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Curriculum Vitae

Speaker Name: Woong-Hee Shin, Ph.D.

» Personal Info

Name Woong-Hee Shin
Title Associate Professor
Affiliation Korea University

p Contact Information
Address 161, Jeungneung-Ro, Seongbuk-Gu, Seoul, 02708

Email whshin@korea.ac.kr

Research Interest

Computer-aided drug discovery, Protein design
Educational Experience
2008 B.S. in Chemistry, Seoul National University, Korea

2014 Ph.D. in Chemistry, Seoul National University, Korea

Professional Experience

2014-2019 Post-doc research fellow, Purdue University, USA
2019-2023 Assistant Professor, Department of Chemistry Education, Sunchon National University
2023- Associate Professor, Department of Biomedical Informatics, Korea University

College of Medicine

Selected Publications (3 maximum)

1. Wonkyeong Jang and Woong-Hee Shin, CoBRA: Compound Binding Site Prediction using RNA
Language Model, Briefings in Bioinformatics, In Press.

2. Jinung Song, Junsu Ha, Juyong Lee, Junsu Ko, and Woong-Hee Shin, Improving docking and
virtual screening performance using AlphaFold2 multi-state modeling for kinases, Scientific
Reports, 2024, 14, 25167.

3. Yiyu Hong, Junsu Ha, Chae-Jo Lim, Kwang-Seok Oh, Ramakrishana Chandrasekaran, Junsu Ko,
Woong-Hee Shin, and Juyong Lee, Accurate Prediction of Protein-Ligand Intereactions by
Combining Physical Energy Function and Graph-Neural Networks, Journal of Cheminformatics,
2024, 16, 121.
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Lecture Goal

* Predict a protein 3D structure of your interest using web server and
visualizing it

Need for Protein Structure Prediction

* Protein Structure-Function Relationship

* Similar structure, similar function

in silice
modelling

Structural simulations.
le.g. melecular
dynamics)

LN LY
Gl




Need for Protein Structure Prediction

* Neuraminidase and Tamiflu

Need for Protein Structure Prediction

How Does a Registry Change in Dynein’s Coiled-Coil Stalk Drive Binding of
Dynein to Microtubules?

Junghyun Choi, Hahnbeom Park, and Chaok Seok*
Department of Chemistry, Seoul National University,
Seoul 151-747, Republic of Korea

Biochemistry, 2011, 50 (35), pp 7629-T636

DOI: 10.1021/bi2 00834k

Publication Date (Web): August 2, 2011
Copyright @ 2011 American Chemical Society

= Dynein's MTBD
| (High affinity)

@ R3337 of MTBD
@ EL57 of p MT

) © W3333 of MTBD .
Microtubule Microtubule




Experimental Techniques

proteins and viruses and Procaryotic cells Eukaryotic cells
small molecules protein complexes vesicles and organelles

I
Ja T T 11T em T T TTTTIT

NMR spectroscopy |

i Size range of object investigated

<«Resolution attainable

I Single crystal X-ray diffraction (SC-XRD)

" Nuclear magnetic resonance (NMR)

Cryo-electron microscopy (Cryo-EM)

PDB (Protein Data Bank)

* Protein structure database

* rcsb.org

S 8 212,924 Structures frem the PDB

= ~ 3D Struchwes @ | [Enter search termys), Entry ID(s), of sequence
PROTEIN DATA BANK 1.M571wwbasmun
Models (CSM)

Agvanced Search | Browse Amnotations

SPDB 2onaion 8 NAKB

& New: More Computed Structure Models (CSM) available L oarn mo

Je558  @)PDB-Dev

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in

I Welcome science and education by providing access and tools for exploration,
visualization, and analysis of:
B8 30 from the Protein Data
Bank (PDB) archive
Q Search Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive
kel Visualize These data can be explored in context of external annotations providing
a structural view of biology

iii Analyze

Explore
NEW

Features
ZAR1 Resistosome




PDB

* Protein Data Bank

* Structural database of proteins

* Established in 1971 with 7 entries under the leadership of Walter
Hamilton, Brookhaven National Laboratory

* |In 1998, Research Collaborative for Structural Bioinformatics became
responsible for managing the DB

* Worldwide PDB (wwPDB) was established to maintain the DB in 2003

Searching a Specific Protein

* Type your protein name, PDB ID, or any keyword such as the name of
experimentalist

==1

228,158 Saruchures from the PO =
cPDB B8 BTN e oo i vty W, v sscowrs po ,
PROTHIN DATA BANK (o 1088577 Compued Struchrn

g Actvanced Search | (iowse Annotations Halp
BT SPDB fonccwe: SNAKE (ot @PDB-Dev fvoOin




Searching a Specific Protein

» Select a protein structure from the summarized information

Refinements © Bew-= ~ Tabuiar Rapert ®MOsuncted &
SRS DU 11025 of 172,554 Structures “ < | Pagetotesm b W 25 v I..,",,‘“.,,, VI Realign the
o ———— @ 7uso ... . resultsby
Refl ne mmdm gcry(:tel.lo’m‘) of Human F ine Transfer Protein in Complex with Cha ngl ng
(D) Homo sapiens (51,968 oy i
struct%jre by : pL Druzak, SA sort.lng
selecting O myénatc constnet 6.301) options such
. () Mum musckis 0.327) ) .
conditions L) Mothod X-RAY DIFFRACTION 2.18 A . as resolution
Orgonisms  Homo sapiens Summarize
© Expiers 10 30 Macromolecule  Phosphatidyicholine transfer protein (protein) d
Unique Ligands  GOL, M2R
B 2znp information -
Human PPAR deita ligand binding domain in complex with a synthetic agonist
TIPP204
Oyama. T., Hirakawa, Y., Nagasawa, N., Miyachi, H., Morikawa, K.
(2008) Acta Grystallogr D Biol Crystallogr 65: 786-795
Released 2000-05-05
Method X-RAY DIFFRACTION 3 A
Organisms. Homo saplens
@ Explore in 30 receptor
Unique Ligands 7, K55

Searching a Specific Protein

_ Stuctue  Amotations  Experiment  Sequence  Genome  Ugands  Versions
=N oo
B PDB ID: 1 digit + 3 alphanumeric letters

Human PPAR delta ligand binding domain in complex with a synthetic agonist TIPP204
PDB DOK: hitps://dol.org/10.2210/pab2ZNP/pdt

[Cisemcation: TRANSCRIPTION

Organismis): Homo sapens
Expression System: [scharichia a2 . . . .
Mitatont o © = Biological information

|Emmmlsmn"mlhﬁwutl R-Value Work: 0.230 L > e
Ligand Interaction (K55) = - [ ] —
Sadocham cuthory |

Global Symemetry: Cycic - C2 © (Explors In 30) Starting Model: experimental RAR. s I o
Global Stoichiometry: Homo 2-mer - A2 O Ve -~ b
Find Similar Assemblies.

Structure Ligand Structure Quality Assessment O

qua”ty Worse 0 e 1 Boter




Searching a Specific Protein

e Literature and molecular information

Macromolecule r
Content This is version 1.5 of the entry. See complete history.

« Total Structure Weight: 64.55 kDa ©
* Atom Count: 4,305 @

* Modelled Residue Count: 521 @

* Deposited Residue Count: 552 @

* Unique protein chains: 1

(2009) Acta Crystasiogr D Biol Crystallogr 85: 786-795

T sorcn o s | sowonon s
DOK: https://dol.org/10.1107/50907444909015935

Primary Citation of Related Structures:

2ZNN, 2ZNO, 2ZNP, 2ZNQ

to hormone receptor family, which is
defined as transcriptional factors that are activated by the binding of igands to their ligand-binding domains
(LBOs). Although the three PPAR subtypes display different

O View Move

Affiliation
The Takara Bio Endowed Division, of Institute for Protein Research, Osaka
University, Open L of Advanced and Suita, Osaka 565-0874, Japan.

Searching a Specific Protein

e Chain information

Find similer prodeing by, Secuence ~ [y identity cutoff) | 30 Structure

Entity 1D: 1

PDB Structure

Msleculs Chains O Ssquence Length Organism Detnils. Imags
Peroxisome profterator- A0 are Home samieny Mutationis): 0 @

1C2. PPARB -
v

Fid protsin for QOR1EN Homo sapis) Explors| ain | @ B e UeiProtce: [T

Domain

Residue

B
B
B
&4
B
=
i
B4
B
B

b || : = - ——_
=




Searching a Specific Protein

* Hetero atom information
* Noncanonical amino acid
* Ligand
* lon
s SBic:

] Chains @  Name / Formula / InChi Key 2D Diagram 3D Interactions.

KSS Dleuth &), (28)-2-{4-butexy-3-[{[2-luore-4- : © Interactions =

Guery on K55 F [auth B] 4 L =

et J; . @ teraclions & Donsity

Downioad ideal Goorainates CCO Fie B Cay Har FaN Oy L I

Downioad Instance Coordinates = ALY C R INEC TR i G g R

B7G ClauthA],  heptyl beta-D-glucopyranoside © bilsractions =

Query on B7G EfauthB]  CiyHape O W Inaractions & Density =
NIDYWHLDTIVRIT-UJPOAALISA-N ﬂ:;(:/vvx

Downioad Ideal Coordinates CCD Fie ® £

Download Instance Coordinates

[+] Source Binding Affinity

eingingDe: [T [ECS50: min: 0.72, max: 0.91 (M) from 2 assay(s)

Visualizing a Protein Structure

* Click Explore in 3D: Structure

_ Structue Annotations Expariment Sequence Genome Uoands Versions
=0T =

B8 2ZNP

Human PPAR dolta ligand binding domain in complex with a synthetic agonist TIPP204
ad ol oo

Classiication: TRANSCRIPTION

Organemis): 1o wione

Exprossion Systom: Eschenchia col BL21

Mutationfs): No ©

Deposited: 2000-04-30 Releasod: 2000-05-05

Deposition Author(s): Oyama, T Hwaxawa, ¥, Nagasawa. N Miyachi, H, Morsawa, K.

o8 o @0 Mcot | Ful Repert

Method: X-RAY DIFFRACTION oo Pt Ranks Vehe
Resolutioe: 3.00 A
Blectron Oonety Raport 1 | —
| ; ! -
Uend Interacton §58) e skt (RN, | —
A nn
Global Symmsetry: Cycc - C2 © (Expbre 1 30) S P K St
Global Stoichiemetry: Homo 2 mer - A2 @ Viow/ e deiily R s -
[t —
Find Sumiar Assamoles
Ligand Structure Quality Assessment O
Bioogical aseTbly 1 ssigned by suthors and
Qereratd by PSA (sofwar) =

Ligand wructine goodness of f 10 axparimental data




Visualizing a Protein Structure

* Holding left click: Rotating

* Holding right click: Translation

* Scrolling wheel: Zoom in / out

B 2ZNPs

o

AT PRLLGORSE

Human PPAR delta ligand binding domain in complex with a synthetic agonist TIPP204
Heip
Sequncest 2DV Huma. t Chan 3 LPwowsem. 8 A S © O Stucture
= = = oot 2w | o
Type  Assambly
® Asmid  1: Author And Softwar...
® Dynamic Bonds x on
a ]
i % Measurements
# Q Structure Motif Search
§ @ Components e
(3 Preset + Acd 2
Potymer Cown @ O -
Ugsnd buisx © O -
Cartotrydrate imn @ 0 -
Water Buis ® 0 -
Unit Cell P 1211 = -
# Density

@ Quality Assesament
N Assembly Symmetry
2 Export Models
@ Export Animation
@ Export Geometry

Visualizing a Protein Structure

Clicking specific

residue focuses the

viewer to the amino
acid

= Q Sweshre Mett Seareh

Water ine @ 0

[P i © 0 -

Ut Gt Py ® -

® Capert Geomatry

Modify the
representation
of the viewer




PDB

* PDB file format

* HEADER: Protein name, PDB ID, Date dep
osited in PDB

* REMARK
* Types of amino acids in the protein
* Resolution
* Organism
* etc.

TYROSINE-FROTE IN K INASE 29-0EC-98  25RC
CRYSTAL STRUCTLRE OF HUMAN TYROGINE-PROTE IN K INASE C=SRE,
2 IN COMPLEX WITH AMP-FNF

MOL_ID: 1:

2 MOLECULE: TYROSINE-FROTEIN KINASE SRC;

3 CHAIN: A:

4 FRAGMENT: FESICUES B6-836. CONTAINING SH2. SH3, KINASE 2
5 DOMAINS AND C-TERMINAL TAIL:

6 SYNONYM: C-SRC. PEO-SRE;

7EC 2712

8 ENGINEEFED: YES

MOL_ID: 1;

2 ORGANISM_SCIENTIFIC: HOMD SAPIENS:

3 OFGAN|SM_COMMON:  HUMAN;

4 ORGANISM_TAXID: 960G

5 EXPRESS|ON_SYSTEM: SPODCPTERA FRUGIFERDA:

WML A DOSHI HLLET, M0 ECK, 5. C HARRISON
3 24-FEE-08 25RC 1 VERSN
2 0-APR-03 25RC 1 JRL
1 22-JU-99 25RC 0
AUTH - W, A DOSHI L M.LE] M. J ECK, 5. C HARR 1SN
TITL  CRYSTAL STRUCTURES OF C-SRC REVEAL FEATLFES OF ITS
TITL 2 AUTOINHIEI TORY MECHANISM,
FEF  MOL CELL V. 3 6291999
FEFN 155N 1087-2765
PMID 10360179

LO1 10.1016/51097-2785(00)80356-1
gﬁES‘lUTICN. 1.50 ANGSTROMS.
3 PROGRAM © KPLOR

AUTHORS : BRUNGER

3

3

3 DATA USED IN REF INEMENT .

3 RESOLUTICN RAMGE HIGH (AMGSTROMZ) @ 1.50

PDB

* ATOM(amino acid)/HETATM(non AA)
* Atom information

ggoog=

* Indices ATOH
* Amino acid information AT
* X,y,z coordinate ATt

ﬁﬁ§§88°°9=g§$°°9=§

EEEEEEAAAAAAAAAAAEPE52523232323

88°°2=Q

4 B4 33.954 62,803 55.198 1.00 38.76 N
A Ba 42,745 B2.188 54.583 1.00 38.78 M
A B4 32.941 BO.TIT 54186 1.00 37.91 o
A B4 942001 BO.CEH 53.B78 1.00 36.13 0
4 B4 32.265 62.973 53.319 1.00 41.34 c
A B4 3,424 B3.240 52,489 1.00 41.84 0
A B4 3616 B4.288 53711 1.00 40.28 C
A 8BS 34,140 BO192 54.419 1.00 35.88 N
A BS 34,437 58806 54.075 1.00 34.00 G
A 85 34,001 57.804 55154 1.00 33.78 [H
& BS 33.807 58,168 56.320 1.00 30.78 0
A 8BS 45.944 58 610 53814 1.00 36.09 C
& BS 36.671 58,783 55.006 1.00 39.72 0
A BS 6.445 59811 52.790 1.00 37.48 [H
& B 33,892 56,547 S54.746 1.0020.75 N
A 88 33.449 55,480 55.865 1.00 25.99 C
A BB 34,625 54.522 55.755 1.00 24.12 5
A 88 35.606 54.655 55.013 1.00 23.08 0
A BB 32,223 54.724 55.157 1.00 24.B2 c
A 85 30.915 55.310 55.588 1.00 23.17 C
A BB 30,463 56,515 55.066 1.00 26.21 c
A 85 30,106 54,636 56.508 1.00 25.23 C
A BB 29.218 57.089 § 1.00 24.64 5
A 85 20.656 55.150 56.885 1.00 26.97 C
A B 20.414 56352 42 1.00 28.54 C
& 87 34,533 53.566 S56.672 1.00 23.82 N
A oB7 35.593 52,580 56.854 1.00 23.37 c
& 87 34,983 S51.188 57.020 1.00 21.41 C
A 87 33.925 51.029 57.632 1.0018.70 0
& 87 36.471 52.926 58.087 1.00 25.01 C
A oB7 35.672 S52.736 59.377 1.00 25.91 c

-10 -



Visualizing a Protein Structure

* Use ChimeraX (https://www.cgl.ucsf.edu/chimerax/) or PyMOL
(https://www.pymol.org/)

_ i

Uese chmerax L —

UCSF simgty Ch o TEMUNK, Yiiizateon, nd ioformatics (RBVI) folowing YCSF Chimers ChimeraX can be August § 2004
UCSF At fon
of for scademic. govemnment. nonprofit. t

Docymentation Lipliond inpiude ot ¥ Sology, SRR

| e r7am 2024

[
shown n the Yolume Viewss tool,with easy access fo ™4 " be snavalable Ame 178 FOT.

calexy, e une 13, 2023
options incudes ‘volume” (ranshcent bishs, surtace, mesh, projection, single plane, 1o C
[ he s1ep size, e of dif of xataie See he Pange ng Tor meary
— | ane coupled, i that changing tor the others. S
| LIS
|
|| marker for mclechu) in yel. turqueise, The dats sty Ix
e -

Visualizing a Protein Structure

 Download PDB file or take a note of the PDB ID

e 225,158 Svuctems beem e POB. -
ZPDEB®? e [ U

A s [ 1000577 Compum Sncars
oo 1S5

Actarcmt Search | Browss Amctstors = iy

RN SPDB fooes §NAKE (o @P06-0m

B 2ZNP

Human PPAR delta ligand binding domain in cc TIPP204
OB DOR it /o oo 1. 721V pi T et

Deposied: 7008-04-30 Released: 2005-05-05 EEIN A, Ferint o)

Structuee Facies [CF)
Experimentsl Dats Snspahet wPOBY g Factors ICF - g2 pon | ol Fegon
Muthod: X-FAY DIFFRAGTION .
Resciuticn: .00 A Valatin Full FDF | —
A A-Valug Free: 0.288 Vakation . | —
| eciron Derwity | Valldelon Fuport | RAVislus Work 0.230 1 digiad :
Uigand Iteracton (K55 RiVaiue Observed: 0,230 e (it fE—
skl r—
Global Symmeatry: Cychs - G2 @ [Expions in 304 Baarting Model: exparivartsl EE Bickogical Assemily 1 [CF - gr) @ PR o1
ol Siichismatry. Homo 2-mer - A2 @ e

Find Samia Assemoies

-11 -



Visualizing a Protein Structure

* Execute ChimeraX

=

ou can doutile click a model's Name or [0 in the model pancl to cdit those fickds

UCSF ChimeraX version: 1.8 (2024-06-10)
© 2016-2024 Regents of the University of Californis. All rights reserved.
How 1o cise UCSF ChimeraX

“You can double click 8 modal's Name or ID in the model paned to edit those fleids

Visualizing a Protein Structure

* 1) If you have a PDB file
* Click Open and find the file

Startep Mamages
pressts (oEnd 1= cwiom proset fokder (L wistn Fropstn heenat

avalable busdic cache bas ot becs izftislized yet

| A ase ek
|| UCSF CaimenX verson: | 2034061}
0163004 Regeets of the University f Califoria. AN ighen eservnd

|

-12 -




Visualizing a Protein Structure

* 2) If you know the PDB ID

* Click File > Fetch By ID, select PDB, and put your ID

Choose database:

Database
AlphaFold database
AlphaFold database PAE
EDS (2Fo-Fc)

EDS (Fo-Fc)
EMDB
EMDB & fit PDBs
ESMFold
IUPAC
NMR constraints
PDB
PDB (biounit)

PDB chemical component
PDB-REDO (structure)
PubChem

Enter PDB ID:

Help

Example IDs
P29474
P29474

1a0m
1a0m
5625
1048
MGYP00054224289
acetic acid
8bfg
2gbp
6tsO
FMN
1cbs
12123

Close Fetch

Visualizing a Protein Structure

Holding left click: Rotating
Holding right click: Translation

Scrolling wheel: Zoom in / out

it thave ficlds

UCSF ChimenaX version: 1.8 (2024-06-10)

©2016-2024 Regents of the University of California. Al rights

reserved.

How w2 cite UCSF ChimeraX

gpsn 2ZNP
Summary of feedback from opeaing 2ZNP fetched from pdb |

note | Fetching compressed mnCIF 2mmp from

hisp:files.rosb.org/download 2rmg.cif

2enp ute:
Human PPAR & ligand binding domain in complex with »
symthetic agoaist TIPP204 [moce info.)

Chain information for 2znp #1

Non-standard residucs in 22mp #1

B2G — benilbeta-D- glucooviagesids (HEPTYL-BETA-D-
GLUCOPYRANOSIDE; hepey! beta-D-ghacoside; beptyl D-
glucossde; beptyl glucoside)

KSS — (2812 A-butonye -4 (2-Ousred:

-13 -



Visualizing a Protein Structure

* Change the representation
style using a panel

* Capture the current screen by
clicking the camera ion

(HEPTYL BETA
racoade. bepeyl

o
D

Visualizing a Protein Structure

* Actions > Color can change the color of the atom,
residue, structure, and background

Red
Orange Red
2 Orange
. Yellow
Lime
Forest Green
§ Cyan
Light Sea Green
Blue
Cornflower Blue
Medium Bilue
Purple
Hot Pink
Magenta
W white
. Light Gray
Gray
Dark Gray
Dim Gray
Black

Help

Coloring applies to:

Background

Other colorings
By Heteroatom
By Element
By Nucleotide Type
By Chain
By Polymer

From Editor

-14 -




Visualizing a Protein Structure

Select a specific residue by Ctrl + click

Or if you know the residue number or name type sel :[residue] at the
command line

Identifiers

# model
/ chain

* :residue
@ atom

Action > Focus zooms on the selected atoms

)

Need for Protein Structure Prediction

101

1132:1 i

-l
o
3

UniProt

-
o
@

PDB

-
o
>

number of accessions (log, )

ks
o
o

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

-15 -



Protein Folding Problem

* Predict 3D structure of a protein from a amino acid sequence

Levinthal's Paradox

* Nature favors the lowest energy state

Helix formation

Intermediate
Globule

>§ s energy Native

-16 -



Levinthal’s Paradox

How to find the lowest energy conformation?

If the protein is composed of 100 residues,

Total number of cases if the three states allowed for a single residue
backbone

3 100

Assuming that the protein can search 1012 number of possible states in
one second,

5X103>seconds = 2X102%8 years

Levinthal’s Paradox

Time scale for protein folding

~ns, ps

For a protein with 100 residues, protein folding occurs in one step

Nature follows a specific pathway to fold the protein, not a random
search

Folding funnel

-17 -



Protein Structure Prediction

* Let’s predict a protein structure if it is not available

* But as you can see in Levinthal’s paradox, it is too much inefficient that
search all the possible conformational states

E\SUMH,

Template-based Modeling

* Template? It’s a cast for a shape

-18 -



Template-based Modeling

* Basic idea: similar sequence - similar structure
* Lowest bound: 20-25%

100 41

al ' a0 8°%Woao © alpha helix bundles | o
oS~ X Y I 2 © beta barrels )

& T

rmsd (A)

5348838

100 e 80 70 60 5 40 30 20 10 O
sequence identity (%)

0 10 20 3 & % 60 0 8 9 0

0 10 20 30 40 50 60 70 80 90 100
sequence identity (%)

Template-based Modeling

* Flow of TBM
DERLER
£, &
LMNOY
\_ Sequence
(

\_  Protein Chain Building

Sequence Alignment

-19 -



Template-based Modeling

» Template Detection

* Find proteins with structures that are similar with our target
proteins

» Sequence Alignment

» Detect the similar environment of templates to our
sequence

» Model Building
* Build 3D structure from template information

Where to Find My Sequence?

* Search UniProt with a protein name (uniprot.org)

UNIPOE § BAST Aign Peptidesearch D rmapping SPARGL Rnase 302305 | Sesutis @ @ B betp

Find your protein

Protein Clusters §equenceArthive

CH
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Where to Find My Sequence?

* Click Entry in the result page (Beware of Organism)

Status -
e e UniProtKB 80,773 results
G55 4 Download View: Cards O Tble ® £ Customize colimns < Share +
B Unreviewed (TEMBL) .
(75.208) S itntres
(S-iEIE ] NRIHI_HUMAN Oystersls recepor LXR-alphal_| NRIHS, LXRA
Popular arganisms
e e 1 aseise NRIHZ_BOVIN Oxysterols receptor LXR-betal_| NRIHZ, 135, Bos taurus (Bovine) 455 A%
Mouse (1,764) =] [DEMS64_RABIT Liver X recaptor alpha NR1H3 Dryctelegus cuniculus (Rabbit) 447 A2
Rat (600) O Q02053 &  UBAT_MOLSE Ubiquitin-ike modifier.activating enzyme 111 Ubat, She, Ubel, Ubslax Ubslx Mus museulus (Mause) 1058 Ak
Zebeafish 230) 1 093008 A USPIX HUMAN  Probable ubiquitin carbosyl-terminal hydrolase FAF-X1_| USPOX. DFFRL FAM. USP9 Heme sapiens (Human) 2554 AR
Bovil 3
e 2 O] QSESBE &  NRIH3.BOVIN Onystersls receptor LXR-alphal_| HRIH3, LA Bos taurus (Bovine) 47 A8
Taesonemy: Ol Q9ZOYS B NRIHIMOUSE  Owysterols receptor LXR-alphal_] NeTh3, Lora Mus museulus (Mouse) 445 Ad
Filter by taxonoeny
Bt O Q62685 & NRIHIRAT Onysterol receptor LXR-alphai_| Nrh3, Lira Rattus rarvegicus (Rat) 445 A E
Group by O] PSS0S5 B NRIHZHUMAN  Owysterols receptor LXR-betal | NRIHZ. LXRS, NER. UNR Home sapiens (Human) 460 A%
Taxenamy
i & NKIHZMOUSE  Owysterols receptor LXR-betal_| NF1h2, Lurb, Rip1S, Une Une2 Mus masculus (Mause) 446 A7

Where to Find My Sequence?

|Function %Q13133 - NR1TH3_HUMAN

Naser S Tosmiorn Protein' | Oxysterols receptor LiR-alpha Aming acids | 447 iga to sequence)

Subcellular Location Gene | NRIH Protein existence’ | Evidence at protein level
Status' | 8 UniProtke reviewed (Swiss-Frot Annotation scere’ | (33

Disease & Variants
Organism’ | Hamo sapiens (Human)

PTM/Processing
Expression Entry  Variant viewer BB  Feature viewer  Genomic coordinates [  Publications  Extermal links  History
Interaction
BLAST Align L Downlosd & Add  Add a publication  Entry feedback
Structure
Family & Domains Function'
Nuclear receptor that exhibits a ligand-dependent transcriptional activation actiity
E¥inoc 8 lactann Interaction with retincic acid receptor (RXR) shifts RXR, from its role as a silent DNA-binding pariner to an active ligand-binding subunit in mediating retingid responses through target genes
Similar Proteins defined by LXRES (By similasity).
LXRES are DR4A-type response elements characterized by direct repeats of two similar hexanuclotide halfsites spaced by four nuclectides (By simaarity).
Plays an important role in the regulation of is, regulating uptake through MYUIP-dependent ubiguitination of LDLR, VLDLR and LRPS (PubMed:19481530).
Irterplays functionally with RORA fior the regulation of genes irvelved in lver metabolism (By similarity).
Induces LPCAT3-d ds hospholipid deling in endoplasmic reticulum (ER) b of b driving SREBF1 p ing and [ is (By similarityl
Via LPCAT, triggers the ion of arachi into i ines of ER increasing dynamics and enabling triacylglycerols transfer to nascent very low-
density lipopratein (VLDL) particles. Via LPCATS also counteracts lipid-induced ER stress resporse and infl ion, likely by modulating SAC kinase b p lization and

limiting the syrthesis of lipid inflammatery medisters [By similarity). [y smarty]
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Where to Find My Sequence?

* Click Sequence on the left side and click FASTA on the main page

Funcrion Entry  Vaiant viewer @B Feature viewer  Genomic coordinates B Publications  External inks  Hivtory
Hamas & Taxonamy
s e Sequence & lsoforms

Nign § imstoms

This erary cescrites 3 nofoema’ roduced by Altsrnative splicing

FTM/Processing
Exprossion Q1313341
This kodor has been chocen as the eansnieal cequence. All posiianal infarmatic, i this entry reiers 1o & This I alio the sequence that appears in the downlosdsble vertions of the eny
Intesaction
Structars | Mame | Sew slso secuuere in UniBare or sgarce chusters in Unifnf
& Damains Tocts » b Downlowd | @ #dd  pightight = Copy secpmesce:
Length 447 Last wpdated FO02-05-18 v2
e on Mass (D) 50395 Checkaum' 0D2TETA4FACHC
Similer Proteing
=] M 22 Wﬂ & & .ra’num’: 5 d Pm:muﬂ mmlm mr.m Mng IFRRSI'I'E

wcuschE mormekis qecumdhy aoweech? eeqrudie pesegdlh! sueead oreoudl wocenl somel oo womesaliR oeratE

el racpurcly Lsnengrill xrsarevitl esemadls estrrcebfl wescealle Lol ersneedly vosrdl! sl wosoiR Lomaelln
ANSDHAD RUVPRALM LVSLETLSSY »sewru'i: CORKLPPLLE EDOWME

Where to Find My Sequence?

* Copy the text or right-click and select save as

« > C & uniprot.org/uniprot/P69905.fasta

>gi | PEIE0T [HBA_HUMAN Hemos lobin subunit alpha 0S=Homo sapiens OX=3B06 GM=HBA1 PE=1 3V=2
WYL SPADK THVR A ANGKYGAHAGE Y GAEAL ERMFL SFPTTK TYFPHFDLSHGS AQVKGHG

KEWADAL THAYVARVODMPHAL SALSDLHAHKL RYDPYNFRLLSHCLLYTL AAHLPAEFTP

AvHASL DEFL ASYSTYLTSKYR
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Template-based Modeling

* Modeller (salilab.org/modeller)

About MODELLER

MODELLER is used for homalogy o g of protein (1.2). The user

Search archives

MODELLER
Dote e downboads g on (34) and n of various modals of protein
Boxithy function, muliple " sequ struchres, clustering.
Nonacademic uss 10NN structures, etc. MODELLER is avalabie o downitoad for most Unbx/Linux systeens, Windows, and Mac.
avplable There v and Modelior omer
Siowroe  ameworks.

1.8 Wbt A Sab
2 MA Mat Aenom A St A Fisa R Sdcher F Melo A Seb.
3 A SHATL Busdet
4A Fise RK Do, 8A Seb

4. John Wikey & Soms, inc_ 56 15637, 209
Aveus Rrs Bophys. Bomol Struct 29, 291326 2000

Template-based Modeling

Modeller

Google TraH4Y
SHEXR

2E 9%
2026 HSE
2025 HSE
2022 ESE
7l ..

Felze gy
g wE

ZE gio]
a0 ©

Comparative protein modeling by satisfaction of spatial restraints

2zimt of 10,4007 (0.10%)

| restraints

Comparative protein g by
A = ali - Molecular medicine today, 1995 - Elsevier
... Unification of modeling and refinement techniques One of the strengths of com parative

deling by of spatial is that constraints or restraints derived from a number ...
Tr A& U9 o8 3328018 EE Saxt® TM 3742 ME  Web of Science: 213

tion of sp

Comparative protein modelling by satisfaction of spatial restraints

A Bali, TL Blundell - Journal of molecular biology, 1993 - Elsevier

... This function is a combination of pdfs restraining individual spatial features of the whole ...
parativ delling by of spatial i we describe the modelling of the ...

¥y XE DY 28 155713 o8 e staxtE  HH 10702) BiE  Web of Science: 11108 99

Find it @ Korea Univ

[PDF] unl.pt
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Template-based Modeling

* How Modeller works

1. Align sequence with structures  TéMPIate Structure(s)  SWOTYVDTNLVGTGAVTOR - - AT
an seq Target sequence - GWNAYIDNLMADGTCODAAIVG

* Spatial restraints

2. Extract spatial restraints @

Frequency / 10°

3. Satisfy spatial restraints

15 17 19 21 23 25
C,-C,distance (A)

SWISS-MODEL

* https://swissmodel.expasy.org/

&3 sw1ss-MODEL®

B Smascn FIG-AA000L Facoutony

o [0 O R O




SWISS-MODEL

* Click Start Modeling

* Paste your sequence or upload a text file that contains the sequence

C & wmodelompany org rteractin * OB Qp=0m0 Q!

Motemng Fecosry Toom Cooumereson Lo e Crese Admre

e

O

i
s

SWISS-MODEL

* Can see the template by clicking Search For Templates.
* The templates are identified by HHBIits

| g - - - =R
3 O (B sty o g s W AN #« O@ppooemO O
B Bt SWISS-MODEL Modetna| Reposscey Tocis Documentaten Logn GreateAccourt [
A Prejects

sars-cov-2 spike protein creaed: today at 06.05
e R %
Template Results o

Terplates | Custermary Stnacturs  Sequence Simlarity  Augnment of Selected Templates. Mo =

Hion $hame  ® Tl # Coverage #OMOE 05OC identty Method  #0igo fute  #Ligands

® Bam A SARSCovZscheghoocrsn [ 00 0B We EM oo wime 2ahaGT -
L osis SARSLovisckeshooen [ oW oE W WM o i o g a
o Bn 15 SARECovZsckegyooron [ 00 02 W EM oo wimer E2uhaGT »
e Booia SamsCovdsmegyoccn NN 0t on 000 £M e 40 ac -
@ fert 1 Sk hscprien Fibntn I 0T oW s M hamanmer e -
[ G lA SARSCodZsceegyooceten [N 07T oM WR EM bt o/ 520 Na® -
e Bt A Sk grcopien Fbnin [ BT ET ot g *
L T I 0T oM TAE EM hrormc: Wi 2ahaaT -
a it SARBCoviskechoooen N 07T oM We WM o, i sana® "
a Bwe 15 SARECovIsckegyoorron [ 077 9B W EM o wimar B2uhAGE -
-] B A SaRSCovd smegyocon [N 07T 0 00000 MM e 40 huac -
o arr _sm s EM o e s - =
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SWISS-MODEL

 Select templates with clicking check boxes on the
left and click Build Models to predict structure from
the selected proteins

< " oBgp=0m0 O
B ®==  SWISS-MODEL provis

Untitled Project

o (RN

Aatomodel is running - move models are SO 10 be Durlt for Vs Project 3

SWISS-MODEL

* Download the result by selecting the downward arrow

r' =
. ~ P * 0@ gp=0m0 O
B ko SWISS-MODEL e

Untitied Project

=] =
;I : e .
= N e
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SWISS-MODEL

* Can check the quality of the predicted structure by selecting Structure

Assessment on the left side

Structure Assessment

Untitied Project; woswor. & & x

7 Agr 2020, 06.22

=TeTo]
T oBgp=0m0 O

W Exampres -

SWISS-MODEL

* MolProbity Score

* How protein-like is the
structure?

* The lower, the better

MolProbity Results

MolProbity

I Clash Score

Ramachandran
Favoured

| Ramachandran
Qutliers

| Rotamer
Outliers

1 C-Beta
Deviations.

) Bad Bonds.

] Bad Angles

1 Twisted Non-
Proline

1.36

147

90.71%

2.08%

0.86%

16/ 27009

188 1 36625

213188

(AZ53 ASN:_3 NAG), (CI50 ASN-_44 NAG), (C362 ASN-_45 NAG), (C484 GLU-_3 NAG), (A350 ASN._6
NAG), {A350 GLU-AITS LYS)

AR, 131 SER, 8194 ALK, LIS FTIE, BOBT VAL, L7 T IHE W14 ALA, D338 A3H A0 LEU, A160
THR, A199 GLU, AZ04 ASN, B200 GLY, A117 SER, C852 TRP. B93 ASN, B100 ASN, C708 SER, C87
ILE, ABS0 PRO, CBAS VAL, A2T0 PRO, A284 HIS, C262 ALA, C274 SER, BT LYS, ABS8 ASP, C270 ﬂ

PRO, B655 SER, C118 ASN, A268 LEU, A181 SER, C500 PHE, AB45 ALA, A133 THR, CT06 VAL
B436 LYS, CB50 PRO, AB46 ASP, BBGD ILE, B102 GLN, ABS4 ALA, C508 TYR, A2T3 SER, C205 PHE
BOE4 ALA, B264 HIS, A1B3ASN, 86 VAL, BEOT CYS, BES HIS, G256 THR, C467 THR

B4T9 ASN, B355 CYS, C163 TYR, C649 THR, C1137 ASP, ABBT GLU, B214 LYS, B1137 ASP, BOR6 ASN,
£513 SER, AZX2 VAL, 173 GLU, C407 SER, G440 TYR, B141 ASN, AT103 ASP AS80 THR, BEZ2 ASN
A141 ASN, CB50 PRO, G232 VAL, AQ47 ASP, B24T ASF, CB58 ASF, BB48 ASP

C141 ASN, CBT ILE, CO3 ASN, BATS PHE, A206 LYS, B103 LEL, C263 LEU, B100 ASN, CAT4 LEL, B181
SER, B1005 PRO, A277 TRP, C262 ALA, BBGO ILE, CB57 THR, BIG ASN, C1005 PRO, C1060 ASP. A217
ASP, ATG4 ASP, CB40 ASP, BT84 ASP, ABG4 ALA_ BAT3 ARG, A1005 PRO, C121 ARG, CBT3 LYS

CI6Z ASN-_45 NAG, CIS0 ASN-_44 NAG AZSSASN-_3 NAG, AT083 ASN-_16 NAG. B10S3ASN._34
NAG, 1083 ASN-_54 NAG, ATI5 ASN-_12 NAG, BIG2 ASN._26 NAG, AJG2 ASN-_T NAG, B301 ASN-
_24 NAG, AJS0ASN-_BNAG, 44 NAG, 26 NAG, _23 NAG, _24 NAG

(BI62 ASN-_26 NAG), (C269 THR-CZT0 PRO), (A539 ALA-AS40 PRO), (AG9S SER-AT00 PRO), (B509 ~
PHE-B510 PRO), (B192 GLN-B193 PRO), (C497 THR-C408 PRO), CB49 ASP, (A253ASN-_INAG), B
(A100 ASN-A101 PRO), (AB45 ALA-AB40 ASP), CB58 ASP. (A1005 PRO-A1008 PRO), B10D ASN,

(B1005 PROB1006 PRO), (B100 ASN.B101 PRO), (G350 ASN._44 NAG), C440 TYR, ABS HIS

(B1161 GLN-B1162 PRO), G197 ASP, C118 ASN, A206 LYS, B361 PHE, (A1161 GLN-A1162 PRO),

(0367 ASN- 45 NAG) 505 PHF (G161 G N-C11EZ PRO) (G192 G N-GISE PROV (R301 ASN- 74 7

(B99 ASP-B100 ASN), (C548 LEL-CB40 THR)

Resuits obtaned using MolProbaty version 4.4

- 27 -




Template-based Modeling

* GalaxyTBM
* http://galaxy.seoklab.org/cgi-bin/submit.cgi?type=TBM

e OB gQp=0mo Q@O

2B ew ceunsoe
ot b s o b 1

Template-based Modeling

» After submitting your sequence...

S|
€ 5 C O 75 QU | gelamyseckish org/cqh bireport TMcgi ey as ) IRHLAIV6n20TO04eSA100 EIETEI LK &

GalaxyWEB
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Template-based Modeling

» C O =] * 0@ = @mO QO

« The date wet be siored I e sarver
only for 30 days.

* Predicted Structure
GalaryWE B prowses 5 madels e

each query sequence.

Sacondary SUUCturo for each resiun
Proccind by Pa1ea o secuence i
compared with that assigned 1o Model
1 by DSSP ULRs (Unrelatio Local
Reg0ns) fofined by the se-vor 616 80
nacain

+ Templates.
G WES solcts lamplatos for
- Madoing by eosconng Miseasch
[N

Recent Method using
Deep Learning
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S X| s &1 5eS: AlphaGo

* AlphaGo: 7| & + Z3let&
e AlphaGo Zero: 12! + &4
* AlphaZero: €8ta} (7], K.

ALPHAGDO

. . ==
Kl
-

v

E -

Protein Structure Prediction: Deep-Learning Revolution

“for computational protein design”

Demis Hassabis John Jumper
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ricle | Conn sooesy | Publihad: o4 bisy 2504

o | b 11 Joh 3023

Protein Structure Prediction: Deep-Learning Revolution

AlphaFold3 (2024) RFdiffusion (2023) RFantibody (2024) RFpeptide (2025)

Acc tion
interactions with AlphaFold 3

CASP

* Biannual structure prediction contest, blinded

TS
* 0B gp=0mo OO Predictors D

Cenhrﬁg‘i\sp
Wnn
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CASP

Prediction Categories of CASP16

Modeling categories
CASP16 categories are as follows:

= Single Proteins and Domains
As in previous CASPs, the accuracy of single proteins and where appropriste single protein domains will be assessed, ummmnllmmmmwslsmonma

fine-grained accuracy of models, whether related to depth and target size are surmounted, and whether
eaptured. There is also interest how well the many new deep learning methods perform, including those using large language models.
= Protein Co

mplexes

As in recent CASPs, the ability of current methods to correctly model subunit-subunit and protein-protein interactions will be assessed. We will again work in close collaboration with
our CAPRI partners. There was enormous progress in this category in the last CASP, but accuracy was not yet as high as for single proteins, so there is substantial room for a further
advance. New in this CASP is the option of predicting stoichiometry. Where possible, targets will initially be released without that information, models collected, followed by re-release
with that data provided.

+ Accuracy Estimation

Members of the community will again be invited to submit Becuracy estimates for multimeric complexes and inter-subunit interfaces provided by others, There is no longer a categery
for general methods of estimating single protein structure accuracy, since in recent CASPs estimates provided by model builders have been consistently more reliable. However, there
will be an emphasis on the reliability of accuracy estimates provided with submitted structures, both overall and at the individual amino acid level. Note that all accuracy estimates are

in pldet units, not
+ Nucleic acid (NA) structures complexes
Aﬂnmmmammwinwlnmwmsmﬂmmmhm it appeared that deep learning methods were not yet as

effective as more traditional ones for this type of macromolecule. HlsMwvtmulmo?TlllsGﬂstmwlmRNﬁummms‘mumammmmand
complexes of these with proteins.

+ Protain - organic ligand es
The last round of CASP included this category for the first time. Results indicated that, as with RNA structure, deep learning methods were not yet competitive with more traditional

So there is Interest in whether that has now changed. In additicn to ligands integral to protein targets, we expect to have several target sets related to drug
design.
Following the success of deep-learning methods for single itis to assess methods for predicting structure ensembles, and CASP Included this
category for the first time in 2022, menmsﬂeardeeolumlnqmanodsu potential for the best are still hotly debated with

many new papers appearing. In CASP16, we expect to have a variety of targets for both protein and RNA ensembles,

I
Deep bkearning methods combined with sparse Hmrimcnul data such as SAXS and chemical crosslinking are now being used extensively to obtain the structure of large
marcomolecular complexes. To assess effectiveness of these approaches, CASF is reintroducing this category of modeling, provided appropriate targets will be available.

CASP

* Targets of CASP16

4 targats Bealtoma.mens Hultimass B3 Lsand
[rr—yp—
% e + T % e 8 % Gaseription
L e A groape L) g 2zean12 Lopmatery qeone
2 e - o an_ska_snae
= wam [ 1 R arpaase slamacs e lanp 1
< o o an LT —
s e st wr Crpnase
. bt e p—
v tass s J—
L Lisans 108 .-
s omam et » s
W T A grous nr Percra aireeun & cape iose
W mam A s - LIS, 28 prosen st of vt pebppestnen
2 e s . cania
nin
. T A o s bt o
W mms - e s
B s A orous s iezeteean L Seeed rancbasy
. mm Fros-buch. B LT r—r—
T & 128 0 A e o 1
.  mg 8 e 1 caans
Ty Pros-buch. w2 VR covariat Bth i complz et IC prosamse
= man st » VD hovariat BUA i complaz vt 3C prosemsa
. mae A grouga fgunt 477 et (ne_1 3968
= man Fros-buch. " Fanse? tarmary winc
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s maa - s LR
3. e e wn [ A
s R 1 erear AR EAGHLAaspel T e
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CASP: AlphaFold Revolution

* AlphaFold2 from DeepMind dominates!

o CASP14  Cuistom fmemed A2 retmoment oo The CASP15 rankings
200 (2020) \ #2 UM-TEM Diverse MSAs. Threading then AF2

| predictions guide |-TASSER REMC

id) AI p h afo I d 2 | ‘ #3 Yang-Server Diverse MSAs. AF2

predh:ums fed to trRosettax2

ColabFold and NBIS- ar2 standard  ESM-singlesequence is

|- Next best jl / / 3;2"*‘"“"“7 -

53

ga;:“ugsm]]gi!]];ig.g ;ii sggiﬁi “ E “!\ : ?!

CASP: AlphaFold Revolution

= CASP16
: Complex prediction
: CASP16 % 10th
Jial Monomer i "
B} prediction i
i 6th .

CASP16
RNA prediction
9th
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Flow of AlphaFold2

* How AF2 works

e "
——— @O T BURTITITIN [
23 ﬁ £ 'ﬁﬂ Y
-
Horrerd M 4 ol - -~
= et [
MSA
Structure
Ay Evoformer A
input ) it Bocal (8 blocks) -
equence - e . 219
€ Ik
e
J l
] + Recycling (3 times) |

Getting Information from MSA

* Coevolution and contact map: deep learning with structural database

T0954 /6CVZ T0965 / 6D2V T0955 / SWOF
N OOBOOO0000EO000«
R D
R o inference
R D N
X : —
K E constraint C
w v contactin 3D
W v
.t 3
coevolution g
!
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Variants of AF2

Mew Rasules

& Follow this preprine
A g and C of Apo and Hole
Protein States Using Randomized Alanine $ < e Cormbined

with Shallow Subsampling in AlphaFold2 : Insights and Lessons from

Predicti of Fu i ic Confor

Mishank Raksinghani,Viedant Parikh, Brandon Foley, @ Gennady Verkhivker
dok: https:idoiorg/ 1001 101/2024.1 LO4.621947

AlphaFold-Metainference: Prediction of Structural Ensembles of
Disordered Proteins

1 Z. Faidon Brotzakis, (& Shengyu Zhang, © Mhd Hussein Murtada, (& Michele Vendruscolo
doi: huepsi//doi.org/ 10.1101/2024.11.09.622758

PROTEINS

RESEARCH ARTICLE | & Openaccess @ @O @

Multi-state modeling of G-protein coupled receptors at
experimental accuracy
Lim Heo, Michael Feig i

Firstp : 05 May 2022 | orgo.

26382 | Citations: 29

JOURNAL ARTICLE

MoDAFold: a strategy for predicting the structure of
missense mutant protein based on AlphaFold2 and
molecular dynamics &

Lingyan Zheng, Shufyang Shi, Xiuna Sun, Mingkun Lu, Yang Liae, Sisi Zhu,
Hongning Zhang, Zigi Pan, Pan Fang, Zhenyu Zeng ... Show maore
Author Notes

Briefings in Biginfarmatics, Volume 25, Issue 2, March 2024, bbael08,

1.0rg/10.1093/bib/bb

AF2 Structure Database

e EBI-AF2 database (https://alphafold.ebi.ac.uk/)

AlphaFold
Structure Database

Home
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AF2 Structure Database

* Search with protein name or UniProt AC

Liver X nuclear receptor beta
AlphaFold structure prediction

Download | PoBfile | [ mmctr e | [ Predicted aligned emor |

e L ploase eetor 1o our FAQ for a descrignion of the updated format.

[T Fecdback on structure | Losks great || Could be improved |

Information -

AF2 Structure Database

* pLDDT shows the reliability of a residue

* Can see a detailed structure with your mouse

3D viewer @

Model Confidence:

W Very high (pLODT > 90)

I Confident (90 > pLDDT > 70)
Low (70 > pLDOT > 50)

I Very low (pLDDT < 50)

score (DLDDT) between 0 and 100. Some
rogions below 50 PLDOT may be unstructured

in isolation.

- 36 -



AF2 Structure Database

* If you are working on the proteome, get all proteins of an organism by

icking download

Predicted Structures
27434

19,694

5,974

24,664

12,622

13,458

4,363

55,769

2330

21615
43,649

Compressed prediction files for del organism prot
Species H Prateo
Arabidopsis thaliane Arabid L
i itis eleg worm
Candida albicans €. atbicans UPODDODOSES of
Danio rerio Zebrafish UPDODOD0AZT of
UPOOD0OZ155 o
Drosophila melanogaster Fruit fly UPOODO00B03
Escherichia coli E. colf UPOOD0ODGZS o
Glycine max Soybean UPOODODBAZT of
Homa sapiens Human UPODD00S 640 o
M.
Mus musculus Mouse UPOODOODSED g
Oryza sativa Asian rice UPDODOSS6E0 if

Download (3,719 MB)

Download (2,655 MB)
Downlsad (985 MB)

Download (4,224 MB)
Download (2,193 MB)
Download (2,218 MB)
Download (458 M8)

Download (7,293 MA)
Download (4,877 MB)
Dovnicad (174 M8}

Download (3,619 MB)

Download (4,516 MB)

ColabFold: AF2 Opened to Public

nature methods

Explore content ~  About the journal ~  Publish with us ~

View all journals

Sign up for alerts )

Search O My Account (F)

RSS feed

nature > pature methods » brief communications » article

Brief Communication | Open Access | Published: 30 May 2022
ColabFold: making protein folding accessible to all

Milot Mirgita &, in Schi ) Aoriveak, Li Sergey Ouchinnikoy &1 & Marti
Steinegger =

Nature Methods 19, 679-682 (2022) | Cite this article
49k Accesses | 236 Citations | 394 Altmetric | Metrics

Abstract

ColabFald off 1 { prediction of p d lexes b bini
logy search of MMseqs2 with AlphaFold2 or RoseTTAFold, ColabFold's 40-60-
fold faster search and optimized model utilization enables prediction of close to 1,000
i ing unit. Coupled with Google
for protein folding,

structures per day on a server with
Colab y, ColabFold b

afreeand

Funding
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ColabFold

* https://colab.research.google.com/github/sokrypton/ColabFold/blob/m
ain/AlphaFold2.ipynb

¢ Input prote

quar

ColabFold

* Put sequence and jobname, click Runtime > Run all
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ColabFold

* Five predicted models are zipped and downloaded automatically

colored by pLODT

Modeling using ChimeraX

* ChimeraX supports ColabFold or retrieving AlphaFold DB

* Get models from DB

Usage: alphafold fetch [t true | fals Con true | false ] [ L true | false ] [ pae true | false ] [v
ze: alphafold match f: color( true | false 1 [ : true | false ] [ pae true | false ]
alphafold search seguence [ ix simi matrix fue ] [ maxSequences M] [ vers 1121314]
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Modeling using ChimeraX

* Result of alphafold fetch p29474

Startup Messagrs
=5 ;ﬂtﬂ—_ﬁhubﬂﬂd

pumel m odt dhone fiekds

ChimaraX version: 1 8 (2604-06-10)
© 20062014 Regpeots of the Usiversity of Califorsia. AT
roghts reserveed

e b st UCSF Chamera.

Whahalad fehch RIS

Foiching Alpbak old databasc scitings from
Fetching compeened AlpbaFeld PEM1
b apbafokd o ac ok Tilew AF-PERETA-F 1
model_vd et

Chain idarmation for AlphaFald FET4 41
Chsin|  Deserigiion UniFres

o |Hiscesdenduss. | SOSLIUMAN o
woabtbnal At

Cislor AlphaFeb PIS474 by residus airibuse pLIDT_secee

Modeling using ChimeraX

* Tools > Structure prediction >
AlphaFold opens a colab page

Or

* Type in command line:

alphafold predict sequence
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Comparing Structures using ChimeraX

* Tools > Structure Analysis > Matchmaker

Or

* mmaker #modell to #model2

AlphaFold3

* AlphaFold3 published in Nature!

nature

Explore content v About the journal v Publish with us v

nature > articles > article

Article | Published: 08 May 2024

Accurate structure prediction of biomolecular
interactions with AlphaFold 3

Josh Abramson, Jonas Adler, Jack Dunger, Richard Evans, Tim Green, Alexander Pritzel, Olaf Ronneberger,

Lindsay Willmore, Andrew J. Ballard, Joshua Bambrick, Sebastian W. Bodenstein, David A. Evans, Chia-Chun

Hung, Michael O'Neill, David Reiman, Kathryn Tunyasuvunakool, Zachary Wu, Akvilé Zemgulyte, Eirini

Arvaniti, Charles Beattie, Ottavia Bertolli, Alex Bridgland, Alexey Cherepanov, Miles Congreve, ... John M.

Jumper B + Show authors

Nature (2024) | Cite this article

215k Accesses | 1 Citations | 1150 Altmetric | Metrics
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AlphaFold3

* Adopts diffusion model for structure prediction

AlphaFold3

* Now it can deal with complex structures

a Protein-Protein Nucleic Acid-Protein Ligand-Protein
1.0 - 100 5 100 -
o8 T &0 E“
T £
06 60 o &
g 5 a
& El 2
04 = a0+ Z a0
2
H
02 20 4 259
#
0.0 - T T T T 0= T T T T o
004 0406 0G0B DB0I5 095+ 004 0406 0608 08095 D95+ 608 08005 095+
N=834 N=692 N=1574 N=1802 N=229 N=277 N=320 N=449 N=344 N=108 =92 N=200 N=481
chain pair ipTh chain pair ipTM pair iTM
Protein Nucleic Acid

V Ligand

LDDT to_polymer
LDDT to_polymer

0-50 50-70 70-90 90+ 0.50 50-70 70.90 90+
N=107  N=460 N=2283 N=1552 N=57  N=136  N=396  N=934
<chain pLDDT chain pLDDT
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AlphaFold3

A A
Alph F‘Eer.v

alphafold3

main 1

@ Augustin-Zidek

docker

* AlphaFold3 webserver and policies (https://alphafoldserver.com/)

2. You must not use AlphaFold Server (or its outputs):
a. in connection with any commercial activities, including

research on behalf of commercial organizations;

b. in any automated system that predicts the binding or
interaction of the protein with ligands or peptides, such
as Glide or AutoDock; or

¢. to train machine learning models or related technology for

Watch 48

t Acd file

About

AlphaFold 3 inference pipeline.

biomolecular structure prediction similar to AlphaFold

ty on AlphaFold 3

Happy to also share

weights) for
h infra, within 6

39

53

AF3 Webserver

1 MIRNKAFVYR
LLEGAEETSN
GFTNNNIGIG
PAAPKFAABY
KAKTKLARIH
GEFIROLEYK

DEMAALNIRR

RMA i 1 CAUUCGGEAU
CUAUGUCABA

CGUGUGAGGU

LYPNAAQTEL

LSEVOKFALG

EGRLKLPKLG

OVBIKODFAIV

KRIVNKRGDF

AANYGRLVSK

EALVAAGISD

GAAGCGUUGS

cCuUBCUUCAD

UCAAGAGUCC

* To model the complex, add entity

INRTLGSARF

NSLKNLETAY

WYKTKGGODI

TOGVRFKHED

LHELTTELVR

VEPYFPSSOL

TLNAHGGYVER

UGGCUGCaaD

COBOGCAAUGD

CUUGGCGCCC

YYNHFLARRI
KNFFRTVKOS
GGKILNVTVER
NPEYYRETLE
EYEIIGTEH

CHDCGFKNPE

PASAGNGLRS

AAUCUCAGAC

UCUGCBAABU

Continue and iew job
[

* Select the molecule type, put your target sequence

AAYKESGKGL
GKKVGFPRFR
PIJ-EGII\‘EJS‘
RLRKAGOTLS
KPONMRENRR
VENLAVRTHNT

ENHATLVY

ACCUUAAACG

GAGAAUCACS

TYGQTSSELT
KKRTGESYRT
VLCEVEIPYL
REKKGEARYD
LALSISDAGN

CPNCGETHDR

CUCAUGRAGS

COACULUUABU

1w
E I
B Ssave job
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AF3 Webserver

TnpB

€ Back & Download D Clone and reuse [ Feedback on structure

Very high (plDDT » VO)I_I Confident (90 > piDDT > 70) Low (70 > pIDDT > 50) Very low (plDDT < 50)

ipTM=0.21 pTM=059 learn more

1 92 186 279 372 465 568
Scored Residue

o 5 10 15 20 25 30
Expected Position Error (Angstréms)

AF3 Webserver

* Job limitations
* 30 jobs / day
* 5000 tokens / day

* One amino acid, one base = 1 token
* One atom for small molecule = 1 token
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ESMFold

* by Meta

Fobes B

Meta’s network, called ESMFold, isn’t quite as accurate as AlphaFold, Rives’ team reported
earlier this year2, but it is about 60 times faster at predicting structures for short sequences,
he says. “What this means is that we can scale structure prediction to much larger databases.”

A
y

A’ '1
\

ESMFold

* Structure database (esmatlas.com)

ni®O]n
« esmatias.com

n L

ESM Metagenomic Atlas

ESM Metagenomic
Atlas

an open at million metagenomic
protein str

Explore >
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ESMFold

* Structure prediction using ESMFold

B 08E2s3 Qe
o esmetias com

a L

ESM Metagenomic Atlas

ESM Metagenomic
Atlas

Explore »

ESMFold

* Paste sequence and click the magnifying glass

Boct2B+0 @aS2el Bessn e ' E<*sTnncER +22c) g*n#cnn2g <+ PDeBEr nnEgTCEYVEE JEC RS

& osmatias.com

- ] L]

ESM Metagenomic Atlas Explare m Awar  Bogs ()

Fold Sequence .....

m PWELGADSOSRDARGORFAMFTEL AISVGEIVDE

ETECITFLEDFTYSKDDFHRAGLOVEFINPIFEFSRAMARLGLDOAE YA
OQPYVOALLSY TRIKRPODOLAFDAMLMKLVELATLESVHEEVF,

[

| Predict protein structre with ESMFold oo Meta Al
\
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ESMFold

ESM Metagenomic Atlas Explore m About  Bleg » €

>unnamed

predictions (pLOOT > 0.9), while red
indicates low confidence (pLDDT < 0.5).

uetuee with ESMFald 00 Meta Al

-

RoseTTAFold

e D. Baker of UW

RoseTTAFold: Accurate protein structure prediction accessible to all

PREDICTING

STRUCTURES
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RoseTTAFold

* RoseTTAFold-AA

Science

WOME 3 SCENCE 3 VOL 384, NO.88%3 3

Current Issise  Flrst release papers  Archive  About w Csm-m

@ | RESEARCH ARTICLE | PROTEIN DESIGH

f Xino %2

Generalized biomolecular modeling and design with

RoseTTAFold All-Atom
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