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Menu (turistico) del trimestre di CFTII

MParte prima: generale

fistemi al comunicazione cellulare
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K. Be patient, | take off the Jacket of
g ™ pharmaceutical and chemical, undeservedly,
¥ | wear the pharmacologist

@Biological or oOndé Target

Biological Space
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| Really very interesting : the Human Protein

e

Total human proteins: 19,613

"UIndruggable”
3,131 {(16%)

Approvad targets
672 (2%)

Fotential targets
1,285 (7%)

MNon disease-
related
14,545 [T4%)

credits : https.//www.proteinatias.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/648a2ef46¢c4f7b335741111c445ee26adf2f0644/
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| A propedeutic concept : systems theory

L e {197
a Closed system Open system

L
[ O Drug injested:
e Circulation
e Distribution
* Metabolism

e Diffusion

¢ Fixed concentrations

@ e Equilibrium reached
™
A

e

| © O R

Diseased tissue

credits : https.//www.nature.comyarticles/nrd.2015.18 /
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a Closed system

O

* Fixed concentrations
* Equilibrium reached

Drug injested:
¢ Circulation
¢ Distribution
* Metabolism
* Diffusion

Diseased tissue

eq= T residence time, t= ——
Kot Kot

credits . https.//www.nature.comy/articles/nrad.2015.18 / ; httos.//imww.nature.comy/articles/nrd.2018.234/
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Close system en stem
(thermodynamics) (organized)
Objectives: Equilibrium state Stationary state
Operative tools: DH e DS DH e DS e Di
Operative process: ®DH e -DS ®DH e ®DS e =Dl
M oo oo e 0 L oo
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Fundamentals of cellular communication
theory . fransporters

satl
LT
“.'«td! ‘.

S

A CCL LT
s

o
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CELLULAR RESPONCE
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Y 'We can summarize as follows :

As it is true that a man does not live
by bread alone, it is also true that an
organized system does not live only
of exchange of matter and energy
but also of /nformation .
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+f_ ) What receptor isé from a molecular
“-“‘f‘d i pomt of view :

Receptor as recognition machine

Receptor is a molecular machine, prevalently a protein -
based object, able to measure at atomic level molecular
complementarity . Molecular complementarity s a
fundamental way to describe chemical information .

Receptor as trasduction machine

Recognition IS a necessary, but not sufficient,
characteristic of a receptor . Receptors are necessarily a
molecular machines translating the chemical information of
the interaction with the ligand into a cellular response .
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- 'What receptfor isé from a molecular
sl point of view :

The simplest concept in receptor pharmacology

ANTAGONIST AGONIST
D — . CELLULAR
— RESPONSE
INACTIVE ACTIVE
STATE STATE
(R) (R*)
RECOGNITION RECOGNITION +
TRANSDUCTION
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+f_ Y What recepfor isé from a molecular
T eand! pomt of view:

The S|mplest concept in receptor pharmacology
AGONIST

| :!ﬁ

AGONIST ACTIVE

. ACTIVE
(R%) COMPLEX
(R*-Ago)
- k eff
Mathematical model: D,y + R == [DygR] — Eff

0

Remember the differences between  closed and open system!!!

M S Confidential and Property of ©2012 Molecular Modeling Section
M Dept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy

S.MORO i CFTIl Molecular Machineries




| AGONISTA PIENO (FULL AGONIST): oggetti
¥ ..l chimici che RICONOSCONO il recettore e sono
S in grado di TRASFERIRE'l 6i nf ormazi o

Kon k
. eff
Modello Matematico: Do + R o [Dago Rl — Eff
off
p. Ril Eff |
[ ago ]__________MLD-?_QOFR]MAX _______:__h_._ETIMAz(
/// ///
/
" .’.’ ............................................ ECs
I I
| |
| |
| 1
© > l >
[D] [D]
RICONOSCIMENTO ATTIVAZIONE
(AFFINITY) (INTRINSIC ATTIVITY)
M SDept. Ph(;?gg?:(eezttiii;?g?w; g)ﬁ:rﬁ/a?:glcié?clazl glcci)(laenccﬁgar’:/il\?:resliitr;/go??’(;tiioor:/a- Italy S.MORO i CFTII Molecular Machineries




A JAGONISTI PIENI: ECs, un valutatore numerico
?» Sldel | defficiedahza trasferimento

'del |l dinfarmazione

Kon k
. eff
Modello Matematico: Do + R e [Dago Rl — Eff
off
[D o0 R1] eff |
e ————————_.—MLD-?%)E]MAX -______-_—_-"‘-"'Ef'IMA"Z'('
//, ,”/’ /// /”’
/ 7/ ,’
'l ) .'.’....../.{ .................................... ECs
I // I ,’
1 7/ ! /
I ,’ Iy
1, /
@ > & >
[D ago] [D ago]
RICONOSCIMENTO ATTIVAZIONE
(AFFINITY) (INTRINSIC ATTIVITY)
M SDept. Phi?gg?:eezttiii;?g?w; g)ﬁ:rﬁ/azgié?clazl glcci)(laenccﬂgar':/il\?:resliitr;/go??’(;tii%r:/a- Italy S.MORO'i CFTII Molecular Machineries




! AGONISTI PIENI: per la  valutazione
. Sldel | 0ef fdelcncenaszimento, siamo gia
S pronti a definirla :

Kon K
. eff
Modello Matematico: Dogo + R =— [DygoR] — Eff
I(off
[D.goRI]
. [DagRlua
/// //,” K _ l(1 _ \.DagIORJ
/ 7’ . —_— -
1 4 .
¥ ™k, D, |OR]
| I/ 2 a.go
|
l,l
A >
[D ago
RICONOSCIMENTO
(AFFINITY)
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L AGONISTI PARZIALI (PARTIAL AGONIST): il

™ riconoscimento cd ma | 6ef fi cidet

o trasferimento del | 6i nf omoma Ia pid quella
~ ottimale .

Kon
. ] eff
Modello Matematico: Do+ R == [DygoRl —
0
[D..goRI] eff |
" I [_D_ag_o B] MAX L R Ef_f MAX
//”” S .-
V4 / - -
i !,
l"' !’!./. .......................................... §Q50
i ]
i I
8 . .
[D ago] [D ago]
RICONOSCIMENTO ATTIVAZIONE
(AFFINITY) (INTRINSIC ATTIVITY)
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4 L AGONISTI PARZIALI (PARTIAL AGONIST): un
¥ 5] bellissimo esempio €&

Morfina
Ki (m=1.45nM
FULL AGONIST

Carfentanil Carbo -carfentanil
Ki (n) = 0.024 nM Ki (m) = 95.2nM
FULL AGONIST PARTIAL AGONIST
M SDept. Phi?rzgiiztgii;?gig lgoff)aerrrtri/a?:glcigzg(i)cfl gﬂc?(laicclggam::resliitr;/go?g;tii%r:/a- Italy S.MORO i CFTII Molecular Machineries




A W AGONISTI PARZIALI (PARTIAL AGONIST): un
-"’*‘H-—--L bellissimo esempio é indovinate unp o & ?

D,.RI| Eff |
[ o0 ]________ _[_D_agoB]MAX _____________I_l______Ef_fl\_/l_Az(
, -, : -=TT -7 / - : --"
/ e ;7 .7
,II’ 7 - ! // == mT T T
s |'I .7
. '!'!./. .......................................... ECs
¥ E
1/
> >
[D ago] [D ago]
RICONOSCIMENTO ATTIVAZIONE
(AFFINITY) (INTRINSIC ATTIVITY)
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 ANTAGONISTI (NEUTRAL ANTAGONIST) :
W _ S oggetti chimici che R/ICONOSCONO il recettore
¥ ma NON sono in grado di TRASFERIRE
1 6informazione

Kon
Modello Matematico: D,:.+R — [D«RlI % Eff
I(off

1 Eff T
oo DanRluax oo EMuax
//
/
I
I
I
I
|
I
&) > CP====c===c=oo==oo >
[Danl [Danl
RICONOSCIMENTO ATTIVAZIONE
(AFFINITY) (INTRINSIC ATTIVITY)
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| ANTAGONISTI : come misuriamo la sua efficacia

. inel |l 6ant agbdaziednua agonistaé o

" " misurando la sua costante di affinita al recettore
““oppure ..

kon
Modello Matematico: D+t R e DRI % Eff
off

[DR]T

=
"_—
-

D, R

ant

! K

! bind [D ][bR]
I
I 2 ant
I

@ >
[D]
RICONOSCIMENTO
(AFFINITY)
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| ANTAGONISTI COMPETITIVI: come misuriamo la

Msua efficacia nel |l 0ant agloha zidamure
'agonista € competendo conquest oul tim
| Kon k
N eff
Do + R == [DagoR] Eff
Modello Matematico: k‘g
n
D t+ R L& [DantR]
on KQ
+ Eff 1
[DagoR] _________ [DR]MA)( - ___EffMAl(
Il I// //// /’,,’ ............ EC50

7’
', [D ant]
I 1,7
> >
RiICONOSCIMENTO  [Dago] ATTIVAZIONE [Dago]
(AFFINITY) (INTRINSIC ATTIVITY)
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AT TI VIBR®ALE (BASAL ACTIVITY): esistono
¥ Salcuni sistemi recettoriali che manifestano un
S effeﬂo anche senza la presenza di un agonista .

Modello Matematico:

k* eff
R — [R¥ — Eff
k*off
D.. R] t Eff T
ago
’ [DR] yax o _____Etty
Oreverrrmeeerrrreees Attivita basale.
O > p
RiICONOSCIMENTO  [Dago] ATTIVAZIONE [Dago]
(AFFINITY) (INTRINSIC ATTIVITY)
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| AGONISTA INVERSO (INVERS AGONIST): in
S presenza di una attivita basale oltre agli
2 antagonisti (neutral antagonist )  possiamo

~osservare il fenomeno d el | & a g mveiss.mo

................ attivita basale

................ an[agonista

ATTIVAZIONE [Dago]
(INTRINSIC ATTIVITY)
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@ riassumento o0ggi :

Full Partial Silent Partial Full Super
Inverse Inverse Antagonist Agonist Agonist Agonist
Agonist Agonist

o,

-100% 0% 100%
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Back again to our pie chart :

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/648a2ef46¢c4f7b335741111c445ee26adf2f0644/
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g Why two different molecular sensors?

Chemical Information : neurotransmitters, autacoids, hormones é

Electrochemical Information : Jjonic gradients  (infout)  and
electrochemical potentials é

Na* Acetylcholine

Speed of Tuning of the intensity of
signal transmission signal transmission
Muscarinic
Receptor
Nicotinic
Receptor
Adattato da C.C. Felder et al. J. Med. Chem. 2000, 43, 4333
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different molecular sensors?

lonic channels GPCRs

Speed of HIGH MEDIUM/LOW

signal transmission

Tuning of the intensity of C O A R S E A C C U R AT E

signal transmission
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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/648a2ef46¢c4f7b335741111c445ee26adf2f0644/
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you remember the typical

Na*150 mM
K5 mM
Ca* 2 mM

V=60 mY

Na*12 mM
K140 mM
- Ca® microM

Nat

... in particular the correct ionic concentrations are essential for the
survival of the cell and for communication between cells .
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Do you remember the typical
electrochemlcal information?

ION CHANNEL

Ligand-gated Mechamcally-gated
€L Neut{g- ~Receptor Pressure ; A%
ansmitter _- e ¢
Open : Cytosol Closed Open Cytosol Closed
Na'@
Always open ~ Voltage-gated
Cytos l l Cytosol '.:;
credits: https.//www.123rf.com/photo_63923652_stock -vector -types -of-ion-channel -classification -by-gating -mechanism -of-

action -voltage -gated -ligand -gated -mechani.htm/
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http://mms.dsfarm.unipd.it

[k'l ] Cerca

UNIVERSITA
DEGLI STUDI MMS Molecular Modeling Section
D1 PADOVA Diepartment of Pharmaceutical and Pharmacological Sciences, University of Padova
WVia Marzolo 5, 25131 Padowa (ltaly) - phone: +39 049 8275704, fa +39 049 5275300
IS Home Abour us... Lab hembers Projects Fubblicarions (@learning hibiStools WS Inrranet

Obbierrivi del percorso formarivo:

Gli obiettivi dell'insegnamento sono quelli di fornire allo studente le conoscenze fondamentali riguardanti le strategie generali di progettazione, la sintesi, lo
studio dei meccanismi d'azione a livello molecolare e degli aspetti chimico-tossicologici e le relazioni fra struttura chimica e attivitd biologica di alcune classi di
farmaci In particolare saranno studiati 1 farmaci che agiscono sui sistemi nervosi centrali e periferici. 51 prevede che lo studente acquisisca 1a conoscenza dei
concetti fondamentali relativi allo studio chimico-molecolare dei farmaci e che sia in grado di discutere i meccanismi d'azione e le relazioni strottura-attivita di

farmaci sulla base delle caratteristiche chimiche delle molecole coinvolte. 51 prevede inoltre che lo studente acquisisca gli elementi indispensabili per progettare
farmaci su basi razionali

e e 1. Parte generale
Chimi E tica e -c H!";;i..:., Basi termodinamiche ' 3l &
CY 3 I del riconoscimento farmaco- h
Tossicologica-Parte | ' gmr & Oy recettore
o 4 |

- Sistermi di comunicazione cellulare

2 parte] [0 s

parte T

2. Sistematica Farmaceutica
Comunicazione colinergica

llr ” —t narta T
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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/648a2ef46¢c4f7b335741111c445ee26adf2f0644/
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G protein -coupled receptors (GPCRS):

‘.:. 1:_?
: _'4 5___'

B -
.
-‘* 4

@ The largest family of cell-surface receptors involved in signal
transmission (3% of human genome, ~ 800 members in human)[1]:

e Respond to various extracellular stimuli including hormones.
neurotransmitters, odorant molecules and light:

o Target of more than 40% of drugs used today [2].
Nobel Prize in Chemistry 2012

1] Fredriksson R. Schidth HB. The repertoire of G-protein-coupled receptors in fullv sequenced genomes. Mol Pharmaecol 2005:67:1414.

2]  Wise A, et al. Target validation of G-protein coupled receptors. Drug Discov Today 2002:7:235.

VI N\
| M bDept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy

“ULHIUTTILUAI AU T TUPTILY Vi Waulo IVivicuuidl IVIVUCTIHITY UTuuull S_MORO | CFTII Molecular Machinenes




Nobel Prize in Chemistry 2012

Fredriksson R. Schidth HB. The repertoire of G-protein-coupled receptors in fullv sequenced genomes, Mol Pharmaeol 2005:67: 1414,
Wise A, et al. Target validation of G-protein coupled receptors. Drug Discov Today 2002:7:235.
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Basic GPCRs Principles

GPCR represents one of the biggest family of ancestrally

related proteins .
n M. musculus H.sapiens #
@o1318 Goses

268 % 9 Mya
% Ma ralia ‘l

A gambiae :
cg 210 4 T. rubripes Gg
& 286
. 420Mya .
D. melanogaster D rerio W) 737
e
Arthoggda C. intestinalis
' 1149\, Chordaia
CORS H__, @ 208
C. elegans 530 &4 P S -
0. sativa
. Bildteria o
W s . pombe
A thaliand P
c¥ s
v Alveloats 520
0 s. P. falciparum 1206
credits:Perez D.M. Mol Pharmacol 67, 1383-1384 (2005)
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Basic GPCRs Principles

o Integral membrane proteins:

e seven membrane-spanning a-helices (TM1-7. 25-35 hydrophobic
residues):

o three intracellular and extracellular loops (IL1-3 and EL1-3):
e extracellular N-terminus;
e intracellular C-terminus:
@ a S-S bond between TN3 and EL2 conserved in most GPCRs.
- ECL.2 . e MN-term
27+13 / Higher divarsify
B2298 E?‘;; 14=z7 _ between GPCR
= igand families
binding < [ Smaller
conformational
changes

Lower diversity
between GRGH

s .
0 meduls
S L
- -
T1=7 P
23+8 L
Downsiraam
signaling {
CL-1 '

MS

1248 U

CL.3
ClL=2
042 41443 Uoer
53436
TRENUS I En00CAnoiony & Melabmem
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NH 3+
E1
Exterior
H1
Cytosol U

C1

Ca

a-helices

v

COO

G protein
interaction

MS
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Ve GPCRs classification :

GRM s Glutamate (15)

Secretin GRMZ FZDT
15 TAS1RI
(15) G - DS | /TR -

_ Lnnm P GRPCE _ Frizzled/TAS2
Adheslon GpGR GRMS - (24)
(24) gt VIPR2 g

PTHRY 208
LEC2 PACAR TAS2R13
e ol ARz FZ08 os TASIRIE/ TASZRM
] o CALCRL &R GABERZ TALIR TASIRD
B2 A, e CRYRY ALCF " | e
CELSR1 \
B BaIl
COGT__
PRI
BRRIIS

g e
GPRYE GRRITE Gpitiy _ oo
PR ———
noon_ME-GRI | MR
GPRET — mi_ﬂpﬂﬁ

Pl
TACRZ ;/mgg;_hg_\ "
TACIRL- - -
TACR1 ™ TACRE™ 67 g
e Sl B

“"HCRTE b ".V:
{ - ADORAY

—_ ;;:;"H\.‘;:"mm L .
=z A ]
AVPRY a i T

MINR t

ChRz
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Family B Family C

Peptide/Proteins Small molecules
Asmall peptides (38) BABiogenic amines (41) Glutamate (8)
A arge peptides (19) Alipids (16) Ca2* (1)
ASmall Proteins (33) ANucleosides (13)
A arge proteins (4) KOthers (3)
Peptide (3)

Olfactory and taste (51) Protein (8)

Glycoprotein's (5) Orphans (4)

Viral (19)

Orphans (236)
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Small molecules Peptides/Proteins/Lipids
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Family B Family C

B ALLOSTERIC SITE



IFamilies A and B orthosteric binding sites : what we
learn from the crystallographic structures :

MMS Lab (2015): 3D printed model of the human A2A adenosine receptor co -crystallized its antagonist ZM 241385 (PDB entry: 4E1Y)
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IFamilies A and B orthosteric binding sites : what we
*llearn from the crystallographic structures
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Basic GPCRs Principles

GPCRs have classically been assumed to exist and function
as monomeric entities, and the paradigms of ligand binding
and signal transduction were based on this hypothesis .

GPCR-driven signal transduction Is based on G protein
coupling from the intracellular environment!
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MHeterotrimeric G protein € a GTPase

|

Heterotrimeric G proteins are composed of three subunits,
U b and 9, and their switching function depends on the
ability of the G protein U-subunit (GU) to cycle between an
Inactive  GDP-bound conformation that is primed for
Interaction with an activated receptor, and an active GTP-
bound conformation that can modulate the activity of
downstream effector proteins .
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OH OH OH o N NH; OH OH 0 N~ “NH,
OH OH OH OH
Guanosine triphosphate, GTP Guanosine diphosphate, GDP
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Heterotrimeric G protein é a GTPase
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Despite the size and diversity of the GPCR superfamily,
these proteins Interact with a relatively small number of G
proteins to Initiate Intracellular  signalling cascades . In
humans, there are 21 GU subunits, 6 Gb subunits, and 12 Go
subunits .

Heterotrimers are typically divided into four main classes
based on the primary sequence similarity of the GU

subunit :GS; Gi/()! Gq/ll and G12/13
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Heterotrimeric G protein € a GTPase

Dopamine Histamine Acetylcholine Somatostatin

- TSH IL-8 Serotonin
i LH Angiotensin
| = o . Vasopressin
pinephrine LPA
Glucagon Thrombin
Gs Gy/11 G12/13
, lon " — Motility/
Metabolic Ehannels and Transcr!ptuonal contractility Secrgtory
enzymes transporters machinery machinery machinery
Glucose Steroid Pacemaker Ch o Cardiac Synaptic Pituitary
metabolism production activity SOl function plasticity function
Organismal Embryonic Gonadal Learning
homeostasis development development and memory
credits : http://science.sciencemagd.org/content/296/5573/1636/tab -figures -data
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3G protein coupled to its receptor : a

mechanicistic scenario .
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Hypothesis 1
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CLASSICAL HYPOTHESIS
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Hypothesis 2
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BASAL ACTIVITY HYPOTHESIS
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and the story continues ...
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Heterotrimeric G protein € a GTPase

Heterotrimers are typically divided into four main classes
based on the primary sequence similarity of the GU

subunit :GS’ Gi/O’ GCI/ll and GlZ/l3
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'Heterotrlmerlc Gs protein € with a Gas
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CNG: cyclic nucleotide -gated ion channel
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JAdenylate cyclase : an essenzial enzyme!

The nine cloned isoforms of mammalian
adenylyl cyclase (AC) share a primary
structure consisting of two
transmembrane regions, M; and M,, and
two cytoplasmic regions, C,; and C..

MS
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he crucial role of protein kinase A (PKA)

G, protein-coupled Adenylyl
receptor cyclase

Exterior GU
Protein kinase A phosphorylates and thereby changes the
i- —_

activity of a number of important molecules . Included in its —
target list are: Cytosol
PKA

Enzymes : Phosphorylation is widely used as a molecular @Ar@ I-"l-
switching mechanism to activate or inactivate enzyme ""'—""'

activity . In many cases, the enzyme being phosphorylated cAMP
is itself a kinase. The classical example is that protein -TH ﬁ"
kinase A phosphorylates the enzyme phosphorylase Q‘I‘P

kinase,  which, in  turn,  phosphorylates glycogen @@

phorphorylase, which leads to breakdown of glycogen in

liver and muscle .

lon channels : Certain calcium channels in cardiac muscle

cells are activated by protein kinase A, ultimately leading to ATP

muscle contraction . Another medically important example L

is that protein kinase A phosphorylates and thus activates a EHE§

chloride channel important in secretion of water in theyyueleus N CBP/P300
small intestine .
.(

Chromosomal proteins : Histone H1 was the first target
identified for protein kinase A.

Transcription  factors : CREB's (cyclic AMP response
element binding proteins) are transcription factors that,
when phosphorylated by protein kinase A, become .t-.
competent to bind promoter regions of responsive genes
and stimulate transcription

Basal transcription
Xr"rna-::hmery

Transcription
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2§ JSignal processing : amplification
QHL
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104M
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