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2021 BREAKTHROUGH OF THE YEAR

Protein structures for all
Al-powered predictions show proteins finding their shapes

BY ROBERT SERVICE

BREAKTHROUGH OF THE YEAR

v

Science 2021-12-16

In his 1972 Nobel Prize acceptance speech, American biochemist Christian Anfinsen laid
out a vision: One day it would be possible, he said, to predict the 3D structure of any

protein merely from its sequence of amino acid building blocks. With hundreds of
thousands of proteins in the human body alone, such an advance would have vast
applications, offering insights into basic biology and revealing promising new drug
targets. Now, after nearly 50 years, researchers have shown that artificial intelligence

(Al)-driven software can churn out accurate protein structures by the thousands—an
advance that realizes Anfinsen’s dream and is Science’s 2021 Breakthrough of the Year.

Protein structures could once be determined only through painstaking lab analyses. But
they can now be calculated, quickly, for tens of thousands of proteins, and for complexes
of interacting proteins. “This is a sea change for structural biology,” says Gaetano
Montelione, a structural biologist at Rensselaer Polytechnic Institute. David Baker, a
University of Washington, Seattle, computational biochemist who led one of the
prediction projects, adds that with the bounty of readily available structures, “All areas
of computational and molecular biology will be transformed.”

Proteins are biology’s workhorses. They contract our muscles, convert food into cellular

energy, ferry oxygen in our blood, and fight microbial invaders. Yet despite their varied

talents, all proteins start out with the same basic form: a linear chain of up to 20

different kinds of amino acids, strung together in a sequence encoded in our DNA. After

being assembled in cellular factories called ribosomes, each chain folds into a unique, 2
exquisitely complex 3D shape. Those shapes, which determine how proteins interact
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AlphaFold2MCASP® Rk i&

2e0 _ L . .
CASP14 https://predictioncenter.org/caspl4/zscores_final.cqi
220
200
180
160
2 140
A
=
Q 120
(2]
3
@ 100
80
* | code | ®rame svomanscount | eeon [Tz [Te2n  [Sez0 [EOINEESIN tecco [Ten
1 427 AlphaFold2 92 2440217 1 28524 1 2440217 1 28524 1
2 473 BAKER b2 50.8241 2 0.9872 2 521241 2 1.0013 2
3 403 BAKER-experimental 52 88.9672 3 0.8670 3 B1.4731 3 05543 3
4 480 FEIG-R2 52 72,5351 4 0.7884 4 74,5627 4 0.8105 4
3 129 Zhang 52 67.9065 3 0.7381 5 68.8022 5 0.7488 5
] nog tFold_human a2 612858 7 0.6661 8 652157 6 0.7083 T
7 420 MULTICOM o2 63.2689 6 0.8877 F 64.0531 F 0.6062 8
] 042 QUARK 52 60.0226 10 0.6524 11 62.9711 8 06845 9
] 324 Zhang-Server o2 60 8875 ] 08818 9 829122 9 06838 10
10 488 tFold-IDT_human b2 57.6435 1 0.6266 12 62.0795 10 06748 1
1 368 tFold-CaT_human 52 60.5423 5 0.6581 10 61.8464 1 06722 12
12 334 FEIG-R3 52 48.4424 20 0.5265 23 58.5809 12 0.6367 13
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ALPHAFOLD MANIA

The number of research papers and preprints citing the AlphaFold2 Al
software has shot up since its source code was released in July 2021*,

Journal article m Preprint

125 e
o
3 T e
5 Paper describing
i
G T5 AlphaFold2 ... ... | & » -
S AlphaFold2 released, with
O announced as source code.
: 50 LwWinner Of ........................................
© protein-folding \
3 software contest. \
E 25 ......... / ................................................................................... Ny e
=

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

2021 2022

*Mature analysis using Dimensions database; removing duplicate
preprints and papears/R. Van Noorden, E. Callaway.

Callaway, E, et al. What's next for AlphaFold and the Al protein-folding revolution, Nature New Feature, 13 April 2022
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https://doi.org/10.1038/d41586-022-00997-5

BENBRIMDIV/N)EDEE

Source of knowledge about proteome
B High-quality experimental structures in the PDB*

B Structural knowledge derived from related proteins in the PDB*
B Knowledge from AlphaFold models only (high confidence)
Knowledge from AlphaFold models only (intermediate confidence)

Species

Homo sapiens
(human)
Arabidopsis : :
(thale cress) ; :
Saccharomyces : : :
(yeast) _ : g
Staphylococcus : : :
(bacterium) : : !
Mycobacterium : : :
(bacterium) : : :

0 25 50 75 100
Percentage of proteome with known structure
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3
© 150000 A R
= Sequence identity
7 to human proteins
8 100000 - [] Less than 20%
o
- ] 20% to 50%
3 R0 ] 50% to 95%
g [l More than >95%
Z 01
2000 2010 2020 2000 2010 2020
Year Year
C ; e
@ 100% , d
oS ) Dark _| No prediction
E 6 1 proteome i (pLDDT < 50)
0, -
8 g 75% ! _|Intrinsically o Low
© g : 16% disordered (70 > pLDDT 2 50)
L
= PFAM | Intermediat
A E 50% 1 L 2020 No structure 10% o @:T:L&er 2 70)
O 2015 17% | PoB220%
€ 2 2010 identity
o
85 25%- L. 2005 PoB250% | [FEger | High
) E : 2000 4 PDB 2 95% WLIRT290)
8 0% 1 L
100% 75% 50% 25% PDB and linear regions AlphaFold

Minimum sequence identity between

human protein and PDB chain  E Porta-Pardo. et al. The structural coverage of the human proteome
before and after AlphaFold. PLoS Comput Biol. 2022 18:e1009818.
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https://doi.org/10.1371/journal.pcbi.1009818

ErDEINGEDETI)T

human protein and PDB chain

100% 2% 9. 9
b g 100% - Il Dark proteome
S AlphaFold Qo [C] intrinsically disordered
D 75%- pLDDT 2 75%- 2% [] PFAM - No PDB / AF
% [ <s0 = B Gained AF - 70 > pLDDT 2 50
e 50% B 70 t0 50 g 50% | [l Gained AF - 90 > pLDDT 2 70
o] = [l Gained AF - pLDDT 2 90
o B %0t 70 ks [C] PDB 20% to 50% - pLDDT < 90
Q 25%- c 25% R
Bl =290 % [C] PDB 50% to 95%
> 0,
0% - 8 0%- [l PDB 2 95%
(1 N
Coverage after AlphaFold
S
&Q‘
00
&L £ f :
¥ g g ge [ Very high (pLDDT > 90)
& g
] QO QO QO Confident (90 > pLDDT > 70)

Low (70 > pLDDT > 50)

B Very low (pLDDT < 50)

pLDDTIZDWTIE#E TiRBALE T,
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AlphaFold Protein Structure Database

« AlphaFoldMFBILI=2 /OB EDT—4R—X
» https://alphafold.ebi.ac.uk/

# EMBL-EBI %, Services 3 Researc| ini out us EMBL-EBI

AlphaFold Protein Structure Database Home About FAQs Downloads

AlphaFold
Protein Structure Database

Developed by DeepMind and EMBL-EBI

Examples: Free fatty acid receptor 2 At1858602 Q5VSL9 E.coli Help: AlphaFold DB search help

Feedback on structure: Contact DeepMind

AlphaFold DB provides open access to0 992,316 protein
structure predictions for the human proteome and other key
proteins of interest, to accelerate scientific research.

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

AlphaFold Protein Structure Database

gibberellin receptor

['gibberellin receptor]& A 7

Showing all search results for gibberellin receptor L) ZF{K

1-200f13284 results

Filter by:

Organism

Mus musculus (2766 )

Rattus norvegdicus (2325}
Homo sapiens (1762 )

Danio rerio (1281)
Caenorhabditis elegans (758)
Drosophila melanogaster (365 )
Zea mays (343)

Arabidopsis thaliana (304 )
Bos taurus (277 )
Schistosoma mansoni (175)
Trichuris trichiura (147 )
Gallus gallus (127 )

Sus scrofa (125

Xenopus laevis (124 )

[ TN R P R TR

@rellin receptor G@

Q6L545 (GID1_ORYSJ)

Protein

Gene

Source Organism
UniProt

PDBe-KB

Gibberellin receptor GID1

UniProtKkBAM!) >4

Oryza sativa subsp. japopf€a =earch this organism

GID1

2 PDB structures for Q61545 go to PDBe-KB & P D B*ﬁiﬁ hﬁﬁ& —a_ 6 :E) O)

Gibberellin receptor GID1L2
AOA1DGERI3 (AOA1D6ERI3_MAIZE)

Protein
Gene
Source Organism

UniProt

Gibberellin receptor GID1L2
ZEAMMB73_Zm00001d005909

Zeamays search this organism =

ADA1D6ERI3 go to UniProt & PDB*%%#“#E L/fd:l'\:k)o)

Gibberellin receptor GID1L2
AOA1D6F547 (AOA1D6F547 MAIZE)
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AlphaFold Protein Structure Database

# EMBL-EBI % Services #2 Research £ Training € About us EMBL-EBI

AlphaFold Protein Structure Database Home  About FAQs  Downloads

Free fatfy acid receptor 2 At1g58602 Q5V5L9 E. coli elp:  AlphaFold DB search help

Gibberellin receptor GID1A

AlphaFold structure prediction

Download PDBﬁleI mmCIFﬁleI Predictedalignederrorl

——

m Feedback on structure <| Looks great I Could be EW Goog|e Formslzcj:%)

P2 Gl WAL

Information ~
Protein Gibberellin receptor GID1A

Gene GID1A

Source organism Arabidopsis thaliana (Mouse-ear cress) go to search &

UniProt Q9MAA7 goto UniProt &

Experimental structures 2 structures in PDB for Q9MAA7 do to PDBe-KB &

Biological function Functions as soluble gibberellin (GA) receptor. GA is an essential hormone that regulates growth and development in plants. Binds with high affinity
the biologically active gibberellin GA4, but has no affinity for the biologically inactive GAs. In response to GA, interacts with specific DELLA

proteins, known as repressors of GA-induced growth, and targets them for degradation via proteasome. Seems to be required for GA signaling that

ntrole ront crosath o | N 2 do lloiDeat o
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AlphaFold Protein Structure Database

Sequenceof  AF-QSMAA7.. +  1: Gibberellin.. + A = ®

/DGDIVEVIL FFHGGSFAHS SAN

3D viewer @ 31 : s1 €1 71 81
AYNILRRPDGT FNRHLAEYLDRKVTANANPV DGVFSFDVLIDRRINLLSRVYRPAY

DQEQ BPSILDLEKP

MAASDEVNLIESRTVVELNT WVLISNFE

SAIYDIL%C%_RL‘-/'C-LCKC ’I‘I_SP\LSI\’LKS?T GNILLN Pl’.i‘c’&HERIESE&SLDG?&' FVI VRDRDWY

Model Confidence: LAYAE ST KKRGQEVK VMDETSAFIAREC 3
[l Very high (pLDDT > 90) _ N )
PLDODTDEIZL DB DT .

Confident (90 > pLDDT > 70)
Low (70 > pLDDT > 50)
[ Very low (pLDDT < 50)
AlphaFold produces a per-residue confidence

score (pLDDT) between 0 and 100. Some
regions below 50 pLDDT may be unstructured

in isolation.
PAED &1l R
Views
50
Predicted aligned error 100
E 150
g 200
<
250
300
PAEIZDWWTII#Z TERBALE T, o0 150 200 20 o0

Scored residue
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AlphaFold Protein Structure Database

e
- -
UnIPro.t..- BLAST  Align  Peptidesearch  IDmapping SPARQL  UniProtKs v By scach & @ © Help
BETA

Function

Naes . ooy Structure’  niProtkB QIMAA7 GID1A_ ARATHDIEE D &R

Subcellular Location

L]
Phenotypes @
PTM/Processing A
Expression N
Interaction
| Structure

Family & Domains

Sequence

Similar Proteins

b BE&NDPDB#E & (2ZSH) W& Ran b

SOURCE IDENTIFIER METHOD RESOLUTION CHAIN POSITIONS LINKS
--Select - v - Select - v
PDB 27Z5H X-ray 180A A 1-344 PDBe-RCSB-PDE - PDBj - PDBsum =

PDE 2751 X-ray 1804 A 1-344 PDBe-RCSB-PDE - PDBj - PDBsum

&
AlphaFold AF-Q9MAAT-F1 Predicted 1-345 AlphaFold e

Features AlphaFold%7)v9 9 5L, ZTDETILIEED
Showing features for helixi, beta strand?, turn®, % 7TT é *L 6

1 =
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AlphaFold Protein Structure Database

ErD T2y 22734 'E (Major prion protein) M5

. Sequenceof  AF-P04136-F1 ¢  1:Majorprio.. & A = @
3D viewer @ 1 11 21 21 41 51 81 111 121 A
MANLGCWMLY LEVATWSDLG LCKXRPKPGEWNTGGSRY PG QGSPGENRYP PRGEGENG G K HMAGAARAGRVVG
131 141 151 1€l 171 181 181 20 1 231 241
GLGGYMLGSAMSRPIIHFGSDYEDRYY RENMHRYENQVY YREMDEYS NQNNFVHDCVNITIKQHTVT TTTKGENFTETD ) QAYYQRGSSMVLFSSPEV ILLISFL
Model Confidence: e 5
[l Very high (pLDDT > 90) )
Confident (90 > pLDDT > 70) ®

Low (70 > pLDDT > 50)
[ Very low (pLDDT < 50)
AlphaFold produces a per-residue confidence

score (pLDDT) between 0 and 100. Some
regions below 50 pLDDT may be unstructured

Major prion protein
P04156 (PRIO_HUMAN)

Protein Major prion protein
Gene PRNP
Source Organism Homo sapiens search this organism = 9
UniProt P04156 go to UniProt &
' : 50
PDBe-KB 62 PDB structures for P04156 do to PDBe-KE &
[
3 100
o
s
2150
<L

200

250

0 50 100 150 200 25

{ ROl DENER i T

| AlphaFold
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AIphaFoId Protein Structure Database

'

|Function 5 P04156 - PRIO_HUMAN

MNames & Taxonomy Major prion protein - Homo sapiens (Human) - Gene: PRNP {ALTPRF' PRIP, PRP) - 253 amino acids - Evidence at protein level - Annotation soore

Subcellular Location tl‘@j U7_|_/9// \7§@UHIPrOtKBd)/\—~“)

Entry Feature viewer Publications External links History

Disease & Drugs o e s oo - o n sPMtpS:/WWW.UNiprot.org/uniprot/P04156

PTM/Processing Entry Teedback
Expression . .
Function
Interaction Its primary physiological function is unclear. May play a role in neuronal development and synaptic plasticity. May be reguired for neuronal myelin sheath maintenance. May promote myelin
Structure homeostasis through acting as an agonist for ADGRG6 receptor. May play a role in iron uptake and iron homeostasis. Soluble oligomers are toxic to cultured neuroblastoma cells and induce

apoptosis (in vitro) (By similarity).
Family & Domains Association with GPC1 (via its heparan sulfate chains) targets PRNP tolipid rafts. Also provides Cu(2+) or Zni2+) for the ascorbate-mediated GPC1 deaminase degradation of its heparan sulfate
side chains (By similarity). (™ ey simisrity| [ 2 punlicstions | [ Curated |

Sequence & Isoform

Similar Proteins Miscellaneous
This protein is produced by a bicistronic gene which also produces the alternative prion protein/AltPrP (AC AC F7WJQ1) from an overlapping reading frame. | L Publication |

The alternative prion protein/altPrP (AC AC F7VIQ1) and PRNP have no apparent direct functional relation since a mutation that remowves the start codon of the AltPrP has no apparent effect
on the biology of PRNP. In mouse and hamster, the alternative initiation AUG codon is absent and is replaced by a GUG codon. | N Cursted |

Caution

An isoform was shown to be localized to both the cytoplasm and the nudeus and to be sumoylated with SUMO1 [PubMed: 19059915).
The article has later been withdrawn by the authors [N 1 Publication| [ M 1 Publication |

Features
Showing features for repeat?, regiont, metal bindingl

Q | &

| = 0 & = 100 1z 130 15 120 20 zn 20 '
1 753

I e — — ——

. 001

I B e

TYPE ID  POSITION(S) DESCRIPTION &
— Salect - v
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https://www.uniprot.org/uniprot/P04156

AlphaFold Protein Structure Database

| Function

F&E

Names & Taxonormy

____

Subcellular Location

Disease & Drugs

DESCRIPTION

ID  POSITION(S)

TYPE

—Select

PTM/Processing

Expression

BLAST

51-59

» Repeat

Interaction

BLAST

60-67
68-75

» Repeat

ELAST

» Repeat

Structure

BLAST

» Repeat 76-83

Family & Domains

BLAST

84-91

» Repeat

Sequence & Isoform

BLAST

Interaction with GRB2, ERI3 and SYN1 | N By Similarity ]

23-230

23-38

» Region

Similar Proteins

BLAST

» Region

Interaction with ADGRG6 [ ™ gy similarity|

BLAST

1 Automatic Annatation |

Disordered |

26-108

» Region

BLAST

5 X 8 AA tandem repeats of P-H-G-G-G-W-G-Q

51-91

» Region

GO Annotations’

slimming set:

generic

4,
&@

W S e
e, \wo@,w@&ﬂ ”
»oo @é} &@b.fc 4

o, e x_ofo u@
&.M&va@&@@ﬁ
%, G

Cell color indicative of number of GO terms

TERM

ASPECT

Cellular Component

anchored component of external side of plasma membrane (2 [ ¥ 1 publication| | Mas-arukcuCL |

16
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AlphaFold Protein Structure Database

Function
Structure’
Names & Taxonomy
‘ e
Subcellular Location Mo Medsnia .
Disease & Drugs
2
PTM/Processing -
Expression =
Interaction
| Structure
Family & Domains
Sequence & Isoform
Similar Proteins
|-
SOURCE IDENTIFIER METHOD RESOLUTION CHAIN POSITIONS LINKS
- Select - v — Select -- v
PDB 1E1G NMR A 125-228 PDBe - RCSB-PDB - PDE;j - PDBsum &
PDB 1E1) NMR A 125-228 PDBe - RCSB-PDB - PDB;j - PDBsum &
PDB 1E1P NMR A 125-228 PDBe - RCSB-PDB - PDB;j - PDBsum &
PDB 1E15 NMR A 125-228 PDBe - RCSB-PDB - PDB;j - PDBsum &
PDB 1E1U NMR A 125-228 PDBe - RCSB-PDB - PDB;j - PDBsum &
PDB 1E1W NMR A 125-228 PDBe - RCSB-PDE - PDE;j - PDBsum E-3
PDB 1FKC NMR A 20-231 PDBe - RCSB-PDE - PDE;j - PDBsum &
PDB 1FO7 NMR A 20-231 PDBe - RCSB-PDE - PDE;j - PDBsum E3
PDB 1HOL NMR A 121-230 PDBe - RCSB-PDE - PDB;j - PDBsum r 3
PDB 1HIM NMR A 125-228 PDBe - RCSB-PDB - PDBj - PDBsum & v
Features

Showing features for beta strand?, turn?, helix,

“AlphaFold 17



AlphaFold Protein Structure Database

Function
Structure:
Names & Taxonomy
- [
Subcellular Location B enes v
W Very high (pLDOT = 90) &
Disease & Drugs
Confident (20 = pLDDT = 70) 8,
PTMfProc&ssing Low {?0 > DLD DT = 50}
Expression [ Very low (pLDDT < 50)
A AlphaFold produces a per-residue confidence
Interaction score (pLDDT) between 0 and 100. Some regions
with low pLDCT may be unstructured in
|Structure isolation
Family & Domains
Sequence & Isoform
Similar Proteins
| .
SOURCE IDENTIFIER METHOD RESOLUTION CHAIN POSITIONS LINKS
--Select -- v --Select -- v
PDB 5YJ5 NMR A 91-231 PDBe - RCSB-PDB - PDBj - PDBsum &
PDB 6DU9 X-ray 233A A 20-230 PDBe-RCSB-PDB - PDBj - PDBsum &
PDB 6LNI EM 270A ASB/C/D/EFR/GHAN 23231 PDBe-RCSB-PDB - PDBj - PDBsum &
PDB 6PQ5 Hray 150A AB 113-118 PDBe-RCSB-PDB - PDBj - PDBsum &
PDB 6PQA X-ray 146 A A 119-124 PDBe - RCSB-PDB - PDBj - PDBsum &
PDB 6507 X-ray 250A A 125-223 PDBe-RCSB-PDB - PDBj - PDBsum X
PDB 65V2 X-ray 230A A 119-231 PDBe - RCSBE-PDB - PDBj - PDBsum 3
PDB 6UUR EM 3.50A A/BSC/D/EF/GHAN 24-178 PDBe-RCSB-PDB - PDBj - PDBsum &
PDB 7DWV EM 307 A A/BSC/D/EF 23-231 PDBe-RCSB-PDB - PDBj - PDBsum X
AlphaFold AF-PO4156-F1 Predicted 1-253 AlphaFold & [,
-~ ﬂ: N S
AlphaFoldD#EEITERKEH/A\—L TS A,
Features

Showing features for beta strand?, turni, helix® N x 1EIJ 0) f % % 'I‘i ﬁE iﬂj 0) %B ﬁj\ 0) 1% %E 'I‘i (j: 1& L \
“AlphaFold 18
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E%% English version is here’>

ColabFoIdé’n IWNT. LTI N\IEDEET A
éu—-—u—

1. HIN1/AS32=4—+F
2. ERDT)AZINGE
3. Ras-Raffg &1k

FNFNIZTDODWVWT, IV ELUVTU 260D E
TIVEEEDT 57147 R EIE, pLDDTEw'EEa*%
ELDORMSDEFIEH L, ChoDEIZ(L.
PowerPointt, L<LIEWordD 77 A JLIZ EEUHH’C
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Assignments

Predict the structures of the following proteins using
ColabFold.

1. H1IN1 neuraminidase
2. Human prion protein
3. Ras-Raf complex

For rank 1 and rank 2 model structures, submit
graphics images of the models, the pLDDT values, and
the RMSD values with respect to the crystal structure.
The answers should be uploaded to ITC-LMS as a
PowerPoint or Word file.




Attendance check and assignments submission

« Attendance is taken by completing the In-
class assignments.

« Take In the assignments (an answer file) to
the ITC-LMS site.

 The class will end at 20:30.

* You should submit the assignments at
24.00 on May 9.
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HREAS—ETIY

- ;REAT—ET')>% (homolog modeling):
BERMDIVNIE (A= TIh) DiEEZE.
BEBRMDIVINNIEDHRMTUTL—F
EIEHEEZEAT,. TNZLEIZTE
— BEEFIAEITULINIX, BELLI TV S ER

¢ EHVRT L
— Modeller, https://salilab.org/modeller/

— SWISS-MODEL, https://swissmodel.expasy.org/

— HHpred,
https://toolkit.tuebingen.mpg.de/tools/hhpred

— ESyPred3D, GENO3D7i&
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TUIL—bhDESI N8/ M52 —1)
TYMNNTEAICDAKGFAPFSKDNGIRIGSRGHIFVIREPFVSCSPIECRT
FFLTQGSLLNDKHSNGTVKDRSPFRTLMSVEVGQSPNVYQARFEAVAWS
ATACHDGKKWMTVGVTGPDSKAVAVIHYGGVPTDVVNSWAGDILRTQES
SCTCIQGDCYWVMTDGPANRQAQYRIYKANQGRIIGQTDISEFNGGHIEE
CSCYPNDGKVECVCRDGWTGTNRPVLVISPDLSYRVGYLCAGIPSDTPR
GEDTQFTGSCTSPMGNQGYGVKGFGFRQGTDVWMGRTISRTSRSGFETIL
RIKNGWTQTSKEQIRKQVVVDNLNWSGYSGSFTLPVELSGKDCLVPCFEW
VEMIRGKPEEKTIWTSSSSIVMCGVDYEVADWSWHDGATILPFDIDKM

R—TIrDEIETUTL—EDEINDT A Ak

>target

AN — iy — N N
A—y b DEES (HINL/ A S32=4 —12)
VILTGNSSLCPISGWAIYSKDNGIRIGSKGDVEVIREPFISCSHLECRTF
FLTQGALLNDKHSNGTVKDRSPYRTLMSCPVGEAPSPYNSRFESVAWSAS
ACHDGMGWLTIGISGPDNGAVAVLKYNGIITDTIKSWRNNILRTQESECA
CVNGSCFTIMTDGPSNGQASYKILKIEKGKVTKSIELNAPNYHYEECSCY
PDTGKVMCVCRDNWHGSNRPWVSEFDONLDYQTIGYICSGVFGDNPRPNDGT
GSCGPVSSNGANGIKGFSFRYDNGVWIGRTKSTSSRSGFEMIWDPNGWTE
TDSSEFSVRODIVAITDWSGYSGSEFVQHPELTGLDCMRPCFWVELTIRGQPK
ENTIWTSGSSISFCGVNSDTVGWSWPDGAELPFEFST

B 5l —EUE [356.8%

VILTGNSSLCPISGWAIYSKDNGIRIGSKGDVEVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPYRTLMSCPVGEAPSPYNSRFESVAWSASA
CHDGMGWLTIGISGPDNGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCEFTIMTDGPSNGQASYKILKIEKGKVTKSIELNAPNYHYEECSCYPD
TGKVMCVCRDNWHGSNRPWVSEFDQONLDYQIGYICSGVFGDNPRPNDG--TGSCGPVSSNGANGIKGEFSFRYDNGVWIGRTKSTSSRSGFEMIWDPNGWTET
DSSEFSVRODIVAITDWSGYSGSEFVQHPELTGLDCMRPCEWVELIRGQPKENTIWTSGSSISFCGVNSDTVGWSWPDGAELPEFSTI ———

>template
TYMNNTEATCDAKGFAPFSKDNGIRIGSRGHIFVIREPFVSCSPIECRTFFLTQGSLLNDKHSNGTVKDRSPFRTLMSVEVGOSPNVYQARFEAVAWSATA
CHDGKEKWMTVGVTGPDSKAVAVIHYGGVPTDVVNSWAGDILRTQESSCTCIQGDCYWVMTDGPANRQAQYRIYKANOGRIIGOTDISEFNGGHIEECSCYPN
DGKVECVCRDGWTGTNRPVLVISPDLSYRVGYLCAGIPSDTPRGEDTOFTGSCTSPMGNOGYGVKGEFGFROGTDVWMGRTISRTSRSGFEILRIKNGWTOT

‘9—//\€7Eio)ﬁ%l_;ﬁbs

SKEQIRKQVVVDNLNWSGYSGSETLPVELSGKDCLVPCEWVEMIRGKPEEKTIWTSSSSIVMCGVDYEVADWSWHDGATILPEDIDKM

TUIL—MEE

ETILIEE

fEmiEEED
RMSD 1.051A
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Modeller

. SalibAFFELI-AREQAS—FETIULIY—IL
— Windows, Mac. Unix2OSTHIBRIgELRFZV R 7R—2Y TR0 7
e« ATXURTSAVAVRZTI—RANER
— GUIIZX. EasyModeller(Z')J—) . Chimera(Z')—) . DS Modeling (B ) % &
— https://salilab.org/modeller/ A

Modeller

Program for Comparative Protein
Structure Modelling by Satisfaction
of Spatial Restraints

’AboutMODELLER ‘ Hai%ﬁmi‘j:loz
’ MODELLER News l About MODELLER

’ Download & Installation l

MODELLER is used for homology or comparative modeling of protein three-dimensional structures (1,2). The user provides an alignment of a sequence to be modeled with
known related structures and MODELLER automatically calculates a model containing all non-hydrogen atoms. MODELLER implements comparative protein structure

S modeling by satisfaction of spatial restraints (3.4), and can perform many additional tasks. including de nove modeling of loops in protein structures, optimization of various
’ Registration ‘ models of protein structure with respect to a flexibly defined objective function, multiple alignment of protein sequences and/or structures, clustering. searching of sequence
Non-academic use databases, comparison of protein structures, etc. MODELLER is available for download for most Unix/Linux systems, Windows, and Mac.

Release Notes
Data file downloads

‘ Discussion Fonm ‘ Several graphical interfaces to MODELLER are commercially available. There are also many other resources and people using_Modeller in graphical or web interfaces or other
Subscribe  frameworks.
Browse archives

Search archives 1. B. Webb, A. Sali. Comparative Protein Structure Modeling Using Modeller. Current Protocols in Bioinformatics 54, John Wiley & Sons, Inc., 5.6.1-5.6.37, 2016.
’ Documentation ‘ 2. M.A Marti-Renom, A Stuart, A. Fiser, R. Sanchez, F. Melo, A Sali. Comparative protein structure modeling of genes and genomes. Annu. Rev. Biophys. Biomol. Struct. 29, 291-325, 2000.
FAQ 3. A Sali & T.L Blundell. Comparative protein modelling by satisfaction of spatial restraints. J. Mol. Biol. 234, 779-815, 1893.
Online I:;z:::: 4. A Fiser, RK Do, & A. Sali. Modeling of loops in protein structures, Protein Science 9. 1753-1773, 2000.
Wiki
’ Developers' Pages ‘ The current release of Modeller is 10.2, which was released on Nov 30th, 2021. Modeller is currently maintained by Ben Webb.

’ Contact Us ‘
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https://salilab.org/modeller/

Modeller® £ K&

= JIE

target template
sequence structure
. N

[ identify related structures }

" Tanas
59p
select templates T - C ._.'. C P
Gic- ....... oo E o q.:' N

oot b el ottt > _ o _ LT TIPS Y .......... % L
E . TUITL—REF=TICDTIA A B Yoo @
E align target sequence with alignment R C
| template structures 3D GKITFYERGFQGHCYESDC—-—---- G =
i . SEQ GKITFYERG---RCYESDCPNLQP

: BETIAAAOT—EIR—ZA M5 TUITL— DB EHDMERSEH

egmeen e |GERE “EAGEOMREREIE €57 VHER

[ s | e ol f
evaluate the moage m gzw‘
#
MR HREGESHET. 100
BEilJ\{tE??a D—lvs —”——1,9 21 ”2v'J 2'5
bibp.B99SS0001 c.-C, DISTAN_C._E Al
¥ oo C,—C D kD15l
i N A EIED S EH 9 R B CE
TR R % @ BHAEMELDELRERERD.

Residue Index . - =
N. Eswar, et al. Comparative Protein Structure Modeling Using Modeller, IR —EICEH
Current Protocols in Bioinformatics, 15:5.6.1-5.6.30, 2014.
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https://doi.org/10.1002/0471250953.bi0506s15

SWISS-MODEL

o EXPASYH—/\MoFATELHREAD—FTITY—IL
e https://swissmodel.expasy.orqg/

BN BiozeNTRUM SWISS-MODEL Modeling Repository Tools Documentation Login Create Account

Usiversity of Basel
The Center for Matocular Lite Scances

SWISS-MODEL Repository

is a fully automated protein structure homology-modelling server, Every week we model all the sequences for thirteen core species based on the
accessible via the Expasy web server, or from the program latest UniProtKB proteome. Is your protein already modelled and up to date in
DeepView (Swiss Pdb-Viewer). SWISS-MODEL Repository?

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

Start Modelling

SARS-CoV-2

Severe acute respiratory syndrome coronavirus 2, is a positive-sense, single-stranded RNA coronavirus. It is a contagious virus that
causes coronavirus disease 2019 (COVID-19).

We modelled the full SARS-CoV-2 proteome based on the NCBI reference sequence NC_045512 and annotations from UniProt.

The results are available here.
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Ex:L=bD
— empirical potential, database-derived potential,
knowledge-based potential, pseudo potential

— BREM DR, ZEDEINE. B $1:=|=@E72+t0)’5u/5%7

BOBEEREIIHLT.HAIX. Enod sy Pd %]

D-logZFELTHRTUIRILOFIZRLIZE®D

5 (Sippl, J. Mol. Biol., 1990)

— FIFEN, KRBV, RETHA—EDT7oH2TIL
—Ifm»# EDIRREXHY H IR 9 HFEFp(x)

p(x)h\bh\h(j: EX)ZRELDHIEMNTED

« IUNTEDRIZEWNWT, EBFlaDbETHEECEFEDIREIX. HHIRIL
F—BIE(@, ) DEETDH/ZAILT o TILIZIHELTWNSEEZ DN

p(x)_—exp[ E(x)/KkT] ‘ E(x)=—kTlog( p(x))—kTlog Z (zI&5»EREE%K)
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A. W. Senior, et al. Nature, 577, 706—710 (2020).
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AlphaFold2® F %

Embedding Trunk Heads
© 2020 DeepMind Technologies Limited
MSA seguence-residue edges Confidence ,
4 residues P 'd ~ P ~ — score :Igh
IESIEES residues N confidence
SR BEARNEE QTTATE
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le§ £ A | .
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ST AR o
el AT ’ s> |
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SEEEL pairs Update Structure
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U J ‘_[
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MSA picture inspired by: Riesselman, A.J., Ingraham, J.B. & Marks, D.S., 0!

Nature Methods (20818) doi:18.1838/541592-618-8138-4
templates

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

ColabFold

* AlphaFold2%ZGoogle Colab notebook&L T
E1T945700 5L
— Colaboratory (Colab) [&. Google Research HV{g
9 S5PythonD 7Y S LRARIRIET. 750Y
£t TPythonZ ik, EITTHEMNTED
— Google7 h o kET T4 (ChromeiftdE) NiHE
c A—TY—RYIT+ 7 ELTHIHAEE

https://github.com/sokrypton/ColabFold
 AlphaFold2%£1T

https.//colab.research.google.com/qgithub/sokrypton/ColabF
old/blob/main/AlphaFold2.ipynb
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ColabFoldD E{TIRIE

« /—kTJw% (notebook): PythonZ A4S S LEAN-E
TLIY . TXRAROOAUNER ALY T B8 D1E
Ei15, 771 ILELTRFLI-IGE DR FIE.ipynb
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—ktJL (Pythona—kR) ETFXF AL THEEEINS

o SR L O—FEJLDOPythona—KRZfER-FE179 5
F=OIZH—/N\—ITEMEL TS T RIS A

“AlphaFoldD =% A4



ColabFold

Making Protein folding accessible to all via Google Colab!

Notebooks
AlphaFold2_mmseqgs2
AlphaFold2_batch
RoseTTAFold

AlphaFold2 (from Deepmind)

BETA (in development) notebooks

AlphaFold2_advanced

OLD retired notebooks
AlphaFold2_complexes
AlphaFold2_jackhmmer
AlphaFold2_noTemplates_noMD

AlphaFold2_noTemplates_yesMD

monomers

Yes

Yes

Yes

Yes

Yes

Mo

Yes

complexes
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Yes
No

Yes

Yes

Yes

Mo

mmseqs2
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Yes
Yes

Mo

Yes

Mo

Yes

Jjackhmmer
No
No
No
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Mo

Yes

templates
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MNo
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Mo
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MMseqs2

I\/II\/Isequ(Many -against-Many sequence
searching): ;!:&037\/@&@35'1 IS EESID
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1x—C:E) (ilg:ln L@ix%%ﬁ

~* e
— PSI-BLASTERILREREDO7AT74 L& FEZ400
ELLE DEETITICEAAEE
1I:Il’ DIRETITOC ‘R BE
Steineqgger M and Soeding J. MMseqgs2 enables sensitive protein sequence searching for the analysis of massive data sets.
Nature Biotechnology, doi: 10.1038/nbt.3988 (2017).
Steinegger M and Soeding J. Clustering huge protein sequence sets in linear time. Nature Communications, doi:

10.1038/s41467-018-04964-5 (2018).
Mirdita M, Steinegger M and Soeding J. MMseqs2 desktop and local web server app for fast, interactive sequence searches.

Bioinformatics, doi: 10.1093/biocinformatics/bty1057 (2019).
Mirdita M, et al.: Fast and sensitive taxonomic assignment to metagenomic contigs. Bioinformatics, doi:
10.1093/bioinformatics/btab184 (2021).
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https://www.nature.com/articles/nbt.3988
https://www.nature.com/articles/s41467-018-04964-5
https://academic.oup.com/bioinformatics/article/35/16/2856/5280135
https://doi.org/10.1093/bioinformatics/btab184
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» N sequences N 1102 sequences N 110 sequences
)
3] Score of
o - best
2 s diagonal >
2 threshold?
= Consecutive
' k-mer matches i
1 on same diagonal Smith-Waterman
Query x Query Query x
Fast k-mer match stage (b) Vectorized ungapped alignment Vectorized gapped alignment
b doublggmatch
Query Target (DECER [
sequences sequences & Store
Nested for loops & lgnore| 2 -

=11

MHWVREA

—
151 ‘h:a:
‘ <<
._,ELST@\M @SGK Precomputed index table g S
>
k-merC&IZEBRILE: / ’;\ ;“:;1\0::“9 Tl z
k-mer®ArEVER  [kmer | © MHWVREA Query x 151
LTHL MHWVRQA AAAAAAC ‘
k-mers IHWLRQA : oTa_rget Pos :
similarto  |MHWVREA+———MHWVREA> 431 If(diagonal_prev[972]==149-151)
query k-mer [MHWVRQS ; 927 149 1> store double match (972,-2)
(bit-score > : YYY;(YYY ‘ 1’522: 217 // Update diagonal of prev. match
threshold)  |THFLKES - diagonal_prev[972]=149-151
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HMMER

« HMMER: @L< /L 7%ET )L (HMM, hidden Markov
model) ZFALVT. BEHI|T—2IR—XI[Zx L TEREZITL.
FSAUAIRERDBI=HDIYTRHTT

A REKESOFRELGEHINI—FFRTTOT7A
JLHMMIZ &5

o8

M, RELOEF—TIZHLTLEOMREZL D, EF—7 B EF—TJOBMBIRE, XFEFHDLAL,
DxBEEDXFIT—H, EXFOHIERNER SN D, E:EF—T7DHERTIKRE, XFZEHALEL,

L: xXBEDXFEDRICEANRDHDZEETRT, 1N\ I 5TT C.CREDTSA A2 FEINTWNEIVREE, ERBEICHA,
ROBAERIZE L TXFEEH A, JE®F— T & ERET HIRE, EREFICHA,

Dy: xBEHOXFMNHEIREIN-C LETRT, XFIFEALAGL, T #TIRREE,

S: BAIRIKRE, XFHFH A LAY,

N: NRIGDT T4 A FEINTUWELMRE, BBEICHA,

Sun Y., Buhler J. Designing patterns for profile HMM search Bioinformatics (2007) 23: e36—e43.
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https://doi.org/10.1093/bioinformatics/btl323

HMMZ BN -

« phmmer: 73X/B&ERSIT—RAR—XIZXL T,
1D DEHEIER (BLASTPD LS55 {F FHK)

o jackhmmer: 72 /BECH|T—2N—X (3L
T.1DDELHZ#YRLEER (PSI-BLASTD
KOG FERE)

« hmmsearch: 72 /BEHEC 5T —2RN—XIZXfL
T. 70774 )ILHMMZEERE

« hmmscan: 7A774JLHMMIZxL TP S /B
ARz =R
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ColabFold®M =

R

Environmental: BFD$ &
UMGNify A3/ LsT—43
R—X%#MMseqs2&E975 R
) GHERANTRESESE
HERRL . BZERLLI-2D
UniRef100: UniProtkKB®
117 & Ll E DBE2FIT100%
—HBLTWSEDEITRA
5

UniRef90: UniRef100M &2
BEHZRR) T D5RE
DHFDEDHD EI0%—
L. 80%LL EELH->TLY
BEDMNOIEDITRIET
. RRIZT7/T—3a>D
B.ETIVEMGEEEL

a Multiple sequence alignment
with MMseqs2

T e UniRef100 &

¢ Result visualization

Sequence coverage
* _ 0 complexes

Sequence coverage

b1 Structure prediction
Uniﬁefﬂﬂ 'I' Envimnm_&ntal )

- o a4 = =
- BalboT w B v 1

. 88 3 8 E §

M. Mirdita, et al. Bioxiv, 10.1101/2021.08.15.456425 (2021).
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CO O AphaFold2ipynb https://colab.research.qooqle.com/qithub/sokrvpton/CoIabFoIdAﬁ o @
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P, Mjmjbj frjnain/AIphaFoIdZ.ipvnb o - | saR |
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Q .
~ ColabFold: AlphaFold2 using MMseqs2
X
4 Easy to use protein structure and complex prediction using AlphaFold?2 and Alphafold2-multimer. Sequence
alignments/templates are generated through MMseqs2 and HHsearch. For more details, see bottom of the @\ °°

O

notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: v1.0,v1.1,v1.2,v1.3

1
Mirdita M, Schiitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold - Making_protein folding EE glj % % 0) i i )\ jj ( FASTAH:& :_l'—t
accessible to all. bioRxiv, 2021 fd: E—G [j:;"d: LY )

Input protein sequence(s), then hit Runtime -> Run all *E é 1$§ %jﬂll -d_ %) &% [j: N ﬁa gle:
auery_sequence: ' PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVIITEMAKGHFGIGGELASK ﬁa §IJ B O) J: 2D ': [ ] -t‘: IZ {'J] > -C *E’ ;:'-E

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

jobsae: et ——— VAT R FERDI7AILDEFIEEICRBENS
soe ambor: +— AmberiGZEAWTEEZE
temslateaoite: e +— NONE. T T L—RZERALALD -

* "none" = no template information |P@§J@deaa%ﬁg 1EEW¢DPDB¥rQan thﬂlﬁLH&%F@h%% l/ \ —C* §
custom: FIAEHPDBRXDI7/ILTHEE

MSA options (custom MSA upload, single sequence, pairing mode)

nsa_mode: MMseqs2 (UniRef+Environmental) g——— 7)[/?7 )I/77/r_/}_/|\ (MSA) 0):E I: -

€ 11 ” ” N
pair_node: unpaired+paired €—— \

= + "unpaired+paired” = pair sequenceiﬂﬁ@aei{ped 1 uﬂ]@ @m@} @M&Afor each chain, "paired” - only use paired sequences.
] mE O 25 paired: ﬁE?H’\C’TOD MSA

A
il
Ul
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https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb

AlphaFold2® #|

O O AphaFold2.ipynb .
PROY S5q)l & Fx BA S294L Y—IL ~NLT = T ATUE Sl O
= DTN SR autohNT D4 )Lk (BRI AlphaFold2-ptm. & & IZAlphaFld2- *
aQ Advanced settings multlmer V2) |
nodel_type: ato ¥ - B4 /AP ptm: predicted TMX37 ., ]
= vun recycless 3 ) . ) . ’L\Miﬁﬁ AIphaFoId(:%ﬂﬁi&ﬂ@'ﬁﬁﬁ?ﬁ*%
- M4

(]

can be used

e o sooste i) %*%’éGoogler»r?( BET3
— FIvIEx ANT=HAHLL

« if the save_to_google_drive option was selected, the result zip will be uploaded to your Google Drive

Don't forget to hit Runtime -> Run all after updating the form.

J—FoETR
Install dependencies 1%%7%)/?“/’7 w@’f//‘(l* )1/7:1&
J1—FoETR

Run Prediction
J—FoETR

Display 3D structure

rank _num: 1 «— 1~57§§5Q2]:R__|"L‘b -

wlor: o1 +—— chain: FIAZEDBD(T \ -
© w0 IDDT pLDDTIE (ETILDEERT ), TI74/b
rainbow: NRMSCRKDL A R—FK R

show_mainchains: [
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— IFfi#{&1&: PDB ID: 3b7e — &N SN ERTE
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https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p1.fasta
https://www.rcsb.org/structure/3b7e
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ColabFold: AlphaFold2 using MMseqs2

Easy to use protein structure and complex prediction using AlphaFold?2 and Alphafold?-multimer. Sequence
alignments/templates are generated through MMseqs? 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,¥1.3

Mirdita M, Schiitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold - Making_protein folding
accessible to all. bioRxiv, 2021

W

~
w

‘ﬂ[ﬂl

(1] Input protein sequence(s), then hit Runtime -> Run al |
query_sequence:  PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVIITEMAKGHFGIGGELASK

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

jobnane: test

use_anber: [

tenplate_mode: none

» "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom” - upload and search own templates (mmCIF format)

11— FoETE

(2] MSA options (custom MSA upload, single sequence, pairing mode)

msa_mode: MMsegs2 (UniRef+Environmental)

pair_mode: unpaired+paired

Fremmn mnmnn amonioos o cmeeiend BACA P s e AN Ao oenta BACA £
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CO &[AphaFoldzipynb RIS )+ [ DO — JILHIBRL THL B0k axs & Q

PROY FSx ) @& Fm BA S241L VoL AT 2EEE 001
+3d—F +FF2k BE - s EE A

Vo BN

Q .
~ ColabFold: AlphaFold2 using MMseqs2
X
= Easy to use protein structure and complex prediction using AlphaFold2 and Alphafeld2-muliimer. Sequence
alignments/templates are generated through MMseqs? and HHsearch. For more details, see bottom of the
notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: ¥1.0, ¥1.1,¥1.2, ¥1.3
Mirdita M, Schiitze K, Moriwaki ¥, Heo L, Qvchinnikov S, Steinegger M. ColabFold - Making_protein folding
accessible to all. bioRxiv, 2021
Input protein sequence(s), then hit Runtime -> Run al |
gquery_sequence: PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVIITEMAKGHFGIGGELASK
* Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-cligomers). For example PI...SK:PI...SK for a homodimer
jobname:  test
use_anbher: [
template_mode: none -
* "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom’ - upload and search own templates (mmCIF format)
d—FoETR
MSA options (custom MSA upload, single sequence, pairing mode)
<> msa_mode: MMseqs2 (UniRef+Environmental) -
= pair_mode: unpaired+paired -
>
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(O & AlphaFold2.ipynb 8 o i O
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Q.
~ ColabFold: AlphaFold2 using MMseqs2

X
] Easy to use protein structure and complex prediction using AlphaFeld? 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, ¥1.1, ¥1.2, v1.3

Mirdita M, Schiitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold - Making_protein folding

accessible to all. bioRxiv, 2021 g_bg\ybo)ﬁaguéljj (ﬁa : B \1_5(7_&7;1@)‘
© Input protein sequence(s), then hit Runtime -> Run apl.fasta

query_sequence: [ VILTGNSSLCPISGWAIYSKDNGIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPYRTLMSCP VGEAPSPYNSRFESVAWSASACHDGI

+ Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example PI...SK:P1...SK for a homodimer
& N
juhnamE:[Fﬂ ] “/Elj%éjkjj

use_amnber: [

template_mode: none

* "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom” - upload and search own templates (mmCIF format)

d—FohETR

MSA options (custom MSA upload, single sequence, pairing mode)

msa_mode: MMseqgs2 (UniRef+Environmental) M MSeqz (7__\\71_)1/ I\) -
pair_mode: unpaired+paired unpalred'l'palred (7__\\71'}1/ I\) -

~
w
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https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p1.fasta

HIN1/AS3=2 —E D& F R (5)

CO & AlphaFold2.ipynb MIE— 8 e ” O
PROY S 4L BE =R BA S240L Y-l AT TATOZTEEEELELE .

+ -k + FF2b

ST = I « SN |

Q © Advanced settings

mnodel _type: auto

{x}

num_recycles: 3
"auto” = protein structure prediction using "AlphaFold2-ptm" and complex prediction "AlphaFold-multimer-v2". For complexes "AlphaFold-multimer-v[1,2]" and "AlphaFold-ptm"

= can be used.
save_tu_gungle_drive GOOlge P%{j":%ﬁ%%1%ﬁ L'C}SL\T:ﬁh“J:L\
« f the save_to_google_drive option was selected, the result zip will be uploaded to your Google Drive

Don't forget to hit Runt ime -> Run all after updating the form.

d—FOER

Install dependencies

J—-FoFEx

Run Prediction

—FoOER

Display 3D structure

rank_num: 1

color: IDDT
<>
= show_sidechains: [
[>_| show_mainchains: [J
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CO & AlphaFold2.ipynb B vk mss B Q
FRO*Y D7)l BE Fr B\A Z284L Y-l ~NLT CDETEE i

— +3d-F +FFXb TATOTILEST Ctrl+F9 B O~ s EE A~
F0EIDEILEET Ctrl+F8
~ ColabFold: AlphaF¢ #®EruLz=R ClrivEner
{x} BREEEET Ctrl+Shift+Enter
Easy to use protein structu _ . Iphafold2-multimer. Sequence
alignments/templates are ¢ HROILERLT crkee ore details, see bottom of the
notebook, checkout the Col mns:v1.0,v1.1,v1.2, v1.3
Mirdita M, Schitze K, Moriv old - Making_protein folding

accessible 1o all. bioRxiv, 21

v oo B R E N

o Input protein seq S LNEEEEEECUTEY

que rv_sequené’?‘(b@?*fj’iﬂﬁ ‘EF’@CSHLECRTFFLTOGALLND KHSNGTVKDRSPYRTLMSCP VGEAPSPYNSRFESVAWSASACHDGI
[\; —
s Use : tospecil Twis0EE 3s (supports homo- an . =
J— v ODNE

jobnanme: & G\PU0)1§H3\)‘:EU'U'4ZM B
woammer: 0 7 )FZELT (Colab Prod#) =K
R

template_mode: none

* "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom

S LDtk

d—FoET -

b

O /wodso =T
CD/)— Iy OEEFETIECI-FLodh®E
msa_mode : MMsegs2 (UniRef+Environmental) D BoT = -

pair_mode: unpaired+paired
Fr Il ( fRiF

50

MSA options (custom MSA upload, single sequence, pairing mode)

-

v ~
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ColabFold: AlphaFc¢

Easy to use protein structur
alignments/templates are ¢
notebook, checkout the Col

Mirdita M, Schiitze K, Moriv
accessible to all. bioRxiv, 21

© Input protein seq
qUEery_Sedquence:
s Use : to specil

jobnane: Pl

use_anber: [

tenplate_mode: none

EhEDTILEES Ctri+F8
RIEOTILEET Ctrl+Enter
BIREEEET Ctrl+Shift+Enter

Iphafeld2-multimer. Sequence
ore details, see bottom of the
ns v1.0,v1.1, v1.2, v1.3

BEOTILESET Ctr+F10

old - Making_protein folding

N oB % U N
SAA LFEREESECULY

FLAALDFATEEE EPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPYRTLMSCP VGEAPSPYNSRFESVAWSASACHDGI

tyraosE s (supports homo- and hetro-oligomers). For example PL...SK:PL...SK for a homodimer
[Z&: ZD/—rJvI1E Google HMERLT=
HLDTEHBYFEF A INKRRSNTHER

—> TZOFFERETIZD) VY }

» "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom” - upload and search own templates (mmCIF format)

d—FhET

MSA options (custom MSA upload, single sequence, pairing mode)

msa_mode: MMseqgs2 (UniRef+Environmental) -

pair_mode: unpaired+paired

e sim i mdmim ol 4 am B ol

B . Fomamm mmamm o mm im0 el AR T e Al i mmmbn BAC A Fmw mmm b sl s Mmmiwm el mamlir vemm amomimm o] mom s s

g



HIN1/AS3=4 —E D& F R (8)

cO & AlphaFold2.ipynb M E— 8 ovh mes @ @
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+3-F +FF2hH
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1 v 141 |nstall depeniv
5 J-FOER

Looking in links: https://storage.googleapis.con/iax-releases/iax releases.htn
Requirement already satisfied: jax[cudal<0.3.0 in fusr/local/lib/eythond.7/dist-packages (0.2.28)
Requirement already satisfied: scipy»=1.2.1 in fusrflocal /lib/eythan3.7/dist-packages (fron jax[cudal<0.3.00 (1.4.1)
Reguirement already satisfied: numpy>=1.19 in fusr/local /lib/pythand.T/dist -packazes (from jax[cudal<0.3.0) (1.21.5)
Requirenent already satisfied: opt-einsum in Jfusr/local/lib/python3.7/dist-packages (from jax[cudal<0.3.0) (3.3.0)
Requirement already satisfied: absl-py in fusr/local/lib/pythan3.7/dist-packagzes (from jax[cudal<0.3.00 (0.13.0)
Requirement already satisfied: typing-extensions in fusr/laocal/lib/pythond.7/dist-packages (from jax[cudal<0.3.0) (3.10.0.2)
Collecting jaxlib==0.1.76+cudall.cudnnd?z
Downloading https://storage.googleapis.condjax-releases/oudal 1/ anl ib-0.1.76%Beudal 1 . cudnnB2-cp37-none-many | inux2010 «B6 B4.whl (153.1 MB)
Reauirement already satisfied: flathuffers<3.0.>=1.12 in fusr/local /lib/ovthond.T/dist-packazes (from jaxlih==0.1.76+cudall.cudnnB2->jax [cudal<0.3.0) (2.0)
Requirement already satisfied: six in fusr/local /lib/pythond.T/dist-packages (from abs|-py->jax[cudal<0.3.0) (1.15.0)
Installing collected packages: jaxlib
Attempting uninstall: jaxlib
Found existing installation: jaxlib 0.3.24cudall.cudnnB05
Uninstalling jaxlih-0.3.2+cudall.cudnn805:
Successful ly uninstalled jaxlib-0.3.24cudall.cudnnd0h
Successfully installed jaxlib-0.1.76+cudall . cudnnB?

RITHDRTYT

Run Prediction

—FOFER

Downloading alphafold? weights to .: 100%] NN -.47G/3.47G [00:38<00:00, 95.6MB/s]
2022-04-08 10:34:01,642 Rurning colakfold 1.2.0 (0a7h11137ddab93263f ZechdBcB3f ThA1af301£0)
2022-04-08 10:34:01,647 Found 5 citations for tools or databases

2022-04-08 10:34:07,881 Query 1/1: p1_806ba (length 385)

COMPLETE: 100%| NN 150150 [elapsed: 00:02 remaining: 00:00]

2022-04-08 10:34:10,236 Running nadel _1

DARATYTIEETFETHAEETTRT

Display 3D structure

rank_num: 1

= color: IDDT -
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() ¢& AlphaFold2ipynb (] E—
PROT Twq)l BE Jx BA S240L Y=l NLT IACOEEEEFELELE

+ J—F +FFak

v (4] Uninstalling jaxlib-0.3.2+cudall.cudnni05:
Successful ly uninstalled jaxlib-0.3.2+cudall.cudnnB05
Q successfully installed jaxlib-0.1.76+cudall.cudnnd?

i (- Run Prediction

J—-FoFE=R

Downloading alphafold? weights to .: 100%] NN 3.47G/3.47G [00:38<00:00, 95.6MB/s]
2022-04-08 10:34:01,642 Running colabfold 1.2.0 (0aTh11137ddaB93263f 2eehdBeB3f ThA1af301F0)
2022-04-08 10:34:001,647 Found 5 citations for tools or databases

2022-04-08 10:34:07,881 Query 1/1: pl_906ba (lenzth 385)

COMPLETE: 100% | NN 150/150 [elapsed: 00:02 remaining: 00:00]

2022-04-08 10:34:10,236 Running model _!

2022-04-08 10:38:47,455 model _| took 272.1s (3 recycles) with plLODT 88.1

colored by N-C colored by pLDDT 50 0) :Ej__‘\) l/ 75§§ ZI_: éné

2022-04-08 10:38:21,547 Running model _2

) Display 3D structure

o

rank_numn: 1
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< color: IDDT
= show_sidechains: [
>

show_mainchains: [
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€O & AphaFold2.ipynb B> aa#s @ @
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PRO*+ Fwaq) BE TR BA S291A Y-IL NLT IATOEBEEEULEULL

f— 3= TR —_— — . > 7_"(RAM z’ v s wE ~
N (61 Display 3D structure 2‘77}')[{'*—6\500?:57')[/*%&%5‘55\2_ — =
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v [8]  Package and download results (pLDDT) ﬂE
If you are having issues downloading the result archive, try disabling your adblocker and run this cell again. If that fails click on the little folder icon to the left, navigate to
<> file: jobname.result.zip, right-click and select "Download” (see screenshot).
= J—koFER
b_| adding: config.ison (deflated 47%)
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e — RAM W - > SR
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+ B /i 0

Instructions
{x}
Quick start
O 1. Paste your protein sequence(s) in the input field.
2. Press "Runtime” -> "Run all”.
3. The pipeline consists of 5 steps. The currently running steps is indicated by a circle with a stop sign next to it.
. oia
Result zip file contents Z|p77/r)[/0) W AN
1. PDB formatted structures sorted by avg. pLDDT and complexes are sorted by pTMscore. (unrelaxed and relaxed if use_anber is enabled).
2. Plots of the model quality.
3. Plots of the MSA coverage.
4, Parameter log file.
5. A3M formatted input MSA.
6. A predicted_aliened_error_v!.json using AlphaFold-DB's format and a scores.ison for each model which contains an array (list of lists) for
PAE, a list with the averagge pLDDT and the pTMscore.
7. BibTeX file with citations for all used tools and databases.
At the end of the job a download modal box will pop up with a johname.result.zip file. Additionally, if the save_to_goozle_drive option was
selected, the johname.result.zip will be uploaded to your Google Drive.
MSA generation for complexes
For the complex prediction we use unpaired and paired MSAs. Unpaired MSA is generated the same way as for the protein structures prediction
by searching the UniRef100 and environmental sequences three iterations each.
The paired MSA is generated by searching the UniRef100 database and pairing the best hits sharing the same NCBI taxonomical identifier
<2 (=species or sub-species). We only pair sequences if all of the query sequences are present for the respective taxonomical identifier.

= Using a custom MSA as input

> | To predict the structure with a custom MSA (A3M formatted): (1) Chanae the msa node : to "custom”. (2} Wait for an upload box to appear at the

v 0% SETERL11:05 %(;OQ'EP%;?W:%E%%{%#?. x
. . 7 EELTHITIE. £ShBzip «
=& 65

-1 p1_906ba.result.zip
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TM-score

TM-score (Template modeling score): 2/ BEED RO —EELES
I 5F-Hh DIE1E
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GDT-TS

GDT (Global Distance Test): CASPTHLYLTLVAS
BEAUERT7

BUNJEERICH=ALERICER

— FIZIX. RARBEBELEETILVEELEOEEHLIEOSER
GDT_Pn: C JRFMRENALINIZCHDENE

GDT TS(GDT Total Score):
GDT_TS = %(GDT_Pl + GDT_P, + GDT_P, + GDT_Py)

GDT_HA(High Accurate GDT):
GDT_HA = l(GDT Pys + GDT_P, + GDT_P, + GDT_P,)
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IDDT&pLDDT

 IDDT(The Local Distance Difference Test)
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PAE

« PAE (Predicted Aligned Error): SRBIE&ELET
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https://deepmind.com/research/publications/2021/enabling-high-accuracy-protein-structure-prediction-at-the-proteome-scale
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https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p2.fasta
https://www.rcsb.org/structure/1QLX

A EZINEDEETRI(2)

() & AlphaFold2.ipynb = FR e S O
PROY S q)l BE Ex ﬁl COEERE ;

= TN IS5y AL L STTRTORILVEET]
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Q .
~ ColabFold: AlphaFold2 using MMseqs2
4 Easy to use protein structure and complex prediction using AlphaFold? 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, v1.1,v1.2,v1.3
Mirdita M, Schiitze K, Moriwaki ¥, Heo L, Ovchinnikov S, Steinegger M. ColabFold - Making_protein folding
accessible to all. bioRxiv, 2021 - >
— hvd | ANE
2—4 Yk DEEFIE A 71 (BESID B 1214 AFLER).
© Input protein sequence(s), then hit Runtime -> Run al | [22.fasta
query_sequence: | GSKKRPKPGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHGGGWGQPHGGGWGOPHGGGWGQAQGGGTHSQWNKPSKPKTNMKHMAC
» Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example PI...SK:PI...SK for a homodimer
& N
jobname: [D2| ] “/Elj%éjkjj
use_amber: []
tenmplate_mode: none -
* "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom" - upload and search own templates (mmCIF format)
J—FOET
MSA options (custom MSA upload, single sequence, pairing mode)
msa_mode: MMseqs2 (UniRef+Environmental) -
<y pair_mode: unpaired+paired -
& * "unpaired+paired” = pair sequences from same species + unpaired MSA, "unpaired” = seperate MSA for each chain, "paired"” - only use paired sequences.
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~ [5]  Run Prediction

d—FoETR

=} Downloading alphafold? weights to .o 100%) NN :.47G/3.47G [00:32<00:00, 116HB/s]
2022-04-14 14:13:37,222 Running colahfold 1.2.0 (f3f924e4dlacchlehahT083cali5339876e07F12)
2022-04-14 14:13:37,224 Found 5 citations for tools or datahases
2022-04-14 14:13:42,621 Query 1/1: pZ2_5224d (length 210)
COMPLETE: 100%| | 150/150 [elapsed: 00:00 remaining: 00:00]
2022-04-14 14:13:44,566 Running model _|
2022-04-14 14:17:83,720 model 1 took 245.3s (3 recycles) with plLDDT B2.3

colored by N—C colored by pLDDT

: \
2022-04-14 14:18:11,183 Running nodel _2

2022-04-14 14:18:38,106 model 2 took 24.9s (3 recycles) with pLDDT B3.3
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& v [B] Display 3D structure
{x} rank_num: 1 -
color: IDDT -
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show_mainchains: [
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¢ 3—~yhk: Ras-RaffE &k - EBEEDN—
— 72 /EER A ppl.fastal

- fZFE Y PDB ID: 3kud — BENADHONSEWERTE

— 1

e Col

abFold CTE1T

Structure Summary 3D View Annotations Expenment Sequence Genome Ligands Versions

£

. . B Display Files ~ CILTGINELESIEERS
Biological Assembly 1 @ )

3KUD

Complex of Ras-GDP with RafRBD(A85K)
PDB DOI: 10.2210/pdb3KUD/pdb

Classification: GTP BINDING PROTEIN/TRANSFERASE
Organism(s): Homo sapiens

Expression System: Escherichia caoli

Mutation(s): Yes ©@

Deposited: 2009-11-27 Released: 2010-03-23
Deposition Author(s): Filchtinski, D_, Sharabi, O., Rueppel, A, Vetter, | R., Herrmann, C_, Shifman, J.IM.

Experimental Data Snapshot wwPDB Validation €@ & 3D Report || Full Report
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Resolution: 2.15 A Rfrec P )72
R-Value Free: 0.264 Clashseore .
ij 3D View: Structure | 1D-3D View | R-Value Work: 0.237 Ramachandran outliers D 65

R-Value Observed: 0238

Electron Density | Validation Report | Sidechain outliers D 0045

Ligand Interaction

RSRZ ouliers D 7 0

g

81


https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/pp1.fasta
https://www.rcsb.org/structure/3KUD
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~ ColabFold: AlphaFold2 using MMseqs2
tx} Easy to use protein structure and complex prediction using AlphaFold? and Alphafeld2-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,v1.1,v1.2,v1.3

Mirdita M, Schiitze K, Moriwaki ¥, Heo L, Ovchinnikov S, Steinegger M. ColabFold - Making protein folding

accessible to all. bioRxiv, 2021 9_/72“} I~ 0) ﬁa 5” ;&_j_k jj - L

TV o R R W
< @ Input protein sequence(s), then hit Runtime -> Run al | ppl.fasta
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSI ]

query_sequence:

» Use : 1o specify inter-protein chainbreaks for modeling complexes (supports home- and hetro-oligomers). For example PI...SK:PI...SK for a homodimer

jobname: [ Ras-Raf ] :)37‘% %Ajj

wee amber: O 2DMDEHZE AT
EES1:EES 2D KO I TRY)S .

* "none" = no template information is used, "pdb70" = detect templates in pdb70, "custom" - upload and search own templates (mmCIF format)

template_mode: none

d—FhETR

v [21  MSA options (custom MSA upload, single sequence, pairing mode)

nsa_mode: MMseqs2 (UniRef+Environmental)

pair_mode: unpaired+paired

« "unpaired+paired” = pair sequences from same species + unpaired MSA, "unpaired” = seperate MSA for each chain, "paired"” - only use paired sequences.
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Run Prediction
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{x} A
2022-04-11 18:27:43,392 Running model _3
2022-04-11 18:28:02,585 model 3 took 19.25 (3 recvcles) with pLDDT 94.5 and ptmscore 0.881
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2022-04-11 18:28:22,458 Running model _4
2022-04-11 18:28:41,668 nmodel _4 took 19.25 (3 recycles) with pLDDT 87.7 and ptmwscore 0.551
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() & AlphaFold2.ipynb
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Display 3D structure

Q,
rank_num: 1 -
{x}
color: IDDT .
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show_sidechains: [

show_mainchains: [
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{x}

+3—F + ¥} v ?42&2 =

Result zip file contents

1. PDB formatted structures sorted by avg. pLDDT and complexes are sorted by pTMscore. (unrelaxed and relaxed if use_anber is enabled).

2. Plots of the model quality.

3. Plots of the MSA coverage.

4. Parameter log file.

5. A3M formatted input MSA.

6. A predicted_aligned_error_v!.json using AlphaFold-DB's format and a scores.json for each model which contains an array (list of lists) for
PAE, a list with the averagge pLDDT and the pTMscore.

7. BibTeX file with citations for all used tools and databases.

At the end of the job a download modal box will pop up with a johname.result.zip file. Additionally, if the save_to_soozle_drive option was
selected, the jobname.result.zip will be uploaded to your Google Drive.

MSA generation for complexes

For the complex prediction we use unpaired and paired MSAs. Unpaired MSA is generated the same way as for the protein structures prediction
by searching the UniRef100 and environmental sequences three iterations each.

The paired MSA is generated by searching the UniRef100 database and pairing the best hits sharing the same NCBI taxonomical identifier
(=species or sub-species). We only pair sequences if all of the query sequences are present for the respective taxonomical identifier.

Using a custom MSA as input

To predict the structure with a custom MSA (A3M formatted): (1) Change the msa_node © to "custom’, (2) Wait for an upload box to appear at the
end of the "MSA options ..." box. Upload your A3M. The first fasta entry of the A3M must be the query sequence without gaps.

As an alternative for MSA generation the HHblits Toolkit server can be used. After submitiing your query, click "Query Template MSA" ->
"Download Full A3M". Download the A3M file and upload it in this notebook.

Using custom templates

To predict the structure with a custom templates (mmCIF formatted): (1) change the tenplate_node to "custom” execture cell and (2) wait for an
upload box to appear at the end of the "Input Protein” box. Select and upload your templates (multiple choices are possible). Templates need to

be in mmCIF format, its names must follow the PDB naming (four letters) and must contain _entity_poly_ses and
v 0 SETHER 109
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Tools — Structure
Comparison — MatchMaker

RasRafET ILEEEDBFT A&
B EIKUdDAF 1Y
RasRafET ILEEEDCFTA &
HEmEE3kudDOBF 1Y
DEAZEREHLES

’TI.#I:FEOD (*Eé&o)) 9:14> Alignment algorithm:  Meedleman-Wunsch —l|

w MatchMaker — O >

(Reference chain: Chain(s) to match:

RasRaf _3f734 unrelaxed ran

el T el ref: RasRaf_3f734_unrelaxed_rank_1_model 1.pdb (#0) chain B

KUD (#1) chain A 3KUD (#1) chain A —
KUD (#1) chain B

ref: RasRaf_3f734 unrelaxed_rank_1_model_1.pdb (#0) chain C

3KUD (#1) chain B =

\ ] i |
. 7]
— Further restrict rmatching
to current selection

Chain pairing
~ Best- aligning pair of chains
between reference and match structure

- Further restrict matching
to current selection

Specrﬁc chain in reference structure
with best-aligning chain in match structure

ecific chain(s) in reference structure
with specific chain(s) in match structure

Matri: BLOSUM-62 — |
Gap opening penah:sﬁ Gap extension penah:'_.f|_1

W Include secondary structure score (30%) Show parameters

[v Compute secondary structure assignments

[ Show pairwise alignment(s)
Matching
[+ Tterate by pruning long atom pairs until no pair excesds:

|_2 angstroms

[ After superposition, compute structure-based multiple sequence alignment

Save settings Reset to defaults |

DI{| Appl}f| Eancel| Help |

g
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BETRADER

ETIVIEELIEFAEE (FEAEE. PDB ID: 3kud) DEEEZEREHE

DockQ (Quality Measure for Protein-
Protein Docking Models) . Fnat, LRMS,
IRMSZEE DIBEZIZDNWTHRARTAH LD

K #EE & (PDBID: 3kud)

ZX £ ColabFold — 1.007A (2415 ) .
0.810(231%% %)




AlphaFold DR 5

o JA—ILT A2 BREIZEAT AIFEIRIFALNTUVELLY

« DAV ITAA—IEEDRRANTEDNBESE
TRl TETULVELY

s EEBEEZEHRLI-TTIT(EZ1ToTULVELY
c MDD F(REE. BN FIEEW. €EBLE) LDFE
BEEEZ T HENTELL

o ALY BEEA KRB, FAY ORRIALED
F 8. OF BOBE FFEEEHL

« FARANT. ZEEIZESDTIA—ILEALIZLLEEST
WBEANTEL  BETET)JLTLES
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AlphaFold DR &

A B

PI3K-P85-iSH2
<"~ domain

Extracellular

Transmembrane

Intracellular

BERILEZEAR(GHR, UniProt P10912) PIK3R1 (UniProt P27986) MET L& (E %)
BEEISNTOVELWREWNERBRAT—IL RE EAITIEERIZCE>THONT-PIK3R1(KE) &
289-638) MECEMRHOTLD PIK3CD (k) DES A&

A David, et al. The AlphaFold Database of Protein Structures: A Bioloqist's Guide. J. Mol. Biol. 2022 434:167336.

“AlphaFoldD =% 00


https://doi.org/10.1016/j.jmb.2021.167336

SRR BEFOL X FHF—EDFRIFEERE

« UniProtkKB P36888 (FLT3_HUMAN

Model Confidence:

M very high (pLODT > 90)
Confident (20 > pLDDT > 70)
Low (70 = pLDDT = 50)

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

(\S/ Phobius+*>

)

Sk
il
rﬁlj
iy
JIH
=i

isolation.
14 ".\ o
> y~ TMHMMTIE
-
> BB ST
)
'] SN T-nEE
. p
, -~
SOURCE IDENTIFIER METHOD RESOLUTION CHAIN POSITIONS LINKS .
— Select — v — Select — v
PDB 1R1B X-ray 2.10 A A 564-958 PDBe - RCSB-PDB - PDB] - .
re
PDB 3Qs57 X-ray 4.30 A E/F/G/H 27-436 PDBe - RCSB-PDB - PDB; -
PDB 3Qs9 X-ray 7.80 A E/F/G/H 27-540 PDBe - RCSB-PDB - PDE; - \
PDB 4RT7 X-ray 3.10 A A 564-958 PDBe - RCSB-PDB - PDB] -
PDB 4XUF X-ray 3.20A A/B 600-947 PDBe - RCSB-PDB - PDB] - PDBsum &
PDB 5x02 X-ray 2.40 A A 564-958 PDBe - RCSB-PDB - PDBj - PDBsum &
PDB 6IL3 X-ray 2.50 A A 564-958 PDBe - RCSB-PDB - PDB] - PDBsum &
PDB 6IQR X-ray 220 A A 571-951 PDBe - RCSB-PDB - PDB] - PDBsum E S
AlphaFold AF-P36888-F1 Predicted 1-993 AlphaFold X

AlpbhaFoldD) £ % 01
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RoseTTAFold

A 2-track block D 3-track block

Cropped MSA

: N - —

HHsearch % s
& £
£
Attention
g > [ - >
sequence Transformer
& templates

TTooavItiy, n-ERERORE
ERZLYLLRET S
FybT—FERIAE ZVESIF DR &K,
PEEE, ERZRIFFCFE I HIENTESD

CASP14 targets

Q§$_*

Masked
Attention

it

Attention
—> —_— P
N
\\
4 ™

Attention

Attention
e

i ié BB-only model

SE(3) iterative
refinement

Combine
all crops

Gradient-based
folding

SE(3)-Transformer

3401

3D track

BAKER-ROSETTASERVER
Zhang-server

BAKER (human)

2-track (pyRosetta)
RoseTTAFold (end-to-end)
RoseTTAFold (pyRosetta)

AlphaFold2 (human)

40 50 60 70 80
TM-score

90 100

Baek, M., et al. Science (2021) 373: 871-876

3DEZEXE
céﬁé

RoseTTAFold
Robetta
IntFOLD6-TS
BestSingleTemplate

SWISS-MODEL

55 60 65 70 75 80 85

Full atom model

BEIE

CAMEO targets

TM-score

"RoseTTAFold
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https://dx.doi.org/10.1126%2Fscience.abj8754

SWISS-MODEL

o EXPASYH—/\MoFATELHREAD—FTITY—IL
« https://swissmodel.expasy.org/

BN BiozeNTRUM SWISS-MODEL Modeling Repository Tools Documentation Login Create Account

Usiversity of Basel
The Center for Matocular Lite Scances

SWISS-MODEL Repository

is a fully automated protein structure homology-modelling server, Every week we model all the sequences for thirteen core species based on the
accessible via the Expasy web server, or from the program latest UniProtKB proteome. Is your protein already modelled and up to date in
DeepView (Swiss Pdb-Viewer). SWISS-MODEL Repository?

The purpose of this server is to make protein modelling accessible earch SWISS-MODEL Repository
to all life science researchers worldwide.

Start Modelling

> =
SWISS-MODELIZ &5 #&:& F Al F,‘]D

SARS-CoV-2

Severe acute respiratory syndrome coronavirus 2, is a positive-sense, single-stranded RNA coronavirus. It is a contagious virus that
causes coronavirus disease 2019 (COVID-19).

We modelled the full SARS-CoV-2 proteome based on the NCBI reference sequence NC_045512 and annotations from UniProt.

The results are available here.

“SWISS-MODEL 04
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SWISS-MODEL Repository

E I,i.l_u.?..nf“._w" SW'SS—MODEL Modelling = Repository Tools Documentation Login  Create Account

Q. | Search SWISS-MODEL Repository

Fetch D_V UniProtkB AC or Em‘r]/ MName: 9 7 ﬁ é EE 5 J B e b“ E — i 3
SWISS-MODEL Homology Models: B6VTU2, AOA4DEMRNZ VIGUN, ACAOR3P6F1, SYE_MIGAN / /\ 0) I 0) 2 :E ) l/ — C
Experimental Structures: P11838, Q841I6_JANS3, Q5H5J0, AOX_TRYEB jj J\— -—G% -—C L \ ;Q{) 75\

Or search using free text: Hydroxymethylbilane synthase, Twin-arginine franslocafion pathway signal sequence domain profein, Mannitol-1-phosphate 5-dehydrogenase, Tyrosine-protein kinase Lck

The SWISS-MODEL Repository is a database of annotated 3D protein structure models generated by the SWISS-MODEL homology-modelling pipeline.
Bienert S. Waterhouse A, de Beer TA, Tauriello G, Studer G, Bordoli L, Schwede T (2017). The SWISS-MODEL Repositary - new features and functionality Nucleic Acids Res. 45(01):D313-D319. % [

The aim of the SWISS-MODEL Repository is to provide access to an up-to-date collection of annotated 3D protein models generated by automated homology modelling for relevant
model organisms and experimental structure information for all sequences in UniProtkB. Regular updates ensure that target coverage is complete, that models are built using the most
recent sequence and template structure databases, and that improvements in the underlying modelling pipeline are fully utilised. It also allows users to assess the quality of the models
using the latest QMEAN results. If a sequence has not been modelled, the user can build models interactively via the SWISS-MODEL workspace.

Currently the repository contains 2,211,366 models from SWISS-MODEL for UniProtKB targets as well as 166,639 structures from PDB with mapping to UniProtkKB.

We currently provide models for the reference proteomes of the following model organisms, based on UniProtKB release 2021 _02. If you want to download a large number of models,
please contact us.

Proteome Size Sequences Modelled Models Seq Coverage Metadata Coordinates
(Homology models and (Homology models only)
experimental structures)

Homo sapiens 20614 18,003 43,135 - -.- & 13.7 MB ds4GB
Mus muscuius 21,990 19,422 43 359 _ -.- 8.0 MB & 31GB
Caenorhabditis elegans 19,818 13,837 24 078 - -.- 38MB & 1368
Escherichia coli 4,391 3,624 6,002 _ ||- 1.7 MB & 4422 B
Arabidopsis thaliana 27 468 21606 38,434 - -.-
rosophila melanogaster 13,821 10,628 20,638 - ---
Saccharomyces cerevisiae 6.050 4,933 8,397 _ -.

Schizosaccharomyces pombe 5138 4,259 7,635 _ ..- & 1.1 MB & 4545 U8B
Caulobacter vibrioides 3,720 3,067 5113 D NI & 7477 KB & 346 6 MB

b=

[#=

5.8 MB X 22GB

[#=

3.3MB & 1.3GB

2.0MB & 497.0 MB

b=
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SWISS-MODEL Repository

Homo sapiens (Human)

Homo sapiens (Latin: "wise man") is the species name for humans. Believed to have originated in Africa, Homo sapiens is the only surviving member of
the Homo genus.

I
EEd e

The first complete draft of the human genome was completed in 2001 with an estimated cost of $200million. With the advances in DNA seguencing
methods, this price has dropped dramatically down to almost $1000 per genome. By combining the individual genome information with other data, such
as protein structure models, personalised medicine becomes viable.

"Homo sapiens", Wikipedia: The Free Encyclopedia

wikimedia.org

Protein models in Repository

From left to right: iy The number of proteins in the reference proteome of Homo sapiens, i) the number of unique protein sequences for which at least one model is available, iii} the total number of models and
iv) a coverage bar plotis shown.

The bar plot shows the coverage for every protein in the reference proteome of Homo sapiens for which there is at least one model. Different colours (dark green to red boxes) represent the coverage of the
targets. Targets with high coverage are represented in dark green (more than 80% of the target's length is covered by models), whereas low coverage is shown in red. The size of each box is proportional to
the number of target sequences with a given coverage.

For information on the latest proteome for Homo sapiens, please visit Proteome.

You can easily download the latest protein sequences for Homo sapiens proteome here. Please note this download is for the current UniProtkB release, which may be different to release 2021_02 that was
used for the most up to date SWISS-MODEL Repository.

Proteins in proteome Sequences modelled Models

20,614 18,003 43135

Detailed coverage numbers are obtained by hovering the mouse over one of the boxes.

I - 80 I 60%-80% 40%-60% M 20%-40% MM - 20¢ I (Not modelled)
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SWISS-MODEL Repository

Template Coverage for Homo sapiens =
100
S TUIL— M EETBEIE LA YNEDESI—BUE
* DARDERE (TFA2 A2 REHHDIitsIZK D)
70
% &0
g 50
E 40
30
20
10
0-\":‘1 -\“;la -\"’%\ -\"’b‘, \"’é -36‘ -\"Pq -\"*q\ -\“'* -\""’ﬁ -\“‘q‘l -\""’q q,°°\ @os q?p ” 1961 ﬁ.“aq 1?\\ n?cj ﬂ?\" é‘\’t m"\G, ﬁ?ﬂ'\
Y
m ear

0-20% 20-30% 30-40% 40-50% Il 50-60% M 60-70% I 70-50% I 80-90% I 90-100%
Lact updatad: 2021F4H9E

| ERDE OB ETEF LB EUERTHA—TET
NBEIE (HIEIZQMEANTRENSET LDE)

This chart shows the percentage of residues in the Homo sapiens proteome which are covered by experimental structures and the enhancement of coverage by homolegy modelling by the SWISS-MODEL pipeline. Experimental
residue coverage is determined using SIFTS mapping. For residues which are not covered by experimental structures (including where there are no atom records in SIFTS mapping) the model coverage bars are coloured by

QAMEANDIsCo local quality score.

M ot covered M@ O-0.5 M 0.5-0.6 M 0.6-0.7 M@ 0.7-0.5 M0 0.3-0.9 M0 0.9 - 1.0 Il Experimental
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2% SWISS-MODELIZ &A% &R (1)

%, El""""“'"SWISS—I\."'lODEL Modelling ﬁﬂr\b@ol} ﬁogn%m;tg Jﬁir/(:reatelic%t
774/)‘/ Fe1—HMN

Start a New Modelling Project @ l é

Target Sequence(s): ' Paste your target sequence(s) UniBrotER AC here J EI Supported Inputs @
(Format must be FASTA,

Clustal, Sequence(s)

plain string, or & valid
UniProtkE AC)

Target Template Alignment

UserTempIate

DeepView Project -

| | I -I-I:._;I-'E
=+ Upload Target Sequence File_. ® Validate v F~aTH

Project Title: Untitled Project 11— -|j37b 1:% % E;“; 75\ 5

Email: Optional —/7- v I\ &T /? l/ l\ 0)
[ et o o SAVAERET D

By using rhe SWISS-MODEL server, you agree to comply with the following terms of use and to cite the correspondrng articles.

TYIL—bORRENTS  ETVREERETD
You are currently not logged in - to take advantage of the workspace, please log in or create an acc( EE %u *% 0) :E 7_— IJ _/ 7 &_: j & % O) *ﬁ % O) :E)
(There is no requirement to create an account to use any part of SWISS-MODEL, however you will gain the benefit om%.\taxpw [)/EME'F gt/ -t‘ :E 7_ I) ‘/ 7 l/ -t' L i j )

~SWISS-MODEL 09



SWISS-MODELIZ &A1 EF

Al (2)

[Build Model |Z##iRT 5& . PDBIZEEZSN TULSBERM DIV INIEHEET VT
THEE, TDORBENTUTL—RELTEHFMIZEIINTLESD T, [Search For

Templates %2179 %
Y 2 SWISS-MODEL

Start a New Modelling Project @

Modelling Repository

Tools Documentation shimizu@bi.a.u-tokyo_ac_jp-

Target Sequence(s): ' sp1

(Fomat must be FASTA, VILTGNSSLC EIYSED IRIG GRVEVIRE GALENDE
Cluatal, VGEAPSANSRFESVAWSAS IE;)E
TDGPS{GQAS YKILKIEKGKVTE ﬁuﬁpniif% z DT f{\’I-ICVCRDNI-HGSNRFI-NSFDQNLDYQIG ICSGVF

RSGFEMIWDPFHGWTETDSSFSVRQD
RECFWVELIRGQPKENT INTSGE5SISFCGVHSDIVGHSHEDGAELEES

plain ziring, or & valid
UniProtlB AC) GDNERE
SGESFVQHPEL

TGSCGEVESHG.

== Upload Target Sequence File & Validate

Project Title: Untitled Project

Optional

Search For Templates

Start a New Modelling Project @
Target Sequence(s). L Target

Build Model

ARTBEAT—RTIZELL

'SEYNSRFESVAWSASACHDGMGWLT 110

(Format must be FASTA, Target IGISGPONGAVAVLEYNGIITDT IKSWRNNILRTQESECACVNGSCET IMTDGESNGQASYKI LKIEKGKVIKSIELNAPNYHYEECSCY PDTGKVMCVCRONWHGSNRE 220
Clustal,
Target WVSFDQNLDYQIGYICSGVEGDNPRENDETGSCEEVSSNGANGI KGFSFRY DNGVWIGRTKST SSRSGFEMIWD ENGWIETDSSESVRQDIVAITDNSGYSGSEVQHEED 230
plain string, or & valid
UniFrotk® AC) T22g=t TGLDCURECFWVELIRGQPKENT INT SGSSISECGVNSDIVERSWEDGAELPEST
Add Hetero Target 2 Reset
Project Title- Untitied Project
Email Optional

Search For Templates

\ Supported Inputs @

Seguence(s) -

Target-Template Alignment = -
User Template -

DeepView Project -

Build Model

“SWISS-MODEL


https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p1.fasta

SWISS-MODELIZ &A% & %8 (3)

ﬁ EIOIEP’E:ITIH SW' SS_MODEL Modelling Repository Tools Documentation  shimizu@bi a.u-tokyo_ac jp-

Thow Cunber for Mobecular Life

= All Projects :E7_:') “/7\EP':§7TTE‘:*L6EE

Untitled Project created: today at 18:34

Summary Models E &+ X%

Template Results o
The search for templates matching your target sequence is currently running. Please wait.

...running HHblits against SMTL
.reusing cached query alignment
.predicting residue burial status with ACCpro
.searching PDB profile database with previously built query profile
.running BLAST against SMTL
.extracting distance constraints from 178 templates
..filtering 1list of templates
Sstructurally superpose templates
.predicting oligomeric state conservation

If you want to come back later, bookmark this link:

https://swissmodel.expasy.org/interactive/Njwpsd/

NS CE TS CN AL VS KNG TRTESKEDVEVIREEFISCSALECR T FFLIQGALINDEHSNGTVKDRSPYRTLMS CPVGEARSPYNSRFESVAWSASACHDG

MGWLTIGISGPDNGAVAVLEYNGIITDTIRSWENNILRTQESECACVNGSCFTIMTIDGPSNGASYRILEIERGEVTESIELNAPNYHYEECSCYPDTGRVMCVC

RDNWHGSNRPWVSFDQNLDYQIGYICSGVFGDNPRENDGTGSCGPVS SNGANGIKGFSFRYDNGVWIGRTESTSSRS GFEMIWDENGWTETDSSFSVRQDIVATLT

DWSGYSGSFVQHPELTGLDCMRECFWVELIRGQ PKI!HTIH—

~SWISS-MODEL 101



SWISS-MODELIZ L A& & T8 (4)

& . SWISS-MODEL

Modelling Repository Tools Documentation shimizu@bi a u-tokyo.ac.jp

i= All Projects

Untitled Project created tocay ot 105708 SRS ALT= T TL—h B MER — [Build Models 7R 2 F 107

Summary Templates 27 Models Project Data «

T7AINMILEL TEY LI-BEANHEE
SEIEFIvIZEIETI)

sfernary Structure Sequence Similarity Alignment Mare - Build Models @

+GMQE #QSQAE sldentity #Method #0ligo State  # Ligands Clear Selection
Jb7e.1.A Neuraminidase
Neuraminidase of ABrevig Mission/1/1918 H1N1 strain in complex with zanamivir

Template Results ¢

Templates

v B 02 100 10000 Xeray, 1.4A homo-tetramer 2x NAG-FUC, Z2x NAGT, 8x CAS 4 x ZMR®

y FryIL-BENRRIND

Structure of influenza neuraminidase from sirain ABrevioMission1/1818H1M1) expres=sed in HEK-233F cells

[0 &4d96.1.A Neuraminidase

L4 _. 081 0.9 4204  A-ray, 294 netero-12-mer 2 x NAG-NAG-BMA-MAN-MAN-MAN, 4 x NAG-NAG, 4 x

& NAGS, 4xCAS
[]  1ncc.i.A INFLUENZA A SUBTYPE N9 NEURAMINIDASE

CRYSTAL STRUCTURES OF TWO MUTANT NEURAMINIDASE-ANTIBODY COMPLEXES WITH AMING ACID SUBSTITUTIONS i .
THE INTERFACE ,? ) ’
: i

v T ) | JR 9 BT s e AP qER 5%%*%%3“-&@ Ry
0 e aeed B FTIIEANT, HEDTITILIIAD LD
SPECIFICITY THMDM@@{@?@ f%%?ﬁ -gﬁ % o

v IR

0.75 4817 Xeray, 304 hetero-12-mer 4 x NAG-NAG-BMA-MAN-MAN-MAN, 4 x NAGT
i

SEE, N8/ A53ZF— AR BESHELDT,
SOBEMER L0, REQNI lIstEIEET 5

The full list of templates matching youptarget sequence includes the following templates which are not in the list above. The
full template list is available in text q Jrmat.

3.1.4, 158v1.0, 1inf.1.8 1.4, Tinh

. g - u &  Cartoon- @ B. B & 3
“SWISS-MODEL ‘ — 00—




SWISS-MODELIZ & A#&:& 8] (5)

189 Unfiltered Template Results

Models Name Description GMQEQSQE S5eqld Cowverage Range WMethodResolution Oligo-state Ligands FD;;d Simsilla:rity
& & & . & & ® & % & & $ &
Neuraminidase
Build Homomer - -
b7 1A Neursminidase of ABrevig Missiont/1518 HiN{ strain in complex  1.02 1.00 100.001.00  1-385 Xray 145  1omo-  2XNAG 8xCA 4xZMR. 2xNAG- o oy ypie
Build Monomer . . tetramer  FUC
with zanamivir
Neuraminidase
Build H - | -
kbl 5o 1A Cyrstsl structure of the native 1918 HINA newrsminidsse froms 101 100 10000100  1-385 Xeray 165 oMo~ 2xNAG, 8x CA 2xNAGNAG 064 HHblits
Build Monomer ] : i tetramer  MAN-MAN
crystal with lattice-franslocation defects
- Meuraminidase
Rl (196 1 A Structure of influenza neuraminidase from strin ABrevighission 102 1.00 10000100 1385 Xaay 215 ome-  9XNAG, Bx CA ZxNAGNAGFUC, o e
Build Monomer . tetramer 1 x NAG-FUC
HAAI18(HINT) expressed in HEK-293E cells
] Neuraminidase
Build H - | - - -
S COMOMET o) 1A Grystal structure of Z283 Fab in complex with influenza virus 101 1.00100.001.00 1385 Xray 250 oMo BxCAAXNAGNAGBMAMAN- - o) g agt
. . tetramer  FUC
neuraminidase from ABrevig Mission/ /1918 (H1N1)
= Neuraminidase
Build Homomer - - o . -
6lxi.1.A  Crystal structure of ZZB3 Fab in complex with Jnfluenza virus 1.01 1.00 100.00 1.00  2-385 X-ray 2.50 P”tm ,EL’J‘PCA’ 4 x NAGNAGBMAMAN- o ¢t Hiipiits
m' —— asira.. teoe fnee T LS n. el T s LR B el o er
Build Homomer ini -
30914 |euraminidase _ 0.87 5692 099 3385 Xray 200 "™ 4xRPG 4xCA 4xNDG 0.49 BLAST
Build Monomer Influenza MNA in complex with compound 5 tetramer
Build H ini -
vidHomomer ) igg 1. \euraminidase - 086 5692 099 3385 Xray 240 ™% 4xCA 4x0HX 049 BLAST
Build Monomer Influenza MNA in complex with antiviral compound tetramer
Meuraminidase
Build Homomer | zis ; i MNovel 3-C-alk ! 1 -
4gb1. 1A S_,.fnfhe .r and Evaluation of Novel 3. C e.‘k{.‘efaﬂ MNewSAclen 0.87 56.92 099 3.385 X-ray 7 62 homao 4% 0LP 4 x CA 049 BLAST
Build Monomer Derivatives as Probes of Influenzs Virus Sialidase 150-loop tetramer
flexibility
Build Homomer Meuraminidase homo- .
dwab 1.0 The erystal structure of neuraminidase from a H3N8 influenza virus  0.87 5807 100 2-385 Xray 195 4 % ZMR, 4 x CA, 4 x NAG-FUC 0.48 HHblits
Build Monomer tetramer

isolated from New England harbor seals in complex with zanamivir

Build Homomer, ini -
r:j;:l?rammfd;jeem I — 0.85 5666 099 3-385 Xray 260 ?E”t:z:ner 4% 639 0.48 BLAST
Build Monomer ! 3 Ex LN -
N8/ LIS ZN =+ D2ht7.1.A% &R

Buid Homomer MNeuraminidase

. ) homa- .
uamonomer 1114 b BuifeModet(Homomery | so 10 23 xe e o, 4xch 048 s

41088-6/2014 influenza virus

Build Homomer Meuraminidase homo-
Shun.1.A  The crystal structure of neuraminidase from AfyyrfalconWashington 0.87 A7.56 0.98 9-385  Xray 2.30 4 % CA 0.49 BLAST

i tetramer
RN e /41088-6/2014 influenza virus

“SWISS-MODEL 10



SWISS-MODELIZ X A& F 8| (6)

! :
a EIOIE"TU" SW'SS-MODEL Modelling Repository Tools Documentation shimizu@bi.a.u-tokyo.ac.jp
The Cneber for Malecular Lifw Scamces

= All Projects

Untitled PFDjBCt Created: today at 08:14 P D B ﬂ:z Et 0) JZ"E*;]E;
Summary  Templates i 4+ % 0) 9\\ rb _\/ D -_— I:

Model Results o Orderby, GMQE E|

. Oligo-State
Homo-tetramer
(requested by yz

GMQE QMEAN
0.85 22615

DeepViewer/Swiss-

Local Quality Estimate Comparizon

%
BdbViewers ;c ARQLE
%/n K \"ﬂ

torsion -: il ._145 Resioue e (2 EMT‘JI\tTjj
: . " —H:O)E*AA*)J@

Template Seqldentity Coverage Description
2ht7 1A  56.51% | suraminidase

Model-Template Alignment _\\) L ‘ F*ﬁ -g- é 'I ﬁ #&

B0
B0
B0

o

hajBuality Estimate

dvean T T T Tl 226

Cp

Structure
Assessment

Model 01:R
Model 01:B
Model 01:C
Model 01:D

TILTGNSSLCPISGWAIYSKDNGIRICSKCDVEVIRE PFISCSH LECRTEE LTQCALLNDKASNCTVKDRSPYRTLUSCR
2ht7.1 A~ VNN TZ2 S CORG A SRONEIR S Gl FVIBE PFUSLSE IECRTFFLTQE BLNDEHESNGTVRDRSPFRTLHE T &0

Model 01:R 180
Model 01:B 180
Model 01:C 180
Model 01:D 180

2ht7.1 A[VERs MUY A RFEEpAWSR TECRD Cx WU T VBT e B0 S HATAV T ey o V[ET DU ue w2 co ILEDQE s s IC {0 C T I TR, 160

Model 01:R

i

240

Model 01:B 240 &+ | Cartoon - @ BHa > -
Model 01:C 240
Model 01:D 240

2nv7.1.AIT)G P2 N2 QA YAT TR O LEEUTTDs = oo B (ESCSTYRY: GRVECTTROCH 16T NAR LTSS 0L EEVEPLCAGIE M0 | 4 335
ede:_01:1GDNPRPNDG  TGSCOPVSSNCANGIKGESERYDNGVNICRTKSTSSKSCEENIWDPNCWTETDS STSVRQDIVELTONS 2 [ ————
Medel 01:E CONBRBNDG - - 218
Medel 01:C CONBRBNDG - - 218
Medel 01:D CONBRBNDG - - 218

:
i
Q

2ht7.1_A[SDTPREIDIQJFTESCIS PMENGCYGVEGFEFE e IDVREERT IS TS RSEEE L LU RN GH T T SKE 320
vedel 01:: GYSGSEVQHPELTG LOCMRPCEWVELTRGQPKENT IWTSGSS TSFCGVN SO TVGWSWPOGAELPEST E
Vedel 01:3GYSGSEVOHPELTIC LDOCMRBCEWVELTREOPKENT IWTSGSSISFECVNSD TVCWSWPDGAELPEST 85
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SWISS-MODELIZ &5 & FH(7)

Oligo-State Ligands
Homo-tetramer Mone
(requested by user)

Global Quality Estimate

avean T T T 2%
ce T T 132
ananmBGET T 7 7T 228
& PDB Format - NE B
& mmCIF Format €3 [ N B

& JSON Format
& DeepView Format

& Model Repuﬂ%ﬂ:% OgSIEﬂ—\T
Bl PDB Format @% ﬁ\emlg“mem
[k & Sl

Model 01 =

weq ldentity Coverage

F o 30 FAIYSKDNGIRIGSKGDV
B & Model Report (Display) *

¥AIYSKDNGIRIGSKGDV
& Send to SwissDock ERonEIaIes e

Maodelling Logs

® Delete Model

WeaZa mala

PSR TECHDG TR

ETIIBEDT —

?(i__h\b%’f’?

—kTE%

ﬁ BIOZENTRUM

Uniwersity of Basel _
The Cenler for Molecular Life Sciences

SWISS-MODEL Homology Modelling Report

Model Building Report

This document lists the results for the homology modelling project "Untitled Project” submitted to SWISS-MODEL
workspace on Dec. 17, 2020, 8:14 a.m..The submitted primary amino acid sequence is given in Table T1.

If you use any results in your research, please cite the relevant publications:

« Waterhouse, A, Bertoni, M., Bienert, 5., Studer, G_, Tauriello, G., Gumienny, R, Heer, F.T_, de Beer, TA P,
Rempfer, C., Bordoli, L., Lepore, R., Schwede, T. SWISS-MODEL: homology modelling of protein structures and
complexes. Mucleic Acids Res. 46(W\/1), W296-W303 (2013). %) [ME

= Guex, M., Peitsch, M.C., Schwede, T. Automated comparative protein structure modeling with SWISS-MODEL and
Swiss-PdbViewer: A historical perspective. Electrophoresis 30, $162-5173 (2009). % R

« Bienert, 5., Waterhouse, A., de Beer, TAP., Tauriello, G., Studer, ., Bordoli, L., Schwede, T. The SWISS-
MODEL Repasitary - new features and functionality. Nucleic Acids Res. 45, D313-D319 (2017). Iy

= Studer, G., Rempfer, C., Waterhouse, A.M., Gumienny, G., Haas, J., Schwede, T. QMEANDisCo - distance
constraints applied on model quality estimation. Bioinformatics 36, 1765-1771 (2020). Iy

= Bertoni, M., Kiefer, F_, Biasini, M_, Bordali, L., Schwede, T. Modeling protein quaternary structure of homo- and
hetero-oligomers beyond binary interactions by homology. Scientific Reports 7 (2017). Iy

Results
The SWISS-MODEL template library (SMTL version 2020-12-16, PDB release 2020-12-11) was searched with BLAST

(Camacho et al.) and HHBIits (Steinegger et al.) for evolutionary related structures matching the target sequence in Table
T1. For details on the template search, see Materials and Methods. Overall 189 templates were found (Table T2).

Models BEHE DR

The following model was built (see Matenials and Methods "Model Building”):

Model #01  File Built with Oligo-State Ligands GMQE QMEAN
21

Py PODE  ProMod3 3.2.0 homo-tetramer (requested by user) Mone 0.85 -2.26
g

amean BT T T 226
Cp | e EE .
Al Atom [T 228 S ————————rin

solvation -::I::. -1.46

torsion -::I::. -1.46 RS DT Prosein Size (Residues)
Template seq Oligo- QSQE Found Method Resolution Seq Range Coverage Description
Identity state by Similarity
homo-

W i [N HH kit Moo 2G04 A8 2 a3fE 400 Moyraminidaca

“SWISS-MODEL

106



SWISS-MODELIZ LA & T8 (8)

FUTL—MZIHEBLT
WBUHUEDSE ., &
FEDHAHAEDIE. £
TILIZAmENn, 5T
HWWEDIX, SAEhb

ETUT IRV
B—ykEToTL—
cDTSAAUS

Template

2ht7. 1A

Seq Oligo- QSQE Found Method Resolution Seq Range Coverage Description

Identity state by Similarity
56.51 t;fg"rﬁér - HHblits Xray = 2.60A 048 2-385 100 Neuraminidase

Excluded ligands

Ligand Reason for

Name.Number Exclusion Description

G39 1 Binding site not (3R AR A5 )HA-ACETYLAMIND )-5-AMINO-3-(PEMNTAN-
. conserved. 3-YLOXY)CYCLOHEX-1-ENE-1-CARBOXYLIC ACID

G39 2 Binding site not (3R AR A5 )HA-(ACETYLAMINO }-5-AMINO-3-(PEMNTAN-
. conserved. 3-YLOXY)CYCLOHEX-1-ENE-1-CARBOXYLIC ACID

G393 Binding site not (3R AR5 (ACETYLAMINO )-5-AMINO-3-(PEMNTAN-
. conserved. 3-YLOXY)CYCLOHEX-1-ENE-1-CARBOXYLIC ACID

G394 Binding site not (3R AR A5 - (ACETYLAMINO )-5-AMINO-3-(PEMNTAN-
: conserved. 3-YLOXY)CYCLOHEX-1-ENE-1-CARBOXYLIC ACID

Target
Zht7.1.4

Target
PhtT.1.4

Tarzet
Zht7.1.4

Target
2htT.1.4

Target
2ht7.1.4
Target

Zht7.1.D

Targzet
2ht7.1.0

Target
2ht7.1.0

Targzet
2ht7.1.D

Target
2hiT 1N

YILTGHSSLCP IS GNATY SKDNGIRT GEKGDYFYIREPF ISCEHLECRTFFLT QGALLNDEHENGTYKDREPYRTLMSCP
~YMNNTEATICDAKGF APFSKDNGIRI GERGHIFYWIREPFYSCEPIECRTFFLT QGELLNDKHSNGTVKDREPFRTLMSYE

YGEEAPSPYNSRFESY ANSASACHDGHGHLT IGISGPONGAY AYLKYNGI ITOTIKGWRNNILRTOESECACYNGECFTIM
YEOEPHYYQARFEAYANSATACHDGKENMTYGYTGPDSKAY Y THY GGYPTDYYNSWAGD ILRTOESSCTCIQGDCY WM

TOGPENGOASYKT LKIEKGKY TRS TELNAPNYHYEECS CYPDTGEYMCYCRDNYHGENRPUVSFDONLDY QI GY TCSGYF
TDGPANROACYRIYKANQGRI IGOTDISFNGGHIEECS CYPNDGKYECYCRDGH TGTNRPYLYISPDLEYRYGYLCAGIP

GDMPRPHDG--TGECGPY BENGANGT KGF SFRYDNGYN TGRTKETS5REGFEMIWDPNGHTETDEEF SYRODIVATTOWS
SDTPRGEDTOF TGECTEPMGNOGY GYKGF GFRAGTDYWMGRTIERTEREGFE ILRIKNGHTATSKEQIRKOY YW DNLNWE

GYSGEFYOHPELTGLOCHRPCFWYELIRGOPKRENT INTEGEETEF COYNaDTYGNSWPDGAELPFE]
GYSGEF TLPYELSGROCLYPCFWYEMIRGRPEERT INTS S5 TYMCGYDYEYADWSWHDGATLPFDI
YILTGHSSLCPISGNATY SKDNGIRI GEKGDYFYIREPFISCEHLECRTFFLTAGALLNDKHENGTYKDREPYRTLMSCP
~YMNNTEATCOAKGF APFSKDNGIRT GERGHIFYWIRERFYSCEPIECRTFFLT AGELLNDKHSNGTYKDREPFRTLMSYE

YGEAPSPYNSRFEGYANSASACHDGHMGHLT IGISGPONGAY AYLKYNGIITOTIKGWRNNILRTOEGECACYHGECFTIM
YGERZPHYY GARFEAYANSATACHDGKENMTYGYTGPDEKAY &Y THY GGYPTOYYNSWAGD ILRTOERSCT CIGGDCY WM

TOGPEHNGAAEY KT LKIEKGRY TRE TELNAPNYHYEECS CYPDTGRYMCYCRONYHGENRPIYSF DONLDY QI GY TCEGYF
TOGPANROACYRIYKANQGRI IGOTD I SFNGGHIEECS CYPNDGKYECYCRDGH TGTNRPYLYISPDLEYRYGYLCAGIP

GONPRPHDG--TGECEPYSSNGANGTKGF SFRY DNGY N IGRTKETS5REGFEMINDPNGNTETDSSFSYRODTVATTONE
SDTPRGEDTAF TGECTEPMGNOGY GYKGF GFROGTDYWMGRT IR TEREGFE ILRIKNGHTATSKEQIRKOY YW DNLNWS

GYSGEFYOHPELTGLOCHRPCFWYELIRGOPKENT INTSGEETEF CGYNSDTYGSWPDGAELPFEI

CUMOCOETI DVWELD Qo WDEFINMENTDCEDERETTIT OO0 T IVEM A NN IIHNA TI DERT
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2%  BLASTIZ&KATU7L—MEFE(1)

w U.S. National Library of Medicine

: - : o kshimizu ‘
National Center for Biotechnology Information

BLAST ®» blastp suite Home RecentResults Saved Strategies Help

rotein BLASTO

<NCBIDBLASTZ FIFCT-To JL— DB RETSAV AV DO IRE

BLASTP programs search protein databases using a protein query. more...

Enter Qm?rv Seque“ce_ 9_// \bﬁ Ql faStaJ D @Eglj E/-\ jj

Enter accession number(s), gi(s), or FASTA sequence(s) @ clear rang

[ Resetpage ] [ Bookmark ]

GDNPRPNDGTGSCGPVSSNGANGIKGFSFRYDNGVWIGRTKSTSSRSGFE || ] e e
MIWDPNGWTETDSSFSVRQDIVAITDWSGY :
SGSFVQHPELTGLDCMRPCFWVELIRGQPKENTIWTSGSSISFCGVNSDTV |+ Non-redundant protein sequences (nr) =
GWSWPDGAELPFSI y o[ ] )

E RefSeq Select proteins (refseq_select)

Or uploadfils 7 LOER | 77 LHERENTVELA @ Reference proteins (refseq_protein)
Job Title [p1 | _ a

Enter a descriptive title for your BLAST search (7] Model DI’QEIHISFI"IS [Iandmark]
(] Align two or more sequences @ UniProtkB/Swiss-FProt(swissprot)

Patented protein seg

Choose Search Set

Database T Frotein Dala Bank proteins(pdd) S 1€ « Protein Data Bank proteins(pdb)
—— —
g;?:nr;:sm | 0 excluce (Addoga Metagenomic proteins{env_nr)
Enter organism commen name, binomial, or tax id. Only 20 top taxa will be shown. e Transcriptome Shntgun hssemhly proteins [tSE_r‘Ir]
EXIE:WdIE | | Models {XMfXP)l | Non-redundant RefSeq proteins {"LNF’}' | Uncultured/environmental samRIe sequences
ptiona

T —A3AR—X L[ Protein Data
Program Seleclmtp e s rblastpjé *R Bank pl'OteInS (pdb)J;&-JE*R

Algorithm
7 PSI-BLAST (Position-Specific Iterated BLAST)
) PHI-BLAST (Pattern Hit Initiated BLAST)
(0 DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm 9

Search database pdb using Blastp (protein-protein BLAST)
|_| Show results in a new window

Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

“SWISS-MODEL 10


https://blast.ncbi.nlm.nih.gov/Blast.cgi

2%  BLASTIZ&KSTY

®
BLAST > blastp suite > RID-W040ETATO016

O

—

% (2)

U.S. National Library of Medicine

NCBI National Center for Biotechnology Information

BLAST Results

kshimizu

My NCBI

Sign Out

Home Recent Results Saved Strategies Help

Edit and Resubmit

Save Search Strategies & Formatting options & Download

Blast report description

YoullllT} How to read this page

NEW Click here to use the new BLAST results page

Job title: p1
RID WO40ETATO16 (Expires on 12-21 12:09 pm)
Query ID lcl|Query_41543 Database Name pdb
Description p1l Description PDE protein database
Molecule type amino acid Program BLASTP 2.12.0+ B Citation
Query Length 283

Other reports: p Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment] [MSA viewer]
Analyze your query with SmartBLAST

@mphic Summary

(=) Show Conserved Domains
Putative conserved domains have been detected, click on the image below for detailed results.

250

1 S0 i

Query seq,
Lialidase propeller 3 Sialidaze propellar 5

Sialidase propaller 1
Cialidase propeller 4

Lialidase propeller 2 Cialidase propeller 6 -
' L L e

b b1 Y “Fhbh “hhbih Uil
L b L

betraner inberface M)k HL "
catalatic site | b h b
Specific hits
Superfanilies Sialidase superfamily

Distribution of the top 92 Blast Hits on 92 subject sequences @

Mouse over to see the title, click to show alignments

Color key for alignment scores
W40-50 W s0-80 W =0-200
Query

| | | |
140 210 280 350

W <40 HW==200

| |
1 70

—DTZExRR
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% BLASTIZC&ATV7L—MEZE (3)

Influenza Meuraminidase in complex with a stereomutated analogue of Oseltamivir carboxylate [Influenza A virus (A/duck/Ukraine/1/1963(HINGY)] 469 469 99% 3e-165 56.88% 4M3M A
Influenza Neuraminidase in complex with a novel antiviral compound [Influenza A virus (A/duck/Ukraine/1/1963(HINS)T] 468 468  99% 4de-165 56.88% 4MJU A
Influenza Neuraminidase in complex with a novel antiviral compound [Influenza A virus (A/duck/Ukraine/1/1963(HINE)]] 468 468 99% Te-165 56.62% 4MIV A
The crystal structure of neuragg‘ Eﬁ Rm a H3Ng influenza virus isolated from New England harbor seals [Influgnza A virus (A/harbor sealMassachusetts/1/2011(H3NS))] 466 466 99% 3Je-164 B57.77% 4WAZ A
Influenza NA in complex with go’?Eo d 5 [Influenza A virus (AfduckiUkraine/1/1963(HINE))] 7 I IJ & |§J C:E) 0) ‘j: Bﬁ < 466 466  99% b5e-164 56.62% 209 A

s (AlduckiUkraine/1/1963(H3INE))] 465 465 99% Te-164 56.62% 4D8S A

463 463  99% 6Be-163 56.36" 2HT5 A ,
The crystal structure ofneuramini.dasefromA‘.f N8/435:9~‘ tZHT5®A9:I4/€ *R 5HUN A

Crystal Structure of Influenza A Virus Meuramil

The crystal structure of neuraminidase from AL~ 73 /r -> } -~ I\ O) t 7 y 3 -/ ( - *z@] SHUM A
Crystal structure of Neuraminidase N6 [influen % — 'C 2HTS & |__| L/EE ﬁlj % :E) D *ﬁ % i% T~ T % %) 40N4 A

Chain A _Neuraminidase [Influenza A

M8 Meuraminidase [Influenza A virus]

Structure of Neuraminidase from English duck suwype mu pninusiea svius) sam  asmier wuwon IV0Z A
Crystal structure of influenza A neuraminidase N3-H274Y [Influenza A virus (A/swine/Missouri/2 12451 4/2006{H2M3))] 356 356 97% 92121 4A777%  4HZY A
The crystal structure of influenza A neuraminidase N3 [Influenza A virus (Afswine/Missourii2 12451 4/2006(H2N3))] 356 3656 97% 12120 48.04% 4HZV A
Crystal structure of influenza neuraminidase N3-H274Y complexed with osettamivir [Influenza A virus (Aswine/Missouri/2124514/2006(H2N3))] 356 3656 97%  1e-120 4A7.77% 4HZIZ A
AMNWSAvhale/Maine/1/84 (H1M9) reassortant influenza virus neuraminidase [Influenza A virus] 355 355 97% 2e-120 4881% 2BSH A

N9 Neuraminidase Complexes 'With Antibodies Mc41 And Nc10: Empirical Free-Energy_Calculations Capture Specificity Trends Observed With Mutant Binding Data [Influenz 355 355 97% 2e-120 48.81% INMA N

Refined Crystal Structure Of The Influenza Virus N9 Neuraminidase-Ncd1 Fab Complex [Influenza A virus {Afwhale/Maine/1/84(H13N3))] 355 355 97%  3e-120 48.81% INCD W
Refined Crystal Structure Of The Influenza Virus N9 Neuraminidase-Ncd1 Fab Complex [Influenza A virus (Aftern/Australia/G70CI1975(H11NS))] 354 354 97% 4e120 4855% INCA N
Chain N, N9 NEURAMINIDASE [Influgnza A virus] 357 357 97% Ge-120 48.81% INME N

Crystal Structures Of Two Mutant Neuraminidase-Antibody Complexas With Amino Acid Substitutions In The Interface [Influenza A virus (Afern/Australia/G70C/1975(H1ING) 353 383 97% 5e-120 48.55% 1INCC N

Refined Atomic Structures Of N9 Subtype Influenza Virus Neuraminidase And Escape Mutants [Influenza A virus (Aftern/Ausiralia/GTOC/1975(H11MSY)] 353 353 97% Te-120 4855% 4NNI A
THREE-DIMENSIONAL STRUCTURE OF INFLUENZA A N9 NEURAMINIDASE AND ITS COMPLEX WITH THE INHIBITOR 2-DEOXY 2 3-DEHYDRO-N-ACETYL NEURAN 353 353 97% Te-120 4855% INNA A

COMPLEX BETWEEN NC10 ANTI-INFLUENZA VIRUS NEURAMINIDASE SINGLE CHAIN ANTIBODY WITH A 5 RESIDUE LINKER AND INFLUENZA VIRUS NEURAMINIL 353 353 97% 7e-120 48.55% 1A14 N

Refined Atomic Structures Of N9 Subiype Influenza Virus Neuraminidase And Escape Mutants [Influenza A virus (Aftern/Ausiralia/ GTOC/1975(H11N))) 363 363 97% 1e-119 48.55% 5NN A

Crystal Structures Of Two Mutant Neuraminidase-Antibody Complexas With Amino Acid Substitutions In The Interface [Influenza A virus (Afern/Australia/G70C/1975(H1ING) 352 352 97% 2e-119 48.28% 1INCE N

I I I e e O I A O R O R O

Crystal structure of Neuraminidase N7 [Influenza A virus (A/mallard/AL B/196/1996(H10NT))] 352 352  98% 2e-119 46.51% 4QN3 A
Chain A_neuraminidase [Influenza A virus] 352 352 97% 2e-119 4828% ILFH A
Anhui N3 [Influenza A virus] 352 352 97% 3e-119 4855% 4MWJ A
Refined Atomic Structures Of N9 Subtype Influenza Virus Neuraminidase And Escape Mutants [unidentified influenza virus] 3562 362  97% 3e-119 48.28% 3NN9 A
[ Chain A_Tetrabrachion Neuraminidase [synihetic construct] 356 365 97% 3e-119 48.55% GCRD A
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BLASTH®R R DIER DIRET

Chain A, N8 Neuraminidase In Open Complex With Oseltamivir

Sequence ID: pdb|2HTT[A

Chain A, N8 Neuraminidase In Complex With Oseltamivir

Sequence ID: pdb|2HTE[A

Chain A, M8 Neuraminidase In Complex With Zanamivir
. J— = = it
BlDownload v GenPept Graphics EE&” ﬁgh |E.|<s 4 E:E;"_E";#.;'BLl—I—bQHTQA_d i Cormplex With D
) o = ~ I ‘_ﬁ Z\ ain A, eLraminidase In Lomplex I ana
Chain A, Neuraminidase [Influenza A wru_sl’r/)(-/ I‘é*lj— B sequence ID: pdbl2ZHTRIA
Sequendp: 215 A Leputn: 390 t!em.?.ﬁ.t..efbf%m.s._tﬁbgﬂimrjﬁz ....... Chain A, N8 Neuraminidase In Complex With Peramivir
i = | Sequence ID: pdb2HTUA
—_—N
Range 1: 3 to 387 GenPept Graphics 9_/7-“} I‘tT/j b_ I\O)@Eglj S0 ﬁﬁ 56%
Score Expect Method Identities Positives Gaps $*ﬁ
463 bits(1191) 4e-163 Compositional matrix adjust. 21?‘f381!56%b 279/385(72%) 2/385( D%$1 (j:ZHTST 75\
s \ > \\
(uery 3 LTGNSSLCPISGWAI YSKONGIRIGSKGDVEVIREPFI SCSHLECRTFFLTQGALLNDEH 62 |—_| L,U jJ g I‘ ( U j‘:
+  +4C  G+A +SEDNGIRIGS+G +FVIREPF+5CS +ECRIFFLIQG+LLNDEH A
Sbjet 3  MNNTEAICDAKGFAPFSKDNGIRIGSRGHIFVIREPFVSCSPIECRTFFLIQGSLLNDEH 62 }[/) t@*ﬁ ﬁi*ﬁ —Caf)
Query 63  SNGTVKDRSPYRTIMSCPVGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPDNGAVA 122 Al2 HTQ | & JI:R'?' A
SHNGTVKDRSP+RTLMS VG++P+ Y +RFE+VAWSA+ACHDG W+T+G++GED+ AVA <
Sbjct 63  SNGTVEDRSEFRTILMSVEVGQSENVY(QARFEAVAWSATACHDGEEWMIVGVIGPDSEAVA 122 t 7’_‘)\ "Gﬂc% é
Guery 123 VLEYNGIITDTIKSWRNNILRTQESECACVNGSCFTIMIDGESNGQASYKILKIEKGEVT 182 % 1)) (i 75\ ﬁ” {% F 1)) E
V+ Y G+ TD + SW +ILRTQES C Ct+ G C+ +MIDGP+N QA Y+I K +G++ *
Sbjct 123 VIHYGGEVPIDVVNSWAGDILRTQESSCICIQGDCYWVMIDGEANRQAQYRIYKANQGRII 182 Ly *ﬁ ;&— N t
J_sz dqc DL
Guery 183 KSIELNAPNYHYEECSCYPDTGEVMCVCRONWHGSNREWVSFDQNLDYQIGYICSGVEGD 242 75\ % *L
+++  H EECSCYP+ GKV CVCRD W G+NRP +  +L Y+4GY¥+C+G+ D 9& Z_b é
Sbjct 183 GQIDISFNGGHIEECSCYPNDGEVECVCRDGWIGINRPVLVISEDLSYRVGYLCAGIPSD 242
Query 243 NERENDG--TGSCGEVSSNGANGIKGFSFRYDNGVWIGRTKSTSSRSGFEMIWDENGWIE 300 S 7& |
PR D TGSC N G+KGF FR  VW+GRT 5 +SRSGFE++ NGWI+ 0)77/(‘\/)(‘/I\ *]FH
Sbjct 243 TERGEDTQFIGSCTSEMGNQGYGVEGFEFRQGIDVWMGRETISRTSRSGFEILRIKNGWIQ 302 — .
g ? : ? ? (:E 27 ) ITRZA T
Guery 301 TDSSFSVRQDIVAITDWSGYSGSFVQHPELIGLDCMRECFRVELIRGQPEENTIWISGSS 360 —d_ —
_ T +0 +V  +W3SGYSGSF  EL+G DC+ PCFWVE+IRG+E+E TIWTS 33 6'»‘3: /)-lﬂ'ﬁi_l'—to)
Sbjct 303 TSEEQIRKQVVVDNLNWSGYSGSFILEVELSGKDCLVECFWVEMIRGEPEEKTIWISSSS 362 g mh\ Z‘g)
Guery 361 ISFCGVNSDIVGWSWEDGAELEFSI 385
I CGV+ + WSW DGA LEF I
Sbjct 363 IVMCGVDYEVADWSWHDGAILEFDI 387
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el HHpred® %] A (1

HIN1/AS2= A —EplDEHNEANELT, TA—ILRSATIVEER ¢ v oo

Search Alignment Sequence Analysis 2ary Structure 3ary Structure Classification Utils

Bioinfermatics

https://toolKit.tuebintién. Mpg. dE/ATBISAhFEd ™

Q HHpred ®

ID Date Tool =
Input Parameters Ld

»pl

VILTGNSSLCPISGWATYSKDNGIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPYRTLMSCP
VGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPDNGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCFTIM
TDGPSNGOASYKILKIEKGKWTKSIELNAPNYHYEECSCYPDTGKVMCVCRDNWHGSHNRPWYS FDQNLDYQIGY ICSGVF
GDNPRPNDGTGSCGPYSSNGANGIKGF SFRYDNGVWIGRTKSTSSRSGFEMINDPNGWTETDSSFSVROQDIVAITOWSGY

SGSFVQHPELTGLDCMRPCFWVELIRGQPKENTIWTSGSS, SF£GV[45DT\£,GIJ WP LPFSI
BN Ep1DOERF|
(pl.fasta) & A7

Paste Example Upload File Protein FASTA

G > BRI (DT A AN EEZ B EL AR

Select structural/domain databases Select proteomes

BRRARDT—FA—AERATRE -

Custom Job ID

Cite Us Recent Updates rSmeit JObJ %7‘) “Ja

Help FAQ Privacy Policy Imprint Contact Us
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https://toolkit.tuebingen.mpg.de/tools/hhpred
https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p1.fasta

HHpred® F| FE

:l Bicinfermatics
Toolkit

Q

ID Date Tool =

£e99189 HHPR *

Q f W sSignin

Search Alignment Sequence Analysis 2ary Structure 3ary Structure Classification Utils

HHblits HHpred HMMER PatternSearch ProtBLAST/PSI-BLAST
HHpred @ Job ID: 5699189, Created: 4 hours ago
ra
Input Parameters Results Raw Output Probability Plot Query Template MSA Query MSA Ld
Vis Hits Aln Select All Forward Forward Query A3M Model using selection Download HHR Color 5egs Wrap Seqs

Number of Hits: 18
Query MSA diversity (Neff): 4.62482

Visualization

Resubmit Section

38

i

DHZ4A_B
35AL_A
BFZD_A
AB7.J_R
GHGB_[
BCRD_E
AHZY_R
FCH1_A
A0N3_B
1NSC_R
4K3Y_R
AGDI_D
ACPY_B

3TIA_A

“DFERBE...
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HHpred® F| FE

(3)

Q Vis Hits
ID Date Tool = H |t| |St
5699189 HHPR X show 25
Nr
1
2
3
4
5
6
7
g

Aln

Hit

SNZ4_B

3SAL_A

6FZD_A

4B7]_A

6HGBE_D

6CRD_E

AHZY_A

TJCM1_A

Select All Forward

Entries

Name

neuraminidase; neuraminidase, influenza,
complex, inhibitor, hydrolase; HET: BMA,
NAG, G33, MAN, EDO; 1.36A {unidentifie

Neuraminidase (E.C.3.2.1.18); 6-BLADED
BETA-PROPELLER, HYDROLASE, CALCIUM
BINDING; HET: GOL, NAG, BMA; 1.5A
{Influenza A

Neuraminidase (E.C.3.2.1.18); antibody,
inhibition mechanism, VIRAL PROTEIMN; HET:
BMA, MES, EDO, MAN, NAG; 1.12A {Influe

NEURAMIMNIDASE; HYDROLASE,
NEURAMIMIDASE INHIBITOR, NAI, NAIS;
HET: G339, NAG; 2.417A {INFLUENZA A VIRUS}
SCOP: b.68.1.0;

Meuraminidase (E.C.3.2.1.18); Influenza, A,
Native, N6, Neuraminidase; HET: MAN, PO4,
PEG, BMA, NAG, GOL; 1.5A {Influenz

Tetrabrachion,Neuraminidase (E.C.3.2.1.18);
NEURAMINIDASE, SIALIDASE, HYDROLASE(O-
GLUCOSYL), HYDROLASE-HYDROLASE, ARTIFI

Neuraminidase; neuraminidase,
HYDROLASE; HET: FUC, NAG; 1.598A
{Influenza A virus} SCOP: 1.1.1.1, b.68.1.0;
Related PDB

Neuraminidase (E.C.3.2.1.18); Lattice-

PR PR S BT PR N PR

Forward Query A3M

Madel using selection

Probability

100

100

100

100

100

100

100

100

E-value

5e-161

4.9e-158

3.4e-157

Te-156

3.9e-156

1.9e-155

8.9e-155

2.5e-152

Download HHR

Search:

Score

1201.5

1183.02

1173.52

1193.81

1167.44

1181.07

1155.58

S5

435

42.7

41.6

4.7

41.9

42.6

41.4

Color Seqs

Aligned
cols

385

385

383

384

382

383

379

Wrap Segs

Target
Length

395

393

469

389

473

1137.66 :m@ ;E’E%t .
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HHpred® #| A (4)

ID Date

5699189

Tool

HHPR

x

Vis Hits Aln

Alignments

Template alignment | Template 3D Structure | PDBe
5MZ4 B neuraminidase; neuraminidase, influenza, complex, inhibiter, hydrolase; HET: BMA, NAG, G39, MAN, EDO; 1.36A {unidentified
influenza virus} SCOP: b.68.1.0; Related PDB entries: 6D96_A 6D96_D 6D9_G 6D96_H 6D96_B 6D96_C 6D96_F 6D96_E SHUG_A 3CYE_A 3CYE B
2HTY_A 2HTY_D 2HTY_G 2HTY_H 2HTY_B 2HTY_C 2HTY_F 2HTY_E 2HU0_A 2HU0_D 2HU0_G 2HUO_H 2HU0_B 2HU0_C 2HUO0_F 2HUO_E 2HU4_A

1. 2HU4_D 2HU4_G 2HU4_H 2HU4_B 2HU4_C 2HU4_F 2HU4 _E 3B7E_A 3B7E_B 3BEQ_A 3BEQ_B 3CKZ_A 3CL2 A 3CL2 D 3CL2 G 3CL2 H 3CL2 B3CL2 C
3CL2_F 3CL2 E 3CL0_A 6Q23 D 6Q23_A 6Q23 B 6Q23_C 6HPO_A 6HPO_D 6HP0_B 6HPO_C 3NS5_A 3NS5 B 5NZ4_A SNZE A SNZE_B 3TI3_A3TI3 B
3TI4_A 3TI4_B 3TI5_A 3TI5_B 3TI6_A 3TI6_B 4B7R_A 4B7R_D 4B7R_B 4B7R_C 6G01_A 6G01_B 6G02_A 6G02_B 4QNP_A 4QNP_B 2ZHTW_A ZHTV_A

Select All Forward Forward Query A3M Model using selection Download HHR Color 5egs

Wrap Segs

5nz4_B&VTVELS

2HTV_B SNWE_A SNWE_D SNWE_B SNWE_C 5NZF_A SNZF_D SNZF_B 5NZF_C SNZN_A 5NZN_D 5NZN_B 5NZN_C

Probability: 100%,

Q ss_pred
Q1

Q Consensus

Consensus
SNZ4_B
s5_dssp

- =4 4 -+

ss5_pred

=]

s5_pred
1
Consensus

L=l =]

Consensus
SNZ4_B
55_dssp
ss_pred

- = = =

=]

ss5_pred
1
Consensus

==

Consensus
SNZ4_B
s5_dssp

- =4 4 -

ss_pred

Q ss_pred
1
Q Consensus

=]

—

Consensus
SNZ4_B

—

81
81

82
82

161
161

162
162

241
241

2432
242

CcccCCCCCCcccesEEEeccloeeecCClcEEEEeCCeeeellcceeeeeeaccccCllcccClcccCllccceaeact
VILTGNSSLCPISGHAIYSKDNGIRIGSKGDVFVIREPFISCSHLECRTFFLTOGAL LNDKHSNGTVKDRSPYRTLMSCP

s Crimgu kdn~~R~g: 1y RePay s Crmmmc reFal~ggr~l~~khsngTr~~DRS~nRrL g
R N R R N R B e R R N R N R R R N R e N R R R R R AR R NN e
e C. =0 kdnnnrag: LR Py SCrmmmC PP al~ggrmlmmkhsngTr~DR S ~mReL g

VKLAGNSSLCPVSGHATYSKDNSVRIGSKGDVFVIRERPFISCSPLECRTFFLTOQGAL LNDKHSNGT IKDRSFYRTLMSCP
CCCCCCSCBCCCSEEEEEEECCHHHHHT TSCCEEEEEEEEEECSSCEEEEEEEEEEETTSGGGTTTTCCCCTTCEEEEEE
ccccCCCCCCccceeEEEecCCoerecCCCceeEeelCeeEellchheeeeeecccccCloccClocccCCocceeeecc

CCCCCCccccceEEEEEecccccCCcceEEEEEECCCCCCEEEEEECCEEcceehhhhccccccCCCeeeeeCCEEEEEE
VGEAPSPYNSRFESVALSASACHDGMGLLTIGISGPDNGAVAVLKYNGIITDTIKSHRNNILRTQESE CACVNGSCFTL
1gnenprenenlmerenen C Y AWS 5 5 8 CHDGK~inene L~ ] nelGnel mereAme@ e L m Yo Grent AT L~ SWA~NILRTQES € € v~ AG~Cremym
R R R R R R RN RN R B R N N R B R R R R R R R R A R RN AR R AR R R
1gnenprenenfirenenen CneBW5 5 S 8 CHDGK~Vinene L ] nelGnel mereAme e L m Yo Grent AT L~ SWA~NILRTQES € € VT AGCnemtyne
IGEVPSPYNSRFESVAKSASACHDGINKLTIGISGPDNGAVAVLKYNGIITDT IKSKHRNNVLRTQESECACVNGSCFTY
TTSCCCTTTCEEEEECSEEEEEECSSSEEEEEEESCTTSCEEEEEETTEEEEEEECSSSSCCBCCSSCCEEETTEEEEEE
CCCCCCccccceEEEEEeccccccccceEEEEEECCCCCCeEEEEECCEEcceehhhecCocccCCceeeeeCCEEEEEE

ecCCCcCcceeEEEEEecCeeeeeEelCCCCcccccccccCCCCCEEEEeCCCOCcCCCCEEEecCCCCeccccccccce

TDGPSNGOAS YK ILKIEKGKVTKSIELNAPNYHYEECSCYPDTGKVMCVCRDNIHGSNRPWYSFDQNLDYQIGY ICSGEVF
TDGEP &~ Brenck Lo d @GR T L momemim LromimominebineE E CSC Yy mommeman 1 U CRDNHES ARP e Lnonenonenonsmomsmans NiCSgnn
R e R N R N R R e e N NN e B N R R R NN R N N

tDGpannn@nen L] a2 Gnr ] {aenenene ] nencnenenc e E E CSC ymenenemene L T CR DN S IR P Laenencnencacnsnsncnen’ N 1CSEnen
TDGPSNGQASYKIFRIEKGK IVKSVEMNAPNYHYEECSCYPDSSEITCVCRDNIWHGSNRPVSFNQNLEYQIGYICSGIF
EESCSSSCCEEEEEEEETTEEEEEEECCCTTCCCEEEEEEEETTEEEEEEECCSSCSSCEEEEECTTCCEEEEECCCSSC
ecCCCcCcceeEEEEEecCeEEeeEeCCCCCcccccccccCCCCCeEEEeCCCOCCCCCcEEEecCCCCcccccceccee

CCCCCCCCOCCCOCCCCCCCCCeeeecEEecCCoeEEeEeecCOCCCoeeEEECCCCCeCCCCeccccEEEeecClecee
GDNFRPNDGTGSCGPYVSSNGANGIKGFSFRYDNGVIIGRTKSTSSRSGFEMIWDPNGHWTETDSSFSVRQDIVAITDNSGY
Dt PR Dt e € mereecree G e GYK G F e Gl g R T 1 5~ SRSGFEM: G i WSGEY
+|||||+|++++|+++++++++|||||+|++|+++|||||+|++||+||||+++++||+++++.++.+|+||++++|||

D PR Dt o € e e G K G F e F e Grmen e GRT 1 5 SREGFEM: 2w g WSGEY
GDNFRPNDK TGS CGRVSSNGANGYVKGFSFKYGNGVIIGRTKSISSRNGFENIWDPNGI TGTONNFSIKQDIVGINENSGY

E-value: 5e-161, Score: 12015, Aligned cols: 385, Identities: 89%, Similarity: 1.585, Template Neff: 4.6

168
168

161
161

248
248

241
241

328
328

321
321

DT A A2 b

(385)
(385)

(388)
(388)

(385)
(385)

(388)
(388)

(383)
(385)

(388)
(388)

(385)
(385)

(388)
(388)
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:l Bicinformatics
'/ Toolkit

ID Date Tool

5699189 HHPR X

HHpred® %I A (5)

5nZ4_B€7__.\/70l/_|‘&L,-C:E7__\\U-/§’ f W signin
Search  Alignment Sequence%élﬁ;,{,w hl;HH pf%@l@ ﬁ:ﬁ%%*”%

HHblits HHpred HMMER PatternSearch ProtBLAST/PSI-BLAST

HHpred @ Job ID: 5699189, Created: 4 hours ago
rA
Input Parameters Results Raw Output Probability Plot Query Template MSA Query MSA [ |
Vis Hits Aln Select All Forward Forward Query A3M Madel us selection Download HHR Color Seqgs Wrap Seqs

bt 1 'Model using selection %5

Query M5SA diversity (Neff): 4.62482

Visualization

Resubmit Section

1 385

J5SAL_A
BFZD_R
AB7.J_R

Hitli

Snz4 BETLIL—RELTER
(9‘_ I\ygic')k ;h' é éhow 25 $  Entries Search:

Target
Nr Hit Name Probability E-value 55 Cols Length

1 SNZ4 B neuraminidase; neuraminidase, influenza, complex, inhibitor, 100 3.1e-160 44.3 385 388
hydrolase; HET: BMA, G39, EDO, MAN, NAG; 1.36A

Ji— LR
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el HHpred D %],

-
-
O f W Ssignin
MPI Search Alignment Sequence Analysis 2ary Structure 3ary Structure Classification Utils
24~ | Bioinformatics
4,/ Tl HHblits  HHpred  HMMER  PatternSearch  ProtBLAST/PSLBLAST
Q HHpred-TemplateSelection ® JobID: 3957180, Parent job ID: 5699189, Created: 4 minutes ago
ID Date Tool = ra
Results summary LJ
3957180 HTMP X
>P1;UKNP
5699189 HHPR » sequencetUKNP:1 tA3BS A
VILTGNSSLCPISGWATYSKDNGIRIGSKGDVFVIREPFISCSHLECRTFFLTOQGALLNDKHSNGTVKDRSPYRTLMSCPVGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPDNGAVAVLEYNGII
»P1;5NZ4

structure:SNZ4:83 :B:467 :B::unidentified influenza wvirus:1.36:
VK LAGNSSLCPVSGWATYSKDNSVRIGSKGDVFVIREPFISCSPLECRTFFLTOGALLNDKHSNGT IKDRSPYRTLMSCPIGEVPSPYNSRFESVAWSASACHDGINWL T IGISGPDNGAVAVLKYNGII

R—ryhETUTL—RDERFIA
RIRSND

Forward t¢,MODELLER

Q
FForward to Modeller ]1Z&7')v5

If you use HHpred-TemplateSelection on our Toolkit for your research, please cite as appropriate:

R T T Y P S S S O Y 1O AT 0 TP T PR
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£ HHpred D F| FE

QO f W Ssignin

MPI Search Alignment Sequence Analysis 2ary Structure 3ary Structure Classification Utils
Bioinformatics
ol MODELLER  SamCC
Q MODELLER @
ID Date Teol = ra

Input

3957180 HTMP X MOQE||€F0)]\jJﬂZEt0)75’(>)‘> I\7f)§
5699129 HHPR X e : Eﬂzéhs %ﬁéhé :

sequence:UKNP: 1 tAI385 A
VILTGNSSLCPISGWATYSKDNGIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPYRTLMSCPVGEAPSPYNSRFESVANSASACHDGMGHLTIGI SGPDNGAVAY
LKYNGIITDTIKSWRNNILRTQESECACYNGSCFTIMTDGPSNGQASYKI LKIEKGKVTKSIELNAPNYHYEECSCYPDTGKVMCVCRDNWHGSNRPWYSFDQNLDYQIGY ICSGVFGDNPRP
NDGTESCEPVSSNGANGIKGFSFRYDNGVWIGRTKSTSSRSGFEMIWDPNGWTETDSSFSVRQDIVAI TDWSGYSGSFVQHPELTGLDCMRPCFWVE LIRGOPKENT IWT 5G5S ISFCGVNSD
TVG@WSWPDGAELPFSI*

¥P1;5NI4

structure:SNZ4:83 :B:467 :B::unidentified influenza wirus:1.36:

VK LAGNSSLCPVSAWATYSKDNSYRIGSKGDVFVIREPFISCSPLECRTFFLTQGALLNDKHSNGTIKDRSPYRTLMSCP IGEVPSPYNSRFESVANSASACHDGINWLTIGI SGPDNGAVAY
LKYNGIITDTIKSWRNNVLRTQESECACYNGSCF TVMTDGPSNGQASYKIFRIEKGKIVKSVEMNAPNYHYEECSCYPDSSEITCVCRDNWHGSNRPWYSFNQNLEYQIGYICSGIFGDNPRP
NDKTGSCEPVSSNGANGYKGFSFRYGNGVIWIGRTKSISSRNGFEMIWDPNGWTGTONNFSIKQDIVGINEWSGYSASFVQHPELTGLDCIRPCFWVE LIRGRPKENT IWT SG5SISFCGVNSD
TVGWSWPDGAELPFTI* w

Paste Example Upload File Protein PIR

MODELLER-key is stored in your

profile. I- O o “
B#)Z. Modellerd ¥ —AEREh S Submit job1Z 7YY

(GEIEARFEH) Custom job 0

Help FAQ Privacy Policy Imprint Contact Us Cite Us Recent Updates

© 2008-2020, Dept. of Protein Evolution, Max Planck Institute for Developmental Biology, Tibingen
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HHpred ® #|,

1(8)

Search Alignment Sequence Analysis 2ary Structure

3ary Structure

O f ¥ Signin

Classification Utils

MODELLER Sam(CC

Q MODELLER ®

Job ID: 8717910, Parent job ID: 3957180, Created: a minute ago

ra
LdJ

ID Date Tool =
Input 3D Structure
8717910 MODL x
Download PDB File
3957180 HTMP X
hd \¥
I (BBET—H2)D

5699189 HHPR X P D B ﬂ:/ ( *T

T714ILDF r7/I:I N

ESN-ETILIBED
727497 AR

ETIVIEELIEfEEEIDTe AF A LD HLER
RMSD between 385 pruned atom palrs is 0.272 angstroms

VIODELLER on our Toolkit for your research, pleas

appropriate:

7T }I/I\ ull.,\n
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5% PhyreDFFH (1)

HIN1L/AS2=F —EplDEFEANELT, T+—ILESATSVERE

Standard Mode | Switch to Expert Mode | View past jobs | O Fhyre Alarm | Welcome shimizu@bi.a.u-tokyo.ac.jp | My account | JNot you? Retrieve Phyre Job Id

http://www.sbg.bio.ic.ac.uk/phyre2/

Subscribe to Phyre at Google Groups

lj ) —— 2 et
l' ' [ ] \/ l\ Visit Phyre at Google Groups
2

W Follow @Phyre2sernver

Protein Homology/analogY Recognition Engine V 2.0

L QL@

Please do not use 'intensive mode’ unless you are an experienced user and understand its pitfalls (and your search has
already failed with "'normal mode'). For most users, most of the time, 'normal mode' will give you the answer you require

If you have more than 5 or 6 sequences to model, it is easier for you (and better for everyone!) if you use "batch" mode, which is available
under the Expert Mode after you log in (top left of the interface). If you haven't registered for a Loginl=, you can do so on the Login page.

Current Phyre2 server load = 18% (normal running) &

= BN IR shimizu@bi.a.u-tokyo.ac.jp
Optional Job description [fail

VILTGNSSLCPISGWATYSKDNGIRIGSKGDVFVIRERPFISCSHLECRTFFLTQGALL
NDKHSNGTVKDRSPYRTLMSCP
VGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPDNGAVAVLKYNGIITDTIKSWR

Amino Acid Sequence B N EOLTEN G lostealy

SG5FVQHPELTGLDCMRPCFWVELIRGOPKENT IWTSG55ISFCGVNSDTVGWSWPDG

AELPFSI

#
N : (s scvence e
g oo [T
e e e L) INOT for Profit O | FOR Profit (Commercial) O | Other ® |

Gz [ [Phyre Search]%%')v9

ARTAIAEN sihmissinns sinee Fah 14 7011

N © F
NNILRTQESECACVNGSCFTIM / \ 1 0) EE glj
TDGPSNGQASYKILKIEKGKVTKSIELNAPNYHYEECSCYPDTGKVMCVCRDNWHGSN -’ p
GDNPRPNDGTGSCGPVSSNGANGIKGFSFRYDNGVWIGRTKSTSSRSGFEMIWDPNGH ( l !1 . faSta) % A ’ '
TETDSSFSVRQDIVAITDWSGY

Ji— LR

Fetch |


http://www.sbg.bio.ic.ac.uk/phyre2/
https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p1.fasta

Phyre

D F (2

Job Status
{251 | shimizu @bi.a.u-tokyo.ac.jp
Job Description =31
Unique Job ID EEFCEFFf Yl
LLn 1 Fri Apr 24 13:57:57 BST 2020

Estimated total processing : 2.5 hours + 2.2 hours )

Alink to results will be mailed to you when the job is finished

Or bookmark this paae to return to it at anv time

Retrieve Phyre Job Id

OO0 WN P

\l

e ’_ 4‘. % g..‘.f.v b— AT

Tip: Submit a set of sequences (up|

This page sviod

Summary

=TT jimu@bi.a.u-tokyo.acjp
| Desaiption [31
T Tue Apr 26 05:04:34 BST 2022
Unique Job ID fRIATEELELLEREN]

bl [T LEY VILTGNSSLC ... Download FASTA

B norm

|__Job Expiry ENECT

Download zip of
‘ all results

Finding homologues with PSI-Blast
Building hidden Markov model of sequenc
Checking for transmembrane helices
Constructing models
Loop modelling
(Multiple template modelling with Poing,
intensive mode only)

Sequence analysis

Top model

Model (left) based on template c2hu4D

Top template information
PDB header:hydrolase

Chain: D: PDB Molecule:neuraminidase;

PDBTitle: n1 neuraminidase in complex with oseltamivir 2

PDB Entry: PDBe RCSB POE]

Confidence and coverage
Confidence; Coverage: FTICPRN

385 residues (100% of your sequence) have been modelled with 100.0%
confidence by the single highest scoring template.
g
Interactive 3D view in JSmol
For other options to view your dewnloaded structure offline see the FAQ

Image coloured by rainbow N — C terminus
Madel dimensions (): X:51.941 ¥:53.683 Z:55.458

Generating results page

View PSI-Blast Pseudo-Multiple Sequence Alignment Download FASTA

version

Secondary structure and disorder prediction [Show]

Domain analysis [Show]

Detailed template information [Hide]

acm

- @ 0

Ji— LR
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Alignment Coverage

& HMEL

5t e TFTHEE—
BIZF = o

R B

5

4 A Catignmen )
- S

[c2h
(N8
(RF=

735

1

/43;;
w\l:\\)lx) D
A A REKRD B

diffea

g GlfSes

Template Information

PDB header:hydrolase
Chain: D: PDB Molecule:neuraminidase;

PDBTitle: nl neuraminidase in complex with oseltamivir 2
PDB Entry: PDBe RCSE PDE]

Ph”—f Run Investigator

PDB header:hydrolase

Chain: D: PDB Molecule:neuraminidase;

PDBTitle: hinl 2009 pandemic influenza virus: resistance of the i223r2
neuraminidase mutant explained by kinetic and structural analysis

PDB Entry: PDBe RCSE PDE]

Phh—f Run Investigator

PDB header:hydrolase

Chain: B: PDB Molecule:neuraminidase;

PDBTitle: crystal structure of influenza a virus neuraminidase n3
PDB Entry: PDBe RCSE PDEj

Phh—f Run Investigator

PDB header:hydrolase
Chain: A: PDB Molecule:neuraminidase;

PDBTitle: n8 neuraminidase in complex with peramivir
PDB Entry: PDBe RCSE PDEj

< Rum InvEtigatur’

BT AAREDY
PDB header:complex (h!_.rdrolase,"lmmun_Ehuﬁn}/ v
Chain: N: PDB Molecule:ng neur‘amlnuﬁa~ 1& n& ﬁﬁ
PDBTitle: the structure of a complex bef eﬁﬁledt §Fl
influenza2 virus neuraminidase and comparison with the overlapping binding

site3 of the nc41 antibody
PDB Entry: PDBe RCSE PDEj

Run Investigator

Fold: 6-bladed beta-propeller
Superfamily: Sialidases

Family: Sialidases (neuraminidases)
PDB entry: FDBe RCSE PDE]
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5% PhyreD F i (4)

J+—)LR:AE

Return to main results Retrieve Phyre Job Id Fetch
Job Description [
(o110 [w=] 100.00% [PEIC) Tue Apr 26 05:04:34 BST 2022
‘ | Rankfg Aligned Residues [5:%
I ’ ']~‘ TR % Identity Ergi) Template [el 1798
l\ ; PDBTitle: n8 neuraminidase in
. PDB Chain: A: PDB . -
PDB info . - ) complex with peramivir
I [ / l ‘&7 header:hydrolzse  Molecule:neuraminidase; PDB Entry: PDBa RCSB PDBj
" | Resolution pRIJ
LGN T T SR Y X2 46.520 ¥:51.294 7:53.898
[ Show 1 Hide 55 confidence |
| Show / Hide Conservation and Alignment quality |
K
Il insertion relative to template
-Deletiun relative to template
— S Catglytic residue from the CSA
[c2htuAJEVTUBRBIED T S X2
—_ S LS IS cta] on ingegpretingyypur slonments , 5~ L6
> fp— I
ZDOHITIE, BLASTERILTEEAS, BIEFSEOXY SoNSHAREMEHH D
o O 60
Predicted Secondary structure L2
QuerySequence L TGNSSL CPISGWAILIYSKDNGIRI GSKGDVFYIREPFISCSHLECRTFFLTQGALLNDKH
Template Sequence MNNTE AT COAKGFAPFSKDNGIRIGSRGHIFVIREPFVSCSPIECRTFFLTQGSLLNDKH
I E Y e g e — S —B —— 5 —— sy —QANNRT T TS —B —55 TTSGG
Template Predicted Secondary
structure
- .1 . - A 1t |+ R
- | - O | U . SO ¢ | R i | S
=l e BT Ll TR ] ———————————— — — ——————————— — —————————— — —————— —
Query Sequence SNGTVKDRSPYRTLMSCPVYGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPDNGAVA
TemplateSeq.lerll:eSNGTVKEJ.SPFRTL MSEVENMGQSPNVYQARFEAVAWSATACHDGKKWMIVGVTGEPDSKAVA
R EC T RO E N T G G T T T TS S —— T T — e sy TTS —BTTT —5, —58§55 S—TTS —m-p
Template Predicted Secondary -—p
structure
. . . .10 . . . ., . . . AL . . ., . . . .iT. . . ., . . . JABD. . . ., . . . . f@. _ . .. . . . .20. ...
£ [ - RS '« I | IR 160 170 16D
Predicted Secondary structure [ e L e e
QuerySequence VMLKYNGI ITDTIKS WRNNILRTQESECACVNGSCFTIMIDGPSNGQASYKILKIEKGKVT
Template Sequence VI HY GGV PTDVVNS WAGDILRTQESSCTECI QGDCYWVMTDGPANRQAQYRIYKANQGRII
Template Known Secondary structure S55S —S5S5SS—mmp—S S —TT 5—555 TT
Template Predicted S;cr{:ﬂl?rr: — ARAR AR
- - T R . R R S - | SRR -~ I
- - - . O - S
Predicted Secondary structure
Query Sequence K ST ELNA PNYHYEECSCYPDTGKVMCVCRDNWHGSNRPWYSFDQNLDYQIGYICSGVFGD
Template Sequence G QT DI S F NGGHIE SCYPNDGKWECVCRDGWTGTNRPVLVISPDLSYRVGYLCAGIPSD
————— T T ———— i e - | T E———C, G, —GC G — i T C e ————C G ——GC



5% Phyre® F| F (5)

[Template Known Secondary structure [ Rl e R e AR — —5 5 5 ————T T w—
TemD‘EUEP'Ed'ChEdSE?&tg._ >— = _111';_1';_ — —— R —

08 o 0 zo 0 =0 =0

153 150 . 00 . 0 . 10 . 30 . 0

Predicted Secondary structure B

Query Sequence K 5 IELN~ N'fH'fEEC C\" D_:EK\-'I'HC\-'CRDNWH:ESNR:'W'-.-'SF.DQNLDYQI:E\’ICS:E'-a'F:ED
Template Sequence GQTDI SF NG HIEE: CYPNDGKVECVWCROGWTGTNREVLVISPDLSYRVGYL CAGIFSD

RS L= e R e sy ey ey Pl | — ] | ——— -y T T e—— s, 5 —5 § —im——T T 5 ———- 5 —5
Template Predicted Secondary —_ - ——
structure '

25 = =0 E =0 =0 0

Predicted Secondary structure

QuerySEquenceN:'R:'ND"- .._:ESC:E:'"."SSN:E;.N:EIK:EF FRYDN \-'WI R K5 SRSGFEMI WDP NGWT E

D q P FMG GYGVKEFGFROGTDVWMGERT I ERT SRSGFEILRIKNGWTQ

p T T E——C 5 S S S E—T T T T T S
Template Predicted Sneot:ndar\«I
structure

QuerySEquence D5 F RQDI'\" \I TD WS & 1R CFW\-’ELIR QPKENTIWISGS

Template Sequence 7 = KEQIRKQ II'DNLNW a s FCEFWVEMIRGKFPEEKTIWTSSGS5S

TTTSS55 5 —

Template Predicted S:?ng:: : Z‘FftUA%T '9 l '\ !:l % !:%

~DEFI PDBR =
Pmdmd*c 5 F 66 VN?)- W*W%D;~EL( Fsl ﬂ:/ ) %ﬂﬁﬁ*ﬁ to)RMSD1

Template Sequence I vV MCGVD YE Y -_D'I.“.I'_\ WHDGAI LEEDI

G —

. 'as'ii s PhyreDE7T JL{E & (intensiveE
Bl I EDT A I ATF ——, i =

FASTARZZX T, T D FEZFEChirfiere
MDModellerCH B TE53)

Text version FASTA pairwise alignment 3D Model in PDB format

RMSD between 360 pruned
atom pairs is 0.669 angstroms;
(across all 383 pairs: 1.123)

Modeller®E7T L& &
(7242 AR EPhyre)

RMSD between 367 pruned
atom pairs is 0.671 angstroms;

View in JSmol

Send structure to FirstGlance for more viewing options (aC rOSS al | 3 8 5 p al rS : O . 9 2 3)

DA — LR 124
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ETILEEEDLLE (1)

TIAAVRDEWVIZEDETILIEE

&N L8]

BLAST PSI-BLAST | COBALT | Phyre2 HHpred SWISS-
MODEL

2HU4 A
92.0%

2HTU A
56.4%

3SAL_A
58.2%

1FSE_A
48.8%

4K3Y_A
34.2%

0.339
0.339 (385)

0.923
0.671 (367)

1.241
0.710 (358)

3.791
0.784 (353)

7.512
0.925 (253)

1.103
0.653 (362)

1.318
0.806 (359)

6.305
0.920 (264)

0.339
0.339 (385)

0.919
0.681 (368)

1.158
0.685 (362)

1.489
0.787 (352)

5.301
0.943 (263)

0.315
0.315 (385)*

0.935 (383)
0.669 (365)

1.074 (383)t
0.644 (366)t

1.350 (379)
0.769 (352)

2.744 (350)
0.941 (274)

A—ryké
BRICL74+—IL
FIZEL. #
RTEL

1.057
0.647 (363)

1.389¢
0.769 (351)*

6.769
0.998 (248)

0.647
0.434 (382)

1.045
0.731 (363)|!

ECA—EED
EARENDTE
wWOTUTL
—kELTER
R

* 2HU4 D, T3SAL_B, ¥1F8D A, Il 2HT5_A

SWISS-MODELD7S5A4 2 AV ML, BLASTE
HHblitsZ A &HhEIZLD

Ji— LR

12



\

8% ETILIBED LR (2)

. T/7|/ FEETIVIEEDRER

5.5

11°
5.0
A A Nldl?Dl
4FVK
—_ 4.0
ETILIEE .
LIt mEE '
DRMSD{E | 30 Influenza B
1A4G
4CPZ
(A) 2.5 3K36 €150
2.0 N3
N64H26>§4|00N2
1%& e 3TIC
15 1NMV% ‘04 N7
AWA NG ﬁéﬂw
1.0 2HTW, 354 zﬁ%Q o A EA ZanamivirD i
N4 . .
05 2HU 4B7Q L %hUﬂ‘@*ﬁJﬁ
00 o 3p3EK i
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0

<
<
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o A INJEEE DT
— BELEEEDI A /B LLE DR
— RNTELLLIGEWE LD EE
. ZhEDEICBEEMADIEETEEICT S
- AR S BEFTAH . BERTE. AVE 1R LBEERERLE

« PROCHECK (Thornton, et al.)
— FH-AEO_EA. THEHORFHEDERH. AE
* ProSA (Sippl, et al.) _ProSA-web® xR D H
- RFRE-BREMaVAON AREHE 0 LT
* ProQ (Wallner, et al.)
— [BFE-FEEEIVFIN AEERE
« WHATCHECK (Griend, et al.)
— *ﬁ’r\li J&H%E’Jliﬁ EEFR ST

~ i A4 N —

« EERTRESN-BEDRAIT D \?ﬁta)tt%ﬁ -

EFLEEOST 12



RUONIED _RFEETH

9‘//?’7’%?0)7‘/@&@5']75\& BT/
El % RigEE T A
RET R EBTFET R (DSSPIZ&kS57%8)

89 % 394R
a-helix(H)

3,0-helix(G)
B-bridge (B)

helix (H)

extended strand (E)
extended strand (E)

hydrogen bonded turn(T)
bend(S)
other(’ * or C)

coil (C)

m-helix (1)

Y

T RFEE T o



ROINDED _XEET A

c AVNVEDERGBERHEZFAITAILET, 200N
VEDIIMEE-HEITETOIMEZFS

o FLPEHNDTILFIILT A AVMEEEIZ, $FIZE
DDEFFEHZE AT T A

» AlphaFold2® Fl F

— ZBRDIVINTEDENEHREANS_ET, L KREEET
YOO DFBENRLEL, ZREEFAOHRLAL

« BELEETIEBEICHLTDSSPT RIEELZHITE
— XD ZIEEFRFETIE., TRIZFRLIZEAHHOI=IE

sl IBRAFEEE DAALAERS| . discordant
helix’Zz & D FAIFFE DM L
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“RiEETADYTA

Jpred4
— http://www.compbio.dundee.ac.uk/jpred/
PSIPRED
— http://bioinf.cs.ucl.ac.uk/psipred/
* PredictProtein
— https://www.predictprotein.org/
* NetsurfP-2.0

— https://services.healthtech.dtu.dk/service.php?NetSur
fP-2.0

T RFEE T o 13


http://www.compbio.dundee.ac.uk/jpred/
http://bioinf.cs.ucl.ac.uk/psipred/
https://www.predictprotein.org/
https://services.healthtech.dtu.dk/service.php?NetSurfP-2.0
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ZREETF

AlDFEE

- — SH= N Wr ]
::ti—’k*ﬁ)& //sll_ /fd)*%AE(Q:gﬂE)
NetSurfP Model
- SPIDER3 , ®@DLCW
DL-RNN
- A ML
° ok stat
80 - . A =
- A
8 757 i
g ) )
O 70- 5
R stat: Za—Z LR YT —I LN DR ETEOF %
5, ML: W= 1—F LRk T —F Y R— RoE—T Ly
+ 4 DL-CNN: EHIAH =1 —FILA1 YN T—VIZEIDCGRRFEEFiE
T DL- RNN 'Jle//F 1—7)1/*\/#'7 JIZEDIGERFE Fi&
19|90 19[95 2000 2005 2010 2015
Release Date
M. Torrisi, et al. Deep learning methods in
protein structure prediction, Computational and
Structural Biotechnology Journal, 20, 2020
—REEST 133



https://www.sciencedirect.com/science/article/pii/S2001037019304441

Jpred4d F|

L -
L

Jpred 4

I J
http://www.cgﬁ’wrﬁ urﬁeaee ac.uk/jpred/

A Protein Secondary Sfructure Prediction Server

Help & Tutorials Publications
—T7YrDBECHZE AN
P

" DS5HRKRZ S 2fc
[pO-fastaT% {5 F

(?)
Input sequence e

AGWVEAVWSETGVDAFVRIIGFDNVRQVQLISFIAYKPPGC|

rDEL5

[ Reset Form |

Jpred 4

Incorporating Jnet

A Protein Secondary Structure Prediction Server

Job Status

Your job (2FCR) started at 02:51 on 07/01/2015, the current time ts 02:52 on 07/01/2015.

10% complete

See below for a more detailed Iog of progress (use your back bution to return)
Log fie

If the job is taking too long it may be worth deleting and resubmitting it using an e-mail address: delete joo

citation: Drozdetsiy A

Primary er J & Barton GJ. Paper in preparation
Previous: Cole C, Barber JO & Barton

0 Res. 2008. 35 (suppl. 2) W197-W201 ink]

i 4

ncorporatmg Jnet

A Protein Secondary Structure Prediction Server

REST API m Help & Tutorials Monitoring Publications

Match found in PDB

The sequence you submitted is similar to those with known structure. These may provide a more accurate
secondary structure assignment than a JPred prediction.

If you still want to carry out a Jpred prediction cIi
Hits found PDB(:ﬁﬁiﬁﬁ@E
Show entries

PDB Chain Description —— ,_ v, ueN

Her A FLAVODOXIN ]% 'd— d~ )

Jesy D Flavodoxin r - |

Jesy C Flavodaoxin -R % J W 7
Jesy B Flavodoxin ContlnueJ ’ J

— RFE & 5 0

Jpred 4

Incorporating Jnet

BRORN—T

A Protein Secondary Structure Prediction Server

Results

After much trouble and strife, Bob the scheduling penguin has retnived your results! Rejoios. For your plessure the
following viewing options are available. You may bookmark this page for future reference although data is not kept on
the server for more than two days.

A G A AR L L L
METSOL2 - EBEBEBE- BEE) - E- EBEBEBEBES- - EB- - - B- - BB- -

This Jpred prediction was made with following.

Jnat version: 2.3.1
UniRefs0 relszse: 2014_07, 0S-Jul-2014

A Cris C Frostsr J & 580 G4

catation: Drozoets r i prearanin
Previats: Cak ¢, Samar 10 £ e L Ndiele Ak Ree o0 (el By W20t P

134



https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p0.fasta
http://www.compbio.dundee.ac.uk/jpred/

Jpreddd F AlFER

Io5RKx 2 (2fcr)
Ay red 4

Incorporating Jnet

A Protein Secondary Structure Prediction Server

Results

After much trouble and strife, Bob the scheduling penguin has retrieved your results! Rejoice. For your pleasure the

following viewing options are available. You may bookmark this page for future reference although data is not kept on
the server for more than two days.

View results summary in SVG - displayed below (details on acronyms used):.

10 20 20 40 50 &0 70
ip_Qj3deLPI1-17:K | G I FFSTSTENTTEVADF | GKTLGAKADAP | DVDDVTDPQALKDYDLLFLGAPTWNTGADT ERSGT SWDEF
R R T T I T
(R e i T I i T I T
[T e T R i e I
jnetpred  — I G — N
JNETCONF
31889860687 16889999990998852588547 7104677677777 7418888615777776520168689887
JNETS0OL25 - BEEBBBB- BEBB- - BB- - BB- - B--- - B- - B- BB- B- - B- - B- - B- EBEBBEBBBBBE- - BB- - - B- - BB- - B
JNETSOLS - - - BB-=----- B--BB--Be--Be-euennnn - S BEBBBBBEB- - - - - Be----n- B----
JNETSOLO - - - B- - = - - - - - T BBBBB- - - - -----ccmmmm
JNETHMM - ) ——— G — N
JNETPSSM — ) — — I G
JNETJURY = - - - .-

A

View full results in HTM
» View simple results in HTML

s View results in PDF

s View resulis in Jalview (Link to a separate page with the Jalview Java Desktop application)

o View everything in a resulis directory (details on data each file contains are available through README file)

s Get all (but PS) files in TAR.GZ archive

s View results using in-browser Jalview Java applet (light version, limited functionality w.rt. Jalview Desktop version linked

ahmrah

fk*ﬁL%m



Jpredd @) ¥ Hl#E R D 5%

UniRef90_KITFET

UniRet90_UPI0003/6B90C

UniRef90_P31158

UniRet90 LOM/Y3

niRef90_UPIDO02FEE06E

T~ iFe L MAD

UniRet90 DZRLIT

UniRet90_A4RRPD

UnikRet90_H17413

UniRet90 D4CSL3

UniRet90_ESY443
UniRef90 RBOWH?

UniRet90_SOFYUY

UniRet90_DHODHI

UniRet90_W2PCAY

UniRet90_R1CCM4

UniRefd0 UPTO004762B0B :

ST Pl EN T e LT e \yILJULlTlu\, P i I [ Y o R v B WL ET

LY RN NTES AL AAKL AT AN OV TEDAF ISt LV SV TYAL G YPRMAFL - EFMALNL R TR TS MR e O e T
UniRefd0_UPI00037CR4F4 :

+ KIGIFFSTSTGNTTEVADF IGKTLGAKADAP 10YDOY TOPQALKDYDLLFLGAP THNTGAD TERSG TSWOEFL YOKLPEYOMKDLPY A TFGLGDAEGYPONFCDA L EE THOCF AKOGAKPYGF SNPOOYDYEESKSYROGKFLGLPLOMYNOO I PMEKRY AGRYEAYYSETGY
+ KIGLFYGTATGNTESYAEL 1OKEFGGESYYYSEE 1CNADPSDRENYDC T IVGCP THNYGELOSDWEGFYEDL ----- DATDFTGKKYAYFGAGDOYGY ADNFODAMG ILEEK [ SSLGGKTYGYWPTDGYDFDGSKAYKNGKFYGLA TDEDNOSDLTEGR IKTHYAQLKGEFGY
UniRet90_UPT0003401500 @ KIGLFFGTUTGHTESTAQT IOKELGGDSYVELODYAGAEVEDLAEYEYL T 1GCPTUNIGELQSDW----- EGLYDOLDOIDFTGRK I AYFGAGDALSYCONFODAMG ILEEK TSSLGGKTYG WS TONYDFNESKAVRNGKEYGLA [ DEDNQSDLTESR TKSWYAQ TKNEFSL
+ QIGLRYGSTTGKTED 1 AERTQEALGODVYTLHE 1SEAEN-SDFEQYDNL T TACPTHD 1 GELQSOW----- DGYYPELDEYOFSGRTYAYFGTGDA L GYADNFODAMG ILEAK TSEL GAKTYGYWP I DGYDFNESKAVKNGKEYGLA [ DEDNQSDLTDER L TARTKOLKSEFGL
: KIGLFFGTATGNTEELAGATOAAFGGSD ] YELFDVAEYDIEALRDFDAL 1 IGCPTHNYGEL QSDWEALY ----- DOLDDYDRSGKT IAYFGAGDOYGY ADNFODAMGYLEEK TSLGGKTYGOWPTAGYDHSESKAERDGKFYGLA I DEDNOPEL TAER TQARYACLKPAFGL
+ KYGLFYGSTTGKTESAAEMIQSEFGGSSYY TLHE 1ADYSDSDFERYDFL ] 1GAPTHDIGEL - - - -QADWDGFYWODLDS [ DFSGHTYAYFGTGDALGYEENFODAMG T LESK ISSLGGK TYGYWP TOGYEHEASKAEKNGKFYGLALDEDNUSEL TESR IKTHYAQYKKEFG]

KIGLFYGTQTGNTQTEAELIQKEFGGDSVVDIYDISKVESSDFENYNYIIIGCPTWNIGELQYDWNNF ----- FDELDNIDFNGKKVﬁYFGVGDQNGYPDSFQDAMG LEEKISELGGETFGYWSTGGYDFTESKAVRDGKFVGLALDEDNQSELTQERIKTWVAQLKQEF--

ey |61 Ny R

e - e - e e ] 91-----——- 101------—- L 121------—- 131----—--- 141------- 15]------- 161------- 171
Origdeq : KIGIFFSTSTGNTTEVADF IGKTLGAKADAP IDVDDY TOPGALKDYOLLFLGAPTHNTGADTERSGTSHDEFL YOKLFEVDMKDLFYA T FGLGDAEGYFOMFCDA TEE THOCF AKAGAKPYGF SNPODYDYEESKSYROGKFLGLPLOMYNDO T PMEKRV AGHVEAVYSETGY
Jnet T - === =HHHHHHHHHHHHHHH - - - -EEEE = === = = === === ~FFEFFEEE - ===~ == -~ HHHHHHAHHHHH === === === -FEFFEE -~ === ==~ HHHHHHHHHHAHHH- - - -EEEE - - == - - HHHHAH-HHHH- - = === - -~ -~ HHHHHHHHHHHHHH- - -
jhimm : - == =HHHHHHHHHAHHHHH - - - -EEE == === = = === ==~ =-FFFFEE - = - -~ HHHHHAHHHHEH- - = === = === ~-EEFEEE ===~ ===~ HHHHHAHHHHAHHAH- - - - EEE - - == - = - - HHHHAHHAHEH - - - === == === -~ HHHHHHHHHHHHHHH- -
jpssm : -EEEEEE----- HHHHHHHHHHHHHH- - - -EEEE === == == ===~ ~-FEEFEEE ===~ ==~ ——~ HHHHHAHHH - == == === ===~ -FEFFE === == == L e e i HHHHHHHHHHHHAH- - -
Lupas 14 L mmmmmmm oo oo
Lupas 21t oo
[ et it
Jret_25 -BEBBBBE-BEBE--BB--BE--B----B--B-EB-B- -B--B--B-BEBEEBEEER - -EB---B--EB--B----B--B-B--B-EBEBEEEEEEE - - -BEB-BB--BB-BE--B-B-BBB-BB---B-B--B-B-----B--BBB-------- B---B--BB--BB--B--
Jret 5 ---BB------- B--BB--B---B---------B-----------— BEEEBBEE----- R = BEBBEBE-------- B--BB--B---B----B--B-----------o B B--BB--B------
Jnet 0 : -----------g--e--g------------------------- pEB-- - -] pEB--------- --f------g----------------"-"--"-"---"-"""p--"""-"--f-------—
Jret Rel T 3183986068 /16559859999880258804 7 1104677677777 7418888615777 7 /60201668988 020 /777 T D78 A36 77T I013258990909985 177165722157 764560133321 113211147 7388776272999999999275189
Notes
Key:

Colour code for alizrment:

Complete identity at a position

The more red a position is, the higher the level of
conservat ion of chemical properties of the amino acids

Blue
Shades of red

Jret - Fimal secondary structure prediction for query
jalian - Jnet aliznment prediction
hmm - Jret bmm profile prediction
jpssm - Jret PSIBLAST pssm profile prediction
Lupas - Lupas Coil prediction (window size of 14, 21 and 28)
Hote on coiled coil predictions - = less than 50% probability
c = between 50% and 90% probability
C = greater than 903 probability
Jret 25 - Jnet prediction of burial, less than 25% =olvent accesibility
Jrnet 5 - Jnet prediction of burial, less than 5% exposure
Jnet 0 - Jret prediction of burial, 0% exposure
Jret Rel - Jret reliability of prediction accuracy, ranges from 0 to 9, bigger is better.
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NetSurf 2.0[Z&B = RiE &

> Departments and Centers | > Shortcuts | Contact | Dansk Search for text o person

DTU Health Tech
https://services.healthtech.dtu.dk/service.php?NetSurfP-2.0

NEWS EDUCATION RESEARCH COLLABORATION SERVICES AND PRODUCTS ABOUT US

=
—
=

i

NetSurfP - 2.0
Protein secondary structure and relative solvent accessibility
Server predicts the surface accessibility. secondary structure, disorder, and phi/psi dihedral angles of amino acids in an amino acid sequence.

There has been some portability issues for the output. This will be taken care for later. It is possible to see and export the output. Notice: it is a slow senice.

Submission Abstract Instructions Dataset Downloads

Submit data

Paste in FASTA sequences or choose a file from your computer below. For detailed instructions, see "Help" tab above.
Only amino acid input is accepted, maximum 100 sequences or a total of 100,000 residues .

For an input of less than 10 sequences, the HHblits method is used. For 10 and more sequences MMseqgs is used to
generate the sequence profiles.

For an overview of the methods, performance data and citation information is found under the Abstract/Cite tab
above.

Sequence submission: paste the sequence(s) and/or upload a local file

>2FCR: 4| PDBID | CHAIN| SEQUENCE
KIGIFFSTSTGNTTEVADF [GK TLGAKADAP TDVODYTOPOALKDYDLLFLGAPTHNTGADTERSGT

For example sequences Click here

orrmatdigectly from your local disk: | 8., | J7-rLbEREhTLER A
Reskt | Clear fields

//\Il

A\ Y
SHEEE%E?&EEEDAEGYPDNFCD.&IEEIHDCF.ﬁ‘\KQG.ﬂ\KPVGFSNPDDYDYEESKSVRDGKFL[IFT_ 9 T b- ‘y I\ OD_EE'I‘?IJ % sk jj
pit TJ5RRE D 2fcrDBER 5
['p0.fasta % {E FH

— fk*ﬁL%m


https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p0.fasta
https://services.healthtech.dtu.dk/service.php?NetSurfP-2.0

ZENetSurf 2.0IZ &5 EE TR OFE R

NetSurfP-2.0 TSR K3< > (2fcr) 0+ FH

NetSurfP server predicts the surface accessibility, secondary structure, disorder, and phi/psi dihedral angles of amino acids in an amino acid sequence.

Submission Help Abstract/Cite Data Server OQutput ° Export All

Showing 1 Prediction

Below 1s a graphical representation of 173 residue predictions across 1 sequence. Running time was 94 seconds (94 seconds per sequence). Hover your mouse over a sequence position to see all outputs.

—\ — Ky
Relative Surface Accessibility: “» BRed 1s exposed and blue is buried, thresholded at 25%. T _9 'z¢ ;k *% ‘ﬂn: 0) 8 éj\ *E
Secondary Structure: /v Helix, ™ Strand, — Coul. S = :L j;' ~

Disorder: @ Thickness of line equals probability of disordered residue. % 3| ] . ;ﬁ;lﬁ-‘l. y% *& ﬂ E i ﬁ *ﬁ . :
HADFABRMNEONSD

2FCR_A_PDBID_CHAIN_SEQUENCE @ FCR A_PDBD_M_SE@

KIGIFFSTSTGNTTEVADFIGKTLGAKADAPIDVDDVTDPOQALEKDYDLLFLGAPTWNTGADTERSGTSWDEFLYDKLFPEV

- - ——— ——

NN\ — I\ — I\ \ — e NN\ —

% — N

5 10 15 20 23 30 35 40 43 30 53 60 (3] 0 3 80

DMEKEDLPVAIFGLGDAEGYPDNFCDATEEIHDCFAKQGAKPVGFSNPDDYDYEESKSVRDGKFLGLPLDMVNDQIPMEKRYW
A" e A - s D - & L o B e . S S

— e — — — —_— -

) IIIIIII———II/—.—- IN/

a5 a0 95 100 105 110 115 120 125 130 135 140 145 150 155 160

AGWVEAVVSETGV
——— e, M

r INNININ—
T R E X | 138




“REETFRRROELED
72/ EEEE S (2fcr)

KIGIFFSTSTGNTTEVADFIGKTLGAKADAPIDVDDVTDPQALKDYDLLFLGAPTWNTGADTERSGTSWDEFLYDKLPEVDMKDLPVAIFGLGDAEGYP
DNFCDAIEEIHDCFAKQGAKPVGEFSNPDDYDYEESKSVRDGKFLGLPLDMVNDQIPMEKRVAGWVEAVVSETGV

DSSPD#ER
CEEEEECCSSSHHHHHHHHHHHHHGGGBCCCEEGGGCSCGGGGGGCSEEEEEEECCSTTCSSCCSCSTHHHHHHHTGGGCCCTTCEEEEEEEECTTTCT
TSTTTHHHHHHHHHHHTTCEEECCBCGGGSCCSCCTTEETTEESSEEEETTTCSSCHHHHHHHHHHHHHHHHTC

IREEIZE#
CEEEEECCCCCHHHHHHHHHHHHHHHHECCCEEHHHCCCHHHHHHCCEEEEEEECCCCCCCCCCCCCCHHHHHHHCHHHCCCCCCEEEEEEEECCCCCC
CCCCCHHHHHHHHHHHCCCEEECCECHHHCCCCCCCCEECCEECCEEEECCCCCCCHHHHHHHHHHEHHEHHACC

PredictProtein
LEEEEEELLLLLHHHHHHHHHHHHHHLLLLEEEEELLLLLLLLLLLLEEEEEEELLLLLLLLLLHHHHHHHHHHLLLLLLLLLLEEEEEEELLLLLLLH
HHHHHHHHHHHHHHHHHLLLEEELLLLLLLLLLHHHHHELLLEEEEEELLLLLLLLLHHHHHHHHHEHHHELLL

PSIPRED
CEEEEECCCCCCHHHHHHHHHHHHCCCCCCCEECCCCCCHHHHHCCCEEEEEECCCCCCCCCCCCCCCHHHHHHHHCCCCCCCCCEEEEEECCCCCCCC
CCHHHHHHHHHHHHHHCCCEEEEEECCCCCCCCCCHHEECCEECEEEECCCCCCCCHHHHHHHHHHHHHHHHCC

Jpred4 (Jnet)

-EEEEEE----HHHHHHHHHHHHHHH----EEEE--——-———————~ EEEEEEE--——--——— HHHHHHHHHHH--—-———-——~ EEEEEE---—--—-
--HHHHHHHHHHHHHH----EEEE-——-———-—~ HHHHHH-HHHH-——————-———~ HHHHHHHHHHHHHH- -~

Jpred4 (jhmm)

EEEEEEE----HHHHHHHHHHHHHHH----EEE-—————————————~ EEEEEE-—-——-—— HHHHHHHHHHHH-—-———————~ EEEEEE---——-——
-HHHHHHHHHHHHHHH----EEE-————————~ HHHHHHHHHHH-——-————————~ HHHHHHHHHHHHHHH- -

Jpred4 (jpssm)

-EEEEEE--—--- HHHHHHHHHHHHHH----EEEE-——-——-—————~ EEEEEEE--—--——-—- HHHHHHHHH-———————————~ EEEEE-—--—---
-—--HHHHHHHHHHHH---EEEEEE-————————————————~ EEEE-——-———-—— HHHHHHHHHHHHHH- -~

NetSurfP

CEEEEEEECCCCHHHHHHHHHHHHHHCCCCEEECCCCCCCCCCCCCCEEEEEECCCCCCCCCHHHHHHHHHHHHHCCCCCCCCCCEEEEEEECCCCCCH
HHHHHHHHHHHHHHHHCCCCEEECCCCCCCCCCCCHCHHCCHHHHHHCCCCCCCCCCHHHHHHHHHHHHHHCCC

NetSurfP-2.0
CEEEEECCSTSHHHHHHHHHHHHHTGCCSSCEEGGGCCCGGGGGGCSEEEEEEECCTTCCCCTTTTCCHHHHHHHHSTTCCCTTSCEEEEEEECCTTCT
TCHHHHHHHHHHHHHHTTCEEEEEECGGGCCHHHHHTEETTSEEEEECCCTTCCSCHHHHHHHHHHHHHHHATC

NetSurfP-2.0 34KREIZZ#E
CEEEEECCCCCHHHHHHHHHHHHHCCCCCCCEEHHHCCCHHHHHHCCEEEEEEECCCCCCCCCCCCCCHHHHHHHHCCCCCCCCCCEEEEEECCCCCCC
CCHHHHHHHHHHHHHHCCCEEEEEECCCCCCHHHHHCCECCCEEEEECCCCCCCCCHHHHHHHHHHHHHHHCCC

Alphafold2
CEEEEECCSSSHHHHHHHHHHHHHGGGBCCCEEGGGCSCGGGGGGCSEEEEEEECCSTTCSSCCSCSHHHHIIIIIGGGCCCTTCEEEEEEECCTTTST
TSTTTHHHHHHHHHHHTTCEEECCBCGGGSCCSCCTTEETTEESSEEECTTTCSSCHHHHHHHHHHHHHHHATC

Alphafold2 3iKEEICEH#:
CEEEEECCCCCHHHHHHHHHHHHHHHHECCCEEHHHCCCHHHHHHCCEEEEEEECCCCCCCCCCCCCHHHHHHHHHHHHCCCCCCEEEEEEECCCCCCC
CCCCCHHHHHHHHHHHCCCEEECCECHHHCCCCCCCCEECCEECCEEECCCCCCCCHHHHHHHHHHHHHHHHACC
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NetSurfP-2.0 (Q8fH) 129 0.746
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discordant helixZ&ELH — ERD -5+ ILT I (1b90)

73/EEES] (1b90)
KOFTKCELSQLLKDIDGYGGIALPELICTMFHTSGYDTQAIVENDESTEYGLFQISNKLWCKSSQVPOQSRNICDISC
DKFLDDDITDDIMCAKKILDIKGIDYWLAHKALCTEKLEQWLCEKL

DSSP
CBCCHHHHHHHTGGGTTGGGCCHHHHHHEHHHHHTTBTTCEEECSSCEEETTTTEETTTTSBCTTCTTCCCTTCSBG
GGGGSSCCHHHHHHHHHHHHHTTTHHHHTTCCTTCSCGGGGSCCCC

PredictProtein
HHHHHHHHHH FEEEEEEEE EEE FEEEEE EEE
HHHHHH HHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHH
Jpred4
-—---HHHHHHHHHH--—-—-—-—————— FEFFFFE-——-—————————————— — FEFFFEE-—-————————————— — — — — — —
HHHH----HHHHHHHHHHHHH--———--—- H--HH--—-———- HHHHHH--
PSIPRED

CCCCHHHHHHHHHHHHCCCCCCHHHHHHHHHHHCCCCCEEEECCCCCCCEEEEEECHHHHCCCCCCCCCCCCCCCCC
CHHCCCCHHHHHHHHHHHHHCCCCCCCHHHHHHCCCCCHHHHHCCC

NetSurf2
CEECHHHHHHHHHHTTTCTTCCHHHHHHHHHHHHTCCCTCEEETTSCEEEEEEEECHGGHCCTTCCCCCCCTTSCCH
GGHTCSCHHHHHHHHHHHHHHHCHHHHHHHHHHHTTCCCHHHHHCC

AlphaFold?2
CBCCHHHHHHHTGGGTTGGGCCHHHHHHHEHHHHHTTBTTCEEECSSCEEETTTTEETTTTSBCTTCTTCCCTTCSBG
GGGGSSCCHHHHHHHHHHHHHHCGGGSHHHHHHSSSCCGGGCCCCC
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o ZLE. ZXREETFT RO YA STTFAIFEE
— Jpred4
— PredictProtein (PROFacc)
— PSIPRED
« BREDBKENER, FAAKREZEZOI-FA, Bia /Y
BEOERZERYANSZEIZEKY ., FRIBEIMR L
— FPHRIFEELT. BREELNICALGNS
— ZREETFAEEBLE-FEDOREHS

« PEZEHOKREDEZRDH

— 21K
« Buried(B): solvent accessibility < 16%
« Exposed(E): solvent accessibility > 16%

— 3IRRE
« Buried (B): solvent accessibility < 9%
* Intermediate (1) : 9% < solvent accessibility < 36%
« Exposed(E): solvent accessibility > 36%
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AEEHEFTHOREDEED

7=/ ERER %I (2fcr)
KIGIFFSTSTGNTTEVADFIGKTLGAKADAPIDVDDVTDPQALKDYDLLFLGAPTWNTGADTERSGTSWDEFLYDKLPEVDMKDLPVAIFG
LGDAEGYPDNFCDAIEEIHDCFAKQGAKPVGEFSNPDDYDYEESKSVRDGKFLGLPLDMVNDQI PMEKRVAGWVEAVVSETGV
DSSPM#ER (24K
EFEBBBBBREEEEEBEEBBEERBBEEBEEEREEEEEBEEBEEBEEBEEBEBBRBBBBEEEEEEEEEBBEBEBBEBBEEEBEEBEREEBBRBBBEB
BBEREEEEEEBRBRBBBBBBBEBBEEBEBEBBBEBEBEEBEBEEBEBEEEEEBBBBRBBBREEEEEEBEEBBEEBBEEBEEEEEE
DSSPM#ER (3K
EBBBBBBIEEIIBIEBBEIBIEIBIEIITEITIBEEBEEBIIBEETIEBBRBBBBIEEEEIEEEBBI T IBBEBBEEIBEEBEREEBTIRBBBEB
BITBREEEIEIBBBBBIBBBIIBIEIIBEIBRITEIEIBEIFEIIBIIEEIBBBBRBBIEIEIIEBEEIBIIBBEEBIEEIEE

PredictProtein (24K & Z$ 139, IEZZ 0.803
ebebbbbbeeeebeebbeebbeebeeeeeeebebeeeeebeebeebebbbbbbbbeeeeeeeeebeebbeebeeeebeeeebeebebbbbb
bbeeeeebeebbebbeebbeebeeebbeebeeeeeeeeeeeeeeeeeeeebbbbbbeeeeeeeeeeeebeebbeebeeebee

PredictProtein (3% g& Z80 110, IEEER 0.636 (REFHE ASNAELY)
eblbbbbbll1ebeebbeibbeibeeeeeiebebieieeieebeeilbbbbbbbbl1eee11eebeebbeebleee1ee1ebeeb1bbbbb

bbl1ee11e1b1ebbe1bbe1bee1bbeeb1111eeeieieeieiiieeebbbbbbiieeeeeeieeibeebbeibieeiee

Jpred4 (Jnet_25) &K 55 H E25% K i

~BBRBRBB-BBBB--BB--BR--B----B--B-BR-B--B--B--B-BBBBBBRBRB--BR---B--BB--B----B--B-B--B-BBBBB
BBRBRB---BBB-BR--BB-BR--B-B-BBB-BR---B-B--B-B-—-—— B--BBB-———————— B---B--BB--BB--B--

Jpred4 (Jnet_5) 7%‘9%&%5:'1}‘_5%5'5;%

———BB-—————— B—-BB--B—--B-————————Bo——————m————— BBRBRBBB----- Bo—m— Bommmmmm e BBRBB
BB-——————— B=-BB--B=—-B-—-—B=-Bo———— = —m—mm -~ Bm—m e B--BB--B-——————
Jpred4(Jnet 0) AIEEHEOW(EEIC iﬂ%ﬂfl’\é)

e —Bo—————— - B —BB=—B— === ———m—m e BBBBB === — =~ ———m —m e e BBBRB
P — B——————— 5y Bo—m—mmmm o

AlphaFold2 (24 & ZE# 165, IEZ 3 0.945

EBRBBBBBEEEEFEBEEBBEEBBEEBEEEBEEEEEBEEREEBEEBEEBEBBBBBRBBEEEEBEEEBBEBERBEBBEEEREEBEBEEBRBBBBBEB
BEEBEEEEEEBBBBBBBBBEBBEEEEBEBBBEBEBEEBEEEEBEBEEEEEBBBBBBBEEBEEEEBEEBBEEBBEEBBEEEEE

AlphaFold2 (34K & ZE# 157, IEZE = 0.908
EBBBBBBIEEIIBIEBBEIBIEEBEEEIIEIIIBEEBEEBIIBEEIEBBBBBBBIEEIEIEEEBBEIIBBEBBIEIBEEBEBEEIIBBBBB
BITBEEEIEIBBBBBBBBBIIBIEIIBEIBBITIEBEEIEIEEITBITEEEBBRBBBBIEIIEITEBEEIBIEBBEEBIEEIET
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R INDE DRINE PR,

o RARZEHSEE (disorder region): £ARNT—EDIEE
% EDNEE (natively unfolded region, intrinsically
disordered region, unstructured region)

- FVNDEEERDARAZMEBEHDEDIXRAEMER 1\
& (disordered protein) EFEIEN S

« BENILZXITILT,. ZEFHMNKEL

o EARMIZTHETI/EBMNSL BKETI/EEMNDE

s BEEAWYICEKIZEZLALNS

- IREEAEIICRET A2 /N E . DNAKEE IV /INVETL
EIZZ<RBon . EEMNICTELEELRIZENHD

o XiRtEMmEIET., EEMNA R K (PDBMOREMARK 465(Z
BRE) . TN KEWNIL—TEBLGE

\O
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RN B RARZT 5818 F 1

- IBEMBOFHZFESIES
- BEERORAEMLBATHNGRAZ EZ R RIZFE
- BANGFATIE, BRIV /N VEQOHEROTOTI7AILLEEDEM
¢ BRES (Z2—JILRYbT—Y SVM, ZFBEFE)GENALLND
o FEFEIYTAL
— DISOPRED
o ERHIFEBID AV NI EZFLEIZ, TOT7AIVERREL., 7S /EEEH DR E15EE
D4R IIETSVMIZKY F Al
» http://bioinf.cs.ucl.ac.uk/psipred/
— PSIPRED®—E&&L TR
— DiseMBL
« 34 JL. hot loop (B-factorBA KELVL—T) | BEEEA R KL =58 EFHIT 530D
Za—JIIRXYET—IDHE. V1K IMEIL3~51
* http://dis.embl.de/
— PONDR
s BEDTI/BEOMER. BRKME. BEF DEMEGEZHERI~21FZED V12D
BC=a—JI)LRybT—DIZ&YF A
* http://www.pondr.com/
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B% RALEMET—ER—X

e DisProt7r—A2~—X
— KA HMEEZTZFL-T—3R—X
— https://www.disprot.org/

E:’%‘% Browse Release notes Download Help About

Search DisProt... Search Login Feedback

DisProt Intrinsically disordered proteins

DisProt is a database of intrinsically disordered proteins. Disordered regions are manually curated from
Version: 8.1 literature. DisProt annotations cover both structural and functional aspects of disorder detected by specific
Release: 202012 oy perimental methods. Annotation concepts and detection methods are encoded in the Disorder Ontology.

Read more about DisProt

Search in DisProt ... Search
Examples P53  CTNMNE1
SARS-CoV-2  Spike glycoprotein  ORF3a protein  Replicase polyprotein 1ab
Proteins per organism Datasets
I h{ [ _¢ QO #ﬁ: &2
H. sapiens: 636 M. musculus: 111 R. norvegicus: 57 S cerevisige: 137 Viruses: 144 Unicellular toxins and
o antitoxins
-
£
E coli: 74 A. thaliana: 40 D. melanogaster: 34 C. elegans: 21 Fungi: 171
How to cite
DisProt: Intrinsic protein disord tation in 2020 Hatos, A, Hajdu-Soltész, B, Monzon, AM., Palopoli, N., Alvarez, L., Aykac-Fas, B., Bassot, C,, Benftez, G.l., Bevilacqua, M., Chasapi, A, Chemes, L., Davey, N.E.,

Davidovic, R., Dunker, &K, Elofsson, A, Gobeill, J,, Foutel, N.S.G,, Sudha, G., Guharoy, M., Horvath, T., Iglesias, V., Kajava, AV, Kovacs, O.P,, Lamb, J., Lambrughi, M., Lazar, T,, Leclercg, J.Y., Leonardi, E,, Macedo-Ribeiro, S.,
Macossay-Castillo, M., Maiani, E.,, Manso, LA, Marino-Buslje, C., Martinez-Pérez, E,, Mészdros, B., Micetic, |, Minervini, G., Murvai, M., Necci, M., Ouzounis, C.A,, Pajkos, M., Paladin, L., Pancsa, R, Papaleo, E,, Parisi, G., Pasche,
E. Barbosa Pereira, P.J., Promponas, V.J., Pujols, J., Quaglia, F,, Ruch, P., Salvatore, M., Schad, E., 5zabo, B., Szaniszld, T, Tamana, 5., Tantos, A, Vellkovic, M., Ventura, S., Vranken, W., Dosztanyi, Z, Tompa, P., Tosatto, 5.C.E,,

Piovesan, D. (2020) Nucleic Acids Research, 48 (D1), pp. D269-D276. PubMed =, NAR =
INULICI ALIUDY MED, W15 [1VAN] [FUvicu]

B3 SAEES 146

7ns 32



https://www.disprot.org/

5% RAZ BB DTS/ ERAER

o RAZMFEE D7 /EEHAR
— DlsProtT—’)'l’\—ZGDﬁE@J MSETE

1

‘L

0.8

0.6

mExtsEE

0.2

BES o Tor A
082 ROBE RO

-0.2

-0.4

-0.6

-0.8

-1
Il v L F CMAGT SWY P HEOQDN K R

T/

X X% 1 o



VAR INDBEDRAREMTFRI(1)

« JUFXLARINYE (p2.fasta) DRAE M F A — DISOPREDZFIF

PS; PRED = UCL Department of Computer Science: Bioinformatics Group
MAIN NAVIGATION
Data Input Required Options
i Site Links <
Select input data type
i Server Links <
@& PSIPRED Workbench Sequence Data PDB Structure Data
i= PSIPRED Overview
@ Server Citation Choose pl"ediEliOﬂ methods
@ Help & Tutorials
¥ News Popular Analyses
Contact [/ PSIPRED 4.0 {Predict Secondary Structure) RE03 (Disopred Prediction)
D History CIMEMSAT-5VM {Membrane Helix Prediction) O pGenTHREADER (Profile Based Fold Recognition)
w store
Contact Analysis
© PSIPRED Github y

Submission details

Protein Sequence

”~
=p2
GSKKRPKPGGWNTGGSRYPGQGSPGGHNRYPPQGGGGWGAPHGGGWGQPHGGGWGQPHGGGWGQPHGG
GWGQGGGTHSQWN
KPSKPKTHNMKHMAGAAAAGAVYVGGLGGYMLGSAMSRPIHFGSDYEDRYYRENMHRY PNQWVYYRPMDEYSNQNNF

- tl~0)7°')ﬂ'/9//\7,§0)ﬁﬂﬁll
Ifyou“\-avish to test these services follow this link to retrieve a testfasta sequence. ( 92 fasta) E A jj

Job name

p2

Emailld AALI=ADNKWGREAZEREEINS)

_ Bz onif-EFhindisorderfiis (FRE) & T8l
=~ 4 BELETRLRIZA—IILTHRINRT Z LB A HE

T RS F3H 148



http://bioinf.cs.ucl.ac.uk/psipred/
https://lecture.ecc.u-tokyo.ac.jp/~ashimizu/bioinfo/structure/p2.fasta

TVALBUINGEDRAEZMETHRI(2)

DISOPRED®) ¥ H|#E &

Sequence Plot -

Show psipred Show memsat Show aatypes N EE 1EIJ 1 OO y% E hﬁd iSO r‘d e r'-ﬁE iaz t % fﬂll

10 20 3 40 50

1 G/s|k/klr|rP|k/P|G|G|G|wWIN|T|G|G|s|R|Y|rP|G|o|G|s|P|G|G|N|R|Y|P|P|0|G|G|G|c|WG|o|r|H|G/G|G|WE|q|rP|H| 0

51 (G|G|e|wG|g|r|H|[G|c|c|WG|o|r|H|c|c|6|W c|o|r|H|c|G|c|c|wW G|g|c|c|T|H|c|g[WN|k[r[s|k|r[k|[T]N 100

101 MAGAAAAGAVVGELEGYMLGSAMSRPLIHFGSDYEDRYYRENMHRYPNQV 150

151 YYRPVDQYSNQNNFVHDCVNITVKEAHTV|[T|T T|T|k|G[E/N/F TE[T DI KMMERVVE 200

i qMecr TV QRE s[ofalv[v[o[r[c/a]
10 20

30 40 50

=

=

Strand Helix Coil Disordered
. D Gat PNG Gat SVG
D Disordered, protein binding Putative Domain Boundary Membrane Interaction Transmembrane Helix
Extracellular B re-entrant Helix cytoplasmic signal Peptide

DISOPRED Plot -

F'S | F'RED Cartcll oo _—-“" L — "“‘-. . M precision N

DISOPRED Plot **cuet o " X +

0.5 =

0.4+
0.3+
0.2+
0.1 = . .

oty L st u._‘:,__............u_..-

T T T T T T T T T
20 40 60 20 100 120 140 160 180 200
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AlphaFold2IZ & AR AL M 4E:

DT A

True positive rate

Precision
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False positive rate

D|.Ob.084

O

pLD3o O pLDgo
pLD4o @ plLDg
pLDsg — tpLD
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pLD7o

|  EE S T L
0.0 0.2 04 06 08 1.0

Recall

o
N
|
> e e &8 4

00 0.2 04 06 08 1.0
False positive rate

0.0 02 04 06 08 1.0
Recall

AUCpreD
AUCpreD-np
DisoMine
ESpritz-D
fIDPnn

fIDPIr
Predisorder
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SPOT-Disorder-S
SPOT-Disorder2

AUCpreD
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DisoMine
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SPOT-Disorder2
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