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Publikacja

» Abstract

* Glucagon-like peptide 1 (GLP-1) is a hormone with essential roles in regulatin
insulin secretion, carbohydrate metabolism and appetite. GLP-1 effects are mediate
throu%h bmdmg to the GLP-1 receptor (GLP-1E5), a class B_G-protein-coupled
receptor (GPCR) that signals primarily through the stimulatory G protein Gs. Class
B GPCRs are important therapeutic targets; however, our understanding of their
mechanism of action is limited by the lack of structural information on activated
and full-length receptors. Here we report the cryo-electron microscopy_structure of

the Peptlde-actlvated GLP-1R-Gs complex at near atomic resolution. The peptide
is clasped between the N-terminal domain and the transmembrane core of the
receptor, and further stabilized by extracellular loops. Conformational changes in
the transmembrane domain result in a sharp kink in the middle of transmembrane
helix 6, which pivots its intracellular half outward to accommodate the a5-helix of
the Ras-like domain of Gs. These results provide a structural framework for
understanding class B GPCR activation through hormone binding.
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Problem...

...lack of structural information on activated and
full-length receptors.

GPCRs and their complexes have proven to be
difficult, targets of X-ray crystallography, often
necessitating ~ extensive ° engineering  for
conformational stabilization and
crystallogenesis. Cryo-electron microscopy
cryo-EM)  has  recentl eme&ged as_ a
cufting-edge method for structure determination,
¥|eld|ng structures of macromolecular complexes
hat were otherwise unobtainable with traditional
approaches.
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A large group of receptors span the
membrane with a-helices seven times.
These are known as 7-helix receptors.
Via their effector domains, they bind and
activate trimeric proteins, which in turn
bind and hydrolyze GTP and are
therefore called G proteins. Most G
proteins, in turn, activate or inhibit
enzymes that create secondary signaling
molecules. Other G proteins regulate ion
channels. The illustration shows the
complex of the light receptor rhodopsin,
with the associated G protein
transducing. The GTP-binding a-subunit
(green) and the y-subunit (violet) of
transducing are anchored in the
membrane via lipids.
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Stabilizacja Biatek
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from the low-resolution density map to

the atomic coordinates

Metody eksperymentalne

Cryo-electron microscopy

is taking over from X-ray /_\
crystallography as a
method to deduce %
high-resolution protein ; el e”*”@‘*%
structures, particularly of %

i
I 4 )
large molecules. 23 ///3
Crystal
X-RAY CRYSTALLOGRAPHY ; T g
X-rays scatter as they pass i
X

through a crystallized protein;
the resulting waves interfere with
each other, creating a diffraction
pattern from which the position
of atoms is deduced.

CRYO-ELECTRON MICROSCOPY

A beam of electron is fired at a frozen
protein solution. The emerging
scattered electrons pass through a
lens to create a magnified image on
the detector, from which their
structure can be worked out.

onature

Transmission electron microscopy, as the technique is
called, works more or less like ordinary microscopy, but a
beam of electrons is sent through the sample instead of
light. The electrons’ wavelength is much shorter than that
of light, so the electron microscope can make very small
structures visible — even the position of individual atoms.




Problemy

The intense electron beam necessary
for obtaining high resolution images
incinerates bio-logical material and, if
the beam is weakened, the image
loses its contrast and becomes fuzzy.

Electron microscopy requires a
vacuum, a condition in which
biomolecules deteriorate because the
surrounding water evaporates.

The first rough model of bacteriorhodopsin,
published in 1975. Image from Nature 257: 28-32

It was the best picture of a protein ever generated using an electron
microscope. Many people were impressed by the resolution, which was 7
Angstrém (0.0000007 millimetres), but this was not enough for Richard
Henderson. His goal was to achieve the same resolution as that provided
by X-ray crystallography, about 3 Angstrdm, and he was convinced that
electron microscopy had more to give.

Procedura

1.

Komputer rozpoznaje sygnat
pochodzacy od biatek utozonych w
losowych orientacjach w
przygotowanej probce.

W oparciu o odpowiednie algorytmy
zidentyfikowane zastajg powtarzajgce
sie elementy.

Zebrane informacje sg katalogowane
i w ich oparciu powstaje model 2D.

Komputer generuje obraz 3D w
oparciu o zebrane dane.
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Witryfikacja

The sample is.
transferred to 8 metal
mesh and excess
material removed.

)
4

The sample forms a thin
film across the holes in the
meshwhen itz shot into
ethane at about - 190°C.

3 Thewteririies
arcund the sam ple,
which then is cooled by
liquid nitragen during
the measurements in
the electron micrescope.

Liauio
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Oubochet generated the first images of wiruses surmunded
by witrified water in 1984, | mage from Nasure 308 32-36.

Initially, the research group attempted to vitrify tiny drops of water in liquid nitrogen at
—196°C, but were successful only when they replaced the nitrogen with ethane that had,
in turn, been cooled by liquid nitrogen. Under the microscope they saw a drop that was
like nothing they had seen before. They first assumed it was ethane, but when the drop
warmed slightly the molecules suddenly rearranged themselves and formed the familiar
structure of an ice crystal. It was a triumph — particularly as some researchers had

Wyznaczenie
struktury

Stabilna biomolekuta

* For cryo-EM studies we used rabbit
GLP-1R, which shares 92% identity
with the human receptor, as it
expressed at higher levels in insect
cells than the human or mouse
homologue.

Adekwatna stabilizacja

* GLP-1Ris very unstable to extraction
from membranes using conventional
detergents such as DDM (n-dodecyl
-D-maltoside) and MNG
(maltose-neopentyl glycol); therefore,
we formed the complex between
receptor and purified Gs in insect cell
membranes before extraction of the
GLP-1R-Gs complex with MNG and
purification by antibody affinity and
size-exclusion chromatography.
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Struktura

« Sample evaluation by negative-stain EM and single-particle averaging
confirmed a monodisperse particle population and stable complex
formation. Initial cryo-EM experiments suggested that the protein
complex avoided areas of thin vitreous ice, and we thus had to image
the specimen in relatively thick ice at the expense of increased
background noise in the micrographs.

 Refinement and reconstruction of the selected particle projections
after subtracting densities for the detergent micelle and thé mobile
a-helical domain enabled us to obtain a 3D reconstruction of the
complex at 4.1 A global resolution, with 3.9 A nominal resolution in
the core region that includes GLP-1, TMD and the a5 helix of the Gas
Ras-like domain.

Rozdzielczosc




Rekonstrukcja EM
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Struktura

* Using the cryo-EM density map we built and refined a near atomic
resolution structure of the GLP-1-GLP-1R—-Gs complex. Side chains
of primarily bulky amino acid residues are clearly identifiable in most
transmembrane helices that appear to assume overall stable
positions. The onIH exception Is the cytoplasmic half of TM6, whose
density is less well-defined compared to the other transmembrane
heliceS, suggesting that this part becomes dynamic in the activated
GLP-1R. The GLP-1 peptide is well-resolved, particularly in its
N-terminal half that maintains interactions with the transmembrane
core. This is also the case for the a5 helix of Gas, the C-terminal part
of which is stably interacting with the cytoplasmic part of GLP-1R.

* In addition, the map includes densities for all intracellular and
extracellular loops (ECLs). Thus, we could resolve several key
interactions of GLP-1R with GLP-1 and heterotrimeric Gs.

a, Schematic of the activation of a class B GPCR by extracellular peptide agonist via a ‘two-domain’
binding mechanism. AH, a-helical domain. b, Views of the GLP-1R—Gs complex cryo-EM density map,
coloured by subunit (transmembrane domains in light green, NTD in dark green, GLP-1 peptide in
orange, Gas Ras-like in gold, GB in light blue, Gy in dark blue and Nb35 in grey). ¢, Structure of the
activated GLP-1R—-Gs complex in the same view and colour scheme as shown in b.




Rozpoznanie GLP-1
przez receptor

The orthosteric
peptide-binding
pocket of GLP-1R

The activated GLP-1R structure shows that the
GLP-1 peptide is stably anchored in its position
through an extensive network of interactions that
Kll_\ll%ves TM1, 2, 5,7, ECL1 and 2, as well as the

Even though the cryo-EM map is limited in
resolution, the a-helical nature of the peptide and
the stability of its position have allowed us to
confidently establish its main interactions with
the recepfor.

The interface between the C-terminal half of the
{)eptlde hormone and NTD appears identical to
he one in the crystal structure of NTD-GLP-1
(Extended Data Fig. 8). Notably, the cryo-EM
map suggests that the NTD is hot in contact with
the 7TM region, although based on our refined
structure we raise t_heRossmmty of GIn213 of
ECL1 interacting with Arg40 located in the
a1-helix of the extracellular domain.

orange) penetration into a pocket formed by TM1, 2, 5, 7, ECL1 and
ECL2 (ribbon and surface, light green) while its C-terminal part is
recognized by the NTD (ribbon in transparent surface, dark green). b,
View from the extracellular side of the orthosteric peptide-binding
pocket in the receptor bundle with omitted NTD. ¢, d, Close-up views of

the interaction between the receptor and its endogenous agonist
olp.4

Comparison of active-state GLP-1R with inactive GCGR

a b TM4_ Extracellular view
Extracellular

Cytoplasmic view

Active GLP-1R
Inactive GCGR
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a—c, Side (a), extracellular (b) and cytoplasmic (c) views of the activated GLP-1R transmembrane bundle (light green) in superposition to the inactive glucagon receptor
bound to allosteric antagonist (not shown; PDB code: 5EE?7, blue). Significant conformational changes are observed on the cytoplasmic face of TM5 and TM6. TM6
moves outwards by 18 A as measured at the Ca of Lys346, while TM5 moves a smaller distance by 7 A when measured at the Ca of Lys334. A notable difference on the
extracellular side is TM2 extended by three helical turns stabilized by peptide ligand binding. The disordered extracellular loops in the inactive GCGR structure are
stabilized and structurally ordered in the activated GLP-1R structure. d, Comparison of HETX motif networking (in stick representation, Wootten numbering in
superscript) between inactive GCGR and active GLP-1R shows that the outwards movement of TM6 removes T6.42b from the polar network.

ICL3 TM6




Polar network rearrangements upon GLP-1R activation
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Comparison of polar network arrangements in the inactive-: state GCGR (PDB code: 5EE7 the coordinates for residue R2.46b were obtained
from the crystal structure of apo GCGR) and active-state GLP-1R. GLP-1 binding results in an outward movement of the cytoplasmic half of TM6
with simultaneous rearrangements of the central polar network. The rearrangement of TM6 breaks apart polar interactions of the conserved
HETX and TM2-6-7-helix 8 networks, releasing residues for interactions with the a5-helix of the Gas Ras-like domain. Peptide ligand GLP-1,
TM6 and the a5-helix of Gas Ras-like are shown in ribbon representation and coloured as in Fig. 1. Polar network residues are shown in stick
representation with Wootten numbering in superscript. The exposed backbone carbonyl oxygen atoms of Pro6.47b-Leu-Leu-Gly6.50b are shown
as red spheres.
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aN-helix. d, H171 of ICL1 participates in the
electrostatic interaction network between E412,

K415 and R419 of helix 8 with D312 and D291




Crystal structure of the GLP-1 receptor
bound to a peptide agonist
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Extended Data Table 2 | Data collection and refinement statistics for GLP-1R StaR complexed with peptide 5

Data collection

Number of crystals 8

Space group P3,21

Cell dimensions
a,b,c(A) 94.44, 94.44 1629
a, B,y (%) an, 90, 120

Number of reflections measured 60,956

Number of unigue refiections 9,266

Resolution (A)
]

§4.63 - 3.7 (4.05 - 3.70)
0.134 (2.024)

Mg
Riin 0.073 (1.078)
" 0.998 (0.348)
Mean lisd(1) 6.6(1.2)
Completeness (%) 98.5 (99.7)
Radundancy 6.6 (6.9)
Refinement
Rasalution (A) 24,677 - 3.70
Mumber of reflections {test set) 16,091 (763)
Rellection test sel (%) 4.74
AoandPliee 0.285 F0.334
Number of atoms
All 3,409
Pratein 3,242
Ligand 107
Others (Lipids, ions, waters) 60
Average B factors (A7)
180.8
GLP1R 1810
Ligand 168.0
Cthars (detergant, sugars) 190.9
RMSD
Bond lengths (A) 0.004
Bond angles (%) 1.021
Ramachandran statistics
Favoured ragions (%) 0E.38
Allowed regions (%) a.62
Outliers (%) 0.0
MolPrabity overall score 2.13 (1007 percantile)

Valuas In parentheses Indicate highest resojution shell *4CC.. .. saa raf 47.

XRD

Protein crystallization.

Crystal harvesting.

Data collection and processing.
Data analysis.

Structure refinement and analysis.

refinement

fitting‘

crystal

diffraction
pattern

electron
density map

atomic
model

By Thomas Splettstoesser (www.scistyle.com) - own work; the public domain image Myoglobindiffraction.png [1] was used; the
other images were rendered with PyMol (www.pymol.org) based on PDB id 1MBO, CC BY-SA 3.0,




PROTEIN CRYSTALLIZATION

The First Protein Crystal & Beyond

The first record of crystals of biological macromolecules
were those of hemoglobin, reported by Hunefeld around
1840. During the 1880s, crystallization moved from being
a mere curiosity to a method for purification. During the
1920s and 1930s crystallization grew in popularity, with
the crystallization of insulin by John Jacob Abel and
colleagues, as well as work "by James B. Sumner,
demonstrating enzymes could be obtained as crystalline
proteins, alongside the work with a number of important
crystalline enz%mes by John Northrop and colleagues. It
was not until the late 1930s that crystalline proteins were
introduced to X-rays, beginning a torrid affair that shines
bright to this day.

Much has changed with how biological macromolecules
are sourced. Early on, and to a small extent today,
samples were obtained by protein chemists throug
extraction and purification from natural sources, including
plants, as well as various organs and tissues of pigs, cows,
and other animals. In the 1980s, with the near cataclysmic
death of heavy metal and the fortuitous end of disco,
ﬁenemosts and molecular b\O|O§\St rose above the fog and
air spray, allowing DNA technology to integrate with
structural” biology, totally accelerating and transforming

tho fiold of ctrictiral hinlnoy

PROTEIN CRYSTALLIZATION

It's Simple, But Complicated

Although much change, and the numerous advancements in
molecular biology and crystallography has reduced many of the
arduous, laborious, math and physics infused tasks to, in some
cases, the mere push of a button, crystallization remains at the
crossroads where science meets art. The growth and
optimization of crystals of biological macromolecules remains
largely empirical in nature. There is no comprehensive theory to
guide efforts and experiments related to the crystallization of
proteins, nucleic acids, and other biological macromolecules.
Although  much knowledge and experience has been
accumulated, the crystallization of a protein involves collected
wisdom, intuition, creativity, patience, and perseverance.

Crystallization of biological macromolecules composed of many
thousands of different atoms, bound together with many degrees
of freedom, is a complex task. Confounding this many variables
and factors influencing the crystallization experiment.

This extensive number of variables confounded with typically
limited sample material negates a precise and reasoned strategy
ty}picaHy applied to a scientific problem. Instead, crystallization is
often a matter of searching, as systematically” as possible,
through crystallization experiments, to identify those variables
key to success, as well as their ranges. Initially, one employs
crystallization screening, typically to identify a hit, an association
of variables that produces a crystal. In some instances this will
produce crystals with the desired characteristics. More often
than not, a series of successive experiments, termed




CZYNNIKI CHEMICZNE | FIZYCZNE
WPLYWAJACE NA KRYSTALIZACJE
BIALEK

The Sample

The sample is the most important variable in the crystallization experiment. Prepare, purify,
handle, and store the sample with only the greatest care and respect. Manipulate the
sample and refine its environment (buffer, reagent) as needed to produce the desired
crystals.

Homogeneity

Purify, purify, then purify some more. Start with a pure, uniform population of the sample.
Solubility

Solubilize the sample in a sample buffer that is optimized with regard to pH, buffer, and
excipients that dissolve the sample to high concentration free of aggregates, precipitate, or
other phases. Pursue monodispersity not polydispersity.

Stability

Prepare and maintain the sample in a chemical and physical solution that promotes
oFt\ma\ stability of the sample. Do not allow the sample to go to the dark side, form
oligomers, undergo significant conformational change, denature or change in any way
before and during crystallization. Pursue a stable and unchanging sample
Supersaturation

Find and pursue ways to move the sample into a supersaturated state. Using reagents, pH,
temperature, and other variables to move sample equilibrium from a solution to a solid.
Association

Promote the orderly association of the sample molecules while avoiding non-specific
aggregation, precipitate, or phase separation. Manipulate the chemical and physical
environment to facilitate positive molecular interactions.

Nucleation

Promote and induce a few nuclei in a controlled manner. The number, size, and quality of
the crystal depend upon the first nuclei and the mechanism of their growth. Manipulate
the chhem\(al and physical environment to produce limited nucleation and controlled
growth.

Purity of the sample

Conformational flexibility of the
sample

Homogeneity of the sample

pH and buffer

Type and concentration of the
precipitant (reagent)

Concantration of the sample
Purity of the sample
Additives, co-factors, ligands,
inhibitors, effectors,

and excipients

Chaotropes
Detergents
Metals
lonic strength
Reducing or oxidizing agents

Source of the sample

Presence of amarphous or
particulate material
Post-translational
modifications

Chemical modifications

Genetic modifications

Symmetry of the molecule

Stability and level of denaturation
of the sample

Isoelactric point

His tags and other purification
tags— presence or absence

Thermal stability

pH stability

History of the sample

Proteolysis
Microbial contamination

Storage of the sample
Handling of the sample and
associate cleanliness

Anion and cation type and
concentration

Degree of relative
supersaturation

Initial and final concentration of
the reagent

Path and rate of equilibration

CZYNNIKI CHEMICZNE | FIZYCZNE
WPLYWAJACE NA KRYSTALIZACJE
BIALEK

Nucleation

Promote and induce a few nuclei in a controlled manner. The
number, size, and quality of the crystal depend upon the first
nuclei and the mechanism of their growth. Manipulate the
chemical and physical environment to produce limited nucleation
and controlled growth.

Variety

Pursue everything. Explore as many chemical, biochemical, and
physical options and opportunities as possible for the growth and
optimization of the crystal. Be thorough and relentless.

Control

Maintain control of the experimental system, at an optimal state,
free of unknowns, perturbations, and fluctuations, from start to
finish.

Impurities

Keep it clean. Avoid and discourage the presence, inclusion, and
formation of impurities in the sample, reagent, and containers. This
can minimize the incorporation of impurities into the crystal lattice,
as well as minimize problems with reproducing experimental
results.

Preservation

Take care of the crystal, protect them from shock, as well as
chemical, biochemical, and physical change or disruption.

Purity of the sample

Conformational flexibility of the
sample

Homogeneity of the sample

pH and buffer

Type and concentration of the
precipitant (reagent)

Concantration of the sample
Purity of the sample
Additives, co-factors, ligands,
inhibitors, effectors,
and excipiants
Chaotropes
Detergents
Metals
lonic strength
Reducing or oxidizing agents
Source of the sample

Presence of amorphous or
particulate material
Post-translational
modifications

Chemical modifications

Genetic modifications

Symmetry of the molecule

Stability and lavel of denaturation
of the sample

Iscelactric point

His tags and other purification
tags — presence or absence

Thermal stability

pH stability

History of the sample

Proteolysis
Microbial contamination

Storage of the sample
Handling of the sample and
associate cleanliness

Anion and cation type and
concentration

Degree of relztive
supersaturation

Initial and final concentration of
the reagent

Path and rate of equilibration
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THE SAMPLE

The sample is the single most important variable in the crystallization experiment.
Begin with a pure, homogeneous, stable, active sample. The sample should be as
pure as possible, 95 to 98%, assayed by Coomassie stained SDS-PAGE. A
homogeneous, active sample, free of contaminants, aggregates, and minimal
conformational flexibility is desired.

Dynamic Light Scattering (DLS) can be used as a diagnostic for sample
homogeneity, measuring the polydispersity of the sample, pointing out
aggregation, which can be a deterrent to crystallization. DLS can be also used to
screen and identify sample buffer components such as buffer, pH, ionic strength,
excipients, additives, and other chemical variables, as well as temperature, towards
optimization of the sample buffer formulation to maximize sample homogeneity.




DSF

Differential Scanning Fluorimetry (DSF or Thermofluor®)
can be used as a diagnostic for sample stability,
measuring the temperature stability of the sample in the
presence of chemical variables such as pH, buffer, ionic
strength, excipients, and additives.
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HOMOGENEITY NOT HETEROGENEITY

Absolute homogeneity is essential for optimal crystallization as
well as crystallographic analysis. An awareness of possible
heterogeneity combined with methods and efforts to avoid and
remove heterogeneity in the sample preparation should be a
riority. Possible sources of sample heterogeneity include the
ollowing.

- Presence, absence, or variation in a bound prosthetic group,
ligand, cofactor, or metal ion

+ Variation in composition of carbohydrate on a glycoprotein

+ Unintentional proteolytic modification

- Oxidation of sulfhydryl groups

+ Reaction with heavy metals

+ Presence, absence, or variation in post-translational side chain
modification  (methylation, ~ amidation,  phosphorylation,
glycosylation, or lipidation)

+ Variation in amino of carboxy terminus, or modification of the
terminus

+ Variation in aggregation or oligomer state

+ Conformational flexibility or instability due to the dynamic
nature of the sample

- Incomplete or incorrect refolding or partial denaturation
- Combining different preps or purifications

There are ﬁlenty of advantages to cloning, expressing and
purifying the protein yourself, including the knowledge,
control, and documentation of the experimental variables.
One can also learn a great deal about the sample’s behavior,
solubility, and stability doing the work. However, it is often the
case where someone else does the work leading up to and
including the purification, and one might be handed the
sample for crystallization. Either way, it is a good idea to
characterize the protein before crystallization screening. Some
variables to consider if youre handed a sample for
crystallization include the following.

+ What is the sample buffer?

+ Was phosphate used at any time during the prep and
purification?

+ Are there disulfides or free cysteines?

- What ligands, substrates, co-factors, inhibitors, or metals are
present or needed

+ Are protease inhibitors present, is the sample sensitive to
proteolysis?

Has the protein or a similar protein previously been
crystallized?
- At what pH range is the sample stable and unstable?
+ At what temperature range is the sample stable or unstable?
+ Is the protein glycosylated, methylated, phosphorylated?
+ Are detergents present and if yes, what concentration?
- Is the sample a complex, dimer, trimer or ...?

EXPERIMENT

£ —

Crystallization Droplet
(Sample & Reagent)

Regervoir
(Crystallization Reagent)
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SCREENING

Crystallization Screening

Crystallization screening is the process of evaluating methods, reagents,
and other chemical and physical variables with the objective of producing
crystals and/or \'dentif}{ingt e variables which are positively or negatively
associated with crystallization of the sample.

At the time of this writing, up to 40% of samples screened for
crystallization will produce some kind of crystalline result and 10% of
samples will produce a crystal suitable for X-ray diffraction analysis. About
75% of proteins screened require optimization.

Oﬁtimi_zation is the systematic manipulation and evaluation of variables
which influence the crystallization of the sample.

Primary Screen

Primary screens are front line screens used for initial screening. If one
does not have the knowledge or desire for a specific bias or focus on a
reagent class, one may choose a sparse matrix screen composed of salts,
polymer, organics, buffers at various pH levels, and mixtures thereof. Or
one may have knowledge that a specific reagent class or mixture is
desired’and choose a screen biased for salt, polymer, polymer and salt,
or other formulations.

Secondary Screen

Secondary screens are follow up screens to primary screens. The score
from a primary screen such as Index may indicate crystals or promising
results in polymer and polymer - salt mixtures. In such an instance, one
may choose a secondary screen such as PEGRx 1 and PEGRx 2, as well as
PEG/lon and PEG/Ion 2.°Or, primary screens may show promising scores
in salt based reagents, where secondary screens such as SaltRx T and
SaltRx 2 would be appropriate for follow up screening.

| Dratain Cancanirstion |

\ Procistater
\ ! R el Lo g




SCREENING

Grid Screen

Grid Screens are simple, logical methods for systematically screening on a pH
versus precipitant (reagent) grid. For example, the pH range 4 to 9 might be
screened in 1 pH increments across the 6 wells of the X-axis of a 24 well
crystallization plate, while a reagent, such as Polyethylene glycol 6,000 might be
screened in 4 concentrations (5, 10, 20, 30% w/v) across the 4 wells of the Y-axis of
a 24 well crystallization plate. The method depends on the ability to identify
preliminary crystallization conditions while coarsely or finely sampling two variables,
typically pH and reagent concentration. Grid Screening can be used as a primary or
secondary screen strategy and is most often employed in optimization of initial
crystallization conditions (hits). Grid Screens can be designed to cover a broad
range of pH and reagent concentration in big steps, casting a broad net to identify
an initial promising pH and reagent concentration (hit). Subsequently, successively
finer grids can be generated to identify the optimal pH and reagent concentration
for crystallization. The Grid Screen strategy was an original approach to protein
crystallization, prior to the development and popularization of sparse matrix
screening.

Sparse Matrix Screen

Sparse Matrix Screens are composed of a sampling of reagent formulations that
have previously crystallized a protein. The formulations found in a Sparse Matrix
Screen have emerged over time from the accumulated wisdom and experience of
generations of many crystal growers. Initial ideas are assembled, formulated, and
tested against previously crystallized and not yet crystallized proteins. Duds are
dropped and winners move onto subsequent rounds of testing. Testing also
employs formulations from the literature as well as databases, such as the Protein
Data Bank (PDB)3, Biological Macromolecule Crystallization Database (BMCD)4-6, in
house data, or data shared through centers and collaborators. When data mining,
one must carefully review the data, as screens have existed long enough now that
they themselves are within the database, and one must avoid getting caught in
some local minima; one should also avoid cherry picking formulations to create a
screen that, while looking good on paper, produces redundant hits, rather than
ced chemical space of home run conditions as

CRYSTALLISATION

Crystallization. Purified GLP-1R StaR was crystallized
using the vapour diffusion

method at 10 °C. A 0.1 p | sample of the concentrated
protein (approximately

3.0 mg ml=1) was mixed with 0.1 p | of mother liquor in
MRC 2-drop 96-well plates (Molecular Dimensions) using
a Mosquito from TTP Labtech. 70-150 p m rod-like
crystals of GLP-1R StaR were grown in 100 mM Tris-HCI
pH 8.0-9.0, 32-44% (v/v) polyethylene glycol 200.
Typically, crystals grew within 4 h but took 3-4 days to
reach their maximum size.

Single crystals were cryo-protected in 0.1 M Tris-HCl pH
8.4, 40% PEG200, 12.5 mM HEPES pH 7.5, 75 mM Nadl,
0.005% POPG, 0.3% OTG and 0.1 p M peptide 5,
mounted using nylon cryo loops (Hampton Research),
flash-frozen and then stored in liquid nitrogen until data
collection.

pttos: outube com/watch?v= iP-PclaY3
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The fourth generation MRC Plate 96 well 2 Drop UV Crystallization

Plate was designed by crystallographers at the MRC Laboratory of
Molecular Biology in Cambridge, UK.



https://www.youtube.com/watch?v=_iP-PclaY38

MRC-2

Features:
Optically superior UV transmissible polymer
Raised, wide wells make crystal retrieval easy.
Conical wells for exceptional drop placement and
viewing.
Screening and crystallogenesis experiments can be
performed in one plate (10 nL-5 pL drops).
The reservoirs hold volumes from 50-100 pL.
Navigate under a microscope easily with
micronumbered wells.
Top of the plate has wide surfaces for better sealing
with tape.

Visible Imaging

Rockimager 182154

CRYOLOOPS

Hampton Research CryolLoops:

18 mm Mounted CryolLoops with 20 micron diameter
nylon. Nylon loops are staked to hollow, stainless steel
MicroTubes™ that are used to mount, freeze, and secure
the crystal during cryocrystallographic procedures and
X-ray data collection. The MicroTube on the 18 mm
Mounted CryolLoops is 18 mm in length and ready to
insert into CrystalCap Magnetic and CrystalCap HT. The
20 micron diameter nylon loops show minimal
diffraction, are thin for fast cryo cooling of the crystal,
strong, and aerodynamic.

https://www.youtube.com/watch?v=i2 G1fYtjXt8

HOW TO: MOUNTING CRYSTALS USING CAPILLARIES

Step 1 - Choosing 3 crystal Step 4 - Obtaining the crystal Step 6- Sealing one end
Locate tne crystal of

Remave the capliary A Using either Beeswax™ or Capillary
o off nd of the capiliary.
e will move
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Stone™ Snap the capillary 2t the
A clean cut every time!
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https://www.youtube.com/watch?v=_iP-PclaY38

,MIKROSKOP’ DLA BIALEK

Mikroskop (stgr. ptkpog mikros - "maty" i okottéw skopeo
- ,patrzg, obserwuje”) - urzadzenie stuzace do
obserwacji matych obiektow, zwykle niewidocznych
gotym okiem, albo przyjrzenia sie subtelnym detalom
obiektéw matych, aczkolwiek widocznych nieuzbrojonym
okiem.
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Fig. 1.3 Leftand centre, the function of the eye and microscope lenses for the recombination
of scattered light; right, the equivalent two-stage process in X-ray diffraction.
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MECHANIZM

Refraction is the alteration in the
direction of travel of light as it passes
from one medium into another

with a different refractive index. It

is responsible, for example, for the
apparent bending of a drinking straw

in a glass of water (and many other
optical illusions), because water and air
have quite different refractive indices.
Refraction should not be confused
with diffraction, a quite different
phenomenon despite the similar name;
even senior chemistry researchers
sometimes produce nonsense words
such as 'defraction’.

The angstrom unit, A, is not strictly
permitted by the SI rules, but is widely
used in structural chemistry because of
its convenient size: 1A =100pm=0.1Tnm.

Focusing of extremely high intensity
X-rays can be achieved using special
methods, but they are not of general
application.

Fig.1.4 Amplitude and phase of a
wave; the phase becomes important
only when two or more waves meet
and combine.

Fig. 1.5 An electron density map, with the positions of atoms and bonds marked. Note
that the rather wiggly contours here and in other figures are an artefact of the computer
program used.
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KRYSZTAL

Ciato state, w ktérym czgsteczki (krysztaty
molekularne), atomy (krysztaty
kowalencyjne) lub jony (krysztaty jonowe) sg
utozone w  uporzadkowany  schemat
powtarzajacy  Sie we  wszystkich  trzech
wymiarach przestrzennych.

W objetosci ciata czasteczki zajmujg scisle
okreslone miejsca, zwane weztami sieci
krystalicznej, i mogg jedynie drgac wokot
tych potozen.

Kazdy krysztat zbudowany jest z wielu

powtarzajgcych sie komorek
elementarnych. W zaleznosci od ich rodzaju
krysztaty tworzg réozne uktady

krystalograficzne.

Rodzaje ciat krystalicznych:
monokrysztaty, zwane krocej ,krysztatem”
- uporzadkowanie obejmuje cate ciato
polikrysztaty - uporzadkowanie obejmuje
fragmenty ciata.

ELEMENTY SYMETRII

Zwykte osie symetrii.

0$ symetrii - prosta, wokot ktorej powtarzajg sie
jednakowe czesci krysztatu, przy czym te czesci moga
sie powtarzac¢ co kat a = 60°, 90°, 120°, 180°, 360°,
liczbe n = 360°/a nazywa sie krotnoscig osi symetrii; w
krysztatach mozliwe sg osie jedno-, dwu-, trzy- cztero-,
szesciokrotne.

Ptaszczyzna symetrii.

ptaszczyzny symetrii - ptaszczyzny dzielace krysztat na
dwie czesci pozostajgce wzgledem siebie w takim
stosunku jak przedmiot do swego obrazu w
zwierciadle ptaskim.

Centrum symetrii (inwersji)

srodek symetrii — punkt potozony wewnatrz krysztatu,
ktory ma te wiasnos¢, ze na dowolnej prostej
przeprowadzonej przez ten punkt, w jednakowej od

Ztozone elementy symetrii:

0$ inwersyjna - dziata w ten sposob, ze dana czesc krysztatu
powtarza Sle dopiero po wykonaniu przeksztatceri wzgledem
srodka i osi symetrii.

0$ przemienna (o$ zwierciadlana) - o$ otrzymana przez
sprzezenie osi symetrii z prostopadtg do niej ptaszczyzng
symetrii.




KRYSZTAE - KOMORKA ELEMENTARNA

KRYSZTAL - UKLADY KRYSTALOGRAFICZNE




KRYSZTAL - GRUPY PUNKTOWE (KLASY KRYSTALOGRAFICZNE)

Komdrka elementarna - w krystalografii - najmniejsza,
powtarzalna czes¢ struktury krysztatu, zawierajaca
wszystkie rodzaje czasteczek, jondw i atomow, ktére
tworzg  okreslong sie¢  krystaliczng.  Komorka
elementarna powtarza sie we wszystkich trzech
osiach, tworzac zamknieta sie¢ przestrzenng, ktorej
gtdwng cechg jest symetria. Komorka elementarna ma
zawsze ksztatt rownolegtoscianu.

Poprzez translacje komorki elementarnej o wektory
bedace catkowitymi wielokrotnosciami wektordow sieci
krystalicznej otrzymuje sie calg sie¢ krystaliczng
krysztatu.

Table 1.1 Crystal systems

Crystal system Essential symmetry Restrictions on unit cell
Triclinic none none
Monoclinic one twofold rotation and/ o=y=90°

or mirror
Orthorhombic three twofold rotationsand/  a=p=y=90°

or mirrors
Tetragonal one fourfold rotation a=b;o=p=y=90°
Trigonal one threefold rotation a=b; o= =90°%y=120°
Hexagonal onessixfold rotation a=b; o=PB=90°y=120°
Cubic four threefold rotation axes a=b=c;a=B=y=90°

G
&

GRUPY PRZESTRZENNE

Elementy  symetrii  niezbedne do
wyznaczenia wszystkich punkow
rownowaznych w krysztale opisane s3
dla wszystkich 230 grup w tomie A
Miedzynarodowych Tablic
Krystallograficznych.

la3d o mim Cubic
No.230 /a3

CONTINUED No. 230 1a3d
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DIFFRACTION DATA COLLECTION AND PROCESSING

Diffraction data collection and processing.
X-ray diffraction data were measured on a
Pilatus 6M detector at Diamond Light
Source beamline 124 using a beam size of
10 umx10pum.

Crystals displayed diffraction initially out to
approximately 3.6 A follovvingzexposure to a
non-attenuated beam for 0.2 s per 0.2° of
oscillation.

It was possible to collect about 12° of useful
data from each crystal before radiation
damage became too severe. Data from
individual crystals were integrated using
XDS. A complete dataset to 3.7 A was
obtained by merging diffraction data from
eight crystals belonging to the trigonal
space group P3121. Data merging and
scaling were carried out using the program
AIMLESS from the CCP4 suite of programs.
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SYNCHROTRON

Sync?rotrony to akcelenatop{( e\lektronéw i z’rid’ra vvyja(tjkowego,
synchrotronowego $wiatta. Akceleratory czastek sg urzadzeniami
badawczymi, ktore pr@/spieszaja czastk\{e\ememtame posiadajace Synthotron SD,L,ARIS
tadunek “elektryczny do predkosci bliskiej predkosci Swiatta. W nowe swiatto dla polskiej nauki
synchrotronach  w momencie, gdy tor lotu czastek jest
zakrzywiany, pojawia sie strumienn fotondw -  Swiatto
synchrotronowe. Jasnos’c’ tego Swiatta jest miliardy razy wieksza
od jasnosci $wiatta stonecznego. Obejmuje ono szeroki zakres fal
elektromagnetycznych: od podczerwieni do promieniowania
rentgenowskiego. Fale te moga byc¢ filtrowane i kierowane do
wielu linii badawczych na potrzeby réznorakich analiz.

Synchrotrony pozwalajg zajrze¢ w giab materii i dokonac jej
precyzyjnych analiz. Dzieki nim naukowcy mogg badac zaréwno
skfad badanej substancji, jak i jej strukture - swiatfo synchrotronu
moze przenika¢c do ~ wnetrza badanej materii. Moze
odwzorowywac z dowolng szczegdtowoscig ukryte warstwy lub
ich wybrane fragmenty, bez uszkadzania tych potozonych na
zewngtrz. Promieniowanie synchrotronowe stymuluje réwniez
percEsy rgachodzace w materii - wywotuje zmiany w badanych
obiektach.

LINIE BADAWCZE

W chwili obecnej w Centrum SOLARIS uruchamiane sg dwie linie
badawcze:

linia PEEM/XAS.
LINIA- PEEM/XAS  (Photoemission Electron Microscopy / X-ray Uiniabadaweza =
Absorption Spectroscopy) - linia wykorzystuje promieniowanie
synchrotronowe emitowane przez magnes zakrzywiajgcy i jest

edykowana do pomiaréw mikroskopowych i spektroskopowych
w zakresie miekkle%o promieniowania rentgenowskiego. Powstaje
w  ramach wspotpracy SOLARIS z Instytutem  Katalizy i
Fizykochemii Powierzchni im. Jerzego Habera Polskiej Akademii i i
Naukk oraz Akademig Gdrniczo-Hutniczg im. Stanistawa Staszica w Bndvationowego . ., e oty
Krakowie.

Stacje koricowe:

Stacja pomiarowa PEEM (Photoemission Electron Microscopy) - s,

mikroskop fotoelektronowy, wykorzystujgcy niskoenergetyczne
elektrony wzbudzone fotonami do obrazowania powierzchni z
przestrzenng zdolnoscig rozdzielcza kilkudziesieciu nanometréw.
Stacja pomiarowa XAS (X-rac?/ Absorption Spectroscopy)
uniwersalna stacja do badania widm absorpcji rentgenowskigj.
i

A b RUSR N, GERm m i Lo

- linia UARPES.
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DATA COLLECTION

Crystals displayed diffraction initially out to approximately 3.6 A following exposure
to a non-attenuated beam for 0.2 s per 0.2° of oscillation.

It was possible to collect about 12° of useful data from each crystal before
radiation damage became too severe. Data from individual crystals were integrated
using XDS. A complete dataset to 3.7 A was obtained by merging diffraction data
from eight crystals belonging to the trigonal space group P3121. Data merging and
scaling were carried out using the program AIMLESS from the CCP4 suite of
programs. Data collection statistics are reported in Extended Data Table 2.

https://youtu.be/Xvkre WKD6EX]



https://youtu.be/XvkrgWKD6XI

DATA PROCESSING

1. Determination of crystal orientation, cell parameters and
spacegroup

Autoindexing Interactively

Autoindexing when running the program in background
REFIX and general notes

DPS Indexing in background

Autoindexing using different images from the same crystal

2: Running the STRATEGY and TESTGEN options

Overview of the STRATEGY option

Some Examples of the STRATEGY options

Determining the oscillation angle for each image (TESTGEN
option)

3: Determining Accurate Cell parameters
Using Post-refinement to refine the cell

4: Collecting data and processing the images
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DATA PROCESSING
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NMR

Spektroskopia
magnetycznego rezonansu jgdrowego

* Spektroskopia NMR (skrétowiec z ang. nuclear
magnetic resonance) — technika spektroskopowa
obserwacji lokalnych pél magnetycznych wokoét jgder

atomowych.

* Prébke umieszcza sie w polu magnetycznym, a sygnat Py
NMR wytwarza si€ przez wzbudzenie prébki za i I’) s
pomoc3g fal radiowych w magnetycznym rezonansie f’ L
jadrowym, ktéry jest wykrywany przy uzyciu czutych @i

" Irradiation

Od biorn i kéW ra d iOWyC h . Magnetic field strength —>




Podstawy fizyczne

* Niezerowy spin jgdrowy s majg praktycznie wszystkie atomy o nieparzystej liczbie
nukleonow:

* wodor 1H, wegiel 13C, azot 15N, tlen 170, fluor 19F, séd 23Na i fosfor 31P).

* W bardzo duzym uproszczeniu spin jgdrowy mozna sobie wyobrazi¢ jako rotacje
jadra wokot wiasnej osi. Jest on zwigzany z wewnetrznym momentem pedu jadra.

* Podstawg zjawiska NMR jest oddziatywanie spinéw jgdrowych z polami
magnetycznymi:
* statym polem magnetycznym, ktdre jest wytwarzane przez magnesy,

* zmiennym polem magnetycznym skierowanym prostopadle do osi statego pola
magnetycznego (generowanym przez fale elektromagnetyczne w cewce spektrometru),

* zmiennymi polami lokalnymi generowanymi przez sgsiednie jgdra atomoéw oraz zwigzane z
nimi elektrony.

Podstawy fizyczne

— Xerays Wavelength (nm) Radio waves .

| | ] ] ] ] | ] |
10 100 1000 10* 10° 10° 107 108 10°

Electron Nuclear spin
transitions transitions




Podstawy fizyczne

Nucleus |  #Protons  # Neutrons
H 12 1 0
2C 0 6 6
3C 1/2 6 7
N 1 7 7
5N 1/2 7 8

Absorption of energy by nucleus - depends on nuclear spin

(I) = sum of unpaired protons + neutrons (spin 1/2)

Wzbogacanie sktadu izotopowego

Sktad izotopowy biatek musi by¢
wzbogacony w trakcie syntezy
biatek.

zastosowanie pozywek o

zmodyfikowanym sktadzie izotopowym [ e o | EIHEK
oraz odpowiednich szczepdw B = e cs
ekspresyjnych. =
znakowanie domen. l”"

cell lysis and

protein purification
—-—

segmentally
labeled hnnns o~

protein

accumulation of
segmentally labeled
spliced product




Pomiar

Stezona prébka biatka: ®
1 mM lub 15 mg/ml™? dla biatka 15 kDa S-8-8

®)
©

© = Reference

8 7 6 5 4 3
Chemical shift (ppm)

®)

i 5 6 5 4 3
Chemical shift (ppm)

Podstawy fizyczne

1=1/2 N S
H=7,
=ymh _ B
S
m =+1/2 m, =-1/2
o p

m=(-l, -1+1 ....1-1, 1)




Podstawy fizyczne

m = 41/2 m, = 1/2 I

Podstawy fizyczne
l B z z
MO
\ o Y ) Bo y Bo
BO
B,=11.75T (500 MHz) As B, 54 does AE !

14.09 T (600 MHz)
18.79 T (800 MHz)




Podstawy fizyczne

z
I Mo
0=mn/2
X
BO
y
Bl

/2

v

y
B
ﬂ 2n*pw*yB,=0 '
pw=__1
4*yB,

pw =6 psec yB, =41kHz

|

on off

Podstawy fizyczne

z z
/2
X 7% X X
y receiver y
B, B,




Podstawy fizyczne

M,(t) = M_(1-e¥™)

Tl
/ y B
4 X
; . z
y B1 receiver
T

2

time

M, (t) = My(O)*e't/Tz

Podstawy fizyczne

T, T, (sec)
Linewidths
100 =
10 —
1 -
0.1 Vi =1
nT,*
0.01 -
0.001 =
T T T T 0.5 Hz 10 Hz
100 10 1 0.1 0.01 0.001 —| |—
Correlation Time, t_(nsec) T
MW 100 MW 20,000

Molecular Weight




Principles of Protein NMR Spectroscopy

NMR Instrumentation

Magnet - B 18.79T

vacuum
N2(I)
He(l)
magnet
22.31 T (2006)
probe
A B cC D E
(CH3CH;0):SICH2(CH2):CH3
/B ymm /DOA
»
Toluene
Octene isomers E ¢
[
T T T T T T T T T T T T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Przyktad widma "H NMR, wykonanego z uzyciem aparatu Bruker
DRX500, w CBMiM PAN, w cieczy (trietoksy-1-oktylosilan
zanieczyszczony toluenem i izomerami oktenu)




Analiza

Proton chemical shift (ppm)

Proton chemical shift (ppm)

Rodzaje widm

* Rodzaje widm NMR

* Widma n-wymiarowe w fazie cieklej

* analizowana prébka musi by¢ ciekfa (sama substancja moze by€ ciekia lub stata, ale do analizy
nalezy jg rozpusci€ w rozpuszczalniku deuterowanym, tj. takim, w ktérym wszystkie lub mozliwie
wiele protonow zostato zastgpionych deuteronem).

analizowana substancja musi by¢ rozpuszczona w rozpuszczalniku deuterowanym. Rejestruje sie
jednoczesnie widma pochodzgce od dwéch lub wigcej rodzajéw atomdw, co umozliwia obserwacjg
interferencji i sprzezen miedzy widmami generowanymi przez réZne atomy w czgsteczce. Poza tym
dosy€ czesto stosuje sie widma korelacyjne uwzglgdniajgce jgdrowy efekt Overhausera co pozwala
na okreslanie z dosyC dobrg skutecznoscig faktycznych odlegtosci przestrzennych pomiedzy
oddziatywajgcych ze sobg w ten sposdb jgdrami. Widma tego typu sg szczegdlnie przydatne w
ustalaniu przestrzennej struktury czgsteczek o ztoZonej budowie.

* Widma w fazie statej — analizowana substancja jest ciatem statym — umozliwia ona np.
obserwacje sposobu uporzgdkowania krysztatéw. Ze wzgledu na to, ze w ciele statym
praktycznie kazdy atom jest w nieco innym otoczeniu chemicznym jest to technika trudna,
wymagajgca m.in. stosowania ,trickéw” z wycinaniem szumu z widm.




Historia

History

1948 Bloch, Purcell first nuclear magnetic resonance
1955 Solomon NOE (nuclear Overhauser effect)
1986 Emst, Anderson  Fourier transform NMR

1975 Jeener, Emnst 2DNNMR

1985 Withrich first solution structure of a small protein
(BPTI) from NOE based distance restraints

- NMR s about 25 years younger than X-tay crystallography

198718 3D NMR +1C, N isotope labeling X 3 .
19967 e long range srucural parameers: Felix Bloch & Edward Purcell Richard Ernst Kurt Wuthrich

- projection angles from: Physics-1952 Chemistry -1991 Chemistry-2002

residual dipolar couplings {partial alignment)

T1T, relaxation time ratio (anisotropic diffusion)
« projection angles (cross-correlated relaxation)
=TROSY {molecular weight > 100 kD)

Nobel prizes

1044 Physics Rabi (Columbia)

1952 Physics Bloch {Stanford), Purcell (Harvard)
1991 Chemistry Emst (ETH)

Paul Lauterbur & Peter Mansfield Brian Sykes Lewis Kay
Medicine-2003

Wykorzystanie NMR

* Wyznaczenie struktury 3d
* OkresSlenie zmian dynamicznych struktury w skali picosek-sek
* OkreS$lenie standw rdownowagowych PO s (M 22

* Analiza procesu fatdowania

Profeins  ProfeinNA  DNA'  Carbor
ProteinRNA ~ RNA  hydrates

fray | 1900649 (/N
MR | 2% i W




Wady/zalety NMR

* Badania w fazie ciektej
* Prébka nie ulega zniszczeniu

* Informacje uzyskujemy na poziomie pojedynczych aminokwaséw

Metodyka pomiaru

{-dimensional NWR spectroscopy

Aradio reguency (] pulse along x causes the 2
magnefzation () o precess around the xeaxis, The pulse s
switched off fter & 90°otafion leaving ths magnetzation
along e yass.

B
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S0 pulse 1804) pulse

Inthis sate, the spin vectors whose population difierence
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Metodyka pomiaru

Relaxation

Aterthe fpulse, the Bollzmann equilibrium is
testored by relaxtion, This i a result of nteractions
of the spins with each ofher and with the environment
(i latce")

3 The equiorium z-magnetzation, My is restored by
longitudinal or spin-atic refaxation which is
described by & relaxation time constant T,

-z L) e

T, is measured by inverting the equilibrium 2
magnetzaon M) M, and measuring the
vecreafion of 4, magnetization iniversion recovery
experiments ((80°-1-0°FID).

3 The decay of xy magnetizaton relects the oss of
phase coherence ofthe spin vectors inthe x, plane
anis caled ransverse or spinpin relaxation
described by 2 relaxation ime constant T,

W= eptT)
T, measured as the decay of transverse (x-or y-

magnetizafion,for example using a spin-<cho
sequence (90°-c- 180°« FID) with a variabl delay .

s iy
s beamime 2 (e st eResmae Seatesey

T, an' T, deend on the corelation time 1, for random molecular

tumbling {thus, on the molecular weigh) and also on the BO
magneticfield shength:

Ay

AL

h

[ L
Al

molecular veight —»

Wptyw Srodowiska

Chemical shifts

* Rt the local posttion of a nuckear spin within a molecul the external magnelic field B s shiekled by the local
lectronic environment, The externalfiek is therefore scaed fo = shikding constant): B =By {1+).

s aresult forexampl,the K and Ko, protons i the pepide backhone o  proten have diferen chemicalshift

regions which helps to dentiy them.

+Chemical shfts are normalized with respect fo the staic magnetc iekl and expressed as ppm.

(0-N-(o-CO

) ) O
G0L800 GO0L3H00  conT0nn  MHz
80 40 0 pm

ippm)= (- 0, 1

chemicalsifts n parts per millon [ppm]
areindependent o th fed strenght ofthe
static magnetic By fied
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Heteronuclgar 20 NMR: HN corrlations

18y -
-

Nw [m&qsuzw HN =0k
o bkl ‘
sl

. g N=C*

|U
i

Nuclear Overhauser Effect (NOE)
NOE

Sptar g

distancer

[ $

The NOE s a result o spin-spin cross relaxation
dpolar coupln through pace ia W, and W, traniton rates between twio

sllie s ot sping | and S,
1 l] H;g [m.su:f p datl* ' The NOE is inverse proportional o the distance
~>reuion i i between the two interacting spin.

NOE intensity ~ 1

This distance dependence of the NOE is used to
derive protoniproton distance restraints for the
structure determinaton by NMR.

W = transition rates




Wyznaczanie struktury

[ Protein solntion

|

NMR spectroscopy

l

resonance assignment

)
)
)

}

Collection of
onformational constrain

( Sequential
f

A

|

Calculation of the
31) structure

)
)

Pomiar

Uproszczenie widma NMR osigga
si€ poprzez zastosowanie
odpowiednich metod pomiarowych:

jadrowego efektu Overhausera
(NOE) w technice spektroskopii
jadrowego efektu Overhausera
(NOESY);

spektroskopii korelacyjnej (COSY);

catkowitej spektroskopii
korelacyjnej (TOCSY)

A

<— Proton chemical shift (ppm)

®
° e

<— Proton chemical shift (ppm)




Analiza

9 - . g CPT LYY L Py RT3
A AP A e P

W trakcie interpretacji widm
(recznej lub automatycznej) stosuje
sie nastepujgce typy ograniczen:

odlegtosSci;
katow;

orientacji przestrzennej.

o

%

-
+

-
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Wynik

Wynikiem pomiardw jest rodzina
struktur.

Mozliwe zastosowanie
Dynamika biatek




* Procesy biologiczne nie sg statyczne:
* Przemiany strukturalne
* Reakcje chemiczne enzymodw

* Zrozumienie dynamiki procesow biologicznych pozwala na
usprawnienie aspektow inzynierii biatek

Problem niskich stezen w procesach
biologicznych

* Procesy biologiczne:
* Interakcje czwartorz€dowe
* Przenoszenie sygnatéw
* Kataliza enzymatyczna
* Fatdowanie
* Sygnalizacja allosteryczna
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Fatdowanie/kataliza enzymatyczna
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Analiza konformacyja thioredoksyny
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NMR

NME B. subltilis

B. subtilis

Oxidized Reduced Oxidized
TrxR / \ Trx R 5 ArsC

active inactive

inactive

Intermediate

TrxR-Trx Trx-ArsC As(V)
complex complex

Intermediate

active inactive active

Reduced g ;|  Oxidized N Reduced
TrxR Trx )

v/

Jin Lab
JBC,
NMR NMR NMR 2005,2007

B. subtilis B. subtilis B. subtilis




Badanie oddziatywan

Metoda anazlizy perturbacji przesunie¢

chemicznych -
& . " gL, = 2H labeled
L -4 S or unlabeled
- s ime B* &
E e ek e I e
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Analiza biatek btonowych

Problemy w analizie biatek
btonowych:

* Ekpresja
* Przygotowanie prébki
* Deuteracja i renaturacja




Projektowanie i optymalizacja substancji
aktywnych biologicznie
SAR (structure activity reletionship)
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SAR

Identyfikacja fragmentéw (Kd mili do mikro mol).
Optymalizacja i wydtuzanie.

Twin-arginine translocation

Q:I peptide |

O —— Chaperone




Analiza konformacji lokalnych

Oriented CD spectroscopy U=
il 17
// \\\
= / pRTNTS soevies A00
S &- o N
L
TatA, " TatA,, TatA,, 4 TatA,, .

*  TMH: fully buried

* N-terminal part of TMH (26-40):
hydrophobic residues buried,
hydrophilic residues partially exposed
to water

» C-terminal part of TMH (41-48): mostly

§24 '£5g R31 R35 E39 solvent exposed

TATAD_BACSU
TATAY_ BACSU
TATA_ECOLI
TATA_HAEIN
TATA_HELPJ
TATA MYCTU

TATAD_BACSU
TATAY BACSU
TATB_ECOLI
TATB_HAEIN
TATB_HELPJ
TATB_MYCTU




