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RMN de proteinas




RMN trata da interacdo de spins nucleares com um campo magnético externo.
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Cada ntcleo possui uma frequéncia de ressondncia
caracteristica devido ao seu ambiente quimico

Origens do deslocamento quimico




O experimento basico de RMN
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O momento magnético resultante pode ser manipulado por pulsos de radiofrequéncia,
gerando estados de spin que podem ser detectados na bobina da sonda.



Preparacao

O experimento basico de RMN

Deteccéo

FID

Free Induction Decay
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Vector representation for the
magnetization of a nucleus
without coupling




Transformada de Fourier
Uma operacao matematica para converter dados que variam em tempo para
dados que variam em freqliéncia e vice-versa
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Determinacio de estruturas de proteinas de alta resolucao por
RMN
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Espectros Multidimensionais permitem observar
correlacdes entre spins de nucleos diferentes
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2D NOESY: a principal fonte de informacao estrutural

NOE: Interac¢do dipolar através do espagco ™~ 1/ r®

Providencia um alista de todos os pares de atomos separados por uma distancia maxima de ~ 5 /

Tambeéem:
-acoplamentos 3J
-RDCs




RMN PERMITE ESTUDAR A ESTRUTURA EM SOLUCAO

Proteinas tem flexibilidade conformacional



RMN PERMITE ESTUDAR A ESTRUTURA EM SOLUCAO

Residuos 24-139 Residuos 51-134

C-terminal C-terminal

N-terminal N-terminal

Proteinas tem flexibilidade conformacional



Estruturas determinadas por RMN e cristalografia
sao muito similares

Solution vs crystal structure
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RMN permite estudar interacoes
entre proteinas
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>N (ppm)

RMN permite estudar interacoes

entre proteinas
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Atomos de VirB7 perturbados pela VirB9
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RMN permite estudar exposicao de sitios especificos ao solvente

Cinética de troca 'H - °H (H-D) por RMN

alpha-helix.
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Cinética -
de troca
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Troca H-D

Log time (min) of persistence of 'H signal in D50

Top view
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X-rays

Wilhelm Conrad Rontgen (Nobel Prize in
physics, 1901), Max von Laue (Nobel
Prize in physics, 1914), and father and son
Sir William Henry Bragg and William
Lawrence Bragg (Nobel Prize in
physics,1915): The prizes were awarded to
these 4 persons for their contribution to the
discovery of X-rays, understanding their
nature as electromagnetic waves and their
use in revealing the atomic structure of
matter.




Linus Pauling,

Nobel Prize in chemistry 1954,

California Institute of Technology (Caltech)
Pasadena, CA, USA. b 1901, d. 1994

"for his research into the nature of the
chemical bond and its application to the
elucidation of the structure of complex
substances".
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http://pauling.library.orst.edu/exhibit/column18-normalcell-large.htm
http://pauling.library.orst.edu/exhibit/column18-normalcell-large.htm
http://pauling.library.orst.edu/exhibit/column18-sicklecell-large.htm
http://pauling.library.orst.edu/exhibit/column18-sicklecell-large.htm

Max Ferdinand Perutz

(b. 1914, d. 2002) and

John Cowdery Kendrew

(b. 1917, d. 1997).

Nobel Prize in Chemistry 1962.
MRC Laboratory of Molecular
Biology, Cambridge, United
Kingdom.

The Nobel Prize in
Chemistry 1962 "for
their studies of the
structures of globular
proteins”



The Nobel Prize in Physiology or Medicine 1962 was
awarded jointly to

Francis Harry Compton Crick,

James Dewey Watson and

Maurice Hugh Frederick Wilkins "for their
discoveries concerning the molecular structure of
nucleic acids and its significance for information
transfer in living material".

It has not escaped our notice that the' specific

iring we have postulated immediately suggesta a
g‘@i@ﬂ copying mechaniam for the gonstio material.




Dorothy Crowfoot Hodgkin

(b. 1910, d. 1994)

Nobel Prize in Chemistry 1964. University of
Oxford, Royal Society, Oxford, United Kingdom.

The Nobel Prize in Chemistry 1964 was awarded
"for her determinations by X-ray techniques of the
structures of important biochemical substances".
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http://en.wikipedia.org/wiki/File:InsulinMonomer.jpg
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Johann Deisenhofer (b. 1943), University
of Texas Southwestern Medical Center at
Dallas, Dallas, TX, USA; Howard Hughes
Medical Institute;

Robert Huber (b. 1937) & Hartmut Michel
(b. 1948); Max-Planck-Institut flr
Biochemie, Martinsried, Federal Republic
of Germany

The Nobel Prize in
Chemistry 1988

“for the determination of the
three-dimensional structure
of a photosynthetic reaction
centre”

Schematic picture of a photosyn-
thetic reaction center from the bac-
terium Rhodopseudomonas virdis.
The polypeptide chains are drawn
as ribbons of different colors for
the four different protein sub-
units.

Ly 7 - A
chiorophyll monomer i X  chiorophyil



Structure and function of
lonic and water channels,
2003

Water channel

Cell membrane Cell membrane

Peter Agre & Roderick MacKinnon,
Nobel prize in Chemistry 2003 or
discoveries concerning channels in cell
membranes



Roger Kornberg,
Nobel prize in

Chemistry, 2006
for his studies of
the molecular

basis of

eukaryotic

transcription




Venkatraman (Venki) Ramakrishnan,
Thomas A. Steitz, and Ada Yonath
2009 Nobel prize in chemistry, for studies

of the structure and function of the
ribosome.
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The Nobel Prize in
Chemistry 2012 was
awarded jointly to Robert J.
Lefkowitz and Brian K.
Kobilka "for studies of G-
protein-coupled receptors”




Crystal structure of the entire respiratory
CompleXI | NATURE | VOL 494 | 28 FEBRUARY 2013

Rozbeh Baradaran', John M. Berrisfordt, Gurdeep S. Minhas! & Leonid A. Sazanov*
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PROTEIN CRYSTALLOGRAPHY







Cristais proteicas
possuem 25-75%
agua







Mix cocktail Turn slide and Observe for

and protein on seal well crystal formation
— glass slide
)t
i !
S @@&
Well with crystallization cocktail Vapor diffuses @
(precipitants, additives, into well, Harvest and mount
detergents, etc. — unlimited concentrations in crystals

combinations possible) drop increase
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A mapa de densidade eletronica € o FT da padrao de difracao
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A padrao de difracao € o FT da mapa de densidade eletronica
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The FT of any single reflection will look like
- : / this: a repetitive rise and fall of electron

bt - ! .- - density that is the average electron-density
: | along the set of Miller planes that share

their indices with that specific reflection.
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Figure 5.3 »  (a) Structure-factor pattern (top) calculated from a simple model
(bottom). (b) Fourier transforms of individual reflections from a. Red is positive electron
density, blue is negative. (¢) Sums of FTs from b. In each square, the FT of one reflection
is added to the sum above it.

When the FTs of two or more reflections
are added together, we see interference
between them that results in a detailed
electron density map with peaks at the
atomic positions.
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Determinacao de Estruturas de Proteinas em Alta Resolucao

1) Cristalografia de Proteinas
Vantagens.:
- Maior resolucao
- Nao ha limite tedrico sobre o tamanho (5000 g/mol até 107 g/mol)
Desvantagens:
- Dinamica conformacional pode ndo ser evidente
- Nao aplicavel a proteinas com grande flexibilidade conformacional
- Dificil estudar a cinética de processos
- Passo limitante: obter cristais que difratam

2) Ressonancia Magnética Nuclear de Proteinas
Vantagens:
- Aplicavel a proteinas pequenas (at€¢ 30 — 50 kDa, incluindo oligopeptideos)
- Pode ser utilizado para estudar varios tipos de
dindmica conformacional com frequencias de 10 s até 1 s
- Pode ser utilizado para estudar a cinética de processos
¢ interagoes e enovelamento de proteinas

Desvantagens:
- Limite de tamanho: <30 - 50 kDa



Dicroismo circular e Fluorescéncia
Técnicas espectroscopicas para estudar
Enovelamento e estabilidade de proteinas e suas interagoes




Dicroismo circular e Fluorescéncia
Técnicas espectroscdpicas para estudar
Enovelamento e estabilidade de proteinas e suas interagoes
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Dicroismo circular




linearly polarized light

circularly polarized light
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Dicroismo circular (CD)

Circularly polarized

Ligacao peptidica (UV distante)
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A=gxcxl g - €r = At

elipsidade molar residual [6] (deg x cm? x dmol™)

[0] = elipsidade (6; mdeg)
caminho da cubeta (mm) x concentracao da proteina (M) x (n® aminoacidos -1)]

e regiao UV-distante (170-250 nm)
— dominada pelas contribuicdes das ligacdes peptidicas
— usada para caracterizar estruturas secundarias

e regiao UV-proxima (250-300 nm)

— origina das cadeia laterais dos aminoacidos aromaticos

— observada somente em proteinas enoveladas quando o grupo
aromatico esta imobilizado num ambiente assimétrico.



« Uso primario de dicroisimo
circular em bioquimica é de
monitorar estruturas regulares e
assimetricas em biopolimeros
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Dois requerimentos importantes para uso de CD para
estimar conteudo de estrutura secundaria de proteinas:

1) O espectro deve ser adiquerido de 260 nm eté pelo
menos 185nm.

2) Determinacao precisa de concentracao protéica
(< 10% erro).
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[0] (deg cm’ dmol'l)

Dicroismo circular (CD): UV proximo

30 -
25:
20;
15:

10 +

Phe

V.

260

I
270

I ! I ' |
280 290 300
Wavelength (nm)

Kelly SM et al. (2005)

, ,
310 320 _ _
Fenilalanina (F)

Aromaticos (UV préximo)



Espectrofluorimetria (Fluorescéncia)
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Esquematica de um fluorimetro

Amostra

Monocromador
de excitacao
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Fluorescéncia intrinseca de proteinas é devido
principalmente aos triptofanos

- O centro do pico e a intensidade de fluorescéncia sao
sensiveis a mudancas no ambiente do aminoacido
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Fluorescéncia: desnaturacao quimica e térmica

Fluorescéncia Xac2622 51-134
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