From 3D coordinates to
molecular surface
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dWhat we are still orphans :

AVirtualize molecular topology (shape and volume) ;
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coordinates hunters!
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13.656 -12.864 -1l.611
14.518 -11.718 -2.102

Cryo -
Electron Microscopy
(Cryo -EM)
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| am sorry that we do not have enough time
g =jto go into these beautiful subjects, but for
S Mthose interested, |would suggest :

X-Ray
Crystallography

Structure Determination

X-ray and NMR

https://slideplayer.com/slide/6420286/

NMR
Spectroscopy.
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¥Cryo-EM: the future of structural
i biochemistry is today !

L Zooming in, we can see }
structural features that '

' tell us how the molccule

functions in the cell

d'*'

> » ) 0:00/258
A 3 minute introduction to CryoEM

credits: https://www.youtube.com/watch?v=BJKkCOW -6Qk

Confidential and Property of ©2005'Molecular Modeling Section
M Dept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy

S. MORO i PSF: LBDD_3



https://www.youtube.com/watch?v=BJKkC0W-6Qk

!Cryo -EM: the future of structural
" biochemistrv Is todav !

Venerdi 31 Gennaio 2020 ore 10.00
Aula 2 — Dipartimento di Scienze del Farmaco

Paolo Swuec - Dept. of BioSciences, University of Milan (ltaly), "Romeo ed Erica Invernizzi® Paediatric Research
Centre, Milan (ltaly)

Architecture and Dynamics of Macromelecules Revealed by Cryco-Electren Microscopy

. . T
o Paolo Swuec - Architecture and Dynamics of Macromolecules Reveal... O
-- Copia link
ALUMINI

DSF@UNIPD

Seminari
Venerdi del Farmaco
31Gennaio 2020 »

Paolo Swuec

Architecture and Dynamics p
of Macromolecules Revealed \3& |
hy Cryo-Electron Microscopy

i

https://youtu.boe/BMoRBzW -wvi
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Let's go back to our Cartesian coordinate ...
do you remember the coordinates matrix?

Atom

X Yy Z npature
0. 9760 0. 5530 0.1180 C
2. 1810 1. 4240 0. 1010 C
2.9110 1. 3580 -1.2420 C
2. 2460 1. 6700 -2.0550 H
3. 2180 0. 3270 -1.4520 H
4. 1000 2.2110 -1.2400 N
3. 8190 3. 1840 -4 1170 H
4. 5460 2.1620 -2.1560 H
2. 8610 1.1260 0.9100 H
1. 8740 2. 4560 0. 3100 H
-0. 1610 0.9170 -0.5670 N
-1. 0220 -0. 0510 -0.3510 C
-2.0310 -0. 1010 -0.7380 H
- 0. 4920 -1. 0270 0. 4440 N
- 0. 9630 -1. 8680 0.7470 H
0. 7870 - 0. 6560 0. 7530 C
1. 4290 -1. 2620 1.3760 H




¥ .. ) Rendering!
"8k ..or show me privileged distances!




¥ JWhat can we easily measure in a
w1 3D Cartesian space?

Z-Axis +
bond Distance between atomic nuclei
z| length
. g 0 — A
j‘Xl,Yl,Zl V
»
X2,¥2,22 — 4 A | | 1\
. — Y- Axis
B S
Bond Bond Length (A) Bond Bond Length (A)
oA W c—C 1.54 N—N 147
C=C 1.34 N=N = 12
i = =
C=N 1.38 N=0 122
2 2 2 = e o—0 1.48
AB=./(X1- X2)? +(Y1- Y2)? +(Z1- Z2) co o5
C=0 1.23
C=0 1.13
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3y But how can we restore physicality to our
i molecular models?

‘ -‘.‘;f%!_w




3 Atomic radius é could be one?

The atomic radius of a chemical element is a
measure of the size of its atoms, usually the mean
or typical distance from: the nucleus to the boundary
of the surrounding cloud of electrons .

e
Since the boundary is not a well-< /sical
entity, there are various non-equiv < tions
of atomic radius . Three widely  us \‘ s of
atomic - radius are van der Waals rac..., ....>.34lUs,

and covalent radius .
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Johannes Diderik van der Waals (23
November 1837 & 8 March 1923) was a Dutch
theoretical physicist and thermodynamicist

famous for his work on an equation of state for
gases and liquids .

His name is primarily associated with the van
der Waals equation of state that describes the
behavior of gases and their condensation to
the liquid phase. His name is also associated
with van der Waals forces (forces between
stable molecules), with van der Waals
molecules (small molecular clusters bound by
van der Waals forces), and with van der Waals
radii (sizes of molecules) .

He became the first physics professor of the
University of Amsterdam when it opened in
1877 and won the 1910 Nobel Prize in physics . '

e

" . . . l “}
van der Waals radius : in principle, half the =

minimum distance between the nuclei of two
atoms of the element that are not bound to the
same molecule .

Y
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) A quick refresh é

W

Element radius (A)

Hydrogen 1.20 V — ﬂ r 3
Carbon 1.70 vdW 3 vdW
Nitrogen 1.55

Oxygen 1.52

Fluorine 1.47

Phosphorus 1.80 3
Sulfur 1.80 rVdW < ivvdw T
Chlorine 1.75 410
Copper 1.4
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3 Why an atom has a spherical shape?

The images are 3D renderings of the spatial density distribution of | |2 with the color depicting the phase of [ . The spatial

distribution is smooth and vanishes for large radii . The cloud is a more realistic representation of an orbital than the more
common solid -body approximations .

Credlits: htips.//en.wikipedia.org/wiki/Electron#/media/File.Atomic -orbital -clouds_spd mo0.png
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yj From Cartesian coordinates to van der Waals
A\ spheres :

Robert B. Corey and Linus Pauling
O Mol e c uModels of Amino
Acids, Peptides, and Proteins .0
™% Rev. Sci. Instrum . 24, 621 (1953).

Abstract : A set of accurate scale models has been
( developed for use in studies of the structures of
‘amino acids, peptides, and proteins . Models
representing atoms or groups of atoms built from
hard wood to the scale 1 in.=1A are connected by a
~ clamping device which maintains desired molecular
. configurations . These accurate models have been
used as substitutes for calculation in investigations
of the probable configuration of the polypeptide
chain in proteins . Analogous models constructed of
rubber -like plastic to the scale 1 in. = 2A and
connected by snap fasteners are designed for
gualitative studies of protein structure .
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' From Cartesian coordinates to van der Waals
/i spheres

NOW AVAILABLE FOR THE FIRST TIME-THE LONG AWAITED, INEXPENSIVE

NEW
COREY-PAULING
SPACE

FILLING
ATOMI

These new CPK Models were designed by the Atomic
Mnd s Sul b: mmittee of the Biophysics and Bio-

istry Study Section of the National In-

hysical Ches
st tules of Health Wlshmmn DG Over 40 scientists
rch centers contributed
tu tl\e wnﬂ( of lhls Comm me
The CPK designs wh ch emE meu nave been i mplc—
mented Ir; lhe Ames iological Chem|

with finar 1 su| ppurt from the Ummd Smns anlona\
Sce nce Fau r.lat ion,

‘vz DRWALTER LANG KOLTUN

E - o L i
- tak
. w
@I THE EALING CORPORATION
oL 152
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=

CPK:RK

(by Corey, Péuiiﬁg_. and i(ultun) o i

DEL; e i
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. 9760
. 1810
. 9110

0 0. 5530 0. 1180
2 1. 4240 0. 1010
2 1. 3580 - 1. 2420
2. 2460 1. 6700 - 2. 0550
3. 2180 0. 3270 - 1. 4520
4. 1000 2. 2110 - 1. 2400
3. 8190 3. 1840 -4. 117D
4. 5460 2. 1620 - 2. 1560
2. 8610 1. 1260 0. 9100
1. 8740 2. 4560 0. 3100
- 0. 1610 0. 9170 - 0. 5670
-1. 0220 - 0. 0510 - 0. 3510
-2. 0310 - 0. 1010 - 0. 7380
- 0. 4920 -1. 0270 0. 4440
- 0. 9630 -1. 8680 0. 7470
0. 7870 - 0. 6560 0. 7530
1. 4290 - 1. 2620 1. 3760

T QI ZFE()Z T T TS o5 G O
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The mass of the two particles is
almost equal, 1.672x10'2” kg for
protons and 1.674x10'27 kg for
neutrons . That of the electrons,
on the other hand, amounts to
9.109%x10'31 kg, 10,000 times
lower and therefore also
negligible .
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At this point measure the molecular - " is
| easye or at least so it seems to Ar-

Verloop A., Hoogenstraaten W., Tipker J. 0 De v e | o pande application of new steric substituent
parameters in drug design .6 In Drug Design (Ed. Ariéns), vol.7, pp.165-207 (1976), New York: Academic
Press.
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My favorite example :

H

NOVITA OFFERTE PRODOTTI ¥ AMBIENTI ¥ IDEE RISTORANTE E BOTTEGA DOVE SIAMO

Home / Soaggiorno / Scaffali

77 cm (30 %A")

77 cm (30 %")

Credits: https.//www.ikea.com/it/it/catalog/products/20275814/
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Yy Beware : as you have already guessed the
are by definition

Im— 180° 73° -10°
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Substituent L B, B, B, B,
CH, 3.00 1582 1,90 1.90 2.04
C,H; 4.11 1.52 1.90 1.90 2.97

n-C,Hg 6.17 1.52 1.52 1.90 4.42
t-C,Hqg 4.11 2.59 2.86 2.86 2.97
CeHs 6.28 2.30 2.30 2.83 2.83
CH,CgHs 4.62 1.52 3.11 3.11 6.02
OH 2.74 1.35 1§5% 1.35 1.93
OCHj, 3.98 1.35 1.90 1.90 2.87
N(CH,;), 3.53 1.59 2.56 2.80 2.80
NO, 3.44 1.70 148 2.44 2.44

L/B, e B,/B, ratios give as an indication of the substituent
sphericity .
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HN
CEBHON3 <« g ... 4.1 53. 4.1 QL\ o M W N Y >
N NH;
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+f_ J CPK is a nice 3D shape representation € but
Wl probably on for human being . But a molecule
A as will see another molecule?
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Rolling Sphere method: choose a method of
installation Lightning

rolling sphere

N\, building

Credits : htips //www .bornika .ir/en/Article/AR -52/Choose -a-method -of-installation -Lightning
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' Geometric computation theory for morphological
w = filtering on freeform surfaces :

oT hmrface of a geometrical component is an interface limiting the body of the component and
separating it from the surrounding medium . It governs the functional behaviours of the product, whether
that be a mechanical, #ibological , hydrodynamic, optical, thermal, chemical or biological property, all of
which are of tremendous importance to product performance . Many emerging products and devices are
based on achieving surfaces with special functionalities . Manufactured items such as micro - and
nanometre -scale transistors, microelectromechanical  systems and nanoelectromechanical systems,
microfluidic devices, optics components with freeform geometry and structured surface products are
clear evidence of products where the surface plays the functional role.

ﬂ"‘"ﬁ# Ay ’ |
'ﬁ"b}é& (’ ‘,"J %y J,’ Xll\

B workpiece
workpiece surface profile

erosion envelope
——=-ppening envelope
rolling disc

_ workpiece
workpiece surface profile
dilation envelope

=== closing envelope
rolling disc

hf j: Y7
N I)( *"i‘r
(m \_\OT__ Il : &’

The dilation and closing envelope of an open profile by a The erosion and opening envelope of an open profile by a
disc. disc.

Credits : http ://rspa .royalsocietypublishing .org/content/ 469/2159/20130150
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Search~ Visualize ~ Analyze ~ Download ~ Learn ~ More ~

= An Information Portal to
t_/,' P D B 107436 Biological Search by PDB ID, author, macromolecule, sequence, or ligands H
-

PROTEIN DATA BANK Macromolecular Structures

Advanced Search | Browse by Annotations

EoORLEWIDE

- — g E Bank [ StructuralBiology
PDB-101 [ sl 8354 o P D edimts”

A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about
the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and

»N i
T DePDSIt agriculture, from protein synthesis to health and disease.

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

Q Ssearch _ _
The RCSB PDB builds upon the data by creating tools and resources for

research and education in molecular biology, structural biology, computational
Cd Visualize biology. and beyond.

Analyze Structure and Health Focus: Ebola Virus Proteins

# Download

@ Leamn
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PDBé in numbers :

PDB Data Distribution by Experimental Method and Molecular Type

Copy csv
Molecular Type X-ray|F EM NMR Multiple methods Neutron Other  Total
Protein (only) 159,989 11,992 12,311 198 73 32 184,595
Protein/Oligosaccharide 9,280 2,090 34 8 1 0 11,413
Protein/NA 8,357 3,711 284 7 0 0 12,359
Nucleic acid (only) 2,730 113 1,468 14 3 1 4,329
Other 164 9 33 0 0 0 206
Oligosaccharide (only) 11 0 6 1 0 4 22
Total 180,531 17,915 14,136 228 77 37 212,924
PDB Structures with Experimental Data PDB Structures with Small Molecule Data
170,586 have a structure factor file 161,534 with any non-polymer small molecules
11,460 have an NMR restraint file 160,059 with non-polymer small molecules of 100-300 Da
5,993 have a chemical shifts file 55,238 with non-polymer small molecules of 300-500 Da
3,959 have NMR unified data files (NEF and/or NMR-STAR format files) 37,709 with non-polymer small molecules of 500-1200 Da
17,439 3DEM maps were used for the determination of 17,651 PDB structures 30,517 with author-designated Ligand/s of Interest

4,389 with a biologically interesting short oligomer or oligomer-like BIRD molecules
11,588 with with branched entities of oligosaccharides
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PDBé in numbers :

PDB Statistics: Overall Growth of Released Structures Per Year

I Number of Structures Released Annually [ Total Number of Entries Available

250000

200000

150000

Number of Entries

100000
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PDBé in numbers :

X-Ray
Crystallography

Cryo-
Electron Microscopy
(Cryo -EM)
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