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1960 - Estrutura cristalografica da mioglobina a 2 A de resolucao

Fig. 4. Photograph of a model of part of the molecule near the heem group, showing

the vertical rods and coloured clips which indicate the electron density at each point of

the grid, and atomic models of the heem group and neighbouring helices. The terminal
carboxyl end of the chain is on the extreme left

(b)

"..These results are the first to direct proof that a-helices are present and,
indeed enable them to be seen directly for the first time."

J. C. Kendrew et al. (1960) Nature
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Reticulo cristalino



p(X9Y9Z) = (1/ V) ZthZl |Fhk1| e-2mi(hx+ky+z + ¢phkl)

O padrdo de difragdo e o mapa de densidade eletronica estdo
relacionados por uma transformada de Fourier






Fatores importantes para avaliar uma estrutura cristalografica

Resolugdo do mapa

R-factor (R work): mede a concordadncia do modelo com o mapa. Boas
estruturas R-factor < 20%

R-free: mede a capacidade do modelo de explicar um pequeno conjunto
de reflexdes ndo utilizadas no refinamento

Estatisticas do Ramachandran

RMSD de ligagdes de angulos

Clash score



Fatores de transcricao em bactéria: LamdaR em
complexo com o operador

Beamer & Pabo (1992)



L amdaR forma um octamero




Bell & Lewis, 2001



Ressonancia Magneética Nuclear



Solution NMR sample
* pure, stable and high concentration
* 500 ulL of 0.5 mM solution -> ~ 5 mg per sample
* preferably low salt, low pH

* No additives



http://upload.wikimedia.org/wikipedia/en/b/b0/NMR_sample.JPG

RMN detecta transicoes entre estados do spin nuclear na
presenca de um campo magnetico estatico
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Nucleos frequentemente observados em
moléculas biologicas

Nucleo Abundancia
natural
H 1/2 26.75 x 107 99.99
2H 1 4.107 x 107 0.012
13C 1/2 6.728 x 107 1.07
15N 1/2 -2.713 x 107 0.37
31P 1/2 10.839 x 107 100.00




Deslocamento quimico: a frequéncia de ressonancia
do spin nuclear depende da densidade eletronica ao

redor do nucleo More conveniently
expressed as parts per
million (ppm) by
comparison to a reference

H3CO frequency:
S= 100 ref
ref
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Keeler (2010) Understanding NMR Spectroscopy, 22 edicdo, John Wiley & Sons
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Chemical shift

y=YBig gy
2T

shielding constant

Shielded

7 . Reqgion ./~
1‘/ _*.l g , \

More conveniently
expressed as part per
iilaldad million by
egion .
comparison to a
reference fre uency:

S= 706 ref
U

. #shielded N ref

Region

Deshielded
Regio




H
1 N
¢/

0 e
\ /
3 H—C+«Si—C—H
H” | OH
J N
H | 'H
O :

2

r - < -~ 1 - >ttt 7t 1t
11 10 9 8 Fi 5 = 4 3 2 1 0

HSP-03-534 alalgg



Equivaléncia quimica:
ambientes quimicos idénticos
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RMN de proteinas
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Wathrich et al. (2003) Angew. Chem. Int. Ed. 42: 3340-3363




Enriquecimento isotopico

Nucleo Abundancia
natural

2H 1 4.107 x 107 0.012

13C 1/2 6.728 x 107 1.07

15N 1/2 -2.713 x 107 0.37



http://upload.wikimedia.org/wikipedia/en/b/b0/NMR_sample.JPG

Sequéncias de pulsos modernas
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Massi et al. (2004) JACS 126:2247




1SN-HSQC: fingerprint
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NMR & Structural biology
Structure determination

* NMR enables the calculation of
high-resolution protein 3D
structures in solution

1. Unambiguous restraints

Intraresidual 535
Sequential 675
Medium range 239
Long range 767
Intermolecular 87

2. Talos dihedral angles 140

3. Consistent violations

Distances > 0.5 A 0

Torsion angles > 5° 0

4. RMS deviation from the lowest energy structure
All core residues (30-38, 163-252)

Backbone atoms (N,CA,CO) 0.58 + 0.06
Heavy atoms 1.64 +0.07
5. Ramachandran plot (30-38, 163-252)

Most favored region (%) 86.31 £ 2.51
Additionally allowed region (%) 12.36 +2.59
Generously allowed region (%) 1.32 £ 0.37
Disallowed region (%) 0.00

6. WHAT CHECK structure Z-scores

Ramachandran plot appearance -2.42 +0.26
2nd generation packing quality 0.25 +0.28
X1 - x2 rotamer normality -1.00 +0.35

Backbone conformation -4.23 +0.29



NMR & Structural biology
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Criomicroscopia eletrbnica



Transmission Cryo-Electron Microscopy

A tool used by structural biologists to study
molecular nanomachines

Gabriel Lander, Thesis Defense 2009

https://www.youtube.com/watch”?v=BJKkCOW-6Qk
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Cryo-Electron Microscopy
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Como avaliar a qualidade de uma estrutura de Cryo-EM?

Resolugdo global (dado pela FSC)
Variacdo da resolucdo local
Concordancia entre o mapa final e o modelo
Estatisticas do Ramachandran
RMSD de ligagdes de angulos

D
Clash score
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Cristalografia

Vantagens

Desvantagens

-N&o ha limite de
tamanho
-Malor resolucéao

-E preciso obter
um cristal que
difrate
-Demanda altas

concentracoes (>

5-10 mg/ml)

- Aplicavel

quando nao se
obtém cristal

- E possivel variar

as condicdes da
solucao (pH,
tampéao etc)
Dinamica
nteracoes

DPs

- Néao aplicavel a

proteinas
maiores que 20 -
30 kDa

- Demanda altas

concentracoes
(>5-10 mg/ml)

- Menor resolucao

-Demanda pouca
amostra (0.1 mg/
ml)

-Aplicada em
solugéao

-ldeal para
proteinas de
membrana
-Heterogeneidade
conformacional

- Exige muito
poder
computacional

- N&o aplicavel a

moléculas < 100
kDa



Banco de dados de estruturas de proteinas e
acidos nucléicos

RCSB PDB Deposit v+ Search ~ Visualize v Analyze v Download v Learn v About v Documentation v Careers COVID-19

216,864 Structures from the PDB
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ModelArchive

Edl Visualize These data can be explored in context of external annotations

providing a structural view of biology.
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Qual é a infraestrutura disponivel em S&o Paulo?



Laboratorio Nacional de Luz Sincrotron (LNLS)

EMA INGA )
JATOBA (/L XAFS) |(IXS/Raman) CATERETE

CARNAUBA (HE-TXM) 2 -24 keV 5 - 24 keV /  (cSAXS)
(nXRD) 30-200 keV 2 - 24 keV
2 -24 keV

IPE
high res. PGM)
10 eV - 2 keV

MANACA
‘_/————

éq—\ 2- 24 keV

SABIA

| . SAPUCAIA “(high flux PGM)
///x IMBUIA (SAXS) ~ 200 eV - 2 keV
(IR-aSNOM) ;>4 \ev

0.001-1eV

7

(quick EXAFS)

PAINE QUATI
(XPD
445 ke 4- 45 keV
MOGNO
(nTXM) Superbend de 2T
4- 24 keV Wiggler de 4T
~ Ondulador de periodo curto
\\\\ _———— ONdulador de periodo longo
L 3 GeV, 280 pm rad

Acelerador de elétrons
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Itan Krios
‘alos Arctica

IFSC - USP

Tundra Cryo-TEM
Aquilos 2 Cryo-FIB-SEM-IFLM




