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Chimica Farmaceutica



but we will never forget:

PHARMACODYNAMIC (PD) PROFILE

the study of the biochemical and physiological effects of drugs and the
mechanisms of their actions, including the correlation of their actions

and effects with their chemical structure.

PHARMACOKINETIC (PK)/TOX PROFILE

The study of the process by which a drug is absorbed (A), distributed
(D), metabolized (M), and eliminated (E) by the bodly.

FORMULATION PROFILE
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¥ Do you remember costs?

Experiment Typical Cost per Compound (€)

Computer modeling 7
Biochemical assay 270

Cell culture assay 2.700

Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000
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VS

X-Ray ATOM
Crystallography »ox

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

Confidential and Property of ©2012 Molecular Modeling Section
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NMR
Spectroscopy

30D

31.236 -29.774 -8.

24.284 -8.011

Gomparative/Homology
Toe 7 aes Modeling

23.498 -7.297

j§‘451
-8.009

-21.178 -8.613
-21.382 -6.842
56 . 6By -20.002 -7.892
8 -20.101 -6.799

gop -21.731 -5.830
-19.177 -5.784
-20.809 -4.825
-19.548 -4.812
24.939 -24.930 -8.991

Cryo-
Electron Microscopy
(Cryo-EM)
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... and this is our favorite hunting
\place!

www.rcsb.org
RCSB PDB  Deposit + Search~ Visualize ~ Analyze ~ Download ~ Learn v More ~ _

An Information Portal to
107436 Biological Search by PDB ID, author, macromolecule, sequence, or ligands ﬂ

PROTEIN DATA BANK Macromolecular Structures

8 b Ml)au}hnk structuralBiology
R $PDE @0 gilhmee o

A Structural View of Biology March Molecule of the Month

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
agriculture, from protein synthesis to health and disease.

Advanced Search | Browse by Annotations

# Deposit

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

The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational
Ed Visualize biology, and beyond.

i Analyze Structure and Health Focus: Ebola Virus Proteins

# Download

W Learn

Phototropin
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PDB... in numbers:

RCSB PDB Deposit + Search ~ Visualize v+ Analyze ~ Download + Learn ~ More ~ -

Other Statistics «

PDB Data Distribution by Experimental Method and Molecular
Type

Copy CsVv

Experimental Method Proteins|? Nucleic Acids Protein/NA Complex Other Total

X-Ray 126880 2012 6547 8 135447
NMR 11062 1279 259 8 12608
Electron Microscopy 2277 31 800 0 3108
Other 256 4 6 13 279
Multi Method 129 5 2 1 137
Total 140604 3331 7614 30 151579

125334 structures in the PDB have a structure factor file.
9949 structures in the PDB have an NMR restraint file.
3701 sfructures in the PDB have a chemical shifts file.
3167 structures in the PDB have a 3DEM map file.

S.MORO = CFTIl INTRODUCTION
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PDB... in numbers:

RCSB PDB Deposit ¥+ Search v Visualize ¥ Analyze + Download + Learn ~ More ~

[ Number of Structures Released Annually [ Total Number Available
160000

140000

120000

100000

80000

Number of Entries

60000

40000

20000
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in numbers

q
2

P Number of Structures Released Annually [l Total Number Available

|
o
o)
N
P Number of Structures Released Annually [l Total Number Available
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¢ Cryo-EM: the future of  structural
i biochemistry is today!

: Zooming in, we can see
structural features that '
¥ tell us how the molecule '

functions in the cell

> » 6:00/2:58

A 3 minute introduction to CryoEM

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

| Cryo-EM. the future of structural biochemistry is today!

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 Macromolecules Revealed by Cryo-Electron Microscopy

0 Paolo Swuec - Architecture and Dynamics of Macromolecules Reveal... D
Copia link

AL UIVIING

DSF@UNIPD

Seminari
Venerdi del Farmaco
31Gennaio 2020 »

Architecture and Dynamics
of Macromolecules Revealed
hy Cryo-Electron Microscopy

https://youtu.be/BMoRBzW-vv/
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8 Can you understand why pharma
w =y companies are very interested to
'\ structural biology/biochemistry?
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Can we represent 2QC6 (PDB) data?

Atom type B-factor Atom nature

l X y Z l l

ATOM 1 N SER A 7 18.809 -11.548 -9.537 1.00 30.22 N

ATOM 2 CA SER A 7 17.758 -10.860 -=-8.731 1.00 29.23 C

ATOM 3 C SER A 7 17.891 -9.329 -8.850 1.00 29.40 C

ATOM 4 0 SER A 7 18.997 -8.794 -8.756 1.00 29.43 O

ATOM 5 CB SER A 7 17.853 -11.306 -=7.257 1.00 29.91 C

ATOM 6 0OG SER A 7 16.761 -10.832 =-6.474 1.00 28.29 O

ATOM 7 N LYS A 8 16.765 -8.642 -9.075 1.00 29.05 N

ATOM 8 CA LYS A 8 16.661 -7.201 -8.846 1.00 28.10 C

ATOM 9 C LYS A 8 15.546 -6.888 -7.842 1.00 26.83 C

ATOM 10 O LYS A 8 14.668 -7.713 -7.590 1.00 26.71 O

ATOM 117 CB LYS A 8 16.479 -6.409 -10.156 1.00 28.45 C

ATOM 12 CG LYS A 8 15.230 -6.746 -10.960 1.00 31.04 C

ATOM 13 CD ©LYS A 8 15.113 -=5.946 -12.280 1.00 29.28 C

:: ATOM 14 CE LYS A 8 13.733 -6.182 -12.904 1.00 32.90 C
() ATOM 15 NZ LYS A 8 13.412 -=5.378 -14.148 1.00 34.62 N
:: ATOM 16 N ATLA A 9 15.607 -5.689 -7.270 1.00 25.59 N
‘) ATOM 17 CA ALA A 9 14.514 -5.118 -6.483 1.00 24.63 C
Q) ATOM 18 C ATLA A 9 13.282 -4.941 -7.363 1.00 23.75 C
(o ATOM 19 O ALA A 9 13.376 -4.516 -8.526 1.00 23.15 )
ATOM 20 CB ALA A 9 14.934 -3.766 -5.885 1.00 24.47 C

.EE ATOM 21 N ARG A 10 12.130 -=5.234 -6.781 1.00 22.67 N
Q) ATOM 22 CA ARG A 10 10.856 -5.139 -7.459 1.00 22.08 C
< ATOM 23 C ARG A 10 10.371 -3.694 -=-7.515 1.00 21.33 C
() ATOM 24 O ARG A 10 9.507 -3.357 -8.324 1.00 20.81 @)
&. ATOM 25 CB ARG A 10 9.833 -6.045 -6.754 1.00 21.79 C
Cl_ ATOM 26 CG ARG A 10 9.946 -7.504 -7.139 1.00 21.89 C
ATOM 27 CD ARG A 10 8.988 -8.414 -6.372 1.00 22.38 C

ATOM 28 NE ARG A 10 7.573 -8.170 -6.669 1.00 23.88 N

ATOM 29 CZ ARG A 10 6.588 -8.289 -5.780 1.00 24.40 C

ATOM 30 NH1 ARG A 10 6.863 -8.648 -4.532 1.00 23.52 N

ATOM 31 NH2 ARG A 10 5.322 -8.034 -6.136 1.00 24.29 N

ATOM 32 N VAL A 11 10.931 -2.853 -6.635 1.00 21.41 N

ATOM 33 CA VAL A 11 10.640 -1.408 =-6.579 1.00 21.07 C

ATOM 34 C VAL A 11 11.914 -0.562 -6.456 1.00 21.26 C

ATOM 35 O VAL A 11 12.946 -1.050 -=5.997 1.00 22.0606 O
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What can we easily measure in a 3D Cartesian space?

Z-Axis "
I:::g“g‘ Distance between atomic nuclei
FAN % . r
. f- x1,Y1’ZI “ ond energy
X2,Y2,72 —\._’_,//-""A , |
: — Y- Axis
Bond Bond Length (A) Bond Bond Length (A)
------------ | c—C 1.54 N—N 147
C=C 1.34 N=N 1.24
. C=C 1.20 N=N L.10
X-Axis C—N 1.43 N—O 13
=N 1.3% N=0 122
=N 1.16
2 2 2 o—0 1.48
AB =./(X1- X2)? +(Y1-Y2)? +(Z1-Z2) co 05 i
=0 1.23
C=0 1.13
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m=C

H=S
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VS

There are some interesting geometrical regularity inside our
| polymer:

Carboxyl
terminus

terminus

P
Il
N-Cq Cq-C C-N .
Antiparallel Collagen triple Structure ¢ (4
Bsheets parajle]  helix nght -twisted a Helix —57° —47°
B sheets B sheets B Conformation
+180 L Left-handed Antiparallel —139" +135°
a helix Parallel -119° +113°
Collagen triple helix ~51° +153°
= B Turn type |
o i+1* -60° -30°
(=] . * —on° o
< a Right-handed Pra 28 g
3> - 60 a helix B Turn type ll
i+1 —60° +120°
A2 i+2 +80° 0°
=1 8_0180_‘ 6 4 e Note: In real proteins, the dihedral angles often vary somewhat from these idealized values.
*The i+1 and i+2 angles are those for the second and third amino acid residues in the

B turn, respectively.

¢ (degrees)
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z, B ALPHA
' B BETA
Il RrRA OM

m=C

m=0
H=S
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N This is just a useful way to represent geometrical regularity of
) 3D coordinates and not the real shape of our protein!!!

... but very useful to classified protein from a
structural point of view!!!
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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.

Y
h !

Since the boundary is not a well-defined physical enf?:;_,_ *e are various
non-equivalent definitions of atomic radius. Three widey;_ definitions
of atomic radius are van der Waals radius, ionic radiu. d covalent

radius.

M Confidential and Property of ©2012 Molecular Modeling Section _
M S Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy S:-MORO - CFTII INTRODUCTION




xe Johannes Diderik van der Waals (23
f 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
radiii (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.

7 o

."?\v

Yo
<

WIKIPEDIA
The Free Encyclopedia

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.
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| A quick refresh...

Element radius (A)
Hydrogen 1.20 V _ ﬂﬂ' r3
Carbon 1.70 vdW 2 vdW
Nitrogen 1.65
Oxygen 1.62
Fluorine 1.47
Phosphorus 1.80 3
Sulfur 1.80 Lo =3 Vigw —
Chlorine 1.75 \ 4
Copper 1.4
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= @/ Y Why an atom has a spherical shape?
.»lQ , e

N
-~

The images are 3D renderings of the spatial density distribution of [|? with the color depicting the phase of y. 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.
Credits: https.//en.wikipedia.org/wiki/Electron#/media/File:Atomic-orbital-clouds_spd _mO0.png
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m=C

m=0
H=S
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CPK model:
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o .. Before proceeding further... what is it missing?

m=C

m=0
H=S
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N Yes, hydrogen atoms!

REMEMBER: X-ray -crystallography and Cryo EM cannot resolve
hydrogen atoms in most protein crystals, so in most PDB files, hydrogen
atoms are absent. On the contrary, hydrogen atoms are present in NUR-
derived structures.

a. Several tools can be used to hydrogen atoms... respecting the valence
properties of all heavy atoms and the geomeltrical characteristics
(distances and angles) of all X-H bonds.
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| Yes, hydrogen atoms!

Cs

0.

gangle 109 ° C,.oangle 120 °

C..;—Hlength 1.09 A C.,s—H length 1.08 A

0
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| but we have hydrogens... and hydrogens!

b. Moreover, hydrogen atoms associated with ionizable groups are
titrated’ according to their value of pKa and pH value of medium
solvent:

Aspartic Acid a
14.0 . cos
12.0f 12.0 I
pKyi= 0.8 @ LUz HaC o
10,0k 0.0 H3N+H CO3
HzC
2.0 2.0 LIZD? pH = 10
H =t
P gol goq{  PH=Y N
pKs¥= 3.9 @ COz
4.0 4.0+ & COzH H3N+H
pKal=2.1 H3N—|—H CHz
2.0 pl=3.0 2.0 CHa COzH
1 1 I:I:OZH DH bt 2.8
0.0 0.5 1.0 1.5 2.0 2.5 30 oH = 2
Equivalents of OH"
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m=C

m=0
H=S
H=H
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in this model we have modiified the
original experimental data!!!

M Confidential and Property of ©2012 Molecular Modeling Section
M Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy S.MORO - CFTIl INTRODUCTION



M S Confidential and Property of ©2012 Molecular Modeling Section S.MORO — CETIl INTRODUCTION

Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




Back when | was a young PhD student.

“It is generally accepted that receptor and substrate molecules
recognize ezathothiieat d#iethmplecular shrfaces. Thereforbetieéobindihg
birehgthsoeraythe of @ oe deygo icdmplecondelesndspendthensthepshap et rod
thib srdtstratefacefacel amdtoa dnstribstrdrund catateri@oppropsroastius
thidarefatey Arethodthtidnapkemgptono ool ehbdsEbbictd gicalike whioukhtakd
tatce atooantcotims tm$orniatioatiamdaniy trio tac @oelalateitit tm biological
activity...”

by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775
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Here is a nice experiment:. how we can simulate the first shell
of hydration using only ONE water molecule?

S,
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v

How can we SEE what has TOUCHED the probe ?
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M ? but, to transform this virtual experiment is an
(%4 useful experiments we need TWO smart
_m ideas:

1. Remember Pollicino’s fairytale,
2. and...
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A bit of algorithm:
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Molecular surface representations: Rolling Sphere method

Michael Connolly

S—_" F '.'
The van der Waals Surface (vdWS) is the exterior boundary of the union of van der Waals

spheres.

The Solvent Excluded Surface (SES, also known as Connolly surface ) is the results of the
SAS erosion by the same probe.
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Michael Connolly

_____ Connolly’s surface
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_____ Connolly’s surface™ %
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MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLA WDPVSRTPALVFEHVNNTD
FRKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMI FRKEPFFHGHDNYD
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF
LDKLLRYDHQSRLTAREAMEHP YFYTVVKDQARMGSSSIW?GGS TPVSSANMMSGISSVPT
PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ

1. where?

2. how? 245 N e

3. how long?

MWMW from topology to recognition
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... where?
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, ““rouhavama wondertful tool to estimate the topological
& A.‘ complementarity between a cavity and its ligand:

Complementarity « Vol,,y, — Yolygang
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4 Y Are we able to measure these volumes?
S

- A -
»

Volume of Volume of Volume of
the protein (A3) the cavity (A°) the ligand (A3)
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do you remember the trapezoidal rule ?

Tf(x)dm(b—a) f(a); f(b)

a
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| @ 3D version of ourtrapezoidal rule

l/mol =n V/

0”""””"” - \\ --" n
YA AR AR AR A A AR R~

BOOOON
S

0 0 0 0 0 0 ‘4 q‘i#.l‘.l\‘““‘
NN esssissiinsssny,
N 2zzssn 880880882
\zzsssssssssesss

NN e
00000 77777777777 7777
W T 7777777777777
7177177771777 7777

Q

\)
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Volume of the protein = 43450 A3

a 3D version of ourtrapezoidal rule
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4 Y Are we able to measure these volumes?
S

- A -
»

Volume of Vo/lume of Volume of
the protein (A3) the cavity (A°) the ligand (A3)
43450 265 793
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7 - surface extension is very easy to calculate...

i_/i -~ ) .
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| : Remember?

‘It is generally accepted that receptor and substrate molecules recognize
each other at their molecular surfaces. Therefore, the binding strength of
a receptor-drug complex depends on the shape of the substrate surface
and on the distribution of certain_properties on _this surface. Any
method attempting to model biological activity should take into account
this information and try to correlate it to biological activity...”

by Johann Gasteiger et al J.A.C.S. 1995, 117, 7769-7775
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_ Molecular surfaces as a locus for the projection of molecular
:pmpertles:
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< We cannot forget that under the real
o surface we surely find... charges!

6 protons
+ 6 neutrons

Carbon atom
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\\ We can surely start with him!

Charles Augustin de Coulomb (Angouléme, 14
giugno 1736 - Parigi, 23 agosto 1806).

I:el — kO qi(jz

Coulomb's costant : k, =9x10° o
1
k, =

Are,

where g, IS the electric permittivity of free space

C 2
-12
g, =89x10
0 N m 2
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/ try to recite it:

“Ine meagnitude or e eleclrosialic vorce of interaciion beilween Iwo
point charges /s directly proporiongl to the scalar multiolication of he
magnitugles oy cnarges and inversely proporiionsl o ne sgusre or ne
distance pelwaen rem.”

@(’9)

How we can deal with the point charges concept when, in the real world,
we usually deal with charge distributions?
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| Probably, using a very interesting physical trick:

Ay=1.9 u=1820

F-H

2=4.0 y,=2.1 S+

q, partial atomic charge
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| Probably, using a very interesting physical trick:

Ay=1.9 u=1820

1=4.0 y ,~2.1
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Probably, using a very interesting physical trick:

Ay=1.9 u=1820

F-H

Cl-H

Ya=3.2 yu=2.1
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Probably, using a very interesting physical trick:

Ay =0.8 ,U=0.8ZD

4—

Br-H

/-H

=26 y,~2.1

VS
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F-H
Cl-H

Br-H

1.9
1.1

0.8

0.5

u (D)

1.82
1.08

0.82

0.44

-0.267 0.267
-0.145 0.145

-0.113 0.113
-0.107 0.107
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and now it is very simple to extend:

0.345

0.345 -0.544
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|:el :koz_z -

Vel :kOZ% N
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popSoop
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B Ve =0
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Q Be patient, | take off the jacket of
% ™ pharmaceutical and chemical, undeservedly,
o | wear the jacket of pharmacologist:

@ Biological or “On” Target

Biological Space

Confidential and Property of ©2012 Molecular Modeling Section
M S Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy S:.MORO - CFTII INTRODUCTION




Really very interesting: the Human Protein

: *&g;% Atlas...

Total human proteins: 19,613

"Undruggable”
3,131 (16%)

Approvad targets
672 (2%)

Fotential targets
1,285 (7%)

MNon disease-
related
14,545 [T4%)

credits: https.//www.proteinat/as.org/
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Enzymes 47% GFCRs 30%

lon channels 79

DNA 1%
Integrins 1%

Miscellanecus 2% Transporters 4%

Nuclear hormone
receptors 4%

Cther receptors 4%

credits: https://www.semanticscholar.org/paper/The-druggable-genome-Hopkins-Groom/648a2ef46c4f7b335741111c445ee26adf2f0644/
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