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Targeting the Coronavirus SARS-CoV-2: computational
insights into the mechanism of action of the protease
inhibitors Lopinavir, Ritonavir, and Nelfinavir

: News & Updates

*  Giowanni Bolcato, Maicol Bissaro, Matteo Pavan, Mattia Sturlese, Stefanc Moro
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1 oo --al. " Targeting protein Kinase CK10 with
Riluzole: could it be one of the possible missing

bricks to interpret its effect in the treatment of ALS

from a molecular point of view?" ChemMedChem.
(2018) more...
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2§ ) Why we are here today... to find the
2« intimate connection between these

-»  Informatics « -
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NEWS - 08 JANUARY 2020

2019 FDA drug approvals

The FDA approved 48 new drugs last year, keeping up the momentum of recent

years.

Asher Mullard

vy f =

The FDA's Center for Drug Evaluation and Research (CDER) approved 48 A< PDF version
novel drugs in 2019 (Table 1). Although this approval count falls short of
CDER’s record 59 approvals of 2018, it still comes in as the third biggest

approval class in the past 25 years (Fig. 1).

‘ npj ‘ Vaccines
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Nature Reviews |

A Novel Drug or a New Molecular Entity (NME) is an active compound,
complex, molecule that previously has not been approved by the
FDA/EMA.
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A very general introduction:

“Vintage drugs New age (biotech) drugs

ASPIRINE MONOCLONAL ANT/BODY (mAb)
1. small molecule 1. macromolecule
2.180 Da 2.150°000 Da
3. 21 atoms 3.20°000 atoms
4. usually not immunogenic 4. usually immunogenic
5. usually chemically stable 5. usually chemically instable
Antibody
15 nm

@

Confidential and Property of ©2013 Molecular Modeling Section (MMYS)
M Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy

gi® s. MoRrO - SFO @ DsF




2 1 35 Oligonucleotide approvals
(4%) (2%) 1 (73%)

Antisense
10

(21%);

Protein approvals
Other

Nanobody

Fusion
protein

' B Smallmolecule E Oligonucleotide |
B Protein B Other

ADC -

Nature Reviews |

Confidential and Property of ©2013 Molecular Modeling Section (MMS)
Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy

v d S. MORO - SFO @ DSF




Proportion of approvals (%)

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

#. ) Drug discovery statistics:

2

-y https://lwww.nature.com/articles/d41573-020-00001-7

M 2014-2018 average [ 2019

204

154

10+

Confidential and Property of ©2013 Molecular Modeling Section (MMS)

Nature Reviews

S. MORO - SFO @ DSF




Why has the pharmaceutical industry apparently not benefited from the
sciltech revolutions of the last few years?
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Why we need “drug” design?

rug discovery is a extremely
competitive activity!

a.~ 1600 companies;
b. ~ 6000 R&D projects.




Aaahhh....
a xxx.000!l

DRUG DISCOVERY PRECLINICAL CLINICAL TRIALS
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Bringing a new drug to market can take 8-14 years
and costs between $400 and $900 million... or even more!!

3-6 YEARS

PHASE 4: POST-MARKETING SURVEILLANCE

D IND SUBMITTED
D NDA SUBMITTED
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. Some details about costs:

Cost, $ millions
1,500

¥ Preclinical
B Clinical

1200

900

600

300

1970s 1980s 1990- 2000-
2000 2010

The cost of developing a new drug has skyrocketed since the 1970s. Source: Tufts Center for the Study of Drug
Development.
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The easiest way to see the cost of this time is to examine
the opportunity investors lose by committing their money
into the pharmaceutical research process as opposed to
other possible investments. The alternative investment
opportunity could be putting their money in a start-up
internet company; perhaps the alternative investment
opportunity is putting their money in a less risky asset
such as an electric utility; or, perhaps both. If we use the
broader market as the potential alternative investment
opportunity, then it is possible to quantify the lost
investment opportunity that potential investors forgo by
investing their money in the risky pharmaceutical research
process. Between 1964 and 2013 the average annual
return of the S&P 500 was 9.9 percent. Investors,
consequently, can earn a return of 9.9 percent on their
money if they just invest in the market instead of investing
their savings into the pharmaceutical research process.

|| Some details about costs:

Initial Investment

this is something nobody says!!!

$100.00

Annual growth in investment over REED timeframe

Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8
Year 9
Year 10
Year 11
Year 12
Year 13
Year 14
Year 15

$109.89
$120.76
$132.71
$145.84
$160.27
$176.12
$193.55
$212.69
$233.73
$256.86
$282.27
$310.19
$340.88
$374.60
$411.65
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\ Some details about costs:

Expefiment Typical Cost per Compound (€)

e~

Computer modeling 7 o~y
Biochemical assay 270

Cell culture assay 2.700

Rat acute toxicity 8100
Protein crystal structure 68.000 ="
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000

You understand why it is so attractive to the pharmaceutical industry?
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\ Why we need “drug” design?

xx.000 to 1?

Is this ratio really acceptable
for a pharma company?
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Our primary mission will be:
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f. ) The most insidious question that
'8 you can make me :

Is a drug designable?
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... a bit of:

Design, «——-—-——= Drug
| A ' 4

-»  Informatics <«
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the shadow of the reality:
21

Molecular Volume (A3)

X

...atom is 4/3nr3?
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‘At this point measure the molecular size is
| easy...

Verloop A., Hoogenstraaten W., Tipker J. “Development and application of new steric substituent
parameters in drug design.” In Drug Design (Ed. Ariéns), vol.7, pp.165-207 (1976), New York: Academic
Press.
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My favorite example:

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

1
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77 em (30 %") 39 em (15 %")
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[ +{ | 33 cm (33.6)
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Credits: https.//www.ikea.coml/it/it/catalog/products/20275814/
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... a bit of:

RDesign, <« Drug
4 ‘ )

-»  Informatics <«
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, | know very well that you known what
i drug is... but reconsider its definition in
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... and a 'living organism' is difficult to
| accommodate in a design process (drawing
and calculations), though
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\' ... | suspect that you could have a sensation
i like this:
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Propranolol
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ytry to respond with intellectual
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Propranolol
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‘\Why we consider the 3D structures are
M exciting?

P

The natural link wit
a ligand-receptor rem

MMS Lab (2015): 3D printed model of the human A2A adenosine receptor co- crystalllzed its antagonist ZM 241385 (PDB entry: 4EIY)
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\‘How is it possible to create a realisting
N protein (molecule) 3D printing?
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\| Some details about costs:

)

Expei'iment 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 ! ;-:Q
Animal efficacy trial 200.000

Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000

You understand why it is so attractive to the pharmaceutical industry?
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Druggable targets...

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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| would like to start from here!

NMR
Spectroscopy

X-Ra 10.801 -12.147 -5.180
y 11.124 -13.382 -4.414
Crystallography 11.769°212.878 -3.130 Compu Methods

11.1775 -12.047 —2.441
12.075 -14.259 “~-5.228
11.564 -14.543 -6.638
12 113 —15.556 —T<39F
12.439 -16.745 -6&.9395
13.093 -15.163 -8.409
12.865 -13.35%5"" -2.800
13.656 -12.869 -1l.611
14.518 -11.718 »-2.102

OO0=Z2 000000003

Confidential and Property of ©2013 Molecular Modeling Section (MMS)
M Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy

S. MORO - SFO @ DSF




... and this is our favorite hunting
place!

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

107436 Biological

An Information Portal to
S Search by PDB ID, author, macromolecule, sequence, or ligands ﬂ
DATA BANK Macromolecular Structures

PROTEIN

wostowioe :
X = o EMDataBank [N StructuralBiology
e FPDE @orer gilhmee i

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
Cal Visualize biology. and beyond.

Analyze Structure and Health Focus: Ebola Virus Proteins

# Download

W Learn

T Confide-ntial and Prope—rty of ©2013 Molecular Modeling Sectia (MMYS) \ 3 -
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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.

Data cellected: May 2019

S. MORO - SFO @ DSF
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14, JPDB... 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

Data collected: May 2019
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CPK model: z .

’0
|

Robert Corey Linus Pauling

>

®
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Michael Connolly
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MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLAD WKDPVSRTPALVFEHVNNTD
FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMI FRKEPFFHGHDNYD
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRW@RFVHSENQHLVSPEALDF
LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT
PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ y
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MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLAD WKDPVSRTPALVFEHVNNTD
FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMI FRKEPFFHGHDNYD
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWﬁRFVHSENQHLVSPEALDF
LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT
PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ

1.where? w
2‘ how? : I T e e
3. how long? (&
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Michael Connolly
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W "r; You have now a wonderful tool to estimate
(¥~ the topological complementarity between a

Complementarity o« Volg,iy — VOljigana
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14, JAgain, try to respond with the
L g5 same intellectual honesty:

Is a drug candidate designable?

We will return later on this concept...
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or current.

Approach the
dock slowly at a
narrow angle (10
to 20 degrees).
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3 What does it mean Docking?

=g | 1B
< L

Generally ' speaking, any computational
strategy that use 3D information about the
receptor” to predict binding modes and
affinities for different ligands.

ligand .
AG pjng
—
receptor u N1 ”
(aq)
ligand ,
Ac;'bind
—
receptor & el
(aq)
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1.where?
2. how?
3. how long?
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1.where?
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Principal binding site

Alternative binding
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1. Positioning the ligqu into binding pocket:
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2. Docking: translate, rotate and exploring
conformations insidzegthe binding pocket:

han mam s = e Bm .

-_— s e e s -

*
*
*
*
*
*
*
*
*
*
*
[N
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VIBTIUALYYORLD,

w
w Some definitions:

We define as POSE:

a.the respective orientation of the ligand
vs protein;

b.the bound conformation of the ligand.
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2. how?
3. how long?
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Empirical Scoring Functions

R-NH;* R-OH R@ -CH,-
2% I
/ \ L 7 N\ / I
|, / \ S o , 4 \ / / I
y \ /7 = ~ \ / |
\ y ~ \
V4 4 N ~S \\ 1 !
—_— o) o) H yH
LA NS [y
(kcal/mol)
charge-charge interaction (ionic bond): AG%~ 5§5+10
charge-dipole interaction: AGlz2 1+ 7
charge-x interaction: AG%~ 8+10
hydrogen bond: AG%'2 1+ 7
charge transfer interaction: -AG%~ 1+ 6
n-% interaction: AGY> 1+ 2
dipole-dipole interaction (van der Waals): -AG’~ 0.5+1
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Virtual screening by molecular docking

Scoring: Scoring:

N 55 e

20

>
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- GRAZIE

PER LA PAZIENZA
5@4&
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