon ligado
(auséncia de
triptofano)

=

Polypoptides.
comprising the
repressao enzimatica '"'“’W enzymes for
repressor tryptophan
protein synthesis

64 Tortoraet al., 2005
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« Operon triptofano
1 E D C B A
TR X ! Lol - » Repressio enzimitica = afeta enzimas biossintéticas
(anabolicas). Ex.: operon triptofano, operon arginina
Repressor
Repressar ativo &
*:ﬂ:m dzslz::;o o Inducdo enzimitica = afeta as enzimas degradativas
protein (presenca de (catabolicas). Ex.: operon lac
triptofano)
‘—quﬁupnan
(corepressor) } ~
65 Tortora et al., 2005 66 Madigan et al., 2010
OPERON

Diauxic growth of
E. coli in medium
containing glucose

and lactose

N

Lactose
used

N Lag phase

Glucose used

Mermbar of calls (bgarthmic scal)
Number of bacteria (%10")

Time (hours)

Time of insubation (h)

67 https://microbiologynote.com/diauxic-growth/
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PLASMIDEOS

PLASMIDEOS

| Marea ce resisténcia
& antibictico

Ampt

em tecnologia do DNA recombinante

—
Sitia milltiplo de =lonager

NP

o Aplicacio de plasmideos em tecnologia do DNA

recombinante
I _ =
—3EOET®
: sEEE8EE
(ERT
P
A = \
/ / pS JocZ\\ \-\ \
( o D — lac prometer

i,
oY iV dealto niimero de copias o
\\ (>100): pUC, pBR322, pET “-H.r///
269 kb
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PLASMIDEOS PLASMIDEOS
L B . . Table 142 Some Type I Res ses and Their Recognilion Sequences
o Aplicacio de pl deos em t logia do DNA recombinante
Enzyme Micrebial Recognitin Sequence’ End Prochced”
Sacl Sl Khal Bz Hirell
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Ecor [E= EarH sal sl T
— \\ // RarHl Bacillus anybligucioriens H G—A—T—C—C—3
os
— poylinker L
— - T Fedtl Escherichia coli A—A—T—T—C—3
o3
Halll o it eyl
Hindlll Haemophibas influenzae b
-
P19 .
2636 bp
Psi| Providencia stugris
r ZRI
amg sall Strepimyees albus
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PLASMIDEOS

Cromssaug
‘enrarigic
Vetar de Clussagen m 1
Plasmidio) )/ pantes s
Quebrado DN curaristics s "1‘

com cnzima 3 restiio

Co2 g

‘{ Ligase d IN& Fragmentss de DNA
P
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Nhakiplieacin Celulae

Qb wiram ‘L

Prescott, 2008
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PLASMIDEOS PLASMIDEOS
o Vetor de Expressio
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Marca de resisténcia
Plaie on ampicliin axd X-Gal. b
04;
HOH O CHOHW
Bus vmte onf—o, T oH o (Hlﬂlg S’lﬂ
Inset I H \,‘ H \L/ CH
\ u L N -
a amg* Lactose IPTG
(isopropll-B-tiogalactos(deo)
75 76 Marques, 2012




PLASMIDEOS

VACINAS DE DNA

« Aplicaciio de proteinas recombinantes

Table 14.4 Some Human Peptides and Proteins
Synthesized by Genetic Engineering

Peptide or Protein Potential Use

Cy-antitrypsin

Treatment of emphysema
-, -, and Y-interferons .

sal, antitumor, and

Blood-clotting factor V111 Treatment of hemophil
Calcitonin Treatment of osteomalacia
Epidenal growih factor
Erythropostin ent of anemia

Growth hormene Growth promotion

Insulin Treatment of diabetas
Interleukins-1, 2, and 3 Treatment of immune disorders
tumors

ent of wounds

Macrophage colony Cancer treatment
stimulating factor
Relaxin Aid w childbirth

Plasma supplement
Treatment of acromegaly
Anticosgulant
Anticozglant

Cancer treatment

Serum albamin

Tumor neercsis factor

o Mecanismo de acio

> composi¢io = DNA de interesse inserido em
plasmideo bacteriano com promotor forte
(citomegalovirus humano)

> inje¢io no misculo, intra-dérmica, endovenoso,
intranasal, subcutinea

= administraciio: biobalistica (geme gun) = DNA +

particulas de ouro

e §
000 [

o
e
eom
St
e/

et =

=
|

B
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VACINAS DE DNA VACINAS DE DNA
Eadonal pasmag
chandag anigen
coll in vacoinated animal /-\um vaccing O
amtors ool
— / T~ Is
\‘i__( — ) R— / ol ciion
g\ M 7 ) ' /
2 \ v (. Topictpptcn
% —_ \
i |
\‘ WENA separtactfrom rahaus!
/) = NS ~
A tmnstaion
/ l ‘ Pu 1 Dl [
renteral Delivery e :
£ e / g 12
~. J ]
N \ A Intramascular neede mjestion %
i \ / = s
? N T Fp—— 2
H ! S
PN felxased sreten processed g
c Y,‘ intazalulady and peptidas 3
bound to MHC elass |
/ Cywioxic T-cel selectian. 3
pretob, ko up by ¥igen PARTING  proon bound 1o B cell roeptor S
T T s )
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VACINAS DE DNA

VACINAS DE DNA

Table 2. Human trials of DNA vactines

Results
Vaccines against Proteins encoded by DNA vaccines ——
antibodies CTL
vy Envelope and regulatory proteins, ND ¥
or core proteins and enzyme
iavolved in HIV replication
Hepatitis B virug HBe + +
Herpes simplex virus Herpes glycoprotein UE UE
Influenza virus HA UE UE
Melaria (Plasmodium sp) CSP, Spf66 ND +
Adenocarcinoma (colon and breast) CEA ND +
B cell lymphoma Immunoglobulin + ND
Cutancous T cell lymphoma T cell receptor UE UE
Prostate cancer Prostate-specific membrane antigen UE UE

ND, not determined; UE, under examination.

Koide et al., 2000




