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> Www.rcsh.org < P D B

» 3D Macromolecular structural data PROTEIN DATA BANK
» Total n° of experimental structures 222,036 (2024/7/4)

» Offers access to ~1 million Computed Structure Models (CSMs) from
AlphaFoldDB and RoseTTAFold



http://www.rcsb.org/pdb
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An Information Portal to e e e B s e ,(
129541 Biological Search iy FOB/ID. auihor mactomolecule sequencey or g
Macromolecular Structures

PROTEIN DATA BANK Advanced Search | Browse by Annotations

| "SR @ Downioad Files +

ADataBank ] weuicace StructuralBiology e ) 1AE5
n|:|_!,nﬁ‘n's Knowledgebase el ByoD

HUMAN HEPARIN BINDING PROTEIN
DOI: 10.2210/pdb1ae5/pab

A Structural View of Biology

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

Classification. SERINE PROTEASE HOMOLOG

Deposited: 1997-03-05 Released’ 1995-03-11

D iti (s): lversen. L.F. Kastrup. J.S. Bjorn, S.E. Rasmussen. P.B., Wiberg. F.C. Flodgaard.
H.J., Larsen. LK.

» i - ot i i
® Deposit from protein synthesis to health and disease. Organism: Homo sapiens
Expression System: unidentified baculovirus
A ber of th PDB, the RCSB PDB t d tates PDB dat:
Q Search s a member of the wwPDB, the curates and annotates ata Biology \ase: 1AES (~17 annotations) =
The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational Experimental Data Snapshot WWPDB Validation © 2D Report || Full Report
i i biology. and beyond
Ed Visualize gy Y Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Resolution: 2.3 A Claskscare 1 — G
R-Value Observed: 0.192 Rainachandran outlicrs S 147
S 5 3 s S - ’
Analyze Zika lllustration Named People's Choice © View in 3D: NGL or JSmol or PV (in Browser) Siachain outiers Il 17,77,
3 Standalone Viewers RSRZ oullicrs M ] ] — 1 5

c » D
=) 9 3507

Download Simple Viewer Protein Workshop il K e

Lbeertae et ve o % e sbvctes o 7 e ety
plorer  Kiosk Viewer

Structure of HBP, a multifunctional protein with a serine proteinase fold.
Iversen, L.F., Kastrup, J.S. Bjorn, S.E. P.B., Wiberg, F.C. H.J., Larsen. LK.

B Leamn

Protein Symmetry: Asymmetric (}

Glucose Transportt Protein Stoichiometry: Monomer

Biological assembly 1 assigned by authors

SPDB 2onuicore HNAKB [ rwor € PDB-Dev Em
5 ) Access Computed Structure Models (CSMs) of available model of lisn
PR s coro (oo gomane [ Lo

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in July Molecule of the Mol
science and education by providing access and tools for exploration,

visualization, and analysis of:

B Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

E Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive

POBHIEEL 2B IFZ EE/
TR, ENAFEIEBEMA
INHEEHKX,

These data can be explored in context of external annotations providing
a structural view of biology.

Explore |Bc PDB-101
NEW Training

Features E | ORI

& Download

Wl Leam

2024/9/7 10
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PDBIZHHET\

ATOM i M ILE 1 11.91z 25.495 35.531
ATOM z Ch ILE 1 13 .0497 27 .997 39 .250
ATOHM 3 C ILE 1 13 .4692 =5.934% d0.3582
ATOHM k3 = ILE 1 13 .540 S0O.073 0. 104
ATOHM =3 CE ILE 1 1d.282 27733 S5.411
ATOHM =1 c>1 ILE 1 14.063 Z26.005 37V .40z
ATOHM 7 CZZ2 ILE 1 15.473 27.376 39.3006
ATOHM = cDh1 ILE 1 14.104% 25.229 S5.071
ATOHM 2 o WAL 2 13 .4592 =5 .452 31l.634
ATOHM i0 CA WAL 2 13 .945 29 .265 3= .735
ATOHM 11 C WAL 2 15.380 =5.9272 43 .175
ATOHM 1z = WAL 2 15.545 27.532 43 . 150
ATOHM 13 CE WAL 2 13.014 =29 .49433 43 .230
ATOHM 14 CE1l VAL 2 11.764 =25 .582 33 .236 Ea — E
ATOHM 15 CEFE WAL 2 13.5811 Z29.355 45.210 __1MZE
ATOHM 1 I GLT 3 1lo.095 S0.037 33 .539
ATOHM 17 ch GLT 3 17.354 =29 .9203 33 .026
ATOHM 1a C GLT 3 1S.470 =29.585 3z .257
ATOHM 19 =} GLT 3 19.533 29,155 33 .254%
ATOHM =0 I GLT 3 1S. 109 29,521 431.703
ATOHM =1 Ch GLT 3 192.037 29,505 0. 650
ATOHM zZZ c GLT 3 19.7a7 0. 653 d0.023
ATOHM =3 =} GLT 3 19. 633 31.559 0. 4333
ATOHM =4 I ARG =] Z20.457 Z0.311 35.97a
ATOHM =5 Ch ARG =] Z21.z224 31.156 38.162
ATOHM Z6 c ARG =] Z20.6872 31.130 36.734
ATOHM =7 =} ARG =] Z20.023 S0.z02 JG.Z256
ATOHM =3 CE ARG =] ZzZ.6831 S0.028 38.231
ATOHM =9 CG ARG =] 23 . 640 31.6857 37 .E420
ATOHM 30 CD ARG =] £23.935 I0.950 37 .455
ATOHM 31 MNE ARG =] Z25.749 S0.673 IS.6el3
ATOHM 3z CZ ARG =] ZG6.6094 Z29.739 3S.032
ATOHM 33 NIl ARG =] Z26.9593 =25.973 37.5365
ATOHM 34 MWHEZ ARG =] 27 .380 29 .5375 I9.762
ATOHM 33 N LT3 =1 Z20.931 Sz .187 3 6.0420
ATOHM 36 Ch L¥S = Z20.505 32.318 33657
ATOHM 37 c L¥S = 21.302 31.401 33.7T7E
ATOHM 35 =} L¥S = 22 .525 31.377 33 .520
ATOHM 39 CE L¥S = Z20.798 33 .749 31.258
ATOHM 30 cG L¥S = 19.973 Zd.230 33.051 11
ATOHM 31 D L¥3 = Z20.759 35.115 S22 .165
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» SCOP (Structural Classification Of Proteins)
> Fh & RSCOPe (http://scop.berkeley.edu)
> HHThAe2.08, 17107643 Mg H M, 346905445 #4135

Classes in SCOPe 2.08:

. F\v' a: All alpha proteins [46456] (290 folds)

7 Clas
1257 B8

. “§& biAll beta proteins [48724] (180 folds)

. V¥ o Alpha and beta proteins (a/b) [51349] (148 folds)

1
2

3

4. g d: Alpha and beta proteins (a+b) [53931] (396 folds)

3. 1{;_5. e Multi-domain proteins (alpha and beta) [36572] (74 folds)
&

. ‘g@; f: Membrane and cell surface proteins and peptides [56835] (69 folds)
T. .j“;vf g: Small proteins [56992] (100 folds)

2067 Superfa

8. amamasa 2 Coiled coil proteins [57942] (7 folds)

9. 9.1 Low resolution protein structures [58117] (25 folds)

10. wwmmens |- Peplides [58231] (151 folds)

5084 Famil

11. &€ Kk Designed proteins [58788] (44 folds)
12. & | Artifacts [310555] (1 fold)

2055 Nudeit Acde Researan s0ssasse o TR T EERRA! v
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» PYMOLZ— M ARUER, RERZEZEN D F=4EHE R,

> HWarren Lyford DelLano4®E, 3FHHDelano Scientific LLCIE & &1L,

» Delano Scientific LLCZ— 1 RAARNRMEAT], ERNTEEILE BRI
SHEHAHEPERENTHARGTIER,

» ZEWarren Lyford DeLanoidttfg, PYMOLHEEIE/ASEFH A TIH—F
% .

> BEIMILL: https://pymol.org/

15
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K3 PyMOL (ppt typel.pse) - o X
Build  Movie y Scene Mouse Wizard Plugin Help Wizard Plugin Help

uild i
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= PyMOL (ppt_typel.pse)

File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

Executive: Colored 7872 atoms and 1 object.

Executive: Colored 7872 atoms and 1 object.

PyMOL>ra)

Ray: render time: 3.88 sec. = 926.6 frames/hour (50.09 sec. accum.). [< < Stop Play > >| Mlew
Builder Properties Rebuild

Iy Reset Zoom Orient Draw/Ray w
Unpick Deselect Rock Get View

a1l a5 [ L [l

Zigo_refine 1/1 Shon:

{sele’ e

wire
lines

nonbonded
licorice
sticks
nb_spheres
ribbon
cartoon
label
cell
dots
spheres
mesh
surface

lDrganic

,main chain
‘side chain
disulfides

valence

Mode 3-Button Viewing
L M R =1
Rota Move MovZ Slab
c +Box -Box Clip MovS
Move PkAt Pkl MuSZ
1 Sele Orig Clip MowZ
+/- Cent Menu
Clk Menu ~
ecting Residues

ik

PyMOL> _
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File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

PyMOL>ray Y FReset Zoom Orient Draw/Ray w
Ray: render time: 3.88 sec. 926.6 frames/hour (50.89 sec. accum.). Unpick Deselect = Rock  Get View

PyMO
Ray [¢ ¢ Stop Play > >| Mclear
Builder Properties Rebuild

L>ray
: render time: 8.43 sec. 427.8 frames/hour (58.52 sec. accum.).

PyMOL>

License expired

nonbonded
licorice
sticks
nb_spheres
ribbon
cartoon
label
cell
dots
spheres

‘organic

main chain
‘side chain
disulfides

valence

PyMOL> _
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n PyMOL (ppt_typel.pse)
File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

Ray: render time: 8.43 sec. = 427.0 frames/hour (58.52 sec. accum.). PNl Reset Zoom  Orient Draw/Ray w
:d 5 o o s (67.74 ) Unpick Deselect Rock Get View

render time: 9. sec. = 390. rames/hour : sec. accum.).
3 [< < Stop Play > >| Mlear

No key mapping and no scene or view for 'F9'
Builder Properties Rebuild

FyHOL>

expired :” ik m[_mﬁ

SO SRR CoLor :
{selel by element
by chain
R 1
Spectrums b

ainbo {(elem C)
{x/CA}

b-factors
b-factors{*/CA}

area (molecular)‘gellows
area (solvent) ‘

Juser properties

Mode 3-Butto
L I

a Move MovZ Slab
-Box Clip MowS
PkAt Pkl MySZ

e Orig Clip MovZ
Cent Menu

PUMOL>_
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Q PyMOL (ppt_typel.pse)
File Edit Build Movie JNHEYM Setting Scene Mouse Wizard Plugin Help

No key mapping and no
Setting: bg_rgb set to Sequence

Sequence Mode 71 .75 sec

Ray: render time: 4.82

. accum.).

¥ Internal GUI
PAAI0L>
¥ Internal Prompt

Internal Feedback » all -
Overlay » flg:_!ﬁ"ef*lne 171
sele)
Stereo
Stereo Mode 4
Zoom >
Clip >
Background | R e
v

Color Space 4 Epagus

2 v Alpha Checker
Quality
Grid » [® White

- Light
Orthoscopic View 19 Greg

G > :
Show Valences rey

Smooth Lines

Depth Cue (Fogging)
Two Sided Lighting

Specular Reflections

S S K

Animation

Roving Detail

External GUI

20
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K8 PyMOL (ppt_typel.pse)
File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

Ray: r time: )2 sec. = 896.6 frames/hour (71.75 sec. accum.).

Ray: render time: 3.98 sec. = 984.3 frames/hour (75.74 sec. accum.).

PyOL>

PyMOL> _

0 10130

> MClear
Rebuild

Als[HlL]c)

3 o;téFiné 171 [—[—[_ra

21
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u PyMOL (ppt_typel.pse) = O x

¥  Sequence

Sequence Mode 4

~  Internal GUI

~  Internal Prompt

401 406 411 416 421 426 431 436 441 446 451 456 461 466 471 476 4Bl 486

[ 3
Internal Feedback S IEYSEFIASAIDRTILLSRERMERAF KMFOKDGSGK I STEELFKLFS0ADSSIOMEELEST I EQVDNNKDGEVDF NEFVEMLONFWRME AP
1

Overlay 4

Stereo

Stereo Mode 4
Zoom L4
Clip 4
Background 4
Color Space 4
Quality 4
Grid 4

Orthoscapic View
Show Valences
Smooth Lines

Depth Cue (Fogging)
Two Sided Lighting

Specular Reflections

S S S Y

Animation

Roving Detail

External GUI

POl _

22
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8 PyMOL (ppt_typel.pse) - m} X

File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help
Ray: render time: 3.84 sec. & r sec. accum.).
Setting: cartoon_transparenc

Ray: render time: 6.64 sec. = 542.1 frames/hour (98.54 sec. accum.).

/3igo_refine 56 61 66 71 76 81 8 91 9
CKDRITRAEYAVEVINKASAKNKDTSTILREVELLKKLDHPNIMKLFE] FYIVGE e v

(kreu_r*esr)'

23
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n PyMOL (ppt_typel.pse)
File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help

9.9 frames/hour (115.69 sec. accum.).

Ray: render time: 17.15 sec.

y: render time: 16.25 sec. 221.5 frames/hour (131.94 sec. accum.).

/3igo_refine 56 61 66 71 76 81 86 91 96 101 106 111 116 121 126 131 136 141 146 151 156 161 166 171 Al s|HL(c
CKDRITIZ!II!EYQ\/IVISQKNKDTSTILF:E'\;‘ELLH\LDHF%1IM‘LLF. IVGEL ITVHRDLKPENILLESKEKDCDIKI T L ST igo_refine 171 B[ E

[(key_res? r@[irr"’
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K PyMOL (ppt typel.pse)
File Edit Build Movie Display g Scene Mouse Wi Plugin Help

r time: 11.74 sec. = (14 . accum. ).

r time: 11.87 - 0 (15 . accum.)

£ty ith
publication

tton Editing

PuytOL _

25
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KB pyMOL (ppt typel.pse)

A=W Edit Build Movie Display < Scene  Mouse Wiz Plugin Help

Mew PyMOL Windaow sec. 3 fhour (155.55 se

Open...
Open Recent... L4
Get PDB...
| S ST
Save Session ine 1.1 |_|_|_r=

Save Session As..

Export Molecule...
Export Map...

Export Alignment...
Export Image As L4

PNG...
Export Movie As 4
Log File 4 VRML 2...
- COLLADA...
Run Script...
POV-Ray...

Working Directory  »
Edit pymolrc

Reinitialize *

Quit

26
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> align pdbl, pdb2

|\

5.000
27



EYEEE RiE i#i%*x% gw £ 10151k

Bioinformatics A

N\

‘ = R
\

‘ R S 4

28



EPERZF Rz

Bioinformatics

(TN

SRR REETTNET LA A =R S aTuNFIES

MNIFEMLRID EGLRLKIYKD TEGYYTIGIG
HLLTKSPSLN AAKSELDKAI GRNCNGVITK
DEAEKLENQD VDAAVRGILR NAKLKPVYDS
LDAVRRCALI NMVEFOMGETG VAGEFTNSLRM
LOOKRWDEAA VNLAKSRWYN QTPNRAKRVI
TTFRTGTWDA YKNL

2. EHBE I PEFTTRI (4 —

H3

f f i i

O PEVETVRRELERRIVGGKI IS IEATYP Frr.-'.-'.T-;:-'z-:-;u:r:r: LTGETICGISR RGETLI
1 3 13 20 23 30 35 40 45 50 5 &0

o oy 2 . H2 H2 H2 . H2 He
pp f fi i B B

FEIGDDFRL 1 ST FMEGK VAL ATLDAPREKDHL TMKF ADGQL 1 YADY ARG TWEL 1S TD
6l 85 70 75 80 8 =0 95 100 W05 U0 N5 120
N v by B2 B s 2
e i
QVLPYFLKK 1GPEPTYEDF DEKLF REKLRKS TKK IKPYLLEQTLVAGLEN  YVDEVIWL
2 125 10 135 140 W5 130 135 180 165 10 175 180
H9  HIO

H2
— RIS —S—
AXTHPEEETHOLIES S IHLLHDS I IEILCEAIRLGGS S 1 E?‘N#}NEL;V{’GL’Z\JEC-:T
181 185 190 125 200 205 210 215 27 235 240 245
H2 H2 P
BB i BB

PO R e T

SRCGAE IR IRVAGRETHFCPVEOCK
P aed LA

236 250 255 260 265 270

2 S AL FRUINAN TG e X F

CALCINEURIN

Phosphotase Domain

Residue 374 B-Subunit

Calmodulin
Binding Site =
3
SHnny
>
“. B-Subunit
Binding Helix

=

~

o

S K éutotighibitory ) { \PJ
eptide

TN (Residue 470) €

Rl

7 101
B ——
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CINEMA alignment output Hl A H2  H3 . H2 H2
GELPEVETVRRELEKRIVGCKI IS IEATYPRMVL TGFEQLKKELTGKTIQG1 SRRGLTLI
1 5 10 15 20 25 30 35 40 45 30 55 &0

B |1'H2 BB H2 B B H2 b H2 B H2 H4

Fese

FEIGDIFE HL PTIF\'I- YRLATLDAPREKFIDHL THE FADGOL I VADVRE F'l""l"'-"F[

>80% 6l 65 M 75 B0 85 R %5 100 105 U0 U5 120

H5 H? ) H8
) Bp

>
=
=
=

QVLPYFLEKK IGPEPTYEDF DEKLF REKLEKS TKK IKPYLLEQTLVAGLGR T YVDEVLWL
12 135 130 135 140 145 130 155 160 185 1% 135 180
g B9 HO , H2
)

Yy pE B
e . MK IHPEKETNQL IESS THLLHDS 1 IEILCEAIKLGGSS 1 STGRMINELQ
ke ““"l:”“?’ b 38t 181 185 190 195 200 205 20 215 227 235 240 245

BRI0:
FRIOEOVTN

B X ERNEBRFYFIE — RSO N A RZBFRITo T, FIF03
NH—EeFUELN, AAFEENERR El’J A5 es A
S

LUI'.I

HEETRITNEYEEFIN REE D EF 5
o IREEHIFRNAT 9 =R EMETNERE— MR R
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LA AL AL Table 1. Method comparison based on Q3 using newly released structures (TS115) and CASP12 targets (15 proteins) for secondary structure
prediction
)
3
> Data set Method TS115 CASP12 Server location
o .
o 2 Q3 P-value? Q3 P-value®
£ E
2 E Jpred4 0771° 0.0007 0.751 0.04 http://www.compbio.dundee.ac.uk/jpred4/index.html
.g g SPINEX 0.801 0.0002 0.769 0.006 http://sparks-lab.org/SPINE-X/
§ s PSIPRED 3.3 0.802 0.12 0.780 0.19 httpy/distillf.ucd.ie/porterpaleale/
& E SCORPION 0.817 045 0.805 0.44 Stand-alone version from http://hpcr.cs.odu.edu/c3scorpion/
S S SPIDER2 0.819 NA 0.798 NA http://sparks-lab.org/server/SPIDER2/
2 © PORTER 4.0 0.820 0.17 0.798 0.67 http:/distillf.ucd.ie/porterpaleale/
g DeepCNF 0.823 0.01 0.821 0.14 http://raptorx2.uchicago.edu/StructurePropertyPred/predict/
=
Note.
“Paired t-test from SPIDER2.

Ypred only predicts the sequence <800 residues. For TS115, there is one sequence (ShdtA) with 1085 residues. ShdtA was divided into two chains with 800 residues and
285 residues, respectively.

Yang et al. (2016) Briefings in Bioinformatics, 19: 482-494.,
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KF=AH: Scheraga HA, Cornell Univ, >1000 publications

L -

I-TASSER

-__ Protein Structure & Function Predictions

http./7zhanglab.ccmb.med.umich.
edu/I-TASSER/

David Baker Yang Zhang 33
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Target sequence
qme-proﬁle éj\v?ﬂ_i .
alignments . \Vim R\ AS =
iowieds > Knowledge-based potential, AER{{IRE

Sorenlla {;‘ ( 1\~ > Physics-based potential, £JRFI=EY

Fragments library

v

Phase I: Monte Carlo fragment assembly

< B ﬁ%i oo BTRGIT

Low-resolution models RMSD:lGAT)ﬁf)ﬂU (E) E%I
l {(REEFI(LT, PDB: 1lwhz)
Science, 2005,309:1868-1871

Phase Il: Physics-based atomic refinement

!

Final atomic model
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[RIE: ERR=HEEO—REENEHRT. BiIRH
SR MER RS AR EAERRAYERME, NAJLA
S EMERRAEENR, FUURAERRAEA,

Blundell TL, Sibanda TL, Sternberg MJE & Thornton
JM. (1987) Knowledge-based prediction of protein
structures and the design of novel molecules, Nature
326, 347 - 352 .

o] geEin THIRNEAREEFER: Modeller
http://salilab.org/modeller/modeller.html

Sali A & Blundell TL. (1993) Comparative protein
modelling by satisfaction of spatial restraints. J. Mol. Biol.
234, 779-815.

AT LT TR R IEARSS 28 . Swiss-Model
https://swissmodel.expasy.org/ S
Waterhouse A et al (2018) Nucleic Acids Res 46, S W I S S - M D D E L
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IRIRENIEE LEXSHIFRIS
>  [EIRMEEZRPDBEVERRLEEIIDEEUERE (Sequence Identity8l£-value)

> BTFSIRIERAREFILLI BIECustalw)
FHELEFATN

> IRIELCYER, KEMNEETRAERFENRIRANGEHHE

FNERRE

CUT R e

Query ADEWKHYGGFE--GAGADHEWYERKYHVALHACF

Template ADEYKHYGGWERYGAGADHEYWEKRYHVAIHLAF
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AR X (lo0p ) 4L
> SUREEIRTNE (BFXRE)
> BFWSRIERDE (BXEZITEE)
> SFIREKRER R ERVIoop, RMEFRUERIIIEEREERISERY
MpEerde
> FHRNZ2ESCSNESHEENNGEHIS, sxMEERET B EAE R ATl HirERS
FERMsE5
> BalfllsEasFullGZ2EE2R FESSRE (rotamers) AL

FHEsER

Ml Rz

HLHENE3L
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Spike protein (FIREH)
A glycoprotein on the surface of SARS-CoV-2
Can recognize human receptor protein hACE2 (Angiotensin-converting enzyme 2, &
HokE=E{LES2 hACE2) to complete cell fusion through RBD (Receptor Binding
Domain)
The RBD of SARS-CoV was selected as the structure template (Seq. identity%=72.83%)

Sequence alignment was generated from Clustal
3D model was generated from SWISS-MODEL

B1 at B2

SARS-CoV-2-RBD — 0000 —_

SARS-CoV-2-RBD 336 CPFGEVFNATFSVYA N iEISNCVADYSVLYNSFSTFKCYG

SARS-CoV-RBD kY3l CPFGEVFNATRF|§SVYAWIRKII SNCVADYSVLYNSISIF STFKCYG
B3 a2 a3

SARS-CoV-2-RBD > 0000 2000
SARS-CoV-2-RBD 383 TKLNDLCFNVYAD SF GDVRQIAP GQTGJ§IADYNYKLPDDF
SARS-CoV-RBD kY SIATK LNDLCFENVYADSFViUSGDBVRQIAPGQTGYIADYNYKLPDDF|

p4 B5
SARS-CoV-2-RBD — —_—

SARS-CoV-2-RBD 430 T[dS AWNNDGNYNY ‘LFSNKEIAG

SARS-CoV-RBD 417 MERYUENINTIRIITINAT S TN EIRKP4RY LIFHG KMRISPA BNV P|F S|P D
pé p7

SARS-CoV-2-RBD —

—b
SARS-CoV-2-RBD 477 PCNCYPLYGFTGGYQPYRVVVLSFELL
SARS-CoV-RBED LYY el P Cils I IN C VP LIy Y GFpaNTIGIGY QP YRVVVLSFELLYA

The 3D structure of SARS-CoV-2
RBD, containing 7-antiparallel [3-
sheets and 3-helices.
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Ramachandran plot

180' | [ hl_‘l(r-]._‘itl.] b
b
135 _ \
N Crystal Str. /7 \
- { \ 5
RMSD = 0.32A
Model <« + Str. Template

90 ]
-1354" _ ’_"| ~psm<477<L)

b | | P
| — i
(80 <135 90 45 0 45 90 135 180 « The current model is highly accurate
Phi (degrees)
> Well superimposition in most area

Residues in most favoured regions [A,B,L] 127 79.4% .
Resigues inadditionall alll(l)weddregions [e[l,b,l,%] - 30 188% > Only slight difference in loop regions Structural superimposition
Residues in generously allowed regions [~a,~b,~1,~p 2 1.2% b i

1dues In g . _ _ etween predicted model (&
Residues in disallowed regions L 06% * It can be used for virtual screening or further &) & (?rystal Str.(E )

X b

Number of non-glycine and non-proline residues 160 100.0% computation al an aIyS| S 41



EEEFE 1315 == - N S s
S e ITE&1RBI/55E (fold recognition) g AL

iz HRFRIARBRFY ZEFERERIFIIENIE, BE(MEE
BEERIE. Eit, SSEIREIRAERIREIRIERTEE.

B—CHE (XFR/ Threading #0 Inverse folding): 1543 MY
REIEFYISEMNRIERREHHTICE, HtlLE&TaY
ERINENERIFTNAENR

B ERHISCER:

Bowie JU, Luthy R, Eisenberg D. (1991) "“A method to
identify protein sequences that fold into a known three-

dimensional structure.” Science, 253:164-70.

B (XFRHIFold Recognition) BB RESEEES, BRIEWPSH
BLASTRORS, ERSMUATRIREE, EEnREHRI—MEE A,

42



EYEERE R s N 2 1
Bioinformaticis ;ﬁ %‘lﬂﬁu E{JIQ\ ”2“1,*5 Al 101 -L—HZIJ

>Query sequence
MKKFSLI--..

1

Fold Iibraré

i
__*>F$%ﬂ%%%%%ﬂ<ﬁm>
> B MR N B B AR R
> P2 A AR AR 1 B Yo

Score
1 1

ExIZICNA)RA :
AMAIFaEFT o BREN, RPA{A)#Er=Sequence -StructureBVTERIE?
FERRE:

F—T%: HIBeE, EFMRRISERE AN
SB_XT3iA: PSI-BLASTRE, SMERHNES, SFINES

ITHYAE: 3D-PSSM. pGenThreaderfFFASO3% 43



Bioimformatics SR IIZAIITRMAIBAITEEZEER (CASP) 101

[HIECASPFR IR
> Y EREFRMEHENZEREGIE, TREH |
5,%:1"‘1-3 "yyf‘g——" ﬁj})ﬂ“ﬁ%o 00 - Template-based modeling targets
> http://predictioncenter.org/
> E1994fﬁﬁ§, BRFEZEIT IR, SEE5E16
FHo

(0]
o

o
o

N
o

TP O

> CASPRZEIRA(EH T BAREHITRNATIARE.

> MCASP11i2, KEUEMAIS|IERESATTN
BSFmHRE.

Model backbone accuracy
% correctly identified residues, GDT_TS

N
o

o
I

Target Difficulty
combined rank by seq.id. and coverage of the best template
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100 66
- AlphaFold (2020)
80 _ We have been stuck on this one problem - how do

o° proteins fold up - for nearly 50 years. To see DeepMind
v - ~ . .
2 — produce a solution for this, having worked personally on
8 this problem for so long and after so many stops and
= CASP14 (2020) P for 8 any stops and
2, other competitors starts, wondering if we'd ever get there, is a very special
= - CASP13 (2018) moment.
=2 === CASP12 (2016
(4] 20 —_ ( ) ) ) PROFESSOFIPJOHN MI\DIUL"I:'\

== CASP5 (2002) \ CO-FOUNDER AND CHAIR OF CASP, UNIVERSITY OF MARYLAND

== CASP1 (1994)

0
Ea Sy D ifﬁ Cu |t The international journal of science /26 August 2021

Difficulty of protein structure prediction namre

Jumper et al. (2021). Nature 596,
583-589.

Tunyasuvunakool et al. (2021) Nature,
596, 591-596.

T1037 / 6vr4 T1049 / 6yat
90.7 GDT 93.3 GDT
(RNA polymerase domain) (adhesin tip)

@® Experimental result

@ Computational prediction
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Biomformatis  AlphaFold2M97T i EIEEREGREA =, 10t

BE

— o e AlphaFoldRYEAEX 7 =

@%}555 HETE p—— 1. éﬁ?&ﬁﬁi@ (https://alphafold.ebi.ac.uk/)
= |§* T | BHEEXANSH NI RERNF L. KE
. [ermommaas Structure '—\ % jﬁj éiﬂ %48/'\%%,*
o o — w;é: <!
€ Q. -
I ' 2. ({EFEATTNIRSSES
—— - L CE RS — https.//colab.research.google.com/github/sokry
} ; pton/ColabFold/blob/main/AlphaFold?2.ipynb
=

-— BEIBALE (31R) ]

3. fEEHITNIRSS (FERETERIR)

AlphaFold2 5% %R httos.//github.com/deepmind/alphafold
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P49597 .- . . e
o Shosphatase 26 56 GORMERAKE S BT HMAXG— A REYIHE
cene o R HE NS TR, YT REMAE (term) £,

Organism Arabidopsis thaliana (Mouse-ear cress)

Status !'.i Reviewed - @@@@®® _ Experimental evidence at protein level* :/H\:}s_ 52,}32 Fﬁ -q: i#@ 1%_/%\ %gjﬁ\iﬁ e} G Og@?ﬁz/\ﬁ\i

Function®

— _ > £¥FI143E (biological process), fait & & =) o] 17{E 11
Key componemf and repressor of the abscisic acid (ABA) signaling path\fvay that regulétes numerous ABA responses, suc.h as stoma LE [V - N
water permeability of the plasma membrane (Pos), drought-induced resistance and rhizogenesis, response to glucose, high I\ht Hb E/\] iff% %lj-_%EE , ﬁl:] ?F% il};'l ?ﬁ.\_. °
the actin reorganization in guard cells in response to ABA. Involved in the resistance to the bacterial pathogen Pseudoo ‘ w | > ﬁ\%lj] ﬁlé (mO|eCU |a r fu n Ctlon), ?Eiﬁﬁ\% EI\] Ei:_%'f't%ﬁljj
hicad hyponasie growth. Inveivad i 2cquet thamorolrance of root rowh and saeding e, Actatagg ' RE, WFKETFIAM.
> HHBAZA 4 (cellular component), ik & F =97t 4856 +
MNERER, WMZnE, MRES,

to ABA-dependent stimuli, especially in stomata closure regulation involving SLAC1. # 43 Publications «

Catalytic activity’
[a protein]-serine/threonine phosphate + H;0 = [a protein]-serine/threonine + phosphate. # z publica

Cofactor’
Mg=" # 2 Publications + , MN“" & 2 Publications
Note: Binds 2 magnesium or manganese ions per subunit. # 2 Publicstions

> X Eiff, SEAIEEAXAIEYEEFZN R ETEER
Iﬂﬁ%ﬁﬁiﬂﬂ, BIEEARIIEREMEFIN, ThseshRFuNl, TIRENL=
Fil,
> RN Eift, DIREFulESEIErI @RI EHRIGOERFTN,
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- BFFIEEIE
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& EL{thThEEE T

- (554K

o FAAREE (T

A4

BT 51

& ETSgtEME
- BHILEIITTE
o T IBIFI T E
® oFIIEE
- EHSINBF
- EFS5 B
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& ETEFE
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> BEARRIE: EARNFIMEL, FEtadl, ZFENIsEIRMELL

> ERRITENEEEMHSHNEMEREER S EHEX,

> BERAMNFEI ST TR (FIZABLAST) el XAk EBFHITINETUN .
> o BE—EE HNERREUEEATYIETIN,

UniProt 3
o0

The Eukaryotic Linear Motif resource for
Functional Sites in Proteins

0 InterPro

Classification of protein families

L

CDD

The Conserved Domain Database is a resource for the annotation of functional units in proteins. Its collection of

domain models includes a set curated by NCBI, which utilizes 3D structure to provide insights into
sequence/structure/function relationships.

HERMERNEIRER T RIR
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EARIAETNE » PANNZER (http://ekhidna2.biocenter.helsinki.fi/sanspanz/)
CAFAZR B I RE UM 32 > W—ANENERS, BFUnProtHTREME R, RAUNE
i HKNNE R B FREIREA, I3 EIREAMNGOR S

TEENITY, REXIXNFUNEAHITCOTRE.
> PANNZERZEETREIFEEANIIsEfRR, BEREMAEIT
XN E AR SR TIRE IR

Experimentally annotated

Electronically annotated

sequence | | Protein naming utility

similarity
search

query sequence

UniProtKB

Prediction Phase Growth Phase

t—l: 15-OCT-2010 tO: 18-JAN-2011 t 1 14-DEC-2011
Target release: 48,298 z i
> Target evaluation
SwissProt proteins (866)

LARB AREBEINREEREIGE, LR
BRIARERIIREERE/IME

Regression modell J—)

Best cluster

|

Regression model3 }(‘ GO frequencies
—

GO classes
“--_____________.--"

Koskinen P et al. (2015) Bioinformatics 31, 1544-1552 53
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SignalP 6.0 (https://services.healthtech.dtu.dk/services/SignalP-6.0/)

(ERerN vl

=T FYIRIEMEERIIREM TR

Research

Education

DTUHEALTHTECH > SERVICES AND PRODUCTS > BIOINFORMATIC SERVICES > SIGNALP-6.0

DTU Health Tech
Department of Health Technology

Collaboration Services and Products News About

SignalP - 6.0

Prediction of Signal Peptides and their cleavage sites in all domains of life

The SignalP 6.0 server predicts the presence of signal peptides and the location of their cleavage sites in proteins from Archaea, Gram-
positive Bacteria, Gram-negative Bacteria and Eukarya.
In Bacteria and Archaea, SignalP 6.0 can discriminate between five types of signal peptides:

« Sec/SPI: "standard" secretory signal peptides transported by the Sec translocon and cleaved by Signal Peptidase | (Lep)

« Sec/SPI: lipoprotein signal peptides transported by the Sec translocon and cleaved by Signal Peptidase Il (Lsp)

« Tat/SPI: Tat signal peptides transported by the Tat translocon and cleaved by Signal Peptidase | (Lep)

« Tat/SPII: Tat lipoprotein signal peptides transported by the Tat translocon and cleaved by Signal Peptidase Il (Lsp)

= Sec/SPIII: Pilin and pilin-like signal peptides transported by the Sec translocon and cleaved by Signal Peptidase Il (Pif0/PibD)

Additionally, SignalP 6.0 predicts the regions of signal peptides. Depending on the type, the positions of n- h-and c-regions as well as of other distinctive features
are predicted.
SignalP 6.0 is based on a transformer protein language model with a cenditional random field for structured prediction.

Behind the Paper: Check out the blog post about the SignalP 6.0 publication in the Nature Portfolio Bioengineering Community.

History paper: Click here to read "A Brief History of Protein Sorting Prediction”, The Protein Journal, 2019

Eukaryotic proteins: Remember, the presence or absence of a signal peptide is not the whole story about the localization of a protein! If you want to find cut more
about the sorting of your eukaryotic proteins, try the protein subcellular localization predictor Deeploc. You may also want to check whether proteins with signal
peptides have GPI anchors that keep them attached to the outer face of the plasma membrane using the predictor NetGPI.
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GO EITRES T 210150

> W;I\%EI (BEF) EM9MEL, REMNIIEHBET
BEARMLL,

> BRGNS AT Ak A RE TSN IRE
AR,

> COFACTORE—TMAFRIMEMNET H WA TIRE TN

J15

> http://zhanglab.ccmb.med.umich.edu/COFACTOR

> NEARREEHE %L, COFACTORE LFFFNE
BEMIEY (BEERMNEIBEBILER) E'JIJJ
EMEEEER, KWFNEB TR,

Enzyme Commission Gene Ontology Ligand Binding Site

Ligand Binding Site Prediction

Query Structure
s Structure-Function Database
& % R
A

EC Prediction

GO Predicted
by Structure

Sequence-Function Database \
GO Predicted Consensus GO Prediction

by Sequence i
UniProt-GOA | =2 —_ GO:0016787
Sequence A G0:0008233

APRKFEFVGGNWKMNG

STRING PPI
entry partner

DKKSLGELTIHTLNGA _ ;
\PP] Function Database GO Predicted /
by PPI
—
STRING
query

PPI
blast _7.
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P AIEATAREHRSE

Lo FRIEEIFR L1001

R -ED F RN —RDR:

you are here: home

DFIHRER

ScrRiPPS

f RESEARCH
INSTITUTE

1. X'TZ'S %D EETZ’S \ e ﬁ\_}i navigation

N

FHEER

{® Home
{3 Downloads

S RATBEG, A RS L s
(pose) M FE MM, EHASHHREME 20

BER

(3 contact

4 HEMELERME BB e

o1

NEGRFREE

RERMEBTHRD XS8R

2 AutoDock

home downloads

AutoDock

'1- f—lt‘ndd
Lt uto QEIIK

Welcome'

= What is AutoDock?

= What is AutoDock Vina?

Garrett M. Morris
David S. Goodsell
Ruth Huey
William Lindstrom
William E. Hart
Scott Kurowski
Scott Halliday

Rik Belew

Arthur J. Olson

= How do I get started with AutoDock?
s What's new?
= What is AutoDockTools?

s Where is AutoDock used?

s Why use AutoDock?

= Run AutoDock on World Community Grid!
= How to cite AutoDock?

= More FAQSs...

What is AutoDock?

AutoDock is a suite of automated docking tools. It is designed to predict how small molecules, :
known 3D structure.
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OPEN a ACCESS Freely available online PLOS COMPUTATIONAL BIOLOGY

Accessible High-Throughput Virtual Screening Molecular
Docking Software for Students and Educators

Reed B. Jacob, Tim Andersen, Owen M. McDougal*
Boise State Uniwversity, Boise, Idaho, United States of America

Lowest
Energy

Etr 10 (= o

Sird

i

=
H

Docking
Engine

off

s S P B 5%

.\ Highest

Energy

Figure 1. Depiction of high-throughput virtual screening: multiple ligands are docked to areceptor and ranked by energy estimate. 5 7
doi:10.1371/journal pcbi.1002499.g001
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SCORING FUNCTION
Statistical Potential, Shape
Complementarity, and
Electrostatics

B B XtiE

9% ™
Target Set % )
ﬁ %
& ¢
> "l ‘-j Z
- o aud
: A! el ‘ A' ‘_A i ! T A3 L I e it W £ A L 7 o
cdk2/Cyclin A PAK1 TNFSF14/TNFR Protein tas3
o complex homodimer SF6B complex homodimer
58 . NS 0 &
B2 wmmmmmm ARG R A%
= ¥ 5 ANy e @y
= ::anvugﬂiwmmix;mxﬁg ‘?, “M% \7 \\\ N7 )
SO AR S O TR <
Global Alignment Domain Alignment Interface Alignment
3 R
g3 \
5 2 0 ¢
2 £ - W Y
a :
8 Cdk3/CyclinB complex AKT1/STK4 complex TNF/TNFRSF1A complex ~ Aldolase A/SLC4A1
Z-score: 2.007 Interactome3D Interactome3D complex
InterPreTS AG =-11.0 kcal/mol
PRISM

E TRk 3%

01010
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A\

YV YV V

G‘G

o ©
PEE (Distance) : M R[EMREEERE EAILEL
E1iz2 (Diameter) @ MEHFMEDRENRKER, H
TG W28 By BRI 1
B (Neighborhood) | — PR EBESHEEMA
ER—HT A
7 (clique) | — 1 TEEEENTHE,
E (degree)
ZE (density) : WNEALFRFENALSUREFEENLZ
B]AVEL], AT TEEMEHERREE.
BRZE R L (clustering coefficient) | — 5 = BYLREAY

AT RHNEENERESTRNEE.

w AT TT 7%

> ETLBENER TN 1A

> ET MG 2 AN TT0E
v ETRERBENRREITTIE
v BT ENRREITTE
vV ETHERENRREITTE
v ETEDEMNTTA

> A TMEBEENEQVETIUNIT X
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A — T EIRRME R E LR IEERE B. £—i: KB EE
(A) (8) /01 1 1 11 1 1 0RO KB EE X (Markov Cluster Algorithm, MCL) =2—#i
‘ i 8 8 (1) i é ‘1) é ZHPNETHAFENEL, HinoBREE2EIEEEMEF
JNRAEER N ER AV EIE FH I SRR 2 (B pYiERE, MR B RN ZE
C. & BiEFEA—1 (31) D.E=%: HBETRE (GEFEFER) EP E/\]*%i%()
0.25 033 0.5 0.33 025 0.2175 025 0.2175
025 033 0 0.33 0.25 02175 0.125 0.2175
025 0 05 0 0.125 0.0825 0.25 0.0825
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functions. Cell, 187(3):526-44.
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