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Biotecnologia

Convencao sobre
Diversidade Bioldgica da ONU

» "Biotecnologia define-se pelo uso de
conhecimentos sobre 0S processos
bioldgicos e sobre as propriedades

dos seres vivos, com o fim de resolver

problemas e criar produtos de
utilidade."



Biotecnologia

Definicdo Biotecnologia Classica

» "Blotecnologia define-se como o uso de
organismos Vvivos ou de partes deles
(estruturas subcelulares, moléculas)
para a producao de bens e servicos.

Nesta definicao se enquadram
atividades que o homem vem
desenvolvendo ao longo de milhares
de anos, como a producao de
alimentos fermentados
(pao, iogurte, vinhos, cerveja, etc.). "



Biotecnologia

Definicao Biotecnologia “Moderna”

» A Biotecnologia Moderna € aquela que, contemplando
a definicdo anterior, faz uso e dominio da informacao
genética.

O nascimento da engenharia genetica no principio da
década de setenta, fixou as bases desta nova
atividade.

Isto permitiu transferir genes (informagao genetica) de
uma espécie a outra (ainda, e especialmente, quando,
na e em natureza, completamente mcompatlvels para
cruzamentos entre Si) e assim, ‘programar’
organismos vivos para gue realizem um sem nGmero
de tarefas especificas na producao agricola e/ou
iIndustrial de bens e/ou de servicos.



Biotecnologia "Moderna” &
Alimentos

» A Biotecnologia relacionada com o setor
de alimentos & a mais tradicional.

Os mais conhecidos sao 0s processos de
fermentacao em produtos panificados,
bebidas alcodlicas (vinho, cerveja) e
lacteos (queijos, iogurtes).



Biotecnologia "Moderna” &
Alimentos

e Os cultivos microbianos associados a estes
processos tem uma longa tradicao de
utilizacao e podem ser melhorados
utilizando métodos de engenharia genética.

» Estas modificacoes podem introduzir
mudancas desejadas nos produtos,
melhorando, por exemplo, parametros de
gualidade sensorial, a capacidade para
produzir compostos antimicrobianos, etc.




Aplicacoes

Diferentes enzimas naturais e
recombinantes se aplicam em processos
e produtos alimenticios:

- ha industria de amido e de agucar, na
fabricacao de xaropes de glucose e frutose de
milho e dextrose.

- ha producao de queijos, para romper a caseina
do leite e permitir sua coagulacao, para ressaltar
0 sabor e para acelerar a maturacao.

- na panificagao, para branquear a farinha,
facilitar a acao da levedura, melhorar a estrutura
das massas, etc.



- para a otimiza¢ao do processo de extragao e
refinacao de azeites.

- em enologia, para acelerar o tempo de
prensagem, acelerar o processo de maturacao, a
liberacao de aromas e melhorar a cor e o sabor.
Também para remover a uréia, produto da
fermentacao.

- na inddstria da carne, para favorecer seu
amaciamento, facilitar a remocao da carne dos
0Ss0s e na producao de hidrolizados de
proteinas.

- na elaboracao de cerveja, para evitar o
desenvolvimento de turbidez durante o
armazenamento.



Os aportes gue a Biotecnologia
tem realizado nos ultimos anos a
processos e produtos da industria

de alimentos incluem:

- produtos com maior valor nutricional e
sensorial (nutrientes, poder antioxidante,
aromas, etc.).

- Novos alimentos funcionais para a
prevencao de enfermidades segundo
diferentes grupos de consumidores
(alimentos hipoalergénicos, produtos para
diabéticos, etc.).



- Novas fontes de matérias-primas
(algas, Invertebrados, etc.) por meio da
iInfroducao e expressao de genes
especificos, que incrementam o conteudo
de substancias de interesse para a
industria alimenticia

(pigmentos, proteinas, etc.).



- Uso de biossensores para o controle de
processos (pH, deteccao de
contaminantes, etc.).

- Enzimas com caracteristicas especificas
(termorresistentes, com maior velocidade
de reacao) para sua utilizacao em
processos de fermentacao em diversos
setores.



Nutricao e Saude

» A Biotecnologia moderna contribui para
amenizar os problemas de desnutricao,
atenuando, pelo menos, as caréncias
nutricionais e melhorando a saude das
pessoas afetadas.

» Também aporta solucdes para problemas
especificos, como alergias e diabetes e
para a reducao do conteudo de compostos
toxicos em produtos de consumo habitual.



Organismos & Células

e Seres VIVOS:
> Célula(s)
Energia
« Crescimento

- Desenvolvimento
- Reproducéo

- Possuem e mantém caracteristicas proprias

- Respondem ao meio
- (co)evoluem



Organismos & Ceélulas

e Organismos: * Unicelulares
* Pluricelulares

o Células: * Procariotos
* Eucariotos

- diferentes, mas, com algo em comum:

tamanho — metabolismo — arquitetura



Organismos & Ceélulas

O Qrgla?ismo g%  Tmo
unicelular tem a L Pesn
célula como T
sendo o proprio . @ Yo
organismo, isto €,
a unica celula é R T s
responsavel por
todas as
atividades vitails,
cComo
alimentacao,

trocas gasosas,
reproducao, etc.




Organismos & Células

» O organismo pluricelular,
gue é formado por muitas
células (milhares, milhoes,
até trilhdes de células),
apresenta 0 corpo com
tecidos, 0rgaos e sistemas,
especializados em
diferentes funcoes vitais.

» As celulas dos
pluricelulares diferem
guanto as especializacoes
e de acordo com 0s
tecidos a que elas
pertencem.




Semelhancas/Diferencas
Caracteristica Procarioto

Animal Vegetal
Organizacao Celular unicelular pluricelular
Divisao fusdo binaria mitose e meiose
Parede Celular nao celulosica ausente celulésica
Citoesqueleto ausente presente
Endomembranas ausentes presentes

: : citoesqueleto constituido de filamentos
Citoplasma sem citoesqueleto

The main components The main components
of the plant cell

of the animal cell Cyloptasmn

Organelas poucas ou nenhuma




Semelhancas/Diferencas
Caracteristica Procarioto

Animal Vegetal
Envoltério nuclear ausente presente
Nucléolos ausentes presentes
Cromossomas unicos multiplos
DNA desnudo combinado com proteinas
Ribossomas 70S* (50S + 30S) 80S (60S + 40S)
Mitocondrias ausentes presentes
Cloroplastos ausentes ausentes presentes

gendmico (dc, linear)

Moléculas de DNA gendmico (dc, circ.)  gendmico (dc, linear) mitocondrial (dc, circ.)

plasmidial (dc, circ.)  mitocondrial (dc, circ.) cloroplastico (dc,
circ.)
Exons & Introns auséncia de introns presentes
Exocitose e
ausentes presentes

endocitose



Lome typical cells

animal cell
centriole

cell membrane
vacuole

ribosomes

membrane chioroplast

. ¥
Al

nucleus u

nucleolus

chromos

bacteria cell
(bacillus type)

GOlgl cOfnp'ex

cytoplasm

cell wall

ribosomes

flagella

@ 2007 Encyclopaedia Britannica, -



Eukaryotes

Plant and animal cells are
both Eukaryotic (which means
that the cells contain a
nucleus), and have many
structures and functions in
common. Compare this
animal cell to the plant cell in
the diagram below.

Prokaryotes
(bacteria, etc.)

ﬁﬂwotos

Common
Ancestor

Animal Cell

Membrane

Cytoplasm

Endoplasmic
Reticulum

Nucleus

Ribosomes

Centrioles*

Mitochondria

Golgi Bodies

Vacuole

* Centrioles are unique to animal cells

by animal cells:

Primary Differences

Plant cells need to perform
two functions not performed

1. produce their own food
2. support their own weight

These account for the primary
differences between plant and
animal cells.

Animals

Fungi
Prokaryotes
(bacteria, etc.)

Eukaryotes

Common
Ancestor

-

Plant Cell

Cell Wall *

Membrane

Cytoplasm

Endoplasmic
Reticulum

Nucleus

Ribosomes

Mitochondria

Golgi Bodies

Vacuole

Chloroplast *

" unique to plant cells




e |

o CYTOSKELETON: supports organelles 0 Smooth endoplasmic — _'€> NUCLEUS: command center of cell
Il sh lays fe ] ion: .
L reticulum: system of ———— Nucleolus: site where ribosomes are produced
internal membranes that

aids in the manufacture of — Nuclear envelope: double membrane between the
carbohydrates and lipids nucleus and the cytoplasm

Nuclear pore: opening embedded with proteins that
regulates passage into and out of the nucleus

Microtubule: tube of protein molecules
present in cytopiasm, centrioles, cilia, and flagella

Intermediate filament: intertwined
protein fibers that provide support and strength e

Actin filament: wvisted protein fibers
that are responsible for cell movement

Rough endoplasmic
reticulum: internal
membranes studded with
ribosomes that carry out
protein synthesis

Ribosomes: small complexes of RNA and protein
that are the sites of protein synthesis

7§ Peroxisome:

vesicle that contains enzymes
that carry oul particular reactions,
such as detoxifying potentially

@ Centriole: complex assembly of
microtubules that occurs in pairs

9 Cytoplasm: semifiuid
matrix that contains the
nucteus and other organelles

9 Mitochondrion:
organelle in which
energy is extracted
from food during
oxidative metabolism

Secretory vesicle:
vesicle fusing with the
plasma membrane,
releasing materials 1o
be secreted from the cell

1 § Plasma membrane:
lipid bilayer in which
proteins are embedded

— Lipid bilayer

Lysosome:
vesicle that breaks
down macromolecules
and digests worn out 6 Golgi complex:
. cell components collects, packages,

S and distributes molecules
manufactured in the cell

Membrane protein



http://www.magrinscience.com/wp-content/uploads/2010/11/animalcell.jpg
http://www.magrinscience.com/wp-content/uploads/2010/11/animalcell.jpg
http://www.magrinscience.com/wp-content/uploads/2010/11/animalcell.jpg

nucieolus

endoplasmic reticulum
=processes proteins
/| *|makes membranes

=make ribosomes
nucleus —

=control cell

=protects DNA

ribosomes
*make proteins

cytoplasm
=jelly-like material }

|
around organelles |

GO' | apparatus

central vacuole

- - =storage: food,
=finish & ship water or waste
proteins
mitochondria cell wa
=make ATP in =support
cellular respiration '
B 17 g loroplast
cell membrane £ : :
=cell boundary g *make ATP & sugars in
=controls movement photosynthesis

ysosome
=digestion & clean up

=recognizes signals

of materials in & out ‘




Destaques

Se as mitocondrias sao
as centrais energeticas
das células, os
cloroplastos sao as
centrais energeéticas da
propria vida.

Eles produzem
moléculas organicas,
principalmente glicose,
gue servem de
combustivel para as

itocOndrias de todos 0s
organismos que se
alimentam, direta ou A=
indiretamente, das myalod Trywoa
plantas.




Teoria da Endossimbiose

origem de algumas

Onjaelo canlres CELULA EUCARIOTICA
FOTOSSINTETICA
i : procarionte ANCESTRAL
né’ gﬁgeﬂgéeé? "' fotossintetizante
organelas — de vida livre
celulares

procarionte aer6bio
de vida livre

invaginagdo da membrana para
proteger nucleo celular

’zﬁyb PROCARIONTE
Q ANCESTRAL

endossimbiose de archeo-bactéria especializada em CELULA EUCARIQTICA
respiracao celular - originando MITOCONDRIA HETEROTROFICA ANCESTRAL




E 0S virus???

» Sao constituidos apenas por duas classes
de substancias quimicas:
- acido nucléeico (DNA ou RNA) e
- proteina.

» S30 “particulas”, seres acelulares
(Que nao possuem estrutura celular) e
precisam de celulas que os "hospedem”.

* Nao sao, nao possuem uma machina, por
ISSO, todos 0s virus sao parasitas
Intracelulares obrigatorios.



Conceitos Basicos

> Seres vivos sao constituidos de
moléculas.

» Todos sao constituidos pelos mesmos
tipos de moleculas.

»No nivel molecular todos 0s organismos
“funcionam” de forma semelhante.



Constituicao Molecular
de uma Célula

»Pequenas Moléculas

> Polimeros

Moléculas grandes compostas de
muitas copias de uma pequena
molécula, unidas por ligacoes
covalentes.



Pequenas Moléculas

» Agua

e lons
- Cl, Na, K, Fe, Ca, Mg, ...

e Lipideos
> Acidos graxos, Fosfolipideos, Colesterol



Polimeros Bioldgicos

» Sacarideos
- Fonte de energia; funcao estrutural

» Proteinas

> Inumeras funcoes bioldgicas
(machina - todo o trabalho celular)

» Acidos Nucléicos
- Responsaveis pelas informacdes genéticas



Nivel 4: Nivel 3: Nivel 2: Nivel 1:
Célula @ suas organelas Complexos Macromoléculas Unidades
supramoleculares monomeéricas

oH H
NMuclectideos

Cromossomo

o]
—_— Hgn—?ﬂ—-';! —0H
Proteina H
Aminoacidos

Carboldratos

Pareds celular



ACIDOS NUCLEICOS

DNAS

RNAS
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt of deoxyribose
Wnucleic acid (D.N.A.). This structure has novel features
which are of considerable biological interest.

A structure for nucleic acid has already been proposed by

Pauling and Corey'. They kindly made their manuscript available
to us in advance of publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre axis, and the
bases on the outside. In our opinion. this structure is unsatisfactory
for two reasons:
(1) We believe that the material which gives the X-ray diagrams is
the salt, not the free acid. Without the acidic hydrogen atoms it is
not clear what forces would hold the structure together, especially
as the negatively charged phosphates near the axis will repel each
other. (2) Some of the van der Waals distances appear to be too
small.

Another three-chain structure has also been suggested by Fraser
(in the press). In his model the phosphates are on the outside and
the bases on the inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined. and for this reason we
shall not comment on it.

We wish to put forward a radically different structure for the
salt of deoxyribose nucleic acid. This structure has two helical
chains each coiled round the same axis (see diagram). We have
made the usual chemical assumptions. namely, that each chain
consists of phosphate diester groups joining [(-D-deoxy-
ribofuranose residues with 3°.57 linkages. The two chains (but not
their bases) are related by a dyad perpendicular to the fibre axis.
Both chains follow righthanded helices, but owing to the dyad the
sequences of the atoms in the two chains run in opposite directions.
Each chain loosely resembles Furberg's®
model No. 1: that is, the bases are on the
inside of the helix and the phosphates on
the outside. The configuration of the sugar
and the atoms near it is close to Furberg’s
standard configuration’, the sugar being
roughly perpendicular to the attached
base. There is a residue on each chain
every 3-4 A. in the z-direction. We have
assumed an angle of 367 between adjacent
residues in the same chain, so that the
structure repeats after 10 residues on each
chain, that is. after 34 A. The distance of a
phosphornus atom from the fibre axis is 10
A. As the phosphates are on the outside,
cations have easy access to them.

The structure is an open one, and its
water content is rather high. At lower
water contents we would expect the bases
to tilt so that the structure could become
more compact.

The novel feature of the structure is the
manner in which the two chains are held
together by the purine and pyrimidine
bases. The planes of the bases are perpendicular to the fibre axis.
They are joined together in pairs. a single base from one chain
being hydrogen-bonded to a single base from the other chain, so

iagrammatic.

This figure is purel
s Jfize the two

The two ribbe

2

orizontal rod
hol ns together. The

s the fibre axis

NATURE

that the two lie side by side with identical z-co-ordinates. One of
the pair must be a purine and the other a pyrimidine for bonding to
occur. The hydrogen bonds are made as follows: purine position 1
to pyrimidine position 1: purine position 6 to pyrimidine position
6.

If it is assumed that the bases only occur in the structure in the
most plausible tautomeric forms (that is, with the keto rather than
the enol configurations) it is found that only specific pairs of bases
can bond together. These pairs are: adenine (purine) with thymine
(pyrimidine). and guanine (purine) with cytosine ( pyrimidine).

In other words. if an adenine forms one member of a pair, on
either chain, then on these assumptions the other member must be
thymine; similarly for guanine and cytosine. The sequence of
bases on a single chain, does not appear to be restricted in any
way. However, if only specific pairs of bases can be formed, it
follows that if the sequence of bases on one chain, is given, then
the sequence on the other chain is automatically determined.

It has been found experimentally’* that the ratio of the amounts
of adenine to thymine, and the ratio of guanine to cytosine, are
always very close to unity for deoxyribose nucleic acid.

It is probably impossible to build this structure with a ribose
sugar in place of the deoxyribose, as the extra oxygen atom would
make too close a van der Waals contact.

The previously published X-ray data”™ on deoxyribose nucleic
acid are insufficient for a rigorous test of our structure. So far as
we can tell. it is roughly compatible with the experimental data,
but it must be regarded as unproved until it has been checked
against more exact results. Some of these are given in time
following, communications. We were not aware of the details of
the results presented there when we devised our structure, which
rests mainly though not entirely on published experimental data
and stereo-chemical arguments.

It has not escaped our notice that the specific pairing we have
postulated immediately suggests a possible copying mechanism
for the genetic material.

Full details of the structure, including the conditions assumed
in building it. together with a set of co-ordinates for the atoms,
will be published elsewhere.

We are much indebted to Dr. Jerry Donohue for constant
advice and criticism, especially on interatomic distances. We have
also been stimulated by a knowledge of the general nature of the
unpublished experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
King's College. London. One of us (J.D.W.) has been aided by a
fellowship from the National Foundation for Infantile Paralysis.

1.D. WATSON
F.H.C. CRICK

Medical Research Council Unit for the Study of the Molecular
Structure  of Biological Systems, Cavendish Laboratory,
Cambridge. April 2.

"Pauling. L. and Corey, R. B nature, 171, M6.(1953): Proc. U.S. Nat Acad. Sci., 39, &4
(1953).
? Furberg, S,

7 Chargaft. ..
Biochim, ¢t Biophys. Acta, 9402 (1952).

for references soc Zamenhof. S.. Brwerman, (5, and Changafl, .,

Biol. 1, Nucleic Ackl, 66 (Camb. Univ, Press, 1947§
L 100 102 (1953),

© Wilkins, M. I F. and Randall, J. T. Biochim. ot. Biophys. Acts




AN

Roaslind Franklin was an X-ray
crystallographer who made significant
contributions to the discovery of the structure of
DNA. Her work was used without her
permission, and she received little credit before
she died. She passed away before her colleagues
were awarded the Nobel Prize for the discovery.
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The Nobel Prize in Physiology or Medicine 1962

“fortheir discoveries concerning the molecular structure of nucleic acids

and its significance forinformation transferin living material"

Francis Harry Compton Crick

®1/2 of the prize

United Kingdom

MRC Laboratory of Molecular
Biology

Cambridge, United Kingdom

b, 1916
d. 2004

James Dewey Watson

@1/3 of the prize

USA

Harvard University

Carmbridge, MA, USA

b, 1928

Maurice Hugh Frederick
Wilkins

@1/32 of the prize

United Kingdom and New Zealand

London University

London, United Kingdom

b, 1916
(in Pongaroa, New Zealand)

d. 2004



Dogma Central da
Biologia Molecular

DNA armazena
a informagao.

RNA

Protein

RNA transfere

a mformagao.

Proteina executa
a fungdo.
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Forma e Estrutura dos
Acidos Nucléicos

DNAS 2 ) J..'- WA
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Composicao DNA & RNA
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Hydrogen bonds
between base pairs.

All four bases have
the same kind of

bond to the sugar-
phosphate backbone

S There are no
bonds between
the bases in
the longitudinal
direction along
the helix

Sugar-phosphate Hibrogenous
Mit sugar-phosphate
backbone bases bTE!S;"WF hackhone

Flattened segment of the double helix



Deoxyribonucleic Ackd (DNA

Chromosome

Sugmr- . Sugar- . A
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Base pair
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http://www.accessexcellence.org/AB/GG/chromosome.html

Mucleotida



Apareamiento de bases

Regra de Chargaft:

gA=q e ¢



Em cada extremidade de uma dupla hélice linear de
DNA, o extremo 3'-OH de una das cadeias €
adjacente ao extremo 5'-P (fosfato) da outra. Em
outras palavras, as duas cadeias sao antiparalelas,
tém uma orientacao diferente.

Por convencao, a sequéncia de bases de uma cadeia
simples se escreve com o extremo 5'-P a esquerda.



H
replaces Thymine in RNA
RNA DNA
Nitrogenous ) ) ) Nitrogenous
Bases Ribonucleic acid Deoxyribonucleic acid Bases

Image adapted from: National Human Genome Research Institute.
Talking Glossary of Genetic Terms. Available at: www.genome.gov/
Pages/Hyperion//DIR/VIP/Glossary/Illustration/ma.shtml.
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DNAs em Procariotos

o Bactérias:
- Genbmico
- Plasmidial

Estrutura do DNA bacteriano
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PLASMID DONOR~__ " 41 achiD
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» RESISTANCE

GENE ) — |
: ) RESISTANCE
= R | GENE
x | PLASMID .
| H._’ THANEFEH " TRANSFER
1 OF FREE -; .
p ;
% ~ DNA < Gene goes
: to plasmid
‘l‘ i \ VIRUS
DEAD chromosome | b

TRANSFER
BY VIRAL

BACTERIUM e
. / X DELIVERY.-
BACTERIUM RESISTANCE |
RECEIVING GENE\%
RESISTANCE
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CINFECTED . &°
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DNAs em Eucariotos

o Animais
* Gendmico
* Mitocondriaismisreed NucearEnvlope

Mitochondrion

Nucleotides

Cytosine

Guanine

Mitochondrial DNA

AAAGTCTGACGACATGCTCGAAGTCGGATCGAA
TTTCAGACTGCTGTACGAGCTTCAGCCTAGCTT

Microsatellite



DNAs em Eucariotos

» Vegetais:
*Genomico
*Mitocondrial
*Cloroplastico

PLASTID

Plastid genome




Teoria da Endossimbiose

origem de algumas

Onjaelo canlres CELULA EUCARIOTICA
FOTOSSINTETICA
i : procarionte ANCESTRAL
né’ gﬁgeﬂgéeé? "' fotossintetizante
organelas — de vida livre
celulares

procarionte aer6bio
de vida livre

invaginagdo da membrana para
proteger nucleo celular

’zﬁyb PROCARIONTE
Q ANCESTRAL

endossimbiose de archeo-bactéria especializada em CELULA EUCARIQTICA
respiracao celular - originando MITOCONDRIA HETEROTROFICA ANCESTRAL




Relembre: virus

» Seu material genético pode ser DNA
ou RNA

» Cada espécie viral possui um Unico
tipo de acido nucléico, que pode ser
DNA ou RNA, onde estao inscritas as
iInformac0es necessarias para a
producao de novos virus.



Evoluindo investigacao, sabe-se hoje
que...

... hd animais que podem adquirir
cloroplastos por processo diferente da
endossimbiose e que nao sao herdados
nas geracoes gue se seguem.



Isto acontece por um processo chamado
cleptoplastia.

Os organismos heterotroficos consomem
e retém os cloroplastos de um organismo
fotossintetizante.



Desta forma, integram parte dos tecidos
do organismo, que adquire a habilidade
de realizar fotossintese por um tempo

gue pode chegar a ser de varios meses.

A eficiéncia da fotossintese desses
cleptoplastos e tao alta que, se a
Intensidade da luz for boa, estes
moluscos nao necessitam mais
“alimentar-se”.






Superfamilia dos afideos -
realizam fotossintese

“Light- induced electron transfer
and ATP synthesis in a carotene
synthesizing insect”.

Nature.

Pesquisadores franceses Jean
Christophe Valmalette, Aviv
Dombrovsky, Pierre Brat,
Christian Mertz, Maria Capovilla e
Alain Robichon.

http://www.esalq.usp.br/cprural/i
nformacoes/mostra/161/insetos-
que-realizam-fotossintese-sao-
descobertos.html




Conceitos

o Gene

o Sequéncia nucleotidica no DNA
(que podemos chamar de cédigo — um conjunto de cdédons)
necessaria e suficiente para:
a sintese de um peptideo (transcricao em mRNA e
traducao em polimero de aminoacidos) ou polipeptideo ou,
ainda,
para a sintese de uma molécula de RNA estavel
(tRNA ou rRNA)

e« Cromossomo
> Molécula encontrada no nucleo constituida de DNA (genes)

o Genoma

o Conjunto de genes de um individuo
> 30.000 0 numero de genes em humanos



Sintese de Proteinas e de RNAS

\V/AV]

RNA

Lt Proteinas ribossomais
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tRNA
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O nao-tao-diferente
no todo tao-diferente




Universalidade dos
Acidos Nucléicos

Seres vivos Células

—

Cromossomas

DNA
Molécula
universal dos
organismos
vivos

Condensacao
>

A

Descondensacao



1(

2(

3

i

1

AATTCTTAAT
TTAAGAATTA

AAACTGCAAT
TTTGACGTTA

GCCGTTTCTG
CGGCAAAGAC

GCAAGATCCT
CGTTCTAGGA

ACCTATTAAT
TGGATAATTA

CATGAGTGAC
GTACTCACTG

TTCCAGACTT
AAGGTCTGAA

CGCATCAACC
GCGTAGTTGG

TAACCAATTC
ATTGGTTAAG

TTATTCATAT
AATAAGTATA

TAATGAAGGA
ATTACTTCCT

GGTATCGGTC
CCATAGCCAG

TTCCCCTCGT
AAGGGGAGCA

GACTGAATCC
CTGACTTAGG

GTTCAACAGG
CAAGTTGTCC

AAACCGTTAT
TTTGGCAATA

TGATTAGAAA
ACTAATCTTT

CAGGATTATC
GTCCTAATAG

GAAAACTCAC
CTTTTGAGTG

TGCGATTCCG
ACGCTAAGGC

CAAAAATAAG
GTTTTTATTC

GGTGAGAATG
CCACTCTTAC

CCAGCCATTA
GGTCGGTAAT

TCATTCGTGA
AGTAAGCACT

AACTCATCGA
TTGAGTAGCT

AATACCATAT
TTATGGTATA

CGAGGCAGTT
GCTCCGTCAA

ACTCGTCCAA
TGAGCAGGTT

GTTATCAAGT
CAATAGTTCA

GCAAAATCTT
CGTTTTAGAA

CGCTCGTCAT
GCGAGCAGTA

TTGCGCCTGA
AACGCGGACT

GCATCAAATG
CGTAGTTTAC

TTTTGAAAAA
AAAACTTTTT

CCATAGGATG
GGTATCCTAC

CATCAATACA
GTAGTTATGT

GAGAAATCAC
CTCTTTAGTG

ATGCATTTCT
TACGTAAAGA

CAAAATCACT
GTTTTAGTGA

GCGAGACGAA
CGCTCTGCTT



eptide
ain

Amina __ Poly
Acid —* cﬁ

Trareskaficr)

OMA = mAMNA=—IANA —*

Trarssription

117111

Fodoodb=dood=odb=<

]
UGEGEUAUAL_":HE:HUG.HCUU
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Intron
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Start Stop
I ]
ATGACGGATCAGCCGCAAGCGGAATTGGCGACATAA

TACTGCCTAGTCGGCGTTCGCCTTAACCGCTGTAT
1111 L1 L1 11 L1 HEEN




. -

Frimemra base

...e a universalidade se
estende...q . sue

uuu‘_Fenilo

UUCJ glanina

UUA--Lcucino

UUG_

CUU™

cuc .

CUA Leucina

CUG_

AUU

AUC =Isoleucina

AUA _ Metioni
etionina

AUG |

GUU

232 Valina

GUG

Ucu"

CCU™

ACU™

- ACG _

ucc
UCA
UCG._

—-Serina

ccC
CCA
CCG_

— Prolina

ACC

AcA I~ Treonina

GCU
- GCC

GCA Alanina

GCG

GAG

|

gﬁg]— Tirosina
UAA  Stop codon
UAG Stop codon

eae | Histidina
CAG}'Glutamma 'l
MU -»-A . . |
AAC |“Asparagina
AAA T Lisi

AAG [~Lisina

GAUT Acido ,
GACJ Aspartico
GAAT Acide

Glutamico |

UGuU .
uec]'c”m”m°
UGA  Stop codon
UGG Tryptophan
CGU™

CGC T
CGA Arginina
CGG_

AGUT ., ..
AGC_—SQ' ina
AGA .
AGG_—Argmmo
GGU

ggﬁ —Glicina
GGG.

ODrP0C O>»0C OPO0C O>»0C

“

250g D122 |



Fita do DMA, Fita do RMA Sequéncia de aminoacidos
(Codansg) (Codons) na proteina (Kibhossomos)
A H o -;
II" ﬂ — > H b Fenilalanuna
' -'F ................... > E ¥ Tt Acido glutdmico
[EL A ¢
G C .
||II E —— E I[Z?T:";Z R Arginina
| a
!ll E . $ 1 el Yalina
‘A H A
| Transcrigio T des
: . CAD
l (ndclea) RER)

FMA - Folimarase

Proteina




Sobre o Codigo

Ha colinearidade entre genes e proteinas
O codigo é em trincas

O codigo é degenerado

O cédigo é dito “nao ambiguo”

O codigo tem ponto inicial

O codigo tem ponto final



Mitochondrial Genetic Code is different

TABLE 5.5 Distinctive codons of human mitochondria

Standard Mitochondrial

Codon code code
UGA Stop Trpj :
UGG Trp Trp
AUA [le Metj
AUG Met Met
AGA Arg -~ Stop

GG Arg Stop




Fara o citoplasma

g

Hibossomas

Para as mitocdndnas,
choroplashos ou
QUERDS OFganeios




GENES — EUCARIOTO X PROCARIOTO

Frokaryols gang
5, | | 3!
TN AN AN IO IONIPNEINNL TN
I I ||
Regulatory Coding reglon Transcription
region far termination
Iranscription signals
initiatlon
Eukarycte gane
| I
AR PN TN IR PN PN NN T NI NI IR
Ragulalory Introns Transcriplion
region for termination
transcription signals
initiakion

S SN N

Coding raglon (exons)



PROCARIOTO X EUCARIOTO




GENOMA — EUCARIOTO X PROCARIOTO

Bacterlum
I — . N N N N S E—
N N N ] = N = = N w N = |
Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene
thrf s186 151
thed | thrC dnak corh fixh
i ] ] 10 40 50 ki

—_—
- I | 111
Gene Gene  Gene Gene Gene  Gene Gene Gene Gene Gene Gene
GLE | SRO9 Hit4 FUS! AGPT t Tpd t BLIDG
Q 17 Pl £ 14] 40 EQ kb
Drosophlia
e . - EEwTR ENTE . -wEY W TR
- - - - - - = 8 s | __FE ] | EEFE F | | B N O EW] S EEELE
Gene Gene Gene Gene Gene Gene Gene Gene
Pl Edg?8E Palycomb
i 10 20 EL] 40 50 kb

TR T EETTee EETTE R T T
[ FEE W B NEET ] - EilE BE iiEaE A=
Gene Gene
W29 TRYE




MANIPULACAO DE GENES
e

TRANSFORMACAO
GENETICA



O que € um OGM?



Lel Federal

« OGM ¢, segundo o art. 3°, inciso V, da Lei Federal
n° 11.105, de 24 de marco de 2005,

e organismo cujo material genético (DNA/RNA) tenha
sido modificado por qualquer técnica de engenharia
genetica,

excluidos

desta classificacao aqueles organismos
"resultantes de técnicas que impliqguem a
introducao direta, num organismo, de material
hereditario, desde gue nao envolvam a utilizacao de
moléculas de DNA/RNA recombinante ou OGM,
tais como: fecundacao in vitro, conjugacao,
transducao, transformacao, inducao poliploide e
qualquer outro processo natural.






Por falar nisso, ... Mutantes!!!

-« THEBIGCATEATTHEFATRAT

THE BIG CAT EAT THE FAT

EU E SUA MAE JA FALAMOS GQUE
NAQ APROVAMOS ESSE SEU NOVO
NAMORADQ! TA NA CARA QUE ELE

WiwWota. com.br

http://www.armandoantenore.com.br/blog/as-aparencias-enganam



http://www.armandoantenore.com.br/blog/as-aparencias-enganam
http://www.armandoantenore.com.br/blog/as-aparencias-enganam
http://www.armandoantenore.com.br/blog/as-aparencias-enganam
http://www.armandoantenore.com.br/blog/as-aparencias-enganam
http://www.armandoantenore.com.br/blog/as-aparencias-enganam

Por falar nisso, ... Mutantes!!!

’ o THEBIGCATEATTHEFATRAT!!I

« THEBIGCATEATTHEFAT THEBIGRAT!!!
« THEBIGCATEATTHEBIGRAT!!!

o THEFATCATEATTHEFATRAT!!!

o THECATEATTHERAT!!I

« THEBIGCATEATTHEFATDOG 11

e THEBIGCATEATTHEFATCAT

e THE...

b

° QénEBIGCATEATTHEFAT 11

TEBIGCATE HEFATRAT!!!
e X X x x % P77

THEBIGCATEATTHEFAT THEFATCATEATTHEBIG THED
OGEATTHEBIGCATANDTHEDOGEATTHEBIGCAT!TWOW!!!

THE BIG CAT EAT THE FAT , THE FAT CAT EAT THE BIG
, THE DOG EAT THE BIG CAT AND THE DOG EAT THE FAT
CAT ! WOW !



DNA em que houve
perda de uma base

Mutacao Geénica

’

ATGGCTTACATACTTACAACEC
N RIS ) IR R (0 REER T

TACCGAATGTATGAATGTTGG

DNA apés perda de um par de bases

ATGGCTTCACATACTTACAACC
DRSO C T (T RS | DO O U

TACCGAAGTGTATGAATGTTGG

ATGGCTTTCACATACTTACAACCEC
i1 SURREINEY () ISR ) BORRE 1 BEE AR)

TACCGAAAGTGTATGAATGTTGG

DNA apdés adigho de um par de bases

Cadela-molde
para a transcrigho

« Figura 10.5 » Representacho
esquematica de mutagdes
génicas por perda de um par de
bases (acima) e por adigdo de
um par de bases (abako) do
segmento de DNA representado
no centro (DNA original)
Compare a seqiéncia de
aminoacidos nas proteinas
mutantes devidas a perda
(proteina mutante =)

e & adico (proteina mutante +)
de bases com a seq¥naa na
proteina normal (DNA onginal).






DNA Recombinante

 DNA recombinante (rDNA) é uma forma
de DNA nao natural que é obtida pela
combinacao de duas ou mais
sequéencias genicas que normalmente
Nnao ocorrem juntas na natureza.

° Em termos de modificacao geneética, ele
é criado através da introducao de um
fragmento de DNA em molecula de DNA
de organismos ja existente, tais como
em plasmideos de bactérias.



* A nova forma, torna-se capaz de alterar
caracteristicas para uma finalidade
especifica, como resisténcia a fatores
abioticos.

 Difere de mutacoes e da recombinacao
geneética ordinaria, a qual se da através de
processos naturais;
é uma (re)combinacao projetada e
conduzida.

« Uma proteina recombinante & uma
proteina que é derivada de DNA
recombinante.



Enzimas de Restricao

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
EcoRl Hpal Hindlll
restriction site restriction site restriction site

bond in sugar-phosphate
backbone

E,, )
i H bond
Covalent phosphodiester l

Restriction enzyme cuts DNA strand

AV HAVA KHL

Blunl ends Sticky ends




27 ...RH E*[:

T... 3°
Alul 3° .. T [:*E A... 5°

5 ... gefc ... 3
Haelll 4. [:*E G... 5°

27 .. -Etﬁ...'f'..l..[.:..[:- TR
BamHl 5. o ¢ 7R 646 - 57

s . .afaccTT... 3
Hi"dlll lllllllllllllllll

37 ...T TCOD H*H... 2’

EcoRI 2 ---Etﬂ...ﬂ...[..[.t-.. 3°
O 3" ...[:TTHH*E... 5:-

Alul and Haelll produce blunt ends

BamHI Hindlll and EcoRl produce "sticky” ends



DNA Ligases




Restrlctlon site

DNA 5'3

3 5’
0 Restriction enzyme cuts
the sugar-phosphate

backbones at each arrow

= (i

Sticky end

ATy Co—)
€3 DNA fragment from Iy
another source is added. Fragment from different
Base pairing of sticky DNA molecule cut by the
ends produces various same restriction enzyme
combinations. Y

-ﬁ_ﬁé_’]_
One possible combination

€) DNA ligase l

seals the strands.

B BN 22
I N 2

Recombinant DNA molecule



Por que “engenheirar”
OGMs?



Quais 0s objetivos?

« 1. Para expressar uma caracteristica
originalmente ausente na espécie
manipulada;

» 2. Para superexpressar uma caracteristica
originalmente presente na espécie
manipulada;

» 3. Para evitar a expressao de uma
caracteristica indesejada, originalmente
presente na espéecie manipulada
(silenciamento génico).



Como transformar?



Diretos: INnDiretos:

Biobalistica; Agrobactéria;
Microinjecao; '

: Virus.
Fusao de

Protoplastos
Eletroporacao.

Métodos



Métodos Diretos:

» Biobalistica:

Gas
acceleration
tube

I L Rupture disk
*— Macrocarrier
—

Stopping screen

DMA-coated 4:
microcarriers F]
-
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Meétodos Diretos:
» Microinjecao:

Target cell

Suction tube
to hold target
cell in place

(d)

Copyright @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings.



Métodos Diretos:

» Fusao de Protoplastos:

Chromosome
Plasma membrane
: Cell wall

lBacteriaI cellle Bacterial cell walls are

Y

Protoplasts
@ In solution, protoplasts are
treated with polyethylene glycol.

Y

Recombinant
cell

}

enzymatically digested,
producing protoplasts.

€ Protoplasts fuse.

(@) Segments of the two
chromosomes recombine.

W

© Recombinant cell
grows new cell wall.

(a) Process of protoplast fusion

Copyright ©2010 Pearson Education, Inc

2N

(b) Algal protoplasts fusing

@
> @)

Copyrgin © 2010 Foarson Educeton, e
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Métodos Diretos:

» Eletroporacao:

Before Pulse During E-field

Cell membrane

Introduce
- genes/drugs
~ + ~
+ ~ 4 ,\_N
= - ""u+~"‘
~ =N et
o Pt ST W)
~ L t\«’\'
s ~ - ~
+

Electric field induces a
voltage across cell
membrane

After Pulse

Cell "heals" with
gene/drug inside



The phenomenon of electroporation

Cell membrane Cell membrane Cell membraneg

before pulsing during pulsing after pulsing
fceldl rebums to

& Controlled, millisecond electrical pulses induce teMPporary pores
in the cell membrane

* Call membrane reseals and is left vnharmed



Métodos Indiretos:

» Agrobactéria:







Regido
transferi
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Cytokinin

Opine

T-DNA Region

Left Border Right Border

Ti Plasmid

Opine
Catabolism
Virulance
Region Origin of
Replication

[(ORI)



1 Wounded plant cells releases siznaling molecules

5 I
: CH,0"Y OCH- ;
o]
(small phenolic compounds, sugars)

::-_:.]

. 3 Act i : _
Bacterial chromosome o hcsaherelation 2 Signaling molecules are recogrzed
- by the dimeric transmembrane receptor : -
1 Expression of chromosomal genes complex Viri-ChvE 13 Expression of integrated T-DN A
involved in early virulence steps - zenes: production of auxins cytokinns
Expression of the vimlence genes ' ' and opines
vird andvirG (Ti-plasmid) [4 Phosphorylationof cytoplasmic
VirG by autophosphorylated Vird | |
| | i Opines are secreted by transformed plant ce11.
| R L 3
£ Activated VirG binds the regulatory regions of other vir operons, acting &' | and consumed by Agrobactermam for mbrition’
as transeriptional activator. Expression of virC virD) virE, vivB, virF, virEH Opines - —
| 12T-DNA integration into plant genome by

illezitimate recombination. VirD2 is essential

Expression of virC, virD) virE, virB, virF, virH to precisse integration of ssT-DNA

6 VxD1/ViD2 recognize the 25-bp T-DNA borders (RB, LB)

VirCl recognizes the overdrive enhancer at right T-DNA border 11 Nuclear uptake of]|
Endomicleolytic cleavage at the bottom strand by VirD2 the transfer complex
VirD2 remains covalently bound to the 5'-end of T-DNA complex

Recovery of the T-DNA strand of the Ti-plasnid

VirB Protei
r Maturation of hpoproteins VixB ||

Disulfide ($=5)VirB7-VirB9 heterodime

formation and sorting

C]
&

&)e:D
G
G

Synthesis of ViE]
- . and VE2

o

|1 B

+ o3
S
‘ I@@@tE :

i @0

Cytoplasmic Receptors

B ——ea» . OG> —
10 Plant cytoplasmic receptors recognize the
O Two Models of 551 DN A-TrD2 complex dehvery have been proposed. In the most | . VirE2 wiclaarlocaticet signaks im ¥irkld and ¥al)2
accepted the model is coated by single strand binding protein VirE2 and the transfer -
machinery presumably would not interact directly with the DNA(Way 4). In the second
alternative model the DN A 15 naked convalently bound wath VirD2and VirE2 is delivere
indedendent of the ssT-DNA-VixD2 complex (Way B). The latter model implies the
direct interaction of the transfer machinery with both, the protein and with naked DN A

Agrobacterium tumefuciens | Plant Cell







Agrobacterium fumefaciens

bacterium
o N
( C%) Inserted T-DMNA
O carrying foreign
) The plasmid gene
is reinserted
Restriction into a bacterium. @ The bacterium is
cleavage S used to insert the
site ‘/ T-DMA carrying the
foreign gene into the
T-DMA chromosome of a © The plant cells
plant cell. are grown in
) o~ Culture.
Recombinant

@ The plasmid is removed Ti plasmid

from the bacterium, and

the T-DNA is cut by a

restnclion enzyme. €) The foreign DNAis

inserted into the T-DNA
of the plasmid. 7 N plant is generated from a cell

clone. All of its cells carry the

€ Foreign DNA s cut

by the same anzyme.

© BENJAMINACUMMINGS

foreign gene and may express
it as a new trait.



