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Which is the motivation of XALOC?

* Macromolecular Crystallography or X-ray crystallography is a technique for
visualizing the structures of macromolecules such as proteins, viruses and nucleic

acids (RNA and DNA) at atomic resolution.
* Crystallography is essentially a form of very high resolution microscopy.

 XALOC is a beamline focused to obtain the molecular structure of proteins using
single crystal X-ray Crystallography.
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Sz~ Whyis important to study proteins?

YVVVVYVYVYVYYY

Primary structure
amino acid sequence

Proteins are large biological molecules essential for living organisms and are
involved in virtually every process within cells (~ 20% weight human body).

Proteins are encoded by DNA. Proteins carry out the different functions.
Polymers of amino acids. The folding of its linear sequence of amino acids

give rise to the 3D-structure, which is characteristic of each protein and is
closely related with its physiological activity.

Secondary structure
regular sub-structures

Proteins are involved in a vast variety of functions:
Transporters of essential substances, e.g. hemoglobin (oxygen).
Enzymes catalyze biochemical reactions and are vital to metabolism. .
DNA replication, e.g DNA polimerase. ettt e
Structural or mechanical functions, e.g. actin/myosin (muscle), keratin (hair).

Cell signalling.

Inmune responses, e.g. antibodies.
Cell adhesion.

— !
Tertiary structure
three-dimensional structure

Cell cycle. {) DNA replication
)
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and for industry...

Table 1. Four classes of enzymes are generally used in detergents.

Most widely used enzymes in the detergent industry remove protein stains such as grass,
Proteases . ;
blood, eqg and human sweat which have a tendency to adhere strongly to textile fibers.
A Used to remove residues of starch-based foods like potatoes, spaghetti, custards, gravies
mylases
and chocolate.
Linases Decompose fatty material. Lipase is capable of removing fatty stains such as fats, butter,
p salad oil, sauces and the tough stains on collars and cuffs.
Cellulases Modify the structure of cellulose fiber on cotton and cotton blends. When it is added to a
detergent. it results in; color brightening, softening and soil removal.
Table 2 Commercial baciri@ lipases dources, spplications and their industrial suppliess. ar. Mot specified
Commer cial lipase Sewo Supplier Application P fre neoes
Lumafas Prsicdomimiers insiendeciine  Genencds e matisnal, TVSA Dhete et Jaemer ot al 1994; ANTIFREEZE PROTEINS
Jaeger and Rect: 998
Lipomrax P akaligenes Gist-Brocades, The Neherhnds; Jocer ot al. 1904;
Crenencor Intermnati omal, LIS#A Jaeger and Reet 998
ns B glomae Unilever, The Netherkands Dheie sgend. Jaemer ot al 1904 .
ns Bereilhes puonifics Solvay, Belgium Dake sgen Jsemer et al 1994 Usdf Iwib
Chire CLEC-PC, Chiraryme L1 F eprein Al Biologics, Manheim Jmcmer and Reetz 1998
Amano B B30, BE LEL-B, LEL-2008 P oeperein sAmano Pharmaceuticak, Japan COwganic synihesis Jacper and Reetr 1908
Lipase Al F ceprcia Amang Fharmaccuticals, Japan Organic synihei: Jacger and Reew |99
Lipase AK, ¥5 P fiesedsts Amrane Pharmaccuticak, Japan O Gk hesis Jacger and Roew 1908
Lipase S61° B flacoreseens Biocatalysts, 'K chemicals Grodfrey and West |96
Lipase K-10 Peasploumonas sp. sAmans Fharmacouticak, Japan Organie synihesis Jaemer and Reetr [998
Chiemrolrc i on Waeasser lipase . viseosor sAsahi Chemical Biocanlysis Organic synthesis Grodfrey and West 1906
Lipase S0P . viseasor Biccatalyss, 'K Bicwansfrmatiens, chemicals (rdfrey and West 199
Lipase QL Alcerligpeings s, Meito Saakye Co, Japan Ovganic synthesis Jaemer and Reetz (990 o
Lipoprotein lipase Aleligenes sp. Meito Sankyo Co., Japan Rescarch Godficy and West 1996 OCEIRpons
Lipase PL, QLAQLL, PLCPLG, QLCAQLG Alewriige nes sp. heito Sankyo Co., Japan Technical grade Grodfrey and West |96
Alkaline lipase Aehrawaleter sp. Meiio Sankyo Co., Japan Research Grodfrey and West 1906 I -
Lipese AL, ALCVALG Achromobaeser sp. Meito Sankyo Co., Japan Technical grade Godfrey and West 1996 bkl spruce
Combizyme 23 { prote inaselipase mis) s Biacatalysts, UK CWaste e e D Godfrey and West 1996 mealworm budworm snow flea
Combizyme &1P { prok inaselipase mix) ns Biocstalysts, UK Waste treatme nt Godfiey and West 1996 beerde moth
Combizyme 209P {amylaselipaseproleingse mix) ns Biocatalysts, 'K Waste treaiment, grease disposal  Ghodfrey and Wiest |99
Gressex {lipese) s Nove Nordisk Godfrey and West 1996 e Nyanle
Table 1: Application omn industry . . .
Industry Protease Application e |ce is a big problem for organisms that
Baking Neutral protease Dough conditioner I . . | d I . t
Papain Chill proofing, removal of haze in beverages Iive In Co Climates.
Dairy Fungal proteases, chymosin, Replacement of calf rennet, whey protein processing, PN .
other proteases production of enzyme modified cheese (EMC) . Ce I | S ma ke S pec Ia I I Zed a ntlfreeze
Detergent Alkaline protease, subtilisin Laundry detergents for protein stain removal .
Food processing>  Several proteases Modification of protein rich material i.e., soy protein or wheat prOteI ns to prOteCt themselves as the
gluten
Trypsin, other proteases Bating of leather, dehairing of skins te m pe rat ure d ro pS .
Gleat and fi Papain, other proteases Meat tenderization, recovery of protein from bones and fish waste . .
2 i ’ . . [
Medicing) Trypsin Dead tissue removal, blood clot dissolution Antlfreeze prOteI ns have been used asad
Several proteases Recovery of silver from used X-ray and photographic films . ..
Sweetner Thermolysin Reverse hydrolysis in aspartame synthesis p rese rvatlve In Ice cream.

XALOC-BL13 MACROMOLECULAR CRYSTALLOGRAPHY Alba Seminar oril, 2013



=~ Nobel Laureates, directly or indirectly, through Crystallography

- Crystallography has produced the largest number of Nobel Laureates throughout history...

2012 Chemistry R.J. Lefkowitz, B.K. Kobilka Structure and function of G-protein-coupled receptors.

2011 Chemistry D. Shechtman Discovery of quasicrystals.

2010 Physics A. Geim and K. Novoselov Groundbreaking experiments regarding the 2D material graphene.

2009 Chemistry V. Ramakrishnan, T.A. Steitz, Ada E. Yonath Studies of the structure and function of the ribosome

2006 Chemistry R. Kornberg Studies of the molecular basis of eukaryotic transcription

2003 Chemistry R. MacKinnon Discoveries concerning channels in cell membranes.

1997 Chemistry P.D. Boyer, J.E. Walker, J.C. Skou Elucidation of the enzymatic mechanism underlying the synthesis of ATP and for the first discovery of an
ion-transporting enzyme, Na*, K*-ATPase.

1996 Chemistry R. Curl, H. Kroto, R. Smalley Discovery of fullerenes.

1994 Physics C. Shull, N. Brockhouse Pioneering contributions to the development of neutron scattering techniques for studies of condensed matter.

1992 Physics G. _Charpak Invention and development of particle detectors, in particular the multiwire proportional chamber.

1991 Physics P-G de Gennes Discovering that methods developed for studying order phenomena in simple systems can be generalized to more complex
forms of matter, in particular to liquid crystals and polymers.

1988 Chemistry J. Deisenhofer, R. Huber, H. Michel The determination of the 3D structure of a photosynthetic reaction centre.

1985 Chemistry H. Hauptman, J. Karle Outstanding achievements in the development of direct methods for the determination of crystal structures.

1982 Chemistry A. Klug Development of crystallographic EM and structural elucidation of biologically important nucleic acid-protein complexes.

1976 Chemistry W.N. Lipscomb Studies on the structure of boranes illuminating problems of chemical bonding.

1972 Chemistry C.B. Anfinsen Work on ribonuclease, especially concerning the connection between the amino acid sequence and the biologically active
conformation.

1964 Chemistry D. Hodgkin Determinations by X-ray techniques of the structures of important biochemical substances.

1962 Chemistry J.C. Kendrew, M. Perutz Studies of the structures of globular proteins.

1962 Physiology or Medicine F. Crick, J. Watson, M. Wilkins Discoveries concerning the molecular structure of nucleic acids and its significance for
information transfer in living material.

1954 Chemistry L.C. Pauling Research into the nature of the chemical bond and its application to the elucidation of the structure of complex substances.

1946 Chemistry J.B. Sumner Discovery that enzymes can be crystallized.

1937 Physics C.J. Davisson, G. Thompson Experimental discovery of the diffraction of electrons by crystals.

1936 Chemistry P. Josephus Wilhelmus Debye Contributions to our knowledge of molecular structure through investigations on dipole moments and on
the diffraction of X-rays and electrons in gases.

1929 Physics L-V de Broglie Discovery of the wave nature of electrons.

1917 Physics C. Glover Barkla Discovery of the characteristic Rontgen radiation of the elements.

1915 Physics W.H. Bragq, W.L. Braqg Services in the analysis of crystal structure by means of X-rays.

1914 Physics M. von Laue Discovery of the diffraction of X-rays by crystals.
1901 Physics W.C. Rdntgen Extraordinary services rendered by the discovery of the remarkable rays subsequently named after him
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Advantages of Crystallography

a) Electron Cryo-Microscopy:
e Low resolution (7.5-25 A).
e Good for large complexes or assemblies.

b) NMR (Nuclear Magnetic Resonance):
e High resolution.

e Protein in solution.
e For small proteins (< 30 kDa). e
e A ensemble of possible models are obtained. ot

c) X-ray Crystallography: ST e
e High resolution.

e Useful for large proteins and complexes (Ribosome 1.5 MDa).
e Only a model is obtained.

e Bottleneck: Obtaining good crystals
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Why use X-rays?

Radiation Type Radio Microwave Infrared Visible
Wavelength (m) 10° VR 700-400 nm 400-10 nm 10-0.1 nm

s |l f ? %o & @ &

Buildings Humans Butterflies Needle Point Protozoans Molecules Atoms

10* 108 10*? 10 10 10 10%°

Ultraviolet  X-ray Gamma ray

Atomic Nuclei

- In all forms of microscopy, the amount of detail or the resolution is limited by the
wavelength of the electro-magnetic radiation used:

e Light microscopy — (400-700 nm) Individual cells and sub-cellular organelles.

e In order to see proteins in atomic detail: A = 0.1 nm (1 A) — X-rays.

XALOC-BL13

MACROMOLECULAR CRYSTALLOGRAPHY
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o Protein Crystals

First bottleneck in structure determination
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P Why crystals?
« X-ray scattering from a single molecule would be incredibly weak and
extremely difficult to detect above the noise level.
« A crystal arranges huge numbers of molecules in the same orientation, so
that scattered waves can add up in phase and raise the signal to a

measurable level.

« A crystal acts as an amplifier.

crystal
yd yd /7 yd /1
) yd yd yd /
molecule unit cell
e | |V
& (= ve ¢V
¢ L‘-L "L w‘_ ee V/
L‘LL L&ﬁ //
/
4
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Experimental set-up
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Data collection

Diffraction patern

A Adv - lyzoE_E_000L.chf ) (o) (¢

Diffracted
rays

X-ray beam

Beamstop

I
] .
_»

Lysozime
a=b=79 A c=37A

e The data of a diffraction experiment is a collection of images (100- >1000) rotated a
constant angle (rotation angle and number of images depend on the space group and
orientation of the crystal)

e XALOC: THE FAST READ-OUT OF THE PILATUS DETECTOR ALLOWS TO COLLECT A COMPLETE
DATASET IN FEW MINUTES (~3-5 MIN/DATASET).
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Data processing

Image View Tools

—E T _;y@;oﬂI@:::.O' | ° P4;2,2
| e a= b=79 A c=37 A o=p=y=90°
e Orientation matrix

INDE -22 11 20 FOBS= 65.6 0.0 SIGMA= 10.17 TEST= o

INDE _-22 11 21 FOBS= 53.2 0.0 SIGMA= 14.82 TEST= o

|zmpE  -22 a2 1||Foss= 57.4) o.o[5IeMa= 15 .61] TEST= o

INDE  -22 12 2 FOB3= 41,4 0.0 SIGMA= 17.83 TEST= o

INDE = -22 12 3 FOBS= 68.9 0.0 SIGMA= 16.91 TEST= o

INDE = -22 12 4 FOBS= 231.5 0.0 SIGMA= 20.04 TEST= o

INDE = -22 12 5 FOBS= 57.3 0.0 SIGMA= 14.24 TEST= o

INDE -22 12 & FOBS= 104.5 0.0 SIGMA= 16.73 TEST= o

INDE -22 12 7 FOBS= 145.1 0.0 SIGMA= 15.74 TEST= o

INDE -22 12 5 FOBS= 253.5 0.0 SIGMA= 11.29 TEST= 0

INDE -22 12 3 FOBS= 8.6 0.0 SIGMA= 21.83 TEST= o

INDE -22 12 10 FOB3= 162.4 0.0 SIGMA= 18.87 TEST= o

INDE -22 12 11 FOBS= 92.86 0.0 SIGMA= 27.12 TEST= o

INDE -22 12 12 FOBS= 147.1 0.0 SIGMA= 11.03 TEST= o

INDE -22 12 13 FOBS= 121.3 0.0 SIGMA= 12.75 TEST= o

INDE -22 12 15 FOBS= 96.9 0.0 SIGMA= 28.96 TEST= o

INDE -22 12 16 FOBS= sa.8 0.0 SIGMA= 29.27 TEST= o

INDE -22 12 17 FOBS= 27.0 0.0 SIGMA= 12.23 TEST= o

INDE = -22 12 8 FOBS= 224.8 0.0 SIGMA= 13.10 TEST= o

— —= INDE -22 12 19 FOBS= 79.6 0.0 SIGMA= 10.92 TEST= o
Sassion  Senge nﬂn‘\
O & B |%223.51 % 204,86 [#0379.64 | |&5,00 [@10.0 [n90.86 | 21 0.86 |§10.00 A 0B e 12 388 o 2,60

RESOLUTION NUMEER OF REFLECTIONS — COMPLETEMWESS R-FACTOR R-FACTOR COMPARED I/SICHA
[ THTT MRSFRVET [INTOHF - PRSSTRIF MF TATA  nh=erwerd  Feperter

3,76 7ob3 136l 1353 33,48 2,08 2,48 7oh0  B4,B2
2,67 13ds 2277 2282 33,88 2.4% 2,04 13841 EBL.4
2,18 18104 2888 2835 33,88 3,28 3,08 18032 50,06
1,84 2Ll ashd $840 4, 9% 4,1% S48 LL02 S
1,69 24546 3799 3797 393, 9% B.5 B.0% 24531 23,78
1,54 20993 4193 4193 100, 0% 11,08 11,28 29343 15,11
1,43 27002 4511 4514 09,0 10,3 19,5 27700 0,19
1,34 20485 4962 4054 100, 0% 30,80 34,20 20442 5,23
1.26 20810 5124 5154 99,42 45.2%  B2A¥ 20748 241
tital 19R307 37389 37447 99,72 4,08 19R143 22,77

o Warings &
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e The phase problem
q
xe®
s \‘\%“‘
= >
Incident Obiect
‘ jec
ght T lens
............. K Enlarged
object

i*{xﬁfz}

4 = 1 . 1

We can measure the intensities, but the
phases are lost in the experiment.

Amplitudes are related to intensities: I(hk/) = |F(hkl)|?

AMPLITUDES PHASES???
A —

ELECTRON DENSITY=(1/V) 222 ]Fo(hkl)i cos 21t (hx + ky + 1z — ¢ (hkl))
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P Electron density map

e X-rays are scattered by the electron clouds of atoms. W
A A A A 20 (scattering angle)
\VAAVAR VAR V/

electron

e Electron-density (ED) map: “a representation of the variation in the local concentration of
electrons throughout the crystal”.

e ED maps represent the primary result of crystallographic experiments. It is constructed by a
summation of waves of known phase, amplitude and frequency using Fourier transform.

AMPLITUDES PHASES
— —

ELECTRON DENSITY=(1/V) 235 |F (hkl)| cos 2mt (hx + ky + |z — ¢ (hk]))

Fourier Transform requires both structure factors and phases
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Resolution of the electron density maps

e The clarity and interpretability of ED maps, even those based on accurate
phases, depend on the resolution of the diffraction data
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Model building/Refinement

e Once the first experimental ED map is obtained (SAD, MAD,..), the atomic
model is fitted inside the map.
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XALOC-BL13

Final model

MACROMOLECULAR CRYSTALLOGRAPHY

In 1960's -70's it took years to solve a
macromolecular structure.

In 1980's it came down to months.
In 1990's to weeks.

In 2000's it is only days or hours.
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What information is provided by a 3D structure?

Resolution Features Observed . . .
e |t enables us to visualize protein structures at

Low gg 2 g“’etra” =hapeiofitheimoleculs the atomic level and enhances our
. o trace . . .
30A Side chains understanding of protein function.
[ 2.TA Carbonyl O atoms (bulges)
Medium< First chance to see water molecul)es
25A Side chains well resolved,
. Peptide bond plane resolved
1.4 A Holes in aromatic rings
. Anisotropic B-factors possible
ngh $11.2A True atomic resolution
1.0A First chance to see H atoms
.[0.6 A Current limit for best protein crystals
Atomic resolution
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What information is provided by a 3D structure?

e 3D structure allows us to understand biological processes at the most basic level: which
molecules interact, how they interact, how enzymes catalyse reactions. In some cases, it
can allow us to understand disease at an atomic level.

Sickle-cell disease

—

Aspartic 6 |  marmal
red bload

Jw

Valine 6

Sickled
rod bload

d:h * % oells
, S0 ) ]
%1_"' o mlp’® Protein-Protein
®" iy R

interactions

Substrate
binding/catalysis
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Applications of the protein structure

* Discovery of novel therapeutics using a structure-based approach (rationally based
drug design): Identifies opportunities to block or modify molecular interactions.

Antibiotics
oF-aG
211 p212 or ~ Cardiovascular
antivirals

1211

L186 anti-obesity
Q/ 4 {3‘ drugs
1183 Anti-cancer <0
drugs
e, cholesterol
* regulation

5% Metabolism
regulation

Relenza is the world’s first

: The anti-influenza drug
o ¥
structure-based anti-viral

Influe?za virus - drug obtained using this
Neuraminidase Relenza methodology
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=~  The XALOC Team

Engineering
Carles Colldelram Mech Engineer
Nahikari Gonzalez Engineer

Yury Nikitin Cryogenics . &
Computing ‘. il2012 *
Gabriel Jover Controls Engineer :
Jose Avila Electronics Engineer
Xavi Farina Elec technician
Experiments A = "y ;" Firsg.Paer ‘
Jordi Juanhuix - § A, 1§ !MarcliuZOlS’ l
Roeland Boer ‘ _ 1 B
Daniel Fulla B i T
Fernando Gil
Josep Nicolas mirrors, metrology
lgors Sics diagnostics
Robert Oliete Mech/Lab Technician
Laura Campos Administration
. - First Official Users’
Thank you for your attention 1 18 July 2012
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