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Python vs Protein
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Start from Sequence



5 S5 2RV EIE

g icati yA=Ra:1l .
, :Eﬂ::i-‘:;!;ﬁ} = iE 1§ II:HI /G 15 ;E

DNA Polymerase

DODEDG ona DNA 2> RNA 2 Protein

" transcription #E 5%

" (DNA->RNA) < BEff(Transcription)2E B EHADNAE

RHA Polymerase URNAE’]L*E
I*H‘“'*H‘illﬂ RNA
.'. < BFFE(Translation) 2REBEEZMERIPOIE
. translation #532 A - BEERAIMRNASD T ( HDNAZE 8 8 §%
. ONA > Prstein) MM ) P T RENBSIER . (ZERES )

0-0-0-0-0-00 FProtein RS - WEMHENRERERFYINBE -

th0\iERI (The central dogma)

(https.//en.wikipedia.org/wiki/Central_dogma_of _molecular_biology)



Start from Sequence

base pair

Eﬁ?&‘i‘l&lﬁ%&l&&lﬁ‘i‘?@%ﬁ%ﬁ DNA
N ( E3 )

GUGCAUCUGACUCCUGAGGAGAAG RNA
TILLLLLL  om
VA - EHE

(RIS —REREREKFS)

@ stop

7 Mouagip - Codons aminoacids table.png, /\5 1, Madprimederivative work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=5986132 https://commons.wikimedia.org/w/index.php ?curid=18365188



Amino acids are linked via a condensation reaction

Peptide bond
H\ /R IT| (|? H\ /R ITl (I?
l?l (I% i H/N\/C\/C\O/H r\Il (I:I /C\ =
H O R H H o R H
/O\
+ H H

& Rl e E B L AR $2 (Peptide bond)#E &



Amino acids are linked by peptide bonds

Residue 2 Residue 4

Residue 1 Residue 3 Residue 5



List of amino acid structures

Lysine
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§ e
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a muumwuo— C WCM
Proline
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Alanine
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Dan Cojocari, CC BY-SA 3. 0 via W/klmed/a Commons



The four levels of protein structure

Primary
structure

Secondary
structure

K ,0 B sl %
Tertiary N L Y i
structure . N A Polypeptide LY 3 d ol
" _ (single subunit ) ‘
' 4 ) of transthyretin) 'b Y
Function-

Quaternary . .y Structure, enzymes,
structure Transthyretin, with four

identical polypeptide subunits q communication, sto rage,
transport, defense...

Copyright © 2003 Paarson Education, Ine., publishing sz Benjamin Curnmings.

Assembly

Folding

Packing

Interaction



>1Z8U_2|Chains B,D|Hemoglobin ([M#I 2%) alpha chain|Homo sapiens



About Protein Structure
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HaEEZBMEREGENERLE

Molecular Type 1 X-ray|¥ NMR EM Multiple methods Neutron Other  Total
Protein (only) 147998 11984 7772 187 72 32 168045
Protein/Oligosaccharide 8724 31| 1372 S 0 0 10132
Protein/NA 7812 277 2461 3 0 0| 10553
Nucleic acid (only) 2453 1416 62 12 2 1 3946
Other 154 31 5 0 0 0 190
Oligosaccharide (only) \_ 11 6 0 y 1 0 4 22
Total 167152 13745 11672 208 74 37 192888
\ B3 e g (20220716 updated)

X-ray: X-ray crystallography X-JCeri==
NMR: Nuclear magnetic resonance 1%k

. AN TS B
- . - s 748
cryo-EM: cryo-electron microscopy /< ER 28 #8 https:/furmw.rcsb.org/stats/summary



Convert a PDB file to a Structure

>6ANE 1|Chains A, B, C|Poly(ethylene terephthalate) hydrolase
MOTNPYARGPNPTAASLEASAGPFTVRSFTVSRPSGYGAGTVYYPTNAGGTVGATIATIVPGYTARQSSIK FASTA
WWGPRLASHGEVVITIDTNSTLDOQPSSRSSQOMAATLRQVASLNGTSSSPIYGKVDTARMGVMGWSMGGG
GSLISAANNPSLKAAAPQAPWDSSTNESSVIVPTLIFACENDSIAPVNSSALPIYDSMSRNAKQFLEIN format
GGSHSCANSGNSNQALIGKKGVAWMKREFMDNDTRYSTFACENPNSTRVSDFRTANCSLEHHHHHH

Sequence‘

PDB structure file
iR EHE R FRY3DEEIR

ORIGX2 °. 1. °. 2.00008

ORIGX3 o. 0. 1. 0.00000

SCALE1 0.018915 ©.000000 ©.000000 0.60000

SCALE2 0.800000 ©.004276 ©.000600 0.80000

SCALE3 ©.000000 ©.000000 ©.08605S o.60000 7 B

ATOM 1 N THRA 2  -38.844 -36.139 26.675 1.00 43.20 N ﬁAE— iﬁ?ﬁ}ﬁ

ATOM 2 CA THRA 2  -38.928 -36.236 24.823 1.00 42.15 c 2¥T IS

ATOM 3 C THRA 2  -37.851 -34.874 24.086 1.00 38.29 c i 4ot

ATOM 4 0 THRA 2  -38.605 -34.429 23.204 1.00 39.45 0 ﬁﬁ_ﬁ ] *ﬁ

ATOM 5 CB THRA 2  -38.559 -37.317 23.881 1.00 44.81 c

ATOM 6 OGL THR A 2  -37.647 -37.461 22.783 1.00 45.87 0

ATOM 7 CG2THRA 2  -39.990 -37.889 23.388 1.00 45.59 c

ATOM 8 N ASNA 3  -36.718 -34.247 24.370 1.00 31.48 N

ATOM 9 CA ASNA 3 -36.367 -32.963 23.903 1.00 26.55 ¢

ATOM 18 C ASN A 3  -36.180 -32.887 22.404 1.00 24.30 c

ATOM 11 O ASNA 3  -35.874 -33.415 21.952 1.80 24.90 o

ATOM 12 CB ASN A 3 -35.117 -32.423 24.672 1.00 23.36 ¢

ATOM 13 CG ASNA 3  -34.672 -31.681 24.298 1.00 22.22 c

ATOM 14 OD1 ASN A 3 -35.184 -30.378 23.371 1.80 19.60 0

ATOM 15 ND2 ASN A 3 -33.706 -30.494 25.041 1.00 22.68 N

ATOM 16 N PROA 4  -36.958 -32.197 21.628 1.80 23.95 N

ATOM 17 CA PROA 4  -36.754 -32.262 20.171 1.00 23.73 c . .

ATOM 18 C PROA 4 -35.513 -31.536 19.636 1.00 23.47 c Vlsuallzed by
ATOM 19 O PROA 4  -35.170 -31.710 18.468 1.00 22.30 o

ATOM 20 CB PROA 4  -38.030 -31.646 19.613 1.00 24.93 c .
ATOM 21 CG PROA 4  -38.510 -30.712 20.682 1.00 26.00 c

B RSB RESmpmoarse © Molecular Graphical Tools
ATOM TYRA 5  -34.862 -30.723 20.469 1.00 23.26 N




Demo: 1 Protein Data Bank, PDB #= 6 ANE

RCSB PDE  Deposit ~ Search » Visualize » Analyze ~ Download ~ Leam = More »~ Documentation

='an 179842 Biological T barmife) 6AN E
& Macromolecular Structures Enter search term(s)
o Enabling Breakthroughs in

PROTEIN DATA BANK Research and Education Advanced Search | Browse Anhalations Help 4
= ) o A =< BVIN
EOHABERE .

— e S elefnating YEARS OF

! fpR-101 f"gpﬁ EMDe e ._ﬂ N g Presa Cuca s 7 @ Protein Data Bank

R Welcome This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,

N :
+ Deposit from protein synthesis to health and disease.

As a member of the wwPDB, the RCSE PDB curates and annotates PDE dala.

Q search _
The RCSB PDB builds upon the data by creating tools and resources for

research and education in molecular biology, structural blology, computational

(el Visualize biology, and beyond.
- Ly, |
i Analyze (q :1
-

J-1¢
CORONAVIRUS

. PROTEIN r‘ .
[ ~ DATA BANK m \
Designed Proteins and Citizen Science

& Download

B Leam

https://www.rcsb.org/



Structure Summary : 6ANE

6ANE: Crystal Structure of Ideonélla sakaiensis(KBRIRE) PET Hydrolase(Z ¥ X _ g £, _Bs-/KEERES)

3D View Annotations Experimeni Sequence Genome Versions 6AN E. pd b
. : [ PENEIZCERA ® Download Files =
Biological Assembly 1 @ 6 A N E PDB ID _

FASTA Sequence
Crystal Structure of Ideonella sakaiensis PET |
PDB DOI; 10.2210/pdb8AMNE/pdb FDB Format
Classification: HYDROLASE FPDB Format (gz)

Organism(s): |decnella sakaiensis
Expression System: Escherichia coli BL21
Mutation(s): No @ PDBx/mmCIF Format

PDBx/mmCIF Format (gz)
Deposited: 2017-08-12 Released: 2018-04-18

Deposition Author{s): Galaz-Davison, P, Sotomayor, M., F
Funding Organization(s): ASEMB, INACH PDBML/XML Format (gz)

Experimental Data Snapshot wwPDE

Biclogical Assembly 1
Method: X-RAY DIFFRACTION

Resolution: 2.02 A
esolution Structure Factors (CIF)

& 3D View: Structure | 10-3D View | R-Value Free: 0.217 1
Electron Density | Validation Report | R-Value Work: 0.177 ramach  Structure Factors (CIF - gz) 0
Ligand Interaction R-Value Observed: 0.179 S 0
RSRZ outliers I 1.0%
Global Symmetry: Asymmetric - C1 @ ol "
lelmﬂlw.T_lun:u of Koy sroctunes
G]Ohal $lﬁich|0-1"l‘te1!"f MDHDI‘neF = .lﬂl‘l ﬁ {0 emrcantin reinthvn 0 Heray stucharas of nesdar saisichan

https://www.rcsb.org/structure/6ane
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®| Display Files «

FASTA Sequenc

FDE Fils

FCB File (Header)
mimCIF File

mmCIF File {Header)
FOBML/ %ML File

FOEML/ XML File (Header)

R ETPDBH RN ¥,

EERT LA S - A gl E

HEADER
TITLE
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
KEYWDS
EXPDTA
AUTHOR
REVDAT
REVDAT
JRNL
JRNL
JRNL
JRNL
JRNL

1

HYDROLASE 12-AUG-17  BANE
CRYSTAL STRUCTURE OF IDEONELLA SAKAIENSIS PET HYDROLASE
MOL_ID: 1;

2 MOLECULE: POLY(ETHYLENE TEREPHTHALATE) HYDROLASE;

3 CHAIN: A, B, C;

4 FRAGMENT: RESIDUES 28-290;

5 SYNONYM: PETASE;

6 EC: 3.1.1.101;

7 ENGINEERED: YES
MOL_ID: 1;

2 ORGANISM_SCIENTIFIC: IDEONELLA SAKAIENSIS (STRAIN 201-F6);

3 ORGANISM_TAXID: 1547922;

4 STRAIN: 201-F6;

5 GENE: ISF6_4831;

6 EXPRESSION_SYSTEM: ESCHERICHIA COLI;

7 EXPRESSION_SYSTEM_TAXID: 511693;

8 EXPRESSION_SYSTEM_STRAIN: BL21;

9 EXPRESSION_SYSTEM_VECTOR_TYPE: PLASMID;

® EXPRESSION_SYSTEM_PLASMID: PET24B

PETASE, AB HYDROLASE, CUTINASE, PLASTIC, HYDROLASE
X-RAY DIFFRACTION
P.GALAZ-DAVISON,M.SOTOMAYOR,L.P.PARRA,C.A.RAMIREZ-SARMIENTO

2
1

25-APR-18 6ANE I REMARK

18-APR-18 6ANE 2]
AUTH  T.FECKER,P.GALAZ-DAVISON,F.ENGELBERGER,Y.NARUI,M.SOTOMAYCR,
AUTH 2 L.P.PARRA,C.A.RAMIREZ-SARMIENTO
TITL  ACTIVE SITE FLEXIBILITY AS A HALLMARK FOR EFFICIENT PET
TITL 2 DEGRADATION BY I. SAKAIENSIS PETASE.
REF BIOPHYS. 1J. V. 114 13082 2018

http://www.wwpdb.org/documentation/file-format-content/format33/sect2.html/



PDB1E

e ) CRYST1 52.868 233.852 165.076 90.00 90.00 90.00 C 2 2 21 24
= Display Files « ORIGX1 1.000000 ©0.000000 ©O.000000 0.00000
ORIGX2 0.000000 1.000000 O.000000 0.00000
ORIGX3 0.000008 ©.000000 1.000000 .00000
T SRR SCALE1 0.018915 ©.000000 O.000000 0.00000
SCALE2 0.000000 0.004276 © e
PDE File SCALE3 0.000000 0.000000
: ATOM 1 N THRA 2 1.00 43.20 N
POB File (Header) ATOM 2 CA THRA 2 1.00 42.15 C
e ATOM 3 C THRA 2 1.00 38.29 C
: ATOM 4 0 THRA 2 1.00 39.45 0
mmCIF File (Header) ATOM 5 CB THRA 2 1.00 44.81 C
FODBML/ %ML Fila ATOM 6 0Gl THR A 2 1.00 45.87 (0]
ATOM 7 CG2 THRA 2 1.00 45.59 C
PLBML/XML File (Header) ATOM 8 N ASNA 3 1.00 31.48 N
ATOM 9 CA ASNA 3 1.00 26.55 C
ATOM 106 C ASNA 3 1.00 24.30 C
ATOM 11 0 ASNA 3 1.00 24.90 0
Jext-based format ATOM 12 CB ASN A 3 1.00 23.36 C
. . . ATOM 13 CG ASN A 3 1.00 22.22 C
with 3D information ATOM 14 OD1 ASN A 3 -35.184 -38.378 23.371 1.00 19.60 0
ATOM 15 ND2 ASN A 3 -33.706 -30.494 25.041 1.00 22.68 N
ATOM 16 N PROA 4 -36.950 -32.197 21.628 1.00 23.95 N
ATOM 17 CA PROA 4 -36.754 -32.262 20.171 1.00 23.73 C
ATOM 18 C PROA 4 -35.513 -31.536 19.636 1.00 23.47 C
ATOM 19 0 PROA 4 -35.170 -31.710 18.468 1.00 22.30 0
ATOM 20 CB PROA 4 -38.030 -31.646 19.613 1.00 24.93 C
ATOM 21 CG PROA 4 -38.510 -38.712 20.682 1.00 26.00 C
ATOM 22 CD PROA 4 -38.061 -31.301 21.999 1.00 25.87 C
ATOM 23 N TYRA 5 -34.862 -30.723 20.469 1.00 23.26 N



PDBiEZ=A&®- HETATM

Xy z

:iﬁ Display Files «

ATOM 5804 ND2 ASN C 261 18.723 -11.726 -23.291| 1.00 30.12 N

ATOM 5895 N CYS C 2562 14,285 -9 827 =76.575 1.0 30.45 N

ATOM 5806 CA CYS C 262 12.948 -9.294 -20.885 1.00 33.58 c

FASTA Sequenc ATOM 5897 C CYS C 262 13.012 -7.773 -20.683 1.00 35.54 C
ATOM 5808 O CYS C 262 13.342 -7.323 -19.589 1.00 39.92 0

FOE File ATOM 58089 CB CYS C 262 12.178 -10.029 -19.765 1.80 32.71 C
SDE File (Headel) ggm ;:ii} sG Ez: E gg; 10.381 -18.019 -19.990 1.00 33.77 s
T Eils 5812 MG MG C 301 -0.050 -7.496 -40.983 ©.50 23.98 MG
HETATM 5813 O HOH A 301 -18.774 -8.400 42.837 1.00 28.05 0

mmCIF File (Header) HETATM 5814 O HOH A 382 -10.532 -34.797 24.956 1.00 27.78 0
_ HETATM 5815 O HOH A 303 -9.357 -5.734 36.827 1.00 18.49 0

POBML/ XML File HETATM 5816 O HOH A 304 -6.478 -18.360 27.628 1.08 21.15 )
POBML/XML File (Header) HETATM 5817 O HOH A 385 -14.156 -17.221 18.176 1.00 25.29 0
HETATM 5818 O HOH A 306 -1.366 -5.876 29.725 1.00 29.05 0

HETATM 5819 O HOH A 387 -25.001 -35.477 30.661 1.00 27.88 0

HETATM 5820 O HOH A 308 -16.346 -28.091 23.272 1.00 13.73 0

HETATM 5821 O HOH A 389 -38.083 -24.557 17.452 1.00 33.39 o}

4 HETATM 5822 O HOH A 310 -28.481 -26.306 18.284 1.00 15.63 0

HETATM 5823 O HOH A 311 -12.427 4.993 16.337 1.00 19.78 0

HETATM 5824 O HOH A 312 -20.995 -11.592 41.579 1.00 22.05 0

EEEETNEER FREEMEUHETATMAE N - AR BIPHIMG



ATOM- Record Format

ATOM 5809 CB CYS C 262 12.178 -~10.828 19,765 1.68 32.71 C
ATOM 581e 5G CYS C 262 19.381 =10.915 =18 9098 1.608 33,77 S
TER 5811 CYS € 262

HETATM 5812 MG MG C 301 -0.050 -7.496 -40.983 0.50 23.98 MG
HETATM 5813 O HOH A 301 -18.774 -8.400 42.837 1.00 i 0

Record Format

--------------------

COLUMNS DATA TYPE FIELD DEFINITION

t L= § ] Record name "ATOM "

E T = 11 § Integer serial Atom serial number.

£ 13 - 16 : Atom name Atom name.

. 17 § Character altLoc Alternate location indicator.

i 18 - 20 = Eesidue name resName Eesidus name.

: 22 ] Character chainID Chain identifier.

E 23 - 26 ¢ Integer resSeq Residue sequence number.

2 27 § AChar iCode Code for insertion of residues.

i 31 - 38 : Real (8.3) X Orthogonal coordinates for X in Angstroms.
: 39 - 46 § Real (8.3) v Orthogonal coordinates for Y in Angstroms.
i 47 - 54 : Real (8.3) Z Orthogonal coordinates for 7Z in Angstroms.
: 55 - 60 § Real (6.2) occupancy Occupancy.

E 6l - 66 : Real (6.2) tempFactor Temperature factor.

: 77 - 78 § LString(2) element Element symbol, right-justified.

E 79 — 80 § LString(2) charge Charge on the atom.

)

-------------------

http://www.wwpdb.org/documentation/file-format-content/format33/sect9.htmI#ATOM



Check protein data file from ColLab

Upload
01_Protein Data Bank.ipynb
To
Colab Notebooks ¢ ICIb



Protein Structure Visualization
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Visualization of Protein Structure

Protein sequence

*3TE4:A|PDEID| CHAIN| SEQUENCE

GPLGSPYTIELIQFEDGEAVIAMLETFFFEDE] EEYSLEPLPD
PAPDDVPEKAADISCEHPEFEEILSLHMDHVEEQ] DGEILSVDTH
VYHVLCSSHYIARVNEELGFHEVFRMOQFADYE]  GIOVMAKEW

From Sequence
to Structure

l

PDB file format

e 3D structure information

PR R R R W W e W W

T 0. 000 0. =000
XKD Y &R BE R FRI3DEIE
?.9&5_ _55.155 lS.SZI_ 1.

N o
P ST L JHLU =1yl

———

Visualization softwares

ERK IR
* PyMOL

« UCSF Chimera e ie e fareTA
e RasMol ...




Download PyMOL

Download PyMOL 2.5

Version 2.5.2 - Updated August 20th 2021 ( )

For previous versions

These bundles include Python 3.7.

--------------------------

.
.
.
.
m
.
.
=
.
=
.
=
=
.
=
m

Windows i Windows :  macOS Linux
EXE Installer ZIP Archive DMG Disk Image TAR.BZ2 Archive

rrrrrrrrrrrrrrrrrrrrrrrrr

https://pymol.org/2/



¥ PyMOL-2.5.2_293-Win64-portable-py37 zip ) |
~ ! RESES Zipped) EBHK

<pg S HY B pyh iy B AR e 3
=1 |
R AR 2 BB(T)... BEEREREZEEEREE):
B¥PyMOL-2.5.2_293-Winb64-portable-py37 FER)..
()
EmEEEaE (] =risEr BB REN)
Edit with PyCharm e
X ARPYMOLER G X ERNEEEME, HFE
rap ’ BEiEERGE "Efm" L EZENEEBHER
‘ cRCSmA ? D or Efg, Sl @E X ERK N E

m>xe RS




Z % PyMOL

On WindOWS PyMOL-2.5.2_293-Win64-portable-py37 > PyMOL >
« ZIP Archive: Unzip and run PyMOLWin.exe Az g
(ZIPRRBR4E1% - EIE#ITPYMOLWin.exe ) 2 meveptdo 2l

[ msvep140_atomic_wait.dll
] msvcp140_codecvt_ids.dll

On d MaC ‘ . P}_’MDLWin.exe
. . PyMOLWinWithConsole.bat
1DOUb|e'C||Ck on *.dmg flle ® python.exe
K2 pythonpdb

2.Drag PyMOL icon to Applications folder

%] python3dil

On Linux
1.Unpack the .tar.bz2 file, e.g.: tar -jxf PyMOL-2.2.0_0-Linux-x86_64.tar.bz2

2.Run PyMOL with: cd pymol; ./pymol

https://pymol.org/2/support.html?#installation



| File Edit Build Movie Display Setting Scene Mouse Wizard Plugin
OpenGL graphics engine:
GL_VEMDOR: NVIDIA Corporation
GL_RENDERER: GeForgamarass oo aiocsy

License Expiry date
Dopda L RNl Silect file types to register them with PybOL

Eepster All

Repister Recommended %)

CNT  Sybyl Map File

BRIX  BRIX Density Map

CC1

cc2

CCP4 CCP4 Map File %
CIF Crystallographic Information ... *
CMS  Desmond Structure File

CUBE

DSN6  BRIX Density Map

DX DX Potential Map 2

Oo|ojo|ojo[o|O/0[0d]

ENT Protein Data Bank File *

Enahled multithreaded rendering,



¢ Setting  Scene  MNouss Wizard Plugin Help

o oo I S eaERmesa

glR::‘lEu‘H':r caused GL error @x@500

Command Line

d€— A:action

S: show
Name Panel H' hd
) 14 3 & . hiae

L: label

C: color

Mouse Matrix

BB ?I & __
Frame Indicatoriod: =suceal ey ‘

' |
Command Line e
Movie Controls e T PR I




Practice 1: Build a peptide from PyMOL

File Edit Build Movie Display Scene Mouse

Setting




Practice 1: Build a peptide from PyMOL

BEY Builder, 1132 Protein

Chemical Nucleic Acid

Ace || Ala || Arg || Asn || Asp || Cys || Gln || Glu || Gly His Ile

Lvs || Met || Phe || Fro Ser Thr || Tep || Ty || Wal || NMe || NHH

Secondary Structure: [Alp_]'ia Helix i “

#E1ZE Alpha Helix _#R4518

*oJ g tRbackbone, side chain



SEHER3DIIE S
o] IR E T ENR?



You got the Protein Structure

what's the NEXT?

For example,

ACE2

Angiotensin-Converting Enzyme 2 (ACE2)
MEFRRERA




ACE2: The Receptor for SARS-CoV-2

Spike (S) protein

L

\lsm&cwa\ '%WE_Z

SARS-CoV-2E4 £ 2 ff1RY
REERQMHEFR

Figure 1. is the host cell receptor responsible for mediating
infection by SARS-CoV-2, the novel coronavirus responsible for
coronavirus disease 2019 (COVID-19). Treatment with anti-ACE-2
antibodies disrupts the interaction between virus and receptor.

https://www.rndsystems.com/resources/articles/ace-2-sars-receptor-identified




(2020) Science 367 1444-1448

Qﬁr

'

Structure Alignment

.....................
. y
-----

*
AEEEEEEENEEEEES

) E Identities E
"} 186/217(86%)

*

*

.
“ .*
......
.....

= Identities :
s 597/597(100%])

6VWI (UsA)
1.290

(root-mean-square deviation)

RMSD

(2020) Nature 581: 221-224



What's the NEXT?

RBD
/4
ACE2

The
coronavirus recognition sites?
S Bl 85




MNSRASHUE

6M17 (China)

RBD Tyr489, GIn493, Tyr449, Thr500,
Asn501*, Gly502

ACE2 Thr27, Glu35, Asp38, Tyr4l, Lys353

(2020) Science 367: 1444-1448

6VW1 (USA)

RBD

ACE2

Ala475, Asn487, Tyr4d89, GIn493, Gly496,
Tyr449, GIn498, Thr500, Asn501*, Try505

Serl9, GIn24, Tyr83, Lys31, Glu35, Glu37,
Asp38, Tyrdl, GIn42, Lys353, Arg393

(2020) Nature 581: 221-224
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PyMOL Tutorial

P Fart |- T EgEETrEs
b Part 2- BRI S B fER & il
¥ Part 3- EEE(E

.

.

.

HheEtE
proteinzz Shes g
il e e~
Ligand sites
EE

Script and log file
PRIIE TR R
FrFAERESEn)
EERFER T Iws
FE PR E
ETET

30 g steren)
BEFERTF
EaEsuface

> Part 4 3E5ERTE
> Part 5 EkEL

PyMOL Tutorial

: =t
mammmmlwsemmm»madm o
Fﬂ‘!‘f'-m‘ sa‘u!mﬂ i et H?'"l‘ d with 51 ARoes . |f 1
ST erEaR s aack 1N e & =] mosat | zoom | crisct | oraw | ra |
SE\N'WI St‘ clr_raﬁ\lls set to 0,50000, | ik Desalect Get Ve

Ray! rénder Time! 157 SeC. = 3231.0 frames/howe (4.97 ses. accum. ). I

Lxset SC1Ck radiuss, ¢ l<| = E’ Py | > n] Ml
Fexring: sEick w!l! S#E e 0.30000, I ornnand Eusddar
Save: Mease WalT -- weiting session file, -
Save: wroke J /2011100’MMD/!012W|/DS€ nome- 1000, D Pt Alvoet |
Ryt render ='1356.4 Sl G5y st s .
Ryt rerder ‘)M .46 sec. = 1aé3.4 frames howr (10.04 Sec. SCCLML ). q

putaots [T

W PO Viewer

A Tutorial for the PyMOL Basics

http://140.114.98.75 /sbio/pymol/




¥ Part 1- THEEE
* Download PyMOL
o FEPYMOL
o BEREIEH
¥ Part 2- IR EHEBRFRETE
- FARUESE
« BfFRENE

« A: Action
* S: Show

H: Hide
L: Label

C: Color

PyMOL Tutorial List

¥ Part 3- BT
o ZERkiShE
» proteinz 4 iy¥g
o BRAKVERE E R
* Ligand sites
- @FFEER
* Script and log file
* MR R
» - FHEEE (Slab)
o EERE e
« EFHEB ik
¢ BRET
* - F3DE(stereo)
* lHERERT
» ZEEHsurface
ERE

¥ Part 4- ¥ EFSEE{E

« protein/LigandfSiygkss
Structure alignment
T HERERES
PyMOLE HEIBRIF
MutagenesisE{E
« EREREEN

Y Part 5- &Y
* Cavity of DAT




PyMOL Experience

Browse PyMOL

2 - 2] B Ein fuodd v [eplsy  Getieg  Soeee Mpuse el Sope
T 1401 SRSt f o W @ wlo@ i SRENGL QrAINTCS Engle
b cﬁ = ‘1 H o o o . HA ‘D&frp—un'
0 MmO EAREEGooghed [ Poliwes - Prote ) Festfleca i bmal 5 Tolefce My Bl Acie Sonm3lige w v ! “"E"':‘*i_.{;,,”:' e
7 ] Enabl el mal C1Eeided Fenderitg
o
ok m .l i | m wWITH BL EEOME
i q};;}_&r o B lecners | s.e--r ue-' &1 wITH BL AT
34180100 Tan Caare ne-~---:-1 wITH B Ao '
Torpin Tistsipalsy B - Ray: rinder fimer 3,09 sec. = HW. 6 Trasms hoor (1,08 e, acium. J. =3
PyMOL Tutorial
PyMOHL Tetarial
o - |l e
. = L e e
w et T ENEE R B A a L
w P B
* lim - WY
e P ik g !

| it by - Clong L

I PCLye™s Lah, KTHLU

A Tutorial for the PyMOL Basics

W i [ S W ks

*EEOLUIRBEHENELESE, PYMOLEN NG EIRE

\t



Try PyMOL Demo

& ryvoL 1

File Edit Buld N . _ ene  Mouse RUEEICE Plugin  Help

Appearance

Measurement

Mutagenesis ¥

Pair Fitting

Density

Filter

Sculpting

Select
12 Demo Show

Cleanup

Label

Charge

Demo

Representations

Cartoon Ribbons

Volume Rendering

Roving Detail

Raoving Density
Transparency

Ray Tracing

Sculpting

. Scripted Animation

Electrostatics

PyMOL Demo:
Wizard > Demo >

Compiled Graphics Objects
Maolscript/Raster3D Input

End Demonstration

End 10 end

Pyt0L > _



- P fm 2= [ Ak 22 Paxlovid

iE F 58 EY -
Health and Welfare
- Lo BFEEESRTE : COVID-19 [hEEE SE EHERE

A&~ AR BEERS - ESRE- @3Ea- EASH ASBEAAEERE-

HE / =iHE /| EEFE

OO0

FESAEERERAERATCOVID- 191355
HEHA

s FRIARE : EmEYESEE * ZEHE : 111-01-15 * E5FER- - 111-01-17

https.//www.mohw.gov.tw/cp-16-65592-1.html|



Paxlovid E:E{ERE R

2 E 8 54 43|
¥ TPaxlovid I BEEEHZEHR

ORUTHE—SZERMETF > k{EH
SRAPRBAXAZ = 125EH
BBE = 402FFRE -

CEERREF I £ = 655 « BEK®K -~ RI1E
BER -OMEXRB(ESME) - @EmME
BMI = 25 (H12-17TRREF2VEBMI BB
R B8SEA) Rt EREINEZER
HERMEERREFE -

RRAITREEEERD 2022/01/27



SARS-CoV-2 main protease (Mpro) + Paxlovid

BEVEVRSICRA @ Download Files ~
Biological Assembly 1 @ 7 Slg I Dl i

Room temperature X-ray structure of SARS-CoV-2 main protease (Mpro) in complex with PF-
07321332

PDB DOI: 10.2210/pdb7819/pdb

Classification: HYDROLASE

Organism(s): Severe acute respiratory syndrome coronavirus 2
Expression System: Escherichia coli

Mutation(s): No €@

Deposited: 2021-10-12 Released: 2021-10-20
Deposition Author(s): Kovalevsky, A., Kneller, D.W., Coates, L.
Funding Organization(s): Not funded

Experimental Data Snapshot

Method: X-RAY DIFFRACTION
Resolution: 2.00 A

*Paxlovid@Mpro & B EH i &l

https://www.rcsb.org/structure/7SI9



PyMOL B (E




1. R 7519

Edit Build
MNew PyMOL Window

Open...
Open Recent...
Get PDB...

Save Session
Save Session As..

Export Molecule..
Export Map...
Export Alignment..,
Export Image As
Export Movie As
Log File

Run Script..
Working Directory

Edit pymolrc
Reinitialize

Quit

rd Plugin Help

i Get PDB File ? X
Mote: Downloading will save the files 1n the
directory defined by the "fetch path" setting.
PDE ID: |7519

FDE Structure |Object name (pptional)

[ ] 2FoFc Map |Db,u3ct name (optonal)
[ ] FoFe Map |Ob]ect name (optional)
FDE Structure Options

Chain name (optional):

—_

Assembly (optional):

This will run the follown

set azsembly, 1"
fetch 7219

Download




fikSecondary Structure Z & - Helix, Sheet, Loop HA3BEE IJLUEE(R £E)
Color by ss (By Secondary Structure)



3. BR 1 protein chainsZ% - BIRBEEHNERA?

>select heta, hetatm
EHERTBEHIET - Ui S A heta (05X 5 (EHE#E 2 )

hEhkkhRkhkhkkhkkhkkhrhkkhkkhkkhhkhkhkhkhkhkhkkhkkhhkrkhkkhkkhkkhkk*k

>select resn HOH
ZJEK (resn= residue name)

BRIV
>select water, resn HOH
EEK - Wan &4 water

KERhkAKRkkrhkArkhkkhrhkdhhkhhdhhkhkhkhkhkhkhkkhkkhkkhkhkhkhkhkhkihkxk*k

>select hetatm and not resn HOH
EIERR 7K Z9MNY hetro atoms

*oPIE##FEEE T BERERR



4. ZIRGKERV AR 28

[~ Lt - | =
By Edit Budd Movie Dapley Selting Scene Moar Wizard Plugen  Heldp

>select heta, hetatm
EHERTBEHIET - Ui S A heta (o5 5 [EHE#E 2 )

>hide everything (2k2H hide all 7ra])

>show as ribbon

# show everything as a ribbon, EE —EFF R BNIES
BEERMEGEEBBEL IS E3DH‘C BEmERERR— 1E
15, IZFHshow _as, Mo EES

>select hydrophobes, resn
ala+leu+val+ile+trp+phe+met+pro

>show sticks, hydrophobes

>color magenta, hydrophobes



5. f{a 23R LigandIfiI &?

Ligand sites



Compound

—_l
Complex Receptor Ligand

*ReceptoréiLigandE X EZE RN IEXLBEREIER S - BFEFE T (lonic Interactions ) - &S]
( Dipole Interactions, #1&# ) - MLFE S ( Van Der Waals Interactions ) - BiK 4%
( Hydrophobic Effect )



6. EEFEFE

Width |1000px 2| [16.93cm 2]
Height [830px 2| [14.07cm ]

Reset Lock aspect ratio

Units cm v | at DPI

transparent background ("Rav" only)

Diraw (fast) P Ray {slow)

- —MRIERFARNENTER
640 x 480 pixels - P
PyMOL S9MEfE 1 "ray
tracer" gt - OliEEBmE -

- oDl EREERRRENTE:

(ERR<THRERA)
ray 2000,2000

. BTG BRpngEE



7. 40{ol 3 =

File Edit Build Mowie Display Setting
Executive: Colorad 1001 atoms.

Scene

Mouse

time: 3.92 sec. = 917.7 framesfhour (3.92

(751370 A/PRO" 96/ CA

2™ defined with

¢ atoms.

Appearance
Measurement
Mutagenesis: *
P =

5| [R SRV EE Bk ?

Plugin Helg

lal1

7849 -2
{theta)
{hydrophobzz)
[Fat9ipal_conts
[{ealel

Dalece ALl Mesguramsnts
Dare’

MK S ER & 32k, LA (8 & i JR - el RY BB 8k

&3

=L 2
Delete Last Object
Delete All Meazurements=
Done




Show> as> Surface

RENBEPERE - AT FREET((slab mode) - ZIREIEE -
EEEZANRFREAR - REZEEZEBYE -



n b3

% ZHAsurface (Transparency)

FDE File Leading

mmiIF File Loading

Kap File Loading

AutoShow .

Auta-Zoom New Objocks Wulsi-Laor [Beal-gime OIT)
Auta-Remave Hydrogens Fast and Lighy
Shns et [Esc)

Cwerlay Tesa

« TEINEEFRSSettinghy MUZEE FE R Transparency > Surface> 60%
« ERsurface’BFRAE60%HIR, Bt AR R BB cartoontx =



10. FkE NI F 2 2 FAYI3DIIEEE (stereo view)

Setting Scene

! Sequence
I
I

Seguence Mode 4
(v Internal GUI
+ Internal Prompt
Internal Feedback »
Overlay »
~  Stereo
Stereo Mode »
Zoom *
Clip 4
I AL— i —
S AR TN

Display> Stereo




10. FEZ U F R 53 FAY3D1IEE[El (stereo view)

Display plane

Autostereogram

Normal viewing

https.//www.researchgate.net/figure/Comparison-between-natural-viewing-left-and-stereoscopic-viewing-with-
a-3D-stereo fig1 215478670




10. EE= MO F R 72 FRI3DIIEE[E (stereo view)

HRAIMAHARMS - b—DRALIENE - EIRBURENIERET - e (Rotation)
INBEIR 7T E3DERIEE - 22 - RANRERTES FER - BBMTEIUEEIFHED
RIRHRESREZEEBARE -

tE5h, KERTIUFIFGoogle SearchE# & "stereo viewing"”, oIk FFF 2 HEEBEMN S E

W%

o

Go g[e stereo viewing B & Q IR 3

O%F QDEHF oO#FH QHE E®E E5E IR A EERE T2z

camera

Iy stereo photography : . parallax binocular vision eyes 1 ~ active stereo camera )

— :—" .
P “. — e : .
L
. i i
Storeo Viewing (Introduction) | MindSca... Stereo Viewing Comparison batween natural viewing (left) and stereo..

lens-shutter.net microimages.com researchgate.net




Colab-OpenSource-PyMOLpySnips

https://github.com/MooersLab/colabOpenSourcePyMOLpySnips

colabOpenSourcePyMOLpySnips

& Library of PyMOL Python snippets for installing and running
Open Source PyMOL on Google Colab via a Colab notebook

The installPyMOL snippet will install PyMOL with one click of a button.

~ Open in Colab

https://colab.research.google.com/qgithub/Mooerslab/colabOpenSourcePyMOLpySnips/blob/main/
colabOpenSourcePyMOLpySnips02.ipynb




Check protein data file from ColLab

Upload
02_pymol on colab.ipynb
To
Colab Notebooks ¢ ICIb



Protein Structure Modeling and Prediction

A
(=

1 B e R B SR TR

JU




Solutions for Protein Structure

l! Protein Structure \
| |
|

Theoretical Model

Experiment

(Computation)

Folding

Homology Ab initio

Modeling Recognition
ERE A BENEE EREEE
1 1
e ———— o o e e o !




HaEEZBMEREGENERLE

Molecular Type 1 X-ray|¥ NMR EM Multiple methods Neutron Other  Total
Protein (only) 147998 11984 7772 187 72 32 168045
Protein/Oligosaccharide 8724 31| 1372 S 0 0 10132
Protein/NA 7812 277 2461 3 0 0| 10553
Nucleic acid (only) 2453 1416 62 12 2 1 3946
Other 154 31 5 0 0 0 190
Oligosaccharide (only) \_ 11 6 0 y 1 0 4 22
Total 167152 13745 11672 208 74 37 | 192888
\ B3 e g (20220716 updated)

X-ray: X-ray crystallography X-JCeri==
NMR: Nuclear magnetic resonance 1%k

. AN TS B
- . - s 748
cryo-EM: cryo-electron microscopy /< ER 28 #8 https:/furmw.rcsb.org/stats/summary



GenBank and WGS Statistics

Sequences Oct 15 2021
W WGS: 1,721,064,101
WGS (Whole Genome Shotgun)
GenBank
100,000,000
1,000,000
10,000
0
1990 2000 2010 2020

https://www.ncbi.nlm.nih.gov/genbank/statistics/



Theoretical Model

- HRBRCHERES  TEBNEHERIFECEEEBIIBLNERERAE
g2E  MmMENASRSIBRIEHEGEAZLCRRE - MEXE]—LERG] M
AELAERE - N2 REXRBIFHEBREERAEHIURESERERSS -

« EBERAHCD® M=

= Homology or comparative modeling
= Fold recognition (threading)
= ab initio techniques.

* Homology or comparative modeling 1s currently the most accurate method to
predict the three-dimensional structure of proteins.



® O R ER AN EABREEE TN RER I EEREENEOBEEE -
o ITEZNAHRECHEENEESEIN(FENMREZEX-ray diffractionFr R H A4 HE) -
BRI ARG B ELE RS (protein sequence) N =E =B 4E1E -

o —XRER - BRI ERE RS (target protein)M1EMR (template) 2 BRI 7 51 4H1EL
ERS - FMERIDARNGEEEETACE -

. . .MPKYTLHYGRAELCRFVLAAHG. . .

Sequence *

Template \/,




Protein Structure Prediction

‘ Protein Sequence ‘

q Sequence homology to known fold

30-407

/

!

Homology Modeling
(Comparative)

—

ERIE LA

|<30°/o

|

U

Fold Recognition
(Threading)

BEWEE

No SpEtesx

ab initio J




Model Evaluation

The accuracy of the model

100
= depends on its sequence
S 80- identity with the template
g 60
o
S
B 40 - A Template - Target In general, 30% sequence
= ® Model - Target . o .
= identity is required for
32 20 [] Template - Target difference generating useful models.

[C] Alignment error
0

0O 20 40 60 80 100
% Sequence identity



Model Building Steps

Structures
Templates

Modelling

Evaluation

Target sequence (primary sequence)

Searching for structures of templates
in databases

Construction of the model

Evaluation of model quality

Gandhi Radis Baptista
ISBN: 978-953-51-1151-1



Start Your Modeling



SARS-CoV-2B iR R mE B HE{FR

ERINENERE
Structural Proteins

COVID-19 virus
BEER
Envelope (E) protein —---———
BEE
Membrane (M) protein -#--
ZREH | 8 BEEANNTR
Nucleocapsid - ---gdif.2
50-200nm
MREB(SER)
Spike (S) protein -+———-=-

rdthaﬂséﬁ_ﬂse;i%_ B, &
RS S S e

" R 2R

R o a m —




SARS-CoV-2HME R E R E s51EAH K

Genome Position =t (K] 28 [B] * SARS-CoV-2: 29903 base pair (bp)
r 50007 700007 750001 200001 250001 29.9 Kb
Open Reading Frames (0rf) [35 =& 4[E 49 mEEg

5 ©H orf1a ort b 9 Jaa[E[ M6 rap[ 8 [ N [10juws

o6 o8 » E. Coli
4.6 Mb

* Homo
ik 3.2 Gb

Non-Structural Proteins (Nsp) 3 = 47 42 2 [
Nsp

Nsp1 Nsp2

2'0 Methyltransferase
6WW

ZJIL
Orf7a

Envelope
*  E-protein
5 5X29°

GWEY, 2RNK",
6WaC, 2k87", 2IDY*

Uridylate-specific
Nsp14  Endoribonuclease
6WXC

Membrane

M-protein Nucleocapsid
N-protein
Exoribonuclease Spike 6WY0, 6YUN
Papain-like Proteinase Main Proteinase N7-Guani f S-protein =N B
* Denotes SARS-Cov PDB Structures  + ;;Wur, : 51[_[/7I GuanmesMCegtgﬂ B SVYB *Z AX R E
+ Denotes Mouse Hepatitis Virus Structures EE b2 =4 E = =
(© Denotes N7-methyl Guanine Cap =4 E’é ?i = E (S = E)

AAAA Denotes Poly-A Tail

Architecture of the SARS-CoV-2 genome and proteome from bioRxiv2020.12.01.406637



NCBI SARS-CoV-2 Resources

SARS-CoV-2 next-generation sequencing runs in SRA

Coronaviridae family-containing SRA runs Download from SRA Run

Selector

SARS-CoV-2 protein structures, domains, and sequences available through
NCBI Structure

SARS-CoV-2 related compounds, substances, pathways, bioassays, and more
in PubChem
Genome expression studies related to SARS-CoV-2 in GEO m

https://www.ncbi.nlm.nih.gov/sars-cov-2/




Select modeling target : Nsp6

SARS-CoV-2-related data provided by the Protein Domains resource

Oth
CcDD Model name (mouse-over SARS Cov-2 SARSr-CoV er . .
ORF name . . coronavirus RefSeq protein Length
model name for description) structure structure
structure
YP_009725301
Nsp5 cd21666 betaCoV_Nsp5_Mpro [domain 306
architecture]
7BQY [all] 1WOF [all] 3023 [all]
.- ------------------------ L N NNy HEsEEEEEEEEEEEES
YP_009725302
:| Nspé cd21560 betaCoV-Nsp6 ybhle! [domain 290
: architecture]
;a-------------------------u------------------ I ISEEEEEEENEENNSNNNNNNNNNNSNEEEEENNNEENEEEEEES EEEEENE NN NNNNNNNNNNNNENNEEEENNNNNNNNNNNNNENEEEEREEEE EEsssssssssmsmEw
YP_009725303
Nsp7 cd21827 betaCoV_Nsp7 - [domain 83
architecture]
7BV2 [all] 2AHM [all]

https://www.ncbi.nlm.nih.gov/Structure/SARS-CoV-2.html|



Sequence of Nsp6

Key words: Nsp6 SARS-ColV/-2
m National Library of Medicine

National Center for Biotechnology Information

Protein Protein v | Nsp6 SARS-CoV-2
Create alert Advanced Help
>nsp6

SAVKRTIKGTHHWLLLTILTSLLVLVQSTOWSLFFFLYENAFLPFAMGI IAMSAFAMMFVKHKHAFLCLF
LLPSLATVAYFNMVYMPASWVMRIMTWLDMVDTSLSGFKLKDCVMYASAVVLLITLMTARTVYDDGARRVW
TLMNVLTLVYKVYYGNALDQAISMWALIISVTSNYSGVVTTVMFLARGIVFMCVEYCPIFFITGNTLQCI
MLVYCFLGYFCTCYFGLFCLLNRYFRLTLGVYDYLVSTQEFRYMNSQGLLPPKNSIDAFKLNIKLLGVGG
KPCIKVATVQ

https://www.ncbi.nlm.nih.gov/protein/YP_009742613.1



Model by SWISS-MODEL

&y Jeem  Q\W|SS-MODEL

sty of Bl
Tim Conber far Malemuilee Lote fwmgan

SWISS-MODEL

is a fully automated protein structure homology-madelling
server, accessible via the Expasy web server, or from
the program DeepView (Swiss Pdb-Viewer).

The purpose of this server is to make protein modelling
accessible to all life science researchers worldwide.

Start Modelling

Modelling Repository Tools Documentation Login Create Account

Repository
Every week we model all the sequences for thirteen core species based

on the latest UniProtKB proteome. Is your protein already modelled and
up to date in SWISS-MODEL Repository?

Q | Search SWISS-MODEL Repository

http://swissmodel.expasy.org/




Start a New Modelling Project

B ?'"ff"fﬂ'" SWISS-MODEL Modelling Repository Tools

The Canter tor Molecular Lite Scences

Start a New Modelling Project @

Target £ Target
Sequence(s):
(Format must be | . . I ——— ==
FASTA Cluste! Target AISMWALIISVTSNYSGVVITVMFLARGIVEMCVEYCPIFFITGNTLQCIMLVYCFLEYFCTCYPGLFCLINRYFRETEG 240
¥ ¥ |
plain string, or a Target VEDYLVSTOREE : 2290
valid UniProtKB AC)
Add Hetero Target £ Reset
Project Title:

nspé

Email: Optional ‘
Search For Templates Build Model

1. Copy & paste your target sequence; 2. Title: nsp6 (optional) 3. Click “Search For Templates™




Model Results

Template Results o

Templates Quaternary Structure Sequence Similarity Alignment More - Build Models @

Itsort: #Coverage $GMQE #£QSQE :Oldentityi #Method  #0ligo State # Ligands Clear Selection

: 7nbu.1.P 308 ribosdmal protein $16 :
= Structure of the HigB 1 taxin mutant K35A fiom Mycobactanum tuberculosis (Rv1955) and its targeat, the cspA mRNA, an the E.
: coli Ribosome. & : :
W - [:l] 0.00 - 7.69 EEM hetero-50-mer & 1x C-ALT, 21 x MGTS, 1 x MSETS, 2 x
: E E : NG
: 57v.1.F 308 ribosognal protein 16 :
Methicillin Res:stan§ Linezolid resistant Sﬁ hyloooccds aureus 70S ribosome {delta S145uL3)
P W): 0o - i 1200 ZEM hetero-38-mer 4. None
O '} 6q97.1.p 308 ribosgmal protein $16  *
Structure of tmRNA:Smp8 bound in A site éf E. coli 708 ribosome
v 1 | 0.00 - & 769 EEM hatero-53-mar 4 1 xA-U-G-G-U-C, 24 x MG (5, 2 x ZN
: ; : ] ¢
)} 4v5h.1.P 308 RIBOBOMAL PROTEIN S16 :
E.Coli 70s Ribosom:e Stalled During Transklion of Tnfgc Leader Paplids.
I | T 000 i 8.00 EEM. 584  hetero-51-mer A None
: : ] : = i =
O £ 500.1.P 308 ribosorhal protein $16 : : R | Canoona | @a | b | & | O
: 708 ribosome from Staphylococcus aureug
P W) o0 - i o154 GEm hetero47-mer & 1x 0, 1 x ZNC HIGELF *
: : 5t7v.1.F
0 = 4v7t.2.P 308 nbosoh'lal protein S16 : :

Crystal structure of the E. coli nibosome ba;md to chlohmphenrm!

YsasssssssEEEEEEEE? EEEEEEEEEY



AlphaFold2 &R & {



DeepMind/ AlphaFold

< AlphaFoldZAlphabet/Googlelf FDeepMindA N —RETERE L
BIEAMATISERZER - AlphaFoldBmMEEZEMZA - AlphaFold 1
(2018)72018F12H%13mERB A B TRAI R MravEE &Rl ( Critical
Assessment of protein Structure Prediction - CASP ) Fy4RESHE2 &
BAE— ZEFRMINTFEA M REAEE N AR E EHNRERSE -
HgARBEEBH2EUURIERENIRBERENRGE -

< E2020F118/9514/ECASPRRES - AlphaFold 2 (2020)FRIRR Y + F
Un&A/924 (wmn1007 ) - ZEEREZRSNREMEAIER -

o0



AlphaFold in CASP

Median Free-Modelling Accuracy

100

ALPHAFOLD 2

80

60 ALPHAFOLD

40

oo * The main metric used by CASP to
measure the accuracy of predictions
is the Global Distance Test

0 - | S

GDT

CASP7  CASP8 CASP9 CASPIO CASP1l  CASP12 CASPI3 CASP14 @ which ranges from 0-100.
2006 2008 2010 2012 2014 2016 2018 2020
CASP

« Improvements in the median accuracy of predictions in the free modelling
category for the best team in each CASP, measured as best-of-5 GDT.

https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology



Multiple Sequence Alignment
/
MSA embedding Sequence-residue edges

Confidence
Score

| § |avaexs

|& [soasve
| | 2080w |[o )

Residues — Residues —
AHAENME

"}
Residues — 1
\

AArBIE

A

Geneﬂcs‘
search
& embed

see —

saouanbag

A | AOOBDT

—

&«— sasuanbag

2DE@

«— saouanbag

RS AL

Q| veaA80aA

Protein sequence
{ @ | AT -ﬁmal

= *_J’ Structure L_a
i module J

Residues — Residues — \ 4 l —
N8 A BKE )

ﬁ l*l‘l —_
: Mﬂll I Pairwise
distances

Embed &
outerSUn1|

¢« sanpisay
PRI

«— sanpisay
BKBVAY
B8

g

1=

Residue-residue edges 3D structure

An overview of the main neural network model architecture.



AlphaFold
Protein Structure Database

Developed by DeepMind and EMBL-EBI

Examples: Free fatty acid receptor 2 At1g58602 Q5VSL9 E.coli Help: AlphaFold DB search help

Feedback on structure: Contact DeepMind

https://alphafold.ebi.ac.uk/




AlphaFold Protein Structure Database

« There are 995,411 structures available on the AlphaFold
DB website.

« AlphaFold DB currently provides predicted structures for
the 48 organisms:

« Model organism proteomes
 Global health proteomes

« Swiss-Prot



Length:558
Mass (Da):63,923

KLHL23

50 100 150 200 250 300 350 400 450 500 5R)
T T T T T T T T . : :
JaOnBES B ————

£ Pfam BTB-BTB/POZdomain | BACK-BTB And C-terminal Kelch e G g — R——— .

KLHL23 structure??
UniProtKB - QSNBES (KLH23 HUMAN)
https://www.uniprot.org/uniprot/QSNBES



Related template structures of KLHL23

QONVRO

Molec. Processing
Motif

UP Sites
Secstruc
PDB Validation

3I3N.B
JI3NA

+

Q14145

Molec. Processing
Motif Bl —— BACK

UP Sites 1 i i L L L1 l | l
Secstruc - o 0 g i [ |
PDB Validation

B e e —

+ «EDEEENUniProtKB
]

AsAOTILGB4 (AR R ————————

Motif (coiled ' (coi) BB
Secstruc L el el i ] ] o i [ il ]l s

—_— 4YYSB e ——

YYB.A




Structure’ KLHL23: Kelch-like protein 23

Model Confidence:
I very high (pLDDT > 90)

Confident (90 > pLDDT >
70)

Low (70 > pLDDT > 50)

I very low (pLDDT < 50)

AlphaFold produces a per-
residue confidence score
(pLDDT) between 0 and 100.
Some regions with low pLDDT
may be unstructured in
isolation.

pLDDT corresponds to the model’s
prediction of its score on the local
Distance Difference Test

https.//www.uniprot.org/uniprot/Q8NBES8



KLHL23

AlphaFold structure prediction
https./yalphafold.ebr.ac.uk/entry/Q8NBES

« Potential ligand interface residues:
281-286:B,328-336:B,377-383:B,424-433:B,516-523:B



ColabFold

Making protein folding accessible to all

Nature Methods, 2022. 19:679-682



ColabFold

*» ColabFold offers accelerated prediction of protein structures and complexes
by combining the fast homology search of MMseqgs2 with AlphaFold2 or
R 0S GTT AF 01 d A%zgt}gggézggany sequence searching

*» ColabFold’s 40—60-fold faster search and optimized model utilization
enables prediction of close to 1,000 structures per day on a server with one
graphics processing unit.

2 Coupled with Google Colaboratory, ColabFold becomes a free and
accessible platform for protein folding.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

«* : ColabFold i1s open-source software available :
:at https://eithub.com/sokrypton/ColabFold andiits novel environmental

L]
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

databases are available at hitps://colabtold. mmsegs.com.




ColabFold

& sokrypton / ColabFold  Public

[ .gitignore gitignore pytestemp 7 months ago
* 0 Update news that server migration and db update is comp... 4 days ago
* [Y AlphaFold2_complexes.ipynb Update license from CC-BY-NC to CC-BY of AlphaFold2_co... 6 months ago
[\ Contributing.md Update Contributing.md 8 months ago
[ LICENSE Create LICENSE 12 months ago
[ README.md Update README.md 4 days ago
* [\ RoseTTAFold.ipynb adding link to pyrosetta version 2 months ago
[ colabfold_search.sh Add message to colabfold_search.sh to avoid usage 5 days ago

https://github.com/sokrypton/ColabFold




ColabFold/AlphaFold2.ipynb

¥ main + ColabFold / AlphaFold2.ipynb Go to file

:L_: milot-mirdita Update news that server migration and db update is complete Latest commit ce2ce65 4 days ago  '®) History

A 6 contributors . L ’ 9 .

546 lines (546 sloc)  27.4 KB /— <> [3 Raw  Blame 7 - L'; (W]
/ Open in Colab

ColabFold: AlphaFold2 using MMseqs2

Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-multimer. Sequence
alignments/templates are generated through MMseqs2 and HHsearch. For more details, see bottom of the
notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: v1.0, vi.1, v1.2, v1.3

Mirdita M, Schitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold: Making protein folding
accessible to all. Nature Methods, 2022

https://github.com/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb
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~ ColabFold: AlphaFold2 using MMseqs?2
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Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-multimer. Sequence
alignments/templates are generated through MMsegs2 and HHsearch. For more details, see bottom of the
notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: v1.0,v1.1,v1.2, v1.3

Mirdita M, Schiitze K, Moriwaki ¥, Heo L, Ovchinnikov S, Steinegger M. ColabFold: Making_protein folding
accessible to all. Nature Methods, 2022

= 2022/07/13: The move of the ColabFold MSA server to KOBIC is now complete. MSA generation was accelerated with multiple threads
and databases were updated to UniRef30 2022_02 and PDB/PDB70 220313.

Input protein sequence(s), then hit Runtime -> Run all
query_sequence:  PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVITEMAKGHFGIGGELASK

« Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example PI...SK:Pl...SK for a homodimer

jobname: ' test




Input protein sequence,

- & i Bl b ; :
QD & Aphafold2ipmbl BNRFS - then hit Runtime -> Run all Bas 2w & R
B mE REEE A WOER TR BB Cismaes

— +tEE +XF SERUT Ctrl+F9 - — s EE A
WT L DRIEEFIE Ctrl+F8
Q PUTRE NS Ctrl+Enter
~ ColabFold: AlphaFc
TR EEE Ctri+Shift+Enter
x
) Easy to use protein structul sy s Fspesrse ciri+F10 2 and Alphafold2-multimer. Sequence
alignments/templates are ¢ 1. For mare details, see bottom of the
= 5 Ctri+M |
notebook, checkout the Col ~ PEIFT T d versions: v1.0,v1.1,v1.2, v1.3
IR Ctri+M .
Mirdita M, Schiitze K, Moriv BRI " ColabFold: Making_protein folding
accessible to all. Nature Me ~ EFEBIILHITAHEGEFE
T PERESIAIRREITIEER
+ 2022/07/13: The moy 3 now complete. MSA generation was accelerated with multiple threads
and databases were 1  EEWTREEEER B70220313.
L ‘ tei EET{FREER
« 11 Input protein se 11
pULR q EENFIEHRECE
query_sequence: oAvariinerrrvvecericroceveveargrwsLFFFLYENAFLPFAMGIAMSAFAMMFVKHKHAFLCLF LLPSLATVAYFNMVYMPASWVMRIMTWLDMVDT:
« Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example P1...SK:PI...SK for a homodimer
jobname:  nspé
<>
use_amber:
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template_mode: none
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