Interakce proteinu s makromolekulami,
interaktom
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Protein-protein interakce (PPI)

Molekularni rozpoznavani — interakce
biomakromolekul, interakce biomakromolekul
s malymi molekulami.

Zaklad vsech biologickych procesu v Zivych
organismech.

Proteiny: strukturni, mechanické, biochemickeé,
signalni funkce.

Proteom je mnohem komplexnéjsi nez genom
(alternativni sestrih, posttransla¢ni modifikace,
protein-protein interakce).

Protein-protein interakce: ovlivauji funkci a
aktivitu proteind.

Interaktom: souhrn vsech PPl odehravajicich se
v urcité bunce, organismu, tkani atd.;
kompletni mapa interakci.

Kvasinkovy interaktom
(ziskany pomoci Y2H)

https://www.ebi.ac.uk/training/online/courses/network-analysis-of-protein-interaction-data-
an-introduction/



Protein-protein interakce (PPI)

PPl — Casové a prostorove heterogenni. v & ;
Nékteré PPI jsou permanentni, nékteré prechodné.
Nékteré proteiny museji byt modifikovany
(posttranslacni modifikace), aby mohly interagovat.
Regulace interakci je jednou z roli PTM.

PPl — proteiny se museji fyzicky potkat. Nutna ucast
transportnich mechanismu. Pokud se proteiny
nepotkaji, nebudou interagovat, i kdyby pro to mély
vSechny fyzikalnéchemické predpoklady.

Regulace PPl pomoci riizné exprese proteini v riznych
tkanich a bunkach.

Vyzkum interaktomu je mnohem naroéné;jsi R N~
nez vyzkum proteomu. TR

Lidsky interaktom
(ziskany pomoci Y2H)

https://www.ebi.ac.uk/training/online/courses/network-analysis-of-protein-interaction-data-
an-introduction/



Protein-protein interactions
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Klasifikace PPI

Ruzné moznosti klasifikace PPI.

Homooligomerni/heterooligomerni komplexy
(oligomerizace proteinovych podjednotek je forma PPI).

Obligatni/fakultativni komplexy

(proteiny tvorici obligatni komplex nejsou schopny
existovat ve stabilni formé samostatné).
Pfechodné/permanentni komplexy

(klasifikace fakultativnich komplext, pfrechodné mohou
doCasneé disociovat, permanentni se po prvotni interakci
uz nerozdéli).

CHEMICAL
REVIEWS :

Predicting Protein—Protein Interactions from the Molecular to the
Proteome Level

Ozlem Keskin,*""* Nurcan Tuncbag,*’§ and Attila Gursoy*"!



Interakcni rozhrani

PPl — proteiny interaguji pomoci svych rozhrani.

Analyza fyzikalnéchemickych vlastnosti rozhrani
protein-protein je velmi dllezita pro studium interakci
(vodikové vazby, solné mustky, rozloZzeni naboje,
flexibilita, tvar rozhrani, komplementarita atd.)

Ruzné typy interakci — rGzna rozhrani:
permanentni/obligatni komplexy mivaji hydrofobnéjsi
rozhrani nez komplexy prechodné, které naopak
preferuji vodikové vazby a solné mustky. Obligatni

komplexy mivaji sekvencné vice konzervované rozhrani.

Pandjassarame Kangueane
Christina Nilofer
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PiSITE Databaze znamych rozhrani

Database of Protein interaction SITEs

PISITE is a web-based database of protein interaction sites. The PiSITE provides not only information of interaction sites of a protein from single
PDB entry, but also information of interaction sites of a protein from multiple PDB entries including similar proteins. In the PiSITE, The
identification of the binding sites of protein chains is performed by searching the same proteins with different binding states in PDB at first, and

then mapping those binding sites onto the query proteins.

Search PiSITE by Keyword Search PiSITE by Sequence Search PiSITE by Genome coordinates

Search results for: 121p

Enter keywords (ex. Ras, DNA binding, 1BYU, rs137853249, hexokinase deficiency, OMIM:235700}):

1 entry found.
Searchby (O keywor 1. PDBID: 121p CHAIN: A
Molecule: H-RAS P21 PROTEIN

Search options Number of similar proteins: 322
Number of binding states: 24

https://pisite.sb.ecei.tohoku.ac.jp/cgi-bin/top.cgi



Databaze znamych rozhrani
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Experimentalni uréeni PPIs

Detekce PPl —, low-throughput®a ,high-
throughput” metody.

SPR, ITC, SAXS, NMR, Cryo-EM, CD (cirkularni
dichroismus)...

,Pull-down assay“— afinitni purifikace v malém,
jeden protein imobilizovan na matrici, ostatni
proteiny v roztoku, detekce pomoci SDS-PAGE.

Gelova permeacni chromatografie — separacni
metoda, separace proteint podle velikosti,
pokud proteiny tvori komplex, je detekovan pik
komplexu.

FRET (Forster Resonance Energy Transfer) —
prenos energie mezi dvéma sousedicimi
fluorescencnimi molekulami, pokud proteiny
interaguji, dojde k prenosu energie z donoru na
akceptor.

Glutathione S-Transferase (GST) Pull-Down Assay

1- Purified "Bait
2 - Agarose Gel Contro

3 - Purified Interacting Proteins

Marker 1 2 3

|
|
L — Prey
I lizat f ) — . ) "
S;T?%;E.L'[;;E Wash unbound  Addition of "prey Prey-Bait Wash unbound Analysis of protein-protein
p-me]n on beads ‘bait’ protein protein lysate binding prey” protein interaction by SDS-PAGE
bait v Glutathione @ Glutathione ‘prey 1ash
protein ) S-transferase (GST) tag agarose bead protein Was

Reprinted from "Glutathione S-transferase (GST) pull-down assay", Copyright 2021 by BioRender.



Experimentalni uréeni PPIs

Detekce PPl —, low-throughput®a ,high-
throughput” metody.

SPR, ITC, SAXS, NMR, Cryo-EM, CD (cirkularni
dichroismus)...

,Pull-down assay“— afinitni purifikace v malém,
jeden protein imobilizovan na matrici, ostatni
proteiny v roztoku, detekce pomoci SDS-PAGE.

Gelova permeacni chromatografie — separacni
metoda, separace proteint podle velikosti,
pokud proteiny tvori komplex, je detekovan pik
komplexu.

FRET (Forster Resonance Energy Transfer) —
prenos energie mezi dvéma sousedicimi
fluorescencnimi molekulami, pokud proteiny
interaguji, dojde k prenosu energie z donoru na
akceptor.
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Detekce protein-proteinovych interakci
metodami FRET a BRET

Matoulkové E., Vojtések B.
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,High-throughput” metody

e Detekce PPl —, low-throughput”a ,high-

throughput” metody.

e Y2H (kvasinkovy dvouhybridovy systém) —
interakce proteint (,,bait“ a ,prey”) aktivuje expresi
reportérového genu (rast na specifickém

médiu/barva kolonie).

e DNA-binding domain (BD) + activation domain
(AD), spajeni dvou haploidnich bunék kvasinek.

[ Yeast-two hybrid (Y2H) |

High-Throughput Yeast Two-Hybrid Screening

George G. Roberts lll, Jodi R. Parrish, Bernardo A. Mangiola,
and Russell L. Finley Jr.

https://www.ebi.ac.uk/training/online/co
urses/protein-interactions-and-their-
importance/

A site

David P. Clark, Nanette J. Pazdernik, in
Biotechnology (Second Edition), 2016

Reporter gene
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,High-throughput® metody

Detekce PPl —, low-throughput® a ,high-throughput”
metody.

AP-MS (afinitni purifikace-hmotnostni
spektrometrie) — afinitni purifikace s vyuzitim
imobilizovaného proteinu, nasledovana stépenim a
identifikaci interagujicich proteinl pomoci MS.

Problémy:

Y2H — pozorovana interakce proteinu, které by se
normalné nepotkaly (z rdznych bunék, z rGznych tkani,
z rGznych bunécnych kompartmentt). Problém PTM!
Obecné problém heterologni exprese v kvasinkach.

AP-MS — problém s prechodnymi a/nebo slabymi
interakcemi, rovnéz mozna falesna pozitivita jako u
Y2H, metodicky problém , rozpoznatelnosti“ protein(
pomoci MS.

Affinity purification+ mass
spectrometry (AP-MS)

[1] “ae
. [N Y
LA |

N

https://www.ebi.ac.uk/training/online/co
urses/protein-interactions-and-their-
importance/




Problémy:

Y2H — pozorovana interakce proteind,
které by se normalné nepotkaly (z
rdznych bunék, z rGznych tkani, z rGznych
bunéénych kompartmentt). Problém
PTM! Obecné problém heterologni
exprese v kvasinkach.

AP-MS — problém s pfechodnymi a/nebo
slabymi interakcemi, rovnéz mozna
falesna pozitivita jako u Y2H, metodicky
problém ,rozpoznatelnosti” proteint
pomoci MS.

Vyzkum interaktomu je mnohem
narocnéjsi nez vyzkum proteomu.

Limitace experimentalnich metod vedly
ke vzniku mnoha vypocetnich metod
predikce PPI.

Predikce PPIs

CHEMIGAL S
REVIEWS

Predicting Protein—Protein Interactions from the Molecular to the
Proteome Level

Ozlem Keskin,*"* Nurcan Tuncbag*® and Attila Gursoy* ™!
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REVIEWS

°
Predicting Protein—Protein Interactions from the Molecular to the
e I e Proteome Level
Ozlem Keskin,*"* Nurcan Tuncbag*® and Attila Gursoy* ™!
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Protein-protein dokovani

Protein-protein dokovani — co zname?

,Free” docking — mame k dispozici struktury
samostatnych proteind (nebo jejich blizkych
homologl).

yTemplate-based docking” — mame k dispozici
struktury homolognich komplext. Mazeme
vychazet i pouze ze sekvence; pokud je nalezen
dobry templat komplexu, poskytuje velmi
presné predikce. Bez dobrého templatu selze.

What Method to Use for Protein-Protein Docking?

Kathryn A. Porter' !, Israel Desta’ !, Dima Kozakov?, Sandor Vajda'*

FFT-based
sampling

Crystallized unbound structures

{

Final model(s)

Model
ranking

& Minimization

,Billions of protein conformations are evaluated, often through the use of an FFT-based
algorithm. Final models of the heterodimer are ranked and minimized.*

Target sequence

>Chain A
PSFRPSALVVPVKKDASTLOYVTTINQRTP
LVSENLVVDLGGRFLWVDCDONYVSSTYR
PVRCRTSQCSLSGSIACGDCFNGPRPGCN
NNTCGVFPENPVINTATGGEVAEDVVSVES
TOGSSSGRVVTVPRFIFSCAPTSLLONLAS
GVVGMAGLGRTRIALPSOF ASAF SFKRKFA
MCLSGSTSSNSVIIFGNOPYTFLPNII
VSOKTLTYTPLLTNPYV

>ChainB
QRRSOFCGOWDTATAGOFTLYNDLWGES
AGTGSOCTGVDSYSGOTIAWNTSWSWSG
GSSSVKSYVNAALTFTPTOLNCISSIPTTWK
WSYSGSSIVADVAYDTFLAE

Template
search

Heterodimer template

Homology
modeling

& Clash removal
refinement

Final model(s)



PPl databaze

INtACT &

Documentation | Feedback B htt PS //WWWGbI .daC.u k/l nta ct/home

IntAct Molecular Interaction Database

IntAct provides a free, open source database system and analysis tools for molecular interaction dalaIAll interactions are derived from literature curation or direct user submissiomsl The

& IntAct's COVID-19 dataset

The data primarily covers protein-protein and several RNA-protein interactions involving SARS-CoVZ2 and SARS-CoV. All interactions from the relevant publications are covered in this
dataset, including interactions with other organism.

Batch Search Advanced Search
(=) o

@© Examples:

« Gene names: Ndc80 « Taxon |Ds: 9606 » Complex ACs: CPX-5742
= Publication IDs: 32353859 » GO terms: GO:0016491




SH' Name: PRSS3

ATB2

Id: P35030 (uniprotkb)

Type: protein

Species: Homo sapiens
SATB1 Ac: EBI-1221209

[Janti bait coip

[Janti tag coip
[Jprotein kinase assay
[Jpull down

Otap

[Jtwo hybrid array
Jspr

[J x-ray diffraction

[J2 hybrid

[J density sedimentation
[J affinity chrom

[Jtwo hybrid prey pooling approach
Cvalidated two hybrid
[Jprotease assay
[Jfootprinting

CInmr

[Jaffinity techniques
[Jcrosslink
CJmolecular sieving

[J proximity-dependent biotin identification
[Jtwo hybrid pooling

[J comigration in sds

[J confocal microscopy
[ sulfertransferase

[J cosedimentation
[elisa

[lexa b52 complement
[ 2h fragment pooling
[ comig non denat gel
[J comigration in gel

UniProtKB - P35030 (TRY3_HUMAN)

O Help video % BLAST =Align S)Format # Add to basket @ History

Display

(=] -
o Protein| Trypsin-3

Publications Gene PRSS3
Feature viewer Organism | Home sapiens (Human)

Feature table

Are all the molecules reported in an interaction directly binding?

No, not all the interactions represented in IntAct can be considered as direct binary contacts between the molecules involved. In

fact, most of the experimental interaction data that we curate does not allow to say whether an interaction is direct or not.

The 'Interaction type’ column can help you find out if an interacting pair is directly binding. We distinguish three major types of
interaction:

annotation for evidence found through methods that use purified molecules, not cell extracts or other complex samples, so we
can 100% sure that there are no undetected participants bridging the interaction (e.g. the structure of two co-crystallized,
purified proteins). Enzymatic reactions, curated exclusively when using purified participants, fall under this category, but we use
interaction types depicting the specific reaction (e.g. a phosphorylation reaction).

« Physical association: Interaction between molecules within the same physical complex, complex being defined as a group of
molecules that are physically in contact at the same point in time. A physical association does not imply a direct contact,
even if it refers to an interaction with only two participants. The annotation implies they are together in the same complex, but
there could be undetected participants that bridge the interaction, so no proof of directness is given. Physical associations
typically refer to interactions with two participants, but can sometimes involve more.

The experimental evidence behind the interaction does not allow to determine if one or more interacting complexes are being
detected. That is, alternative combinations of interacting molecules are possible. An assaciation always has more than two

N .
Status h Reviewed - Annotation score: ®@®@® - Exparimental evidence at proteain level®




Vizualizacni nastroje

e Experimenty i predikce generuji velkd mnozstvi
»interakénich” dat.

e Souhrn proteint a jejich interakci = PPIN
(,,protein-protein interaction network”).

e Pro praci s PPINs jsou nezbytné intuitivni a
interaktivni vizualizacni nastroje.

e VizualizaCni nastroje mohou byt soucasti
databazi nebo jsou dostupné jako samostatny
software.

Welcome to STRING
Protein-Protein Interaction Networks STRI N G
Functional Enrichment Analysis
ORGANISMS | PROTEINS |  INTERACTIONS
12535 | 59.3mio | >20 bin Figure 12. Snapshots from the built-in visualization part of the String
database.””'*” Each node represents a protein, and each edge

represents the interaction between two proteins. Edges are composed

httpS: / / String-db.Org / of different colored lines representing the evidence of the interaction
whether it is retrieved from databases or it is experimental data or
obtained by text mining.



Vizualizaéni nastroje

Experimenty i predikce generuji velka mnozstvi
yinterakénich” dat.

Souhrn protein( a jejich interakci = PPIN
(,,protein-protein interaction network“).

Pro praci s PPINs jsou nezbytné intuitivni a
interaktivni vizualizacni nastroje.

Vizualizacni nastroje mohou byt soucasti
databazi nebo jsou dostupné jako samostatny
software.

.Cytoscape

Network Data Integration, Analysis, and Visualization in a Box

. Introduction _

| L)
My L
RNFLL

https://cytoscape.org/

Cyto
Getting Started

Tour of Cytoscape

tutorials

New to Cytoscape? This tutorial gives you a high-level introduction to Cytoscape's capabilities and features, and directs

you to detailed training content for each step.

,Cytoscape is the
most popular
software for
visualization,
analysis, and
modelling of

protein
interaction
networks.”
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https://cytoscape.org/screenshots.html
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Interakce protein-DNA

Molekularni rozpoznavani — interakce

biomakromolekul, interakce biomakromolekul iieporier gene
s malymi molekulami. " Recognition |—>Tr22:32?::’)n
site
Zaklad vsech biologickych procesu v zivych s
Orga n |SmeCh . , InterPro Classification of protein families
Proteiny: strukturni, mechanické, biochemickeé, R " " | et
Signal I nl’ fu n kce. @ [ Browse [ By Entry / InterPro [ IPRO16177 J Overview
. . , DNA-binding domain superfamil IPRO16177

Interakce protein-DNA jsou nezbytné pro . g P y

o o o o . . . _ nterPro entry
replikaci, transkripci, translaci, rekombinaci, _ _
opravy DNA, sbalovani DNA, modifikace DNA. g"e”app'"g entries o

AP2/ERF domain (IPR0O01471)
DNA je negativné nabita molekula; interakce Bl methyl-coG DNA binding aproot7s9)
R . v.ve , El[ntegrase, Tn916-type, N-terminal DNA binding (IPRD04191)
protein-DNA jsou vétSinou nekovalentni K AP2/ERF domain superfamily GPRoze9ss)
(vodikové vazby, van der Waalsovy interakce, Description
io ntOVé vaz by) . This superfamily represents a DNA-binding domain with a 2-layer beta(3)-alpha fold that is found in several DNA-
binding proteins, including:

Proteiny vazajici DNA mivaji specifické ,,DNA-
binding” domény. * DNA-binding domain of tn916 integrase [,

* N-terminal DNA-binding domain of lambda integrase [2],
* GCC-box DNA-binding domains of certain transcription factors 21,
* Methyl-CpG DNA-binding domain found in Methyl-CpG-binding protein 2 (MECP2) " and methylation-dependent

transcriptional repressor MED1/PCM1 (5L,



I nte ra kce p rOtEi n- D NA https://www.ncbi.nlm.nih.gov/books/NBK26806/

Molekularni rozpoznavani — interakce
biomakromolekul, interakce biomakromolekul
s malymi molekulami.

Zaklad vsech biologickych procesu v Zivych
organismech.

Proteiny: strukturni, mechanické, biochemickeé,
signalni funkce.

Interakce protein-DNA jsou nezbytné pro
replikaci, transkripci, translaci, rekombinaci,
opravy DNA, sbalovani DNA, modifikace DNA.

DNA je negativné nabita molekula; interakce
protein-DNA jsou vétSinou nekovalentni
(vodikové vazby, van der Waalsovy interakce,
iontové vazby).

Proteiny vazajici DNA mivaji specifické ,,DNA-
binding” domény, které obsahuji ,,DNA-
binding” motivy.

recognition
helix

COOH
(A) (B]

,Helix-turn-helix“ motiv. Prvni objeveny, vaze se do
velkého Zlabku. Vyskytuje se ve stovkach proteint
vazajicich DNA.

tryptophan repressor lambda Cro lambda repressor CAP fragment
fragment



Interakce protein-DNA

Protein-DNA interakce:

e Sekvencné specifické — DNA-vazajici doména
proteinu rozeznava a vaze specifickou sekvenci
bazi v DNA.

e Sekvencné nespecifické — protein nerozeznava
konkrétni sekvenci, vaze se nahodné, vazba na
cukr-fosfatovou kostru, relativné slabé, ale
dulezité!

EcoRI
Pstl

Nespecificka interakce Not|

histonu s DNA

Pacl

Specificka interakce TATA-vazajiciho proteinu s DNA

5--—-GlLAATT C--3%
3--CTTAA T G---5

n
1

"e-C TGCA 1 G----3%
-—-GTACGT C-—--5%

)
<
1

5---GClGGCC GC--%
3----CG CCGGTCG---%

5«—TTA ATITAA--%
3 AATTTA ATT -5

Restrikcni
endonukleasy
specificky
rozeznavaji
palindromy

MOTAL ATOM, UCHEM V MECHU,
JELENOVI PIVO NELEJ, KUNA NESE
NANUK



Predikce vazebnych mist

Predikce mist pro vazbu DNA v proteinu:

Metody zalozené na sekvenci — sekvencni

alignment, srovnani s homolognimi sekvencemi

se znamym vazebnym mistem (rezidui

sVvVvV/

podilejicimi se na vazbé). Problém — niZzsi

7

sekvencni konzervovanost vazebnych mist.

Metody zalozené na strukture — analyza
struktury proteinu, srovnani se znamymi
strukturami vazebnych mist.

DRNApred, fastsequence-based methodthat
accurately predicts a iscrimminates DNA- and
RNA-binding residues

Jing Yan' and Lukasz Kurgan?-’

DRNApred — DNA- and RNA-binding residues predictor

http://biomine.cs.vcu.edu/servers/DRNApred/

Sequence

Search sequence
databases

1) Generate functional annotation

Level 2) Propose DNA-binding residues

Amino acid
sequence

Search sequence
motifs

Search structure

databases
Protein 1) Generate functional annotation
Structural 3D-structure 2) Propose DNA-binding residue
Level 3) Locate DNA-binding residues
Search in 3D structure
DNA-binding site
maotifs

An Overview of the Prediction of Protein DNA-Binding Sites

Jingna Si *, Rui Zhao and Rongling Wu



Predikce vazebnych mist

Predikce mist pro vazbu proteinu v DNA:

NarocCnéjsi, Ctyri podobné nukleotidy vs. 20
(velmi) rozdilnych aminokyselin, sekvence DNA
je ,nudnéjsi“, je tézké odhalit vazebny
,sekvencni vzor”.

Znalosti z experimentd — mnoho informaci o
vazebnych preferencich (DNA sekvenci)
restrikcénich enzymi, pro tyto analyzy existuji
volné dostupné nastroje.

NEBcutter: a program to cleave DNA with
restriction enzymes

&;"Eﬁw ENGLAND NEBcutter V2.0

AYS http://nc2.neb.com/NEBcutter2/

Predictingdranscription factor binding sites>
using DNA shape features based on shared
hybrid deep learning architecture

Siguo Wang,' Qinhu Zhang,'+* Zhen Shen,” Ying He,' Zhen-Heng Chen,* Jiangiang Li,* and De-Shuang Huang'

Casté zaméfeni na vyhledavani TFBSs v DNA —
vazebnych mist pro transkripcni faktory.

27
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. . Three-Dimensional Structural Aspects of
I nte ra kce p rOte IN- p O Iysa C h d Il d Protein—Polysaccharide Interactions
Masamichi Nagae and Yoshiki Yamaguchi *
Molekularni rozpoznavani — interakce

Exo-type
biomakromolekul, interakce biomakromolekul
s malymi molekulami.

Zaklad vsech biologickych procesu v Zivych

organismech. Endo-type

Proteiny: strukturni, mechanické, biochemickeé,
signalni funkce.

Proteiny, které specificky rozpoznavaji sacharidy, *

se oznacuiji jako lektiny.

Interakce protein-monosacharid je vétsinou (il) Repeated binding
slaba (feSeni: multivalence). —~

Interakce protein-polysacharid: exo/endo
lektiny. -

Exo lektiny: vazou terminalni jednotky
polysacharidu.

Endo lektiny: védZou vnitfni jednotky d-'f% - - - ‘
polysacharidd. dfgb
ordered structure

(i) Multiple-site interaction

(iii) Protein recognition of higher-ordered structure




. . Three-Dimensional Structural Aspects of
I N te ra kce p rOte IN- p O |ys d C h d Il d Protein—Polysaccharide Interactions
Masamichi Nagae and Yoshiki Yamaguchi *

Exo lektiny: vazou terminalni jednotky
polysacharidu.

Exo-type
Endo lektiny: vazou vnitrni jednotky W
polysacharidu.
Endo lektiny: vyuZivaji rGzné strategie pro Endo-type
posileni interakce.

1) Na polysacharid se vaze vice lektinl soucasné.

2) Opakovana asociace/disociace lektinu. Lektin
se opakovaneé vaze, , klouze” po polysacharidu,
ale ,neodplave®.

(i) Multiple-site interaction

o eos

(ii) Repeated binding

3) Rozpoznavani vice organizovanych struktur G- -

polysacharidu, které pomahaji vazbé. ( & )

Endo lektiny ¢asto kombinuji a vyuzivaji vSechny :

pristupy. (iii) Protein recognition of higher-ordered structure

- mm-

ordered structure




Databaze polysacharidl/lektinG

http://glyco3d.cermav.cnrs.fr/home.php GLYCO3D 2.0

.
. @ . . .

GAG-DB CBMcarb-DB Unilectin mAbscarb-DB Polys-Glycan Builder

\icg
STYEIN B ®) é
Monosac-DB Oisplat Other tools
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All About ...

FolySacBDB© is an annotated database that contains the 3D structural information polysaccharide entries that have been
collected from an extensive screening of scientific literature. They have been systematically organized using standard
names in the field of carbohydrate research into 18 categories representing polysaccharide families. Structure-related
information includes the saccharides making up the repeat unit(s) and their glycosidic linkages, the expanded 3D
representation of the repeat unit, unit cell dimensions and space group, helix type, diffraction diagram(s) (when applicable),
experimental and/or simulation methods used for structure description, link to the abstract of the publication, reference and
the atomic coordinate files for visualization and download. The database is accompanied by an intuitive graphical user-
interface (GUI). It features interactive displays of polysaccharide structures and customized search options for beginners
and experts, respectively.

o
POLY(S)AC3DB

A Database of Polysaccharide 3D structures

Chitin

GlcNAcC bl-4 GIcNAc b1-4 GIcNAC

sentations

Polysac3DBE Database Medline &



Databaze polysacharidl/lektinG

http://glyco3d.cermav.cnrs.fr/home.php GLYCO3D 2.0

Disac3-DB BioOligo-DB Polysac3-DB NMR oligo

Unilectin mAbscarb-DB
\icg
SITEVN E ® @
Monosac-DB Oisplat Other tools
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HumanlLectome

Databaze polysacharidﬁ/lektinﬁ
c UCAE

Université
GlyCO@Alps Grenoble Alpes

Swiss Institute of (5 k> UN|VER$|TE
Bioinformatics %Y DE GENEVE

Cermav

} UnilLectin

Unified exploration platform for manually curated and predicted lectins

[ﬁ\ What are lectins ?

Lectins are proteins with at least one non-catalytic domain that binds reversibly to a specific mono or
oligosaccharide, and are not antibodies. Carbohydrate-binding has molecular and cellular consequences. Lectins
play a range of roles in biological recognition involving cells, carbohydrates, and proteins. Lectins also mediate
attachment and binding of bacteria and viruses to their intended targets.

What is LectomeXplore ?

’:q LectomeXplore is a module dedicated to the exploration of predicted lectins for each class from UniLectin3D
> classification. Translated genomes (proteomes) released in the UniProtKB and RefSeq sequence databases and in
'A the PDB structure database were screened to identify the lectome (complete set of lectins) of the corresponding

species.

How many predicted lectins ?
Proteins with a specific lectin domain: 1461181 candidate lectins in 37794 species
At score > 0.25 = 25% similarity: 910147 lectins in 24345 species

. . ] At score > 0.5 = 50% similarity: 173554 lectins in 6843 species
htt PS ://U nilectin.un |ge.ch/ Last update the 2024-01-08 11:35:39 - list of all species



1EN2 UDA Urtica dioica

»’  View the 3D structure and information

fold small protein / Knottin origin Plant lectins
class hevein-like species Urtica dioica
family UDA comments
resolution (A) 0 IUPAC condensed GIcNAc(b1-4)GIcNAc(b1-4)GIcNAc(b1-4)GIcNAc

AR

A

1TOW Hevein Hevea brasiliensis

«’  View the 3D structure and information

fold small protein / Knottin origin Plant lectins
class hevein-like species Hevea brasiliensis
family Hevein comments
0 IUPAC condensed GIcNAc(b1-4)GIcNAC(b1-4)GIcNAC

resolution (A)

.54.54. {]I

1K7U WGA Triticum vulgaris

¢’ View the 3D structure and information

fold small protein / Knottin origin Plant lectins
class hevein-like species Triticum vulgaris
family WGA comments
resolution (A) 0 IUPAC condensed GlcNAc(b1-4)GlcNAc

A

\

Lektiny vazajici chitin —
uplatnéni v obrané pred
patogeny obsahujicimi
chitin (plisné, kvasinky).




Nespecifické interakce protein-polysacharid

Nespecifické interakce protein-
polysacharid maji vyznamné
uplatnéni v potravinarském
prumyslu.

Vlastnosti proteinti v potravinach
(rozpustnost, pénivost, tvorba gel()
jsou vyznamneé ovlivnény interakcemi
s polysacharidy.

Interakce pritazlivé x odpudivé.

Vznik rozpustnych x nerozpustnych
komplexu.

Vznik vicefazovych systémd.

Role naboje (kladny/zaporny) —
vyrazny vliv pH.

Investigations into protein-polysaccharide interactions began 100 years ago. In 1896,
Beijerinck [1,2] published the first study on the phase behavior of mixed solutions of
gelatin and soluble starch. Beijerinck’s last study, published in 1910, was entitled, “The
formation of emulsions by mixing the solutions of certain gel-forming colloids.” Beijer-
inck discovered the impossibility of mixing aqueous solutions of 10% gelatin with 2%
agar-agar and 10% gelatin with 10% soluble potato starch. Droplets of gelatin solution

were dispersed in the bulk phase of the starch solution. The structure of this water-in-
water emulsion remained unchanged after heating and extensive mixing. Beijerinck also
noted that an osmotic equilibrium between the emulsion phases was mainly established
by water redistribution between these phases. Owing to gelation of both phases, the
emulsion structure was solidified by cooling.

Chem. Listy 100, 478-485 (2006)

VYZNAM BILKOVIN Z HLEDISKA PENIVOSTI A STABILITY PENY PIVA

HANA (IiZKovA, PAVEL DOSTALEK,
JAROMIR FIALA a IRENA KOLOUCHOVA

K latkdm polysacharidové povahy vyznamnym
z hlediska pénivosti patii B-glukany, pentosany, gumovité
latky a melanoidiny. Zvy3uji plnost chuti a viskozitu®,

zpomaluji odvodiovani pény a zlepSuji jeji stabilitu™?*,




Nespecifické interakce protein-polysacharid

Nespecifické interakce protein-
polysacharid maji vyznamné
uplatnéni v potravinarském
prumyslu.

Vlastnosti proteinti v potravinach
(rozpustnost, pénivost, tvorba gel()
jsou vyznamneé ovlivnény interakcemi
s polysacharidy.

Interakce pritazlivé x odpudivé.

Vznik rozpustnych x nerozpustnych
komplexu.

Vznik vicefazovych systémd.

Role naboje (kladny/zaporny) —
vyrazny vliv pH.

Schematic overview of protein and protein—polysaccharide stabilization of oil droplets in an oil—water emulsion. The mixed emulsions can lead to several

Protein—polysaccharide interactions and aggregates
in food formulations
Luigi Gentile'*

A S/ F 4

Globular protein  Extended protein  Polysaccharide

AT
&l Oil phase 3

Protein-Polysaccharide
stabilized emulsion
(layer-by-layer)

Protein-Polysaccharide
stabilized emulsion
(Pickering)

Protein-Polysaccharide
stabilized emulsion
(mixed emulsions)

Protein-Polysaccharide
stabilized emulsion
(mixed emulsions / gel)

Protein-stabilized
emulsion

Current Opinion in Colloid & Interface Science

kind of gel network (not represented). The extended protein could be in the random coil or partially folded state.




Take-home message

e Protein-protein interakce
* Interaktom
* Klasifikace protein-protein interakci
e Experimentalni urceni (narocné) PPIs x predikce PPIs
e Existuji databaze a vizualizacni nastroje
e Protein-DNA interakce
e ,DNA-binding” domény; ,DNA-binding” motivy.
e Sekvencné specifické x nespecifické
e Predikce vazebnych mist zaloZena na strukture/sekvenci
e Protein-polysacharid interakce
e Exo/endo lektiny
e Strategie pro posileni interakci

e Nespecifické interakce maji velky vyznam v potravinarském primyslu
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Kathryn A. Porter' !, Israel Desta' !, Dima Kozakov??, Sandor Vajda’*

Complex Portal 2018: extended content and enhanced
visualization tools for macromolecular complexes



