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Capitolul Ill. Cum citesc celulele informatia genetica
Modificari post-traducere la nivelul proteinelor

Prof. Dr. Marius Mihasan



Amplasarea cursului in traseul informatiei genetice ‘

Expresia informatiei genetice

Structura 3D
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Scurta recapitulare a sintezei proteinelor
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Figure 27-32
Lehninger Principles of Biochemistry, Fifth Edition
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Modificari post-traducere ale proteinelor - PTMs

Pe masura ce lantul de aminoacizi este sintetizat, este pliat si modificat in mod specific pentru a forma structura

tridimensionala specifica pe baza carei proteina nou sintetizata isi va indeplini functia biologica. Plierea se
realizeaz3 prin formarea legaturilor de H, ionice si a interactiunilor hidrofobe dintre radicalii aminoacizilor. Tn acest
fel mesajul genetic liniar, unidimensional din ARNm este transformat intr-o structura tridimensionala.

Unele proteine nu sunt complet functionale decat dupa ce au suferit o serie de modificari post-traducere (post-

translational / posttranslational modifications, PTMSs) specifice precum:

1. modificari la capatul C si N terminal — sinteza catenei polipeptidice nascente incepe cu un rest de N-formil-
metionina la bacterii si metionina la eucariote. Restul de formil, restul de metionina, uneori inca cativa aminoacizi
de la capatul N si, mai rar, cativa aminoacizi de la capatul C terminal al peptidei sintetizate sunt eliminati enzimatic.

De asemenea, 50% din proteinele EK sun acetilate la capatul N terminal;
2. formarea de punti disulfidice intre 2 resturi de Cys.

3. derivarea specifica a unor aminoacizi

A. radicalul OH din Ser, Thr sau Tyr poate fi fosforilat in mod specific de catre

protein-fosforilaze, gruparea PO, provenind de la o molecula de ATP. Rolul

functional al fosforilarii proteinelor variaza de la o proteina la alta.

Exemple ale rolului fiziologic al fosforilarii proteinelor:

- caseina din lapte contine numeroase resturi de fosfoserina ce chelateaza ionii de
Ca?*. Caseina reprezintd astfel o modalitate eficienta de a transporta de la mama
la fat 3 nutrienti importanti: aminoacizi, fosfor si Ca%*;

- Fosforilarea histonelor implicata in procesele reparatorii ale ADN-ului;

- Reglarea activitatii unor enzime — fosforilarea glicogen-foforilazei activeaza
enzima, fosforilarea glicogen-sintazei inactiveaza aceasta enzima.
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Exemplu de mecanism de semnalizare celulara bazat pe fosforilarea proteinelor ‘

Majoritatea cadilor reglatorii celulare importante functioneaza pe baza fosforilarii proteinelor implicate. Ele
functioneaza astfel printr-o asa numita cascada a fosforilarii proteice — o secventa de reactii prin care o enzima
fosforileaza pe alta, realizandu-se fosforilarea inlantuita a mii de proteine la nivel celular. Un exemplu elocvent al
cascadei fosforilarii este transducerea mesajelor transmise prin intermediul hormonilor extracelulari, precum
insulina.

l Insulina — mesager extracelular
/

Membrana celulara

Alberts, Figure 15-11, pg. 824. Citosol

Proteina Sos

Situs prin care se activeaza GTP-aza Ras

z
N

SH3

. - - / . ~ =3
Receptorul pentru insulind - Interactioneazi cu IRS1 doar daci aceasta este

e i forsforilat;
- Activat prin legarea insulinei; : Proteina adaptoare Grb2 ’ . - .
- Activitate auto-fosforilazics: ) - - Legarea de IRS1 permite recrutarea proteinei Sos si
. ) nei protein
- Activitate tirozin-kinazica; SH3 a unei proteine scaffold
. . . Proteina scaffold
Proteina IRS1 (insulin receptor substrate 1) X T
- Seleaga de receptorul pentru insulina doar daca Situs-uri de legare pentru proteine de semnalizare diverse

aceste este fosforilat;
- Dupa legare, este fosforilat la rindul sau de
receptor;
- Fosforilare suplimentara permite proteinei Grb2 sa
se lege de IRS1
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Exemple de PTMs si semnificatia lor

B. Grupari -COOH pot fi adaugate la resturile de Glu. Ex. Pro-therombina cloo-
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thus will change their conformation depending on other bound proteins. (B) Well-documented modifications of the four histone

core proteins are indicated. Although only a single symbol is used here for methylation (M), each lysine (K) or arginine (R) can be

methylated in several different ways. Note also that some positions (e.g., lysine 9 of H3) can be modified either by methylation

or by acetylation, but not both. Most of the modifications shown add a relatively small molecule onto the histone tails; the

exception is ubiquitin, a 76-amino-acid protein also used for other cell processes (see Figure 3-69). Not shown are more than

20 possible modifications located in the globular core of the histones. (A, PDB: 1KX5; B, adapted from H. Santos-Rosa and -Curs 6 Pag]na 6 din 16
C. Caldas, Eur. J. Cancer 41:2381-2402, 2005. With permission from Elsevier.)



Exemple de PTMs si semnificatia lor ‘
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pentru a forma proteinele active de dimensiuni mai mici. Ex: pro-insulina, '

S—CHzW

Farnesylated Ras protein

chimiotripsinogenul, tripsinogenul, proteina spike din SARS-CoV?2.

Chymotrypsinogen Trypsinogen
(inactive) (inactive)
1 245 '! ? {
Val—(Asp), -Lys-lle-
X enteropeptidase
trypsin
Val-(Asp),-Lys
7r-Chymotrypsin Trypsin
(active) (active) /
115 16 245 7 245 okt itare
I I l PDB ID 6VYB
Arglle lle v
ar-chymotrypsin
(autolysis)
Ser14-Arg15
+ Thr147-Asn148
a-Chymotrypsin
(active) . i
g 1|3 e 116 14|9 S https://modelemoleculare.ro/spike-sars/
Leulle Tyr Ala
A B e Jmol
Figure 6-38 . Activarea protein Spike din SARS-CoV2 printr-o clivare proteolitica realizata de
© 2008 W. H.Freelrlnan and Companyn Cétre fLI riné

; rosu — situs de clivare pt furina.
https://proteopedia.org/wiki/index.php/SARS-CoV-2 spike protein priming by furin
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Exemple de PTMs si semnificatia lor proinsulin ‘
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insulin molecule
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Figure 3-30 Proteolytic cleavage in insulin assembly. The polypeptide
hormone insulin cannot spontaneously re-form efficiently if its disulfide bonds
are disrupted. It is synthesized as a larger protein (proinsulin) that is cleaved
by a proteolytic enzyme after the protein chain has folded into a specific
shape. Excision of part of the proinsulin polypeptide chain removes some of

reduction irreversibly
separates the two chains

the information needed for the protein to fold spontaneously into its normal SH SH SH SH
conformation. Once insulin has been denatured and its two polypeptide # + o | | -
chains have separated, its ability to reassemble is lost.

SH SH

Alberts, Figura 3—30, pg. 130.
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Exemple de PTMs si semnificatia lor

6. Eliminarea proteolitica a secventelor de semnalizare. Celulele contin numeroase structuri macromoleculare,

compartimente si organite, fiecare dintre acestea cu un set propriu de proteine. Toate proteinele celulare (exceptand

unele proteine mitocondriale si plastidiale) sunt produse de ribozomi in citoplasma. De aceea este necesar un

mecanism de transport si distribuire tintita a proteinelor nou sintetizate catre compartimentele celulare in care isi

desfasoara functia. La baza acestui sistem de distribuire stau secventele semnal (de semnalizare) prezent in unele

proteine - secvente scurte de cativa aminoacizi ce dicteaza localizarea finala a unei proteine in celula si care este cel

mai frecvent eliminata proteolitic in timpul transportului sau dupa ce proteina si-a atins tinta finala. Au fost

descrise secvente de semnalizare distincte, ce permit distribuirea tintita catre mitocondrii, cloroplaste, reticolul

endoplasmatic, lizozomi, membrana celulara sau care dicteaza exportul extracelular. Cel mai frecvent, secventa

semnal este localizata la capatul N-terminal.

Desi secventele de semnalizare pot avea dimensiuni diferite (13-26 aminoacizi), toate au o serie de proprietati

comune:

1. 10-15 aminoacizi hidrofobi;

2. unul sau mai multi aminoacizi incarcati pozitiv la capatul N-terminal, precedand astfel zona hidrofoba;

3. O secventa polara scurta alcatuita din aminoacizi cu catena laterala scurta (Ala) la capatul C-terminal, aproape
de situsul de clivare proteolictic;

cleavage

. site
Human influenza N
virus A Met Lys Ala Lys Leu Leu Val Leu Leu Tyr Ala Phe Val Ala Gly Asp GIn --
Human 3
preproinsulin Met Ala Leu Trp Met Arg Leu Leu Pro Leu Leu Ala Leu Leu Ala Leu Trp Gly Pro Asp Pro Ala Ala Ala Phe Val --
Bovine
growth n
hormone Met Met Ala Ala Gly Pro Arg Thr Ser Leu Leu Leu Ala Phe Ala Leu Leu Cys Leu Pro Trp Thr GIn Val Val Gly Ala Phe -
Bee
promellitin Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr lle Ser Tyr lle Tyr Ala*AIa Pro -
Drosophila glue ¥
protein Met Lys Leu Leu Val Val Ala Val lle Ala Cys Met Leu lle Gly Phe Ala Asp Pro Ala Ser Gly Cys Lys --
Figure 27-37
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

30.03.2026 Biologie Moleculara - Curs 6 Pagina 9 din 16



Exemple de PTMs si semnificatia lor ~
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Figure 27-38
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Exemple de PTMs si semnificatia lor

Inner membrane proteins

Phage fd, major

coat protein Met Lys Lys Ser Leu Val Leu Lys Ala Ser Val
Phage fd, minor

coat protein Met Lys Lys Leu Leu Phe
Periplasmic proteins

Alkaline phosphatase Met Lys GIn Ser Thr lle Ala Leu Ala
Leucine-specific

binding protein Met Lys Ala Asn Ala Lys Thr lle lle Ala Gly
B-Lactamase of

pBR322 Met Ser lle GIn His Phe Arg Val Ala Leu lle
Outer membrane proteins

Lipoprotein MetLys Ala Thr Lys Leu Val Leu
LamB Leu ArgLys Leu Pro Leu Ala Val Ala
OmpA  Met Met lle Thr Met Lys Lys Thr Ala lle Ala lle Ala
Figure 27-43

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company

cleavage
site

+

Ala Val Ala Thr Leu Val Pro Met Leu Ser Phe Ala Ala Glu

Ala lle Pro Leu Val Val Pro Phe Tyr Ser His Ser‘AIa Glu

Leu Pro Leu Phe Thr Pro Val Thr Lys AIa‘Arg Thr

Met lle Ala Ala lle Ser His Thr Ala Met Ala‘Asp Asp

Pro Phe Phe Ala Phe Cys Leu Pro Val Phe AIa‘His Pro

Leu Leu Ala GIy‘Cys Ser
GIn Ala Met AIa‘VaI Asp

Thr
Ala

Thr

Ala
Ala

Gly
Val

Gly Ser
Met Ser

Val Ala Phe Ala Val Ala GIn AIa‘AIa Pro

FIGURE 27-44 Model for protein export in bacteria.
(D A newly translated polypeptide binds to the cy-
tosolic chaperone protein SecB, which (2) delivers it to
SecA, a protein associated with the translocation com-
plex (SecYEG) in the bacterial cell membrane.
(3) SecB s released, and SecA inserts itself into the
membrane, forcing about 20 amino acid residues of
the protein to be exported through the translocation
complex. @ Hydrolysis of an ATP by SecA provides
the energy for a conformational change that causes
SecA to withdraw from the membrane, releasing the
polypeptide. @ SecA binds another ATP, and the next
stretch of 20 amino acid residues is pushed across the
membrane through the translocation complex. Steps
@ and @ are repeated until @ the entire protein
has passed through and is released to the periplasm.
The electrochemical potential across the membrane
(denoted by + and —) also provides some of the driv-
ing force required for protein translocation.

Cytosol
ADP +P; ATP
LA i
(.

O, ®
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SecYEG
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Figure 27-44
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Exemple de PTMs si semnificatia lor

7. atasarea de catene glucidice — la nivelul grupei NH, din Asn sau OH din Ser si Thr, cu formarea de glicoproteine.
Numeroase proteine extracelulare, precum si proteoglicanii contin catene glucidice.

Unele proteine ce sunt modificate posttraducere prin glicozilare fac parte
dintr-un sistem de semnalizare si transmitere a informatiei biologice in care
rolul esential il au lectinele - proteine membranare (atasate sau integrate in
membrana celulara) ce sunt capabile sa recunoasca si sa interactioneze in
mod speciic cu glucidele. Doua exemple ce demonstreaza modul cum
functioneaza sistemul de transmitere a informatiei pe baza de glucide sunt:

A. Eritrocitele tinere produse de maduva osoasa contin in membrana
celulara, spre exterior, glicoproteine a caror portiune glucidica se termina
cu derivatul glucidic acid N-Acetil-neuraminic (acid sialic, Neu5Ac). Pe
masura ce imbatranesc, eritrocitele pierd restul Neu5Ac.

(a) O-linked

GalNAc Ser

Examples:

® Ser/Thr

Figure 7-29
Fitdn e

g ip i g
©2008 W. H. Freeman and Company

(b) N-linked

GlcNAc

Examples:

B GIcNAc
© Man
OGal

@ Neu5Ac
[ GalNAc

Celulele din ficat si splina contin lectine ce recunosc si au afinitate pentru glicoproteinele lipsite de Neu5Ac ale
eritrocitelor. Celulele rosi imbatranite vor fi retinute, fagocitate de catre hepatocite si astfel eliminate din circulatie,
pe cand celulele rosii tinere nu pot interactiona cu lectinele hepatocitelor si vor continua sa circule. in cazul
glicoproteinelor eritrocitare, prezenta Neu5Ac semnalizeaza ca celula este tanara;

B. Bacteria Helicobacter pylori responsabila de aparitia ulcerului gastric contine lectine ce recunosc specific
glicoproteinele si proteoglicanii de pe suprafata celulei epiteliale din stomac, permitand astfel atasarea celulelor
bacteriene In mod specific de suprafata stomacului. In acest caz, glucidele de pe suprafata celulei epiteliale

semnalizeaza bacteriei ca a ajuns la ,destinatie”.
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Exemple de PTMs si semnificatia lor ‘

B N-Acetylglucosamine (GIcNAc)
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Figure 27-39
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H. Freeman and Company
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Exemple de PTMs si semnificatia lor *

8. Ubiquitinilarea - marcarea proteinelor cu ubiquitina.

Ubiquitina este una o proteina inalt conservata, secventa sa de 76 de aminoacizi fiind practic identica la toate
organismele de la drojdii la oameni. Ubiquitina poate fi atasata de proteine diverse pe un rest de Lys cu formarea
unei legaturi peptidice atipice, numita legatura isopeptidica. O molecula de ubiquitina contine 2 resturi de Lys ce pot
fi utilizate pentru atasarea unei alta molecula de ubiquitina, formand lanturi intr-un proces numit poliubiquitinilare.
Atasarea ubiquitinei de o proteina tinta poate avea semnificatii diverse, functie modul de atasare si numarul de

molecule atasate.

Lys63
ubiquitin

MONOUBIQUITYLATION MULTIUBIQUITYLATION POLYUBIQUITYLATION

Ly548 ? Lys48 Lys63

Q

== isopeptide
bond 0‘ \"
lysine side chain ——% 1 l l l
of target protein
histone regulation endocytosis proteasomal DNA repair
(A) : | degradation

Alberts, pg. 159.
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Exemple de PTMs si semnificatia lor ‘

Poliubiquitinilare ca modalitate de marcare a proteinelor ce urmeaza a fi degradate in proteasom

La fel ca si in cazul ARN-ului, degradarea proteinelor este un proces extrem de activ. Timpul de injumatatire al
proteinelor variaza in limite largi, de la 30 sec (factori de transcriptie, proteine reglatoare) la cateva zile (110 zile
pentru hemoglobina). Pe durata indeplinirii rolului specific, proteinele pot acumula defecte (Ex. Carboxilarea
nespecifica a aminoacizilor datorita stresului oxidativ).

Degradarea proteinelor prin procesele proteolitice celulare ATP-dependente previne acumularea proteinelor
defecte si a celor ce si-au indeplinit functia, nemaifiind necesare celulei, permitand reciclarea aminoacizilor.

.La E. coli proteinele sunt degradate de o proteaza ATP-dependenta numitd Lon ce hidrolizeaza 2 ATP/ legatura
peptidica).
.La EK, degradarea presupune marcarea

e v . v . ubiquitin
specifica a proteinelor ce urmeaza a fi ) ? 9 “5”
distruse prin atasare unor lanturi a—sH 00" ._s_czo ‘—s—c=o % &5_3_0
H Htin3a 7 H ubiquitin- W —SH
ubiquitina  intr-un  proces numit ublquicn m} AM;p ot (G S —
. . ego @ . vy e v enzyme iz enzyme prirp?d with
poliubiquitinilare. Ubiquitina se ataseaza o' ! ubiquitin
i o . (A)
de proteinele ce urmeaza a fi degradate
printr-o legatura covalenta la formarea e
careia participa 3 enzime si 1 molecula | et %
de ATP oy . _.b G
////I\\\ \l
degradation signal target protein first ubiquitin target protein with
on target protein bound to chain added polyublqumn
ubiquitin ligase to target protein chain

(B)

Figure 3-70 The marking of proteins with ubiquitin. (A) The C-terminus of ubiquitin is initially activated by being linked via a high-energy thioester
bond to a cysteine side chain on the E1 protein. This reaction requires ATP, and it proceeds via a covalent AMP-ubiquitin intermediate. The
activated ubiquitin on E1, also known as the ubiquitin-activating enzyme, is then transferred to the cysteine on an E2 molecule. (B) The addition of
a polyubiquitin chain to a target protein. In @ mammalian cell, there are several hundred distinct E2-E3 complexes. The E2s are called ubiquitin-
conjugating enzymes. The E3s are referred to as ubiquitin ligases. (Adapted from D.R. Knighton et al., Science 253:407-414, 1991.)

Alberts, pg. 159.
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Exemple de PTMs si semnificatia lor

Proteinele poli-ubiquitinate sunt degradate intr-un complex macromolecular numit proteasom 26S similar unui
butoi alcatuit din:
- 0 subunitate centrala 20S — o structura ciclica alcatuita din subunitati a cu rol structural si subunitati B cu rol

catalitic.
In subunitatile B au fost descrise situsuri catalitice

asemanatoare celor din tripsina si chemotripsina;
- 2 subunitati 19S reglatoare amplasate precum
capacele butoiului si alcatuite din 18 proteine diferite
ce controleaza accesul in interiorul proteasomului. 6
dintre proteine sunt ATP-aze ce de-pliaza proteinele si
le introduc in particula centrala pentru degradare.

https://modelemoleculare.ro/product/proteasomul/

FIGURE 27-48 Three-dimensional structure of
the eukaryotic proteasome. The 26S proteasome Substrate
is highly conserved in all eukaryotes. The two sub- ' protein

assemblies are the 20S core particle and the 195
regulatory particle. (a) (PDB ID 1IRU) The core

particle consists of four rings arranged to form a
Polyubiquitin

\ attached to
protein interacts
with proteasome

19S regulatory
particle
ubiquitinated proteins (blue) and translocates

them into the core particle, as shown. (a) 208 core particle (b) Complete proteasome

barrel-like structure. Each of the inner rings has
seven different B subunits (light blue), three of
which have protease activities (dark blue). The
outer rings each have seven different a subunits
(gray). (b) A regulatory particle forms a cap on
each end of the core particle. The core particle is
colored as in (a). The base and lid segments of
each regulatory particle are presented in different

shades of pink. The regulatory particle unfolds
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