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Prenos signalu GPCR

G-proteiny (guanine nucleotide-binding proteins) —
molekularni prepinace

Alfred G. Gilman + Martin Rodbell (N.C. — fyziologie - 1994)
Externi signal ridi funkci = konverzi GTP na GDP
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Aktivace G-proteinu — pomoci integralnich membranovych
receptoru GPCR (G protein-coupled receptor)

Brian Kobilka + Robert Lefkowitz (N.C. — chemie - 2012)



GPCR signalni drahy

Siroké spektrum pfenadenych signald (sensorické drahy,
hormony, neurotransmitery, ...)

Receptor serotoninu (pfenase€ nervovych vzruchu),
opinoudu, histaminu, ...

Vlastni objev G-Proteinu — reakéni draha adrenalinu
Hadatko (Caenorhabditis elegans) — 5%DNA jsou GPCR
Lidsky genom - pfinejmensim 800 GPCR (~ 4% DNA
kodujici proteiny), +200 (2012) se znamou funkci



GPCR - struktura

* Rhodopsin (oCni pigment, objev
Franz Christian Boll - 1876)

* Vzruch = fotony -> strukturni zména
(cis -> trans) v retinalu (vitamin A)

 George Wald (N.C. — fyziologie -
1967)




Sekundarni struktura GPCR

COOH-terminal




G-proteiny a strukturni biologie
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G-proteiny a strukturni biologie

Popis atomarnich detaild GPCR — krystalografie, kryoEM |
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1. Vyber genu

Approaches to
characterizing ,AR
structure:

*Sequence analysis

* secondary structure
(transmembrane domains)

Cloned DNA Sequence (1986)

GAATTCATGCCGCGTTTCTGTGTTGGACAGGGGTGACTTTGTGCC
GGATGGCTTCTGTGTGAGAGCGCGCGCGAGTGTGCATGTCGGTGA
GCTGGGAGGGTGTGTCTCAGTGTCTATGGCTGTGGTTCGGTATAAG
TCTAAGCATGTCTGCCAGGGTGTATTTGTGCCTGTATGTGCGTGCCT
CGGTGGGCACTCTCGTTTCCTTCCGAATGTGGGGCAGTGCCGGTG
TGCTGCCCTCTGCCTTGAGACCTCAAGCCGCGCAGGCGCCCAGGG
CAGGCAGGTAGCGGCCACAGAAGAGCCAAAAGCTCCCGGGTTGG
CTGGTAAGCACACCACCTCCAGCTTTAGCCCTCTGGGGCCAGCCA
GGGTAGCCGGGAAGCAGTGGTGGCCCGCCCTCCAGGGAGCAGTT
GGGCCCCGCCCGGGCCAGCCTCAGGAGAAGGAGGGCGAGGGGA
GGGGAGGGAAAGGGGAGGAGTGCCTCGCCCCTTCGCGGCTGCC
GGCGTGCCATTGGCCGAAAGTTCCCGTACGTCACGGCGAGGGCA
GTTCCCCTAAAGTCCTGTGCACATAACGGGCAGAACGCACTGCGA
AGCGGCTTCTTCAGAGCACGGGCTGGAACTGGCAGGCACCGCGA
GCCCCTAGCACCCGACAAGCTGAGTGTGCAGGACGAGTCCCCACC
ACACCCACACCACAGCCGCTGAATGAGGCTTCCAGGCGTCCGCTC
GCGGCCCGCAGAGCCCCGCCGTGGGTCCGCCTGCTGAGGCGLCC
CCAGCCAGTGCGCTTACCTGCCAGACTGCGCGCCATGGGGCAACC
CGGGAACGGCAGCGCCTTCTTGCTGGCACCCAATAGAAGCCATGC
GCCGGACCACGACGTCACGCAGCAAAGGGACGAGGTGTGGGTG
GTGGGCATGGGCATCGTCATGTCTCTCATCGTCCTGGCCATCGTGTT
TGGCAATGTGCTGGTCATCACAGCCATTGCCAAGTTCGAGCGTCTG
CAGACGGTCACCAAC

»

Amino Acid Sequence

MGQPGNGSAFLLAPNRSHAPDHDVT
QQRDEVWVVGMGIVMSLIVLAIVEGN
VLVITAIAKFERLQTVTNYFITSLACADLV
MGLAVVPFGAHILMKMWTFGNFWCE
FWTSIDVLCVTASIETLCVIAVDRYFAITS
PFKYQSLLTKNKARVIILMVWIVSGLTSF
LPIQMHWYRATHQEAINCYANETCCDF
FTNQAYAIASSIVSFYVPLVIMVEFVYSRV
FQEAKRQLQKIDKSEGRFHVQNLSQVE
QDGRTGHGLRRSSKFCLKEHKALKTLGII
MGTFTLCWLPFFIVNIVHVIQDNLIRKE
VYILLNWIGYVNSGFENPLIYCRSPDFRIA
FQELLCLRRSSLKAYGNGYSSNGNTGEQ
SGYHVEQEKENKLLCEDLPGTEDFVGH
QGTVPSDNIDSQGRNCSTNDSLL




2. Priprava studovaneho materialu
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2.a Nekrystalograficke vyzkumy
(integrovana strukturni biologie)

NMR

EPR

Fluorescence

Metody vypocCetni chemie




3. Krystalografie membranovych proteinu
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3-4. Krystalizace + difrakcni experiment




3. Krystalizace idealniho protein. komplexu

Conformationally
uniform GPCR

High-quality crystal



3. Krystalizace realneho protein. komplexu

TM6

Conformationally
heterogeneous GPCR

Poor quality crystal



3. Krystalizace membranoveho komplexu

Challenges for crystallography
*Protein dynamics
eLittle polar surface

Stabilize and increase
polar surface
*Antibodies

*Protein Engineering




Prvni RTG struktury GPCR

2007

Seren Rasmussen Dan Rosenbaum




Sekundarni struktura GPCR

Side Perspective
Inactive GPCR Active GPCR
@

e« 7 a-Sroubovic
* nizka 1D homogie

» Signaling

* Flexibilni struktura

The receptor alters shape. Intracellular Perspective

Inside the cell, the G-protein iy, Inactive GPCR Active GPCR
binds and is activated.

KEY

“ OR O Transmembrane Helix (TM1-7) V\O Agonist K Intracellular loops {IL1-3)
@ C-terminal tail of Ga

v Extracellular loops (EL1-3)

G-protein



G-proteiny a strukturni biologie
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G-proteiny a strukturni biologie

B,AR INACTIVE

Inverse Agonist

Agonist
(covalent)

B,AR ACTIVE ?

Agonist alone does not fully stabilize
active state

B,AR B,AR + Agonist




G-proteiny a strukturni biologie
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Strukturni charakterizace flexibilniho
komplexu — problemy/reseni

* High-affinity agonist BI-167107 (1 of ~ 60 screened)
* Removal of GDP — Apyrase
* Detergent: MNG-3 (long-term storage, aids transition into LCP)

* New mesophase lipid (7.7 MAG) to accommodate G protein (provided
by Martin Caffrey)

* Nanobody to stabilize G protein complex (Jan Steyaert)
* Amino Terminal T4 Lysozyme

* Project guided by data from negative stain single particle EM
(Georgios Skiniotis)

1) High affinity
agonist binding

=
AV 1T

2) Apyrase 3) Detergent
treatment exchange
— —

BI-167107 bound GDP bound
B2AR in DDM Gs heterotrimer in DDM

Stable B,AR:Gs
complex in MNG-3

High affinity
nucleotide-free
B-,AR:Gs interaction



Strukturni charakterizace flexibilniho
komplexu — kryoEM




Strukturni charakterizace flexibilniho
komplexu — RTG /atom. rozliseni

Active state of 3,AR

Cytoplasmic View

B,AR - Inactive




G-proteiny

« GTP fosfohydrolazy

 Heterotrimer/heterodimer




Strukturni charakterizace flexibilniho
komplexu — RTG /atom. rozliseni

B,AR
Interactions between
the B,AR and Gs
Ga promote GDP release....
Ras-like _
domain
G SGBY GDP
o-helical
domain
Inactive




Strukturni charakterizace flexibilniho
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Strukturni charakterizace flexibilniho
komplexu — RTG /atom. rozliseni

B,AR

a—helical
domain

Gsa 3y
Active
Inactive
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Regulace iontovych kanalu




Fosforylace

Posttranslacni modifikace proteinoveé struktury
30% proteint muze byt modifikovano
Reverzibilni fosforylace - Edmond Fischer and Edwin Krebs

(N.C. — fyziologie - 1994) threonilgf (Thr)
Kovalentni vazba fosfatu na O-H (Ser, Thr, Tyr) b
. , . HN-C-G3-
Kovalentni vazba fosfatu na N-H (His) B4 O
Kinazy/fosfatazy O
kinaza O
Protein—OH + ATP mm) Protein—O—Il:’—O_ + ADP
{\ k—\ o
P; H,0

fosfataza

Lidsky genom ~ 500 kinaz



Dvoustupnova fosforylace

®

+—H

Input Transmitter

Sensor histidine kinase

Receiver Output

Response regulator

1 -+

/_

HisKkA HATPase REC HPT REC

Sensor hybrid kinase

Phosphotransfer = Response regulator



Kinazy

Modifikace (doménové/dimerické) struktury
Enzym — zména aktivity katalytické domény
Vazebné misto pro prenos signalu

Dimerni struktura
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stimulated



Transmembranove kinazy
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Model — nerealistické pomery velikosti protein:prenasec,
nerealisticky velké zmény struktury (pakovy prenos)




Fosforylacni kaskady

» modifikace + zesileni signalu
« ,Druhy posel“- Earl Wilbur Sutherland (N.C. — fyziologie - 1971)
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Smesovani a ovlivihovani signal. drah
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Cell A. Pathway leads Cell B. Pathway branches, Cell C. Cross-talk occurs  Cell D. Receptor is different
to a single response leading to two responses between two pathways from the ones in cells A-C



2 signaly: kinazy a G-proteiny

» ,Druhy posel”

» cAMP-dependentni kinaza

* cCAMP — cyklicky AMP

» cCAMP - deaktivuje fosfodiesteraza

» C — katalyticka doména, R — pfijimac




Prenos signalu a centralni dogma

DNA

_______________________________

ﬂ Translation

Sequence |t

:

4
ﬂ Transcription

Folding

Function

AN

Structure

ek

‘. ...-I - m pt

nactiva
ratein s
pand |:r4:-t|in
2
Inactive .
EI'\t:‘I:llrll3 Aﬂh_‘
ein
CYTOSOL ﬂ%ﬂ

nnnnnnnnn
ﬂﬂﬂﬂﬂ

nnnnnnnnn



