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TOPICS

* Proteasome: a large multi-enzymatic system
* Proteasome: roles
* Proteasome: structure

Proteasome: enzymatic functions
Proteasome: inhibitors and effectors

saowifjod Iuadi|ja3u] Sk suidlodd - LTOT SAepsaupapA Ad3siwadyd
L]

Strategies: enzymatic assays, fluorescent assays, western-blots, cell cultures assays

* HMG-CoA reductase
* Role

* Control by EGCG
» Strategies: HPLC enzymatic assgys, kinetics on SPR e @-balance biosensors, virtual screening

* Ovalbumin: a temperature proteic sensor
* Structure
* Function
» (Strategies: enzymatic assgys, DSC




1. Proteasome: Major Roles

3. Cell cycle phases are
finely regulated by several
proteins, which are
proteasome substrates

Bortezomib
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1. The proteasome is the key-enzyme

in protein turnover/recycling @ “

1 Apoptosis Stabilization

Stabilization

2. In addition, the proteasome-
generated peptides and their
presentation to the MHC class I, are | Angiogenesis + Apoptosis |
part of the cellular immunity system

Migration |

Proliferation l

4. Cell Apoptosis, Migration and Proliferation are
controlled by specific proteins whose levels are
controlled byproteasome




1. Proteasome: Structure

1. Complex quaternary structure:
26S particle
catalytic 20S
ATP-unfoldase caps (lid/base) 19S

2. The 208 proteasome is composed by 4 stacked-
rings (each ring is 7 subunits). MW = 700 KDa,
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3. The central rings form a cavity
(remember that proteasome
substrates are usually unfolded

proteins)




1. Proteasome: structure/subunits composition

Thymo-
Proteasome

Immuno-
Proteasome

3"
1 @3

1. Under specific conditions, the
proteasome subunits composition can be
changed.
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2. The reaulting complexes have different
cell functions

9%

enhances attenuates/changes
antigen processing antigen processing
for MHC class | for MHC class |

Cell-mediated Immunity Positive Selection of CD8+ T Cells

cortical thymic epithelial cells (cTECS)



The proteasome has several specific
proteolytic functions:
 Trypsin-like activity (subunits 5)
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* Chymotrypsin-like activity (Rs) 1
« (Caspase-like activity (3;) 5 bunits

19s RP complex

(19 subunits) |
The central rings contain the catalytic [Base D) g

. 10 subunit: "
Slt-eS . | RPt ring |
““““““ | Central pore
Threonine 1 is the catalytic residue for 208RPcomplex| | g
each catalytic subunit, able toactasa | .-
nucleophile during the peptide bond 1T |
hydrolysis (similarly to serine ug '
pI’OtG&SGS) . :f:gjl:)::ir:;g)lex : ________ “ i Caspase-like site
1Bgsseubunits m:; :

Proteolytic chamber Chymotrypsin-like site




1. Proteasome: Inhibitors and Effectors

A non-esaustive list of the 20S Proteasome
modulators:

Reversibly:

Small ions as Na*

Several plant metabolites (epigallocatechin-
3-gallate, quercetin, luteolin, gallic acid, etc )
with Kd= 104-105 M)

Semi-Synthetic ligands (i.e. Arene-Ru(Il)
complexes of curcumin (Pettinari’s Group))
The modulators have different affinities for
the Bl, ﬁg, Bsand I.Sli, ﬁgi, Bs; subunits
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Irreversibly:
Phenyl-y-valerolactones (polyphenols

microbial metabolites)




1: Cuccioloni M, Bonfili L, Mozzicafreddo M, Cecarini V, Scuri S, Cocchioni M, Nabissi M, Santoni G,
Eleuteri AM, Angeletti M. Mangiferin blocks proliferation and induces apoptosis of breast cancer cells

[ 4
S tra te 1 e s o via suppression of the mevalonate pathway and by proteasome inhibition.
(4 Food Funct. 2016 Oct 12;7(10):4299-4309. doi: 10.1039/c6f001037g. PMID: 7722367.
2: Cecarini V, Bonfili L, Cuccioloni M, Mozzicafreddo M, Angeletti M, Keller JN, Eleuteri AM. The fine-

tuning of proteolytic pathways in Alzheimer's disease.
Cell Mol Life Sci. 2016 Sep;73(18):3433-51. doi: 10.1007/s00018-016-2238-6. Epub 2016 Apr 27.

enzymatic assays PMID: 27120560.

3: Cecarini V, Bonfili L, Cuccioloni M, Mozzicafreddo M, Rossi G, Keller JN, Angeletti ,M, Eleuteri AM.

Wild type and mutant amyloid precursor proteins influence downstream effects of proteasome and
ﬂUOPeSCGII t assay s autophagy inhibition. Biochim Biophys Acta. 2014 Feb;1842(R):127-34. doi:
10.1016/j.bbadis.2013.11.002. Epub 2013 Nov 8. PMID: 24215712.

wes t ern -b] OtS 4: Bonfili L, Cuccioloni M, Cecarini V, Mozzicafreddo M, Palermo FA, Cocci P, Angeletti ,M, Eleuteri
AM. Ghrelin induces apoptosis in colon adenocarcinoma, cells via proteasome inhibition and autophagy
induction. Apoptosis. 013 Oct;18(10):1188-200. doi: 10.1007/s10495-013-0856-0. PMID:

cell cultures assays 23632965.

. 5: Bonfili L, Pettinari R, Cuccioloni M, Cecarini V, Mozzicafreddo M, Angeletti, M, Lupidi G, Marchetti
_DOC _k]_n g F, Pettinari C, Eleuteri AM. Arene-Ru(Il) complexes of curcumin exert antitumor activity via
proteasome inhibition and apoptosis induction. ChemMedChem. 2012 Nov;7(11):2010-20. doi:
10.1002/cmdc.201200341.Epub 2012 Sep 0. PMID: 22997162.
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2. HMG-CoA reductase "

e 1. HMG-CoA reductase (HMGR)is
et the key enzyme of the cholesterol

. synthesis.
3. In Plants, HMG-CoA reductase (HMGR)is the key enzyme of ” e
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A NE H, 3-hydraxy-3-
. : 2 axy-3-methylghutaryl Cod
! . . . Arap Acety k- CoA
the terpenes synthesis. N N R v aIMC Co)
HMG-CoA Hy Hy Thiolase I = ooa HMG-Cod reductse
‘ HMG-CoA Reductase Mevalonate synthase SIATINS
Mevalonate Acetoacety } CoA Mevalanic acid
/ Examples ATP Mevalonate kinase
Mixed terpenoids  Cytokinins \
tRNA -5,
Isopentenyl-PP <=5 Dimethylallyl-PP Mevalonate-5-phosphate
Phosphomevalona® kinase
Geranyl-PP ————> Monoterpenes Fragrant oils |
ﬂ Acetyl-CoA + acetoacetyl-CoA Mevak 5-pyrophospha
Sesquiterpenes Abscisic acid, Mevalonate -5-pyrophosphate
Farnesyl-PP <: Phytoalexins l Isopenenyl-PP ~€0, J decarboxylase
Triterpenes Steroids i‘.:'omu::!
ﬂ HMG-CoA Dimethylallyl-PP "«——— Iscpentenyl-5-pyrophes plat e (PP)
Diterpenes Gibberellins, —_
Geranylgeranyl-PP <: Phytoalexins ek Farnesyl-PP synthase
Tetraterpenes Carotenoids, d " 0 BISPHOSPHONATES
— Phytyl moie reductase
i of chlorophyli Geranyl PP
] Statins
Polyprenyl-PP ———— Polyprenoids Natural rubber, Mevalonate ‘ Farnesyl-PP synuase
rncglyee;eg \Ilarious BISPHO SPHONATES
uinones l Geranylgeranyl-PP N
q Geranykgeranyl- PP Snthas Farnesyl-PP

2. HMGR late products are farnesyl- and geranylgeranyl-
by-products, involved in inflammatory processes, tissue

remodeling and cell proliferation

7 !

Isopentenyl-PP ‘

Farnesyl-PP | ————> | Geranylgeranyl-PP |

Squalkere synthase
Squalene
Squalkene
MOR0OXYgenase
HEMEA

PRENYLATED -
PROTEINS DOLICHOL 23-oxidosqualene

S UBIQUINON
L__' I Prenylated proteins, e.g., Rho, Ras NADPH\ eiqo:;:a';
/ l l l Lanostercl
Cholesterol 19reactions

cts on inflammatory proce
ue remodeling, cell prolifers

v
CHOLESTEROL




2. HMG-CoA reductase control

2. Two main pathways lead to the biosynthesis of antiparasitic/antimicrobial plant metabolites:
A. Mevalonate pathway
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. . . Phenylalanine
B. Flavonoid biosynthesis pathway Y e h B
General
.. HMG-CoA A l > phenylpropanoid
1. As any enzyme catalizing | HMG-CoA Reductase pathway
irreversible reactions, HMGR is )”°Va'°"a‘9 y
finely controlled (see below just one V Examples 4'C°”ma’g‘l’_'|:°A + 3 malony-CoA
» Mixed terpenoids  Cytokinins
example) rda e A o
Isopentenyl-PP <=5 Dimethylallyl-PP aicone
X J CHI
Glucagon and +HY + + CoA-
Eploopluine . NAGRID T NADP + CoA-SH Gerany-PP  ———» Monoterpenes Fragrant oils Flavonones
ook F3H FLS
& H l ’ Flavonols
cAMP _ Sesquiterpenes  Abscisic acid, Dihydroflavonols
@ HMG-CoAR B @ Increased Farnesyl-PP <: Fytostexine DFR * Flavan-3-ols
o phosphatase| mo T [AMP)/[ATP] Tfiterpenes Steroids l LAR cateChins
4 Leucoanthocyanidins
Ph Diterpenes Gibberellins, y ‘ (2,3-trans flavan-3-ols)
Phosphat:e HMO—COMQ Gerany‘geranyl.PP Phytoalexlns l ANS AN R* ) .
/ inactive form Telfatel’penes Cafotenolds‘ - EplcateChlnS
~— i Ppy't1y|| mo:f I Anthocyanidins (2,3-cis flavan-3-ols)
of chlorophy! ’
Insulin . lUFGT Condensation
Polyprenyl-PP ————— Polyprenoids IF\,JaItural ru?ber,
olypren . . 4
mo,)g:y of various Anthocyanins  Proanthocyanidins
quinones (condensed tannins)

Cross-Talk Hypothesis: some metabolite of the flavonoid biosynthesis pathway could control
key-enzymes of the mevalonate pathway



2. HMGR ligands VIRTUAL SCREENING

>1000 Metabolites of the flavonoid biosynthetic pathway (and their further by-products) have
been docked to HMGR using virtual screening.

Among them, EGCG potently binds the NADP+ binding site, inhibiting HMGR.

22 T T T T T T NADPH
A

201

181
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CoA reductase (SPR biosensor kinetics) enzymatic activity (HPLC)
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% Composition and Physical Properties of Egg White Proteins [16]
3 - .
3. Ovalbumin: struct R
§ o va umln. s ruc ure Ovalbumin f; 25| ;.;
§ Ovomucoid 1 ::l_ .2:3
3 1. Ovalbumin is the major proteic component of chicken egg i §’ ;_3: N “
S . ysozyme 4 107 14
2 white. Ovogheopen. von 24
j 2. It is present in several isoforms (PTMSs). s A— éﬁg} £ 355
3. Under specific pH conditions (pH>8, temperature >50C," Vid By v Ve 589 10 oo o o Wiy & 5
Z slow cooling) can be isomerized to S-Ovalbumin and I- ?
] Ovalbumin, having different structure, temperature
g stabilitv and function. _ _
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Temperature(°C)

Differential scanning microcalorimetry of ovalbumin conformers. The
thermograms of native ovalbumin (a), S-ovalbumin (b), and I-ovalbumin (c)

have been superimposed. The pH of the egg is 9.3, and egg hatching lasts 21 days at 40 °C
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and a high concentration of trypsin (8 microM).




Strategies:

« DSC

Kinetic and equilibrium characterization of the interaction between
. bovine trypsin and I-ovalbumin.Cuccioloni M, Sparapani L, Amici M,
Eﬂzma' t-l C 3553.17 S Lupidi G, Eleuteri AM, Angeletti M.Biochim Biophys Acta. Nov
1;1702(2):199-207.d0i:10.1016/j.bbapap.2004.08.019.PMID: 15488772

kinetics on SPR e ¢)CM (quartz crystal
microbalance) biosensors
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