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Metode za doloCanje 3D strukture
makromolekul

* Rentgenska kristalografija

e Jedrska magnetna resonanca (NMR - nuclear
magnetic resonance spectroscopy)

* (Krio)-elektronska mikroskopija (cryoEM)
 Komplementarne biofizikalne metode
* Predikcija strukture

“Protein Data Bank” trenutno vsebuje >160,000
struktur makromolekul



Zakaj je pomembno dolociti 3D
strukturo proteinov?

* Funkcija proteinov in drugih makromolekul temelji
na njihovi 3D strukturi

* Oblika, lastnosti in zato funkcija proteinov je odvisna od
tega, kako se zaporedje amino-kislin zvije v prostoru

» 3D-struktura nam omogoci razloziti, z atomsko
locljivostjo, kako molekula funkcionira

Primary Secondary Tertiary Quaternary
structure structure structure structure

Polypeptide chain Assembled subunits



Primeri struktur, ki nam razlozijo funkcijo

Encim veze substrat

Transkripcijski faktor
(p53) veze DNA




Kaksna je vrednost poznanja 3D strukture
makromolekul za medicino in
biotehnologijo?

 Razumevanje funkcije
* Razvoj zdravil: “structure-based drug design”
* Razvoj vakcin

e Racionalne modifikacije proteinov: diagnostika,
“humanizacija”, encimi za industrijo

 Razumevanje zvijanja (folding)

 Razumevanje stabilnosti in drugih fizikalnih
lastnosti makromolecul



Rentgenska kristalografija

Protein Protein

Diffraction data

preparation crystallisation measurement
and analysis Y

Model building and S -Lead stop
structure refinement Phase estimation X-rays S to absorb
Crystal 9 direct beam

specimen

X-ray film



Diplomska naloga
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Fig. 1. Numbering schemes of the anion and cation.
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Fig, 2. Stereoscopic projection of the unit cell. C47:311-313




Inhibitor ribonukleaze (ribonuclease inhibitor) - zaporedje amino-kislin
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Kristalna struktura inhibitorja ribonukleaze (ribonuclease inhibitor)

Kobe & Deisenhofer (1993) Nature 366: 751-756
Kobe & Deisenhofer (1995) Nature 374: 183-186




Solenoidni proteini
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Naravni imunski odziv (innate immunity)
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Toll-like receptors (TLRs)

TLR4 TLR2 and 1/6
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Toll-like receptor 4 (TLR4)
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Toll-like receptor 4

Kim et al (2007) Cell
130, 906-917
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? TIR = Toll/interleukin-1
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Reverzibilno obarjanje MAL™R
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Adaptor MAL tvori filamente
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Ve et al... & Kobe (2017) Nat Struct Mol Biol 24 (9): 743-751



MAL™R and TLR4™® skupaj tvorita filamente
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MAL"R spodbudi sestavo kompleksov MyD88™R
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TLR4

MAL spodbudi sestavo kompleksov MyD88 v celicah
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Krio-elektronska microscopija
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Krio-elektronska microscopija
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CryoEM struktura filamenta MAL™R







TLR4

Model kooperativne formacije signalosoma TLR4

LRR

LRR

IRAKs

A B
Filament
LPS
_—
Tetramer
MAL B MyD88
Trimer
— TLR4
Dimer
Myddosome S MAL
o b = MyD88 TIR
= MyD88 DD
P
?. = IRAK4 DD
= IRAK2 DD
Monomer

Ve et al... & Kobe (2017) Nat Struct Mol Biol 24 (9): 743-751



CryoEM struktura TLR4A™R-MAL™R ko-filamenta
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CryoEM struktura TLR4A™R-MAL™R ko-filamenta

C2 symmetry

Twist = 11.6° OB

Rise=31.5A & maL
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Resolution = 4.4 A

Jeff Nanson et al.



CryoEM struktura TLR4A™R-MAL™R ko-filamenta
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Twist=9.2°
Rise=31.4A

~70,000 segments
Resolution = 3.8 A

Jeff Nanson et al.



CryoEM struktura TLR4A™R-MAL™R ko-filamenta
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Jeff Nanson et al.



CryoEM struktura TLR4A™R-MAL™R ko-filamenta
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CryoEM struktura TLR4A™R-MAL™R ko-filamenta
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CryoEM struktura TLR4A™R-MAL™R ko-filamenta
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Micro-electronska difrakcija (microED)
MyD88™R nano-kristalov
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MicroED MyD88"R nano-kristalov

Electrostatic potential map MyD88™R  Packing of MyD88™  MAL™R filament

Hongyi Xu, Max Clabbers et al
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ilamenti TRAM'R

Negative-stain EM CryoEM 3D rekonstrukcija

Andrew Hedger et al



Model kooperativne formacije signalosoma TLR4
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Imunski sistem v raslinah
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Neomejeni kompleksi TIR domen v rastlinskih NLR
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Neomejeni kompleksi TIR domen v rastlinskih NLR

RUN1TR

Hayden Burdett et al



Signaling via cooperative assembly formation (SCAF)

v N\ v V" Finite or open-ended

assembly
Cytoplasm aa
o0 B
o
O

60 0°§8
G @ b

Response

Nimma et al... & Kobe (2017) Curr Opin Struct Biol 43: 122-130.






Povzetek

* Funkcija makromolekul temelji na njihovi 3D strukturi

 Strukturna biologija koristi terapiji in biotehnologiji
* Poznavanje detajlov funkcije
» Razumevanje ucinka mutacij ki vodijo do bolezni
* Razvoj zdravil
* Inzinerstvo proteinov za biotehnoloske aplikacije

* TIR domene v TLR tvorijo filamente; naravni imunski
odziv na splosno temelji na SCAF

* TIR domene v SARML1 in rastlinksih NLR so encimi, ki
cepijo NAD* (Horsefield et al, Science (2019) 365: 793)
— nova varianta SCAF

e Strukture bodo pomagale razviti zdravila proti
kronicnim boleznim vnetja
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