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Protein structural levels
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http://iitb.vlab.co.in/?sub=41&brch=118&sim=412&cnt=1
http://iitb.vlab.co.in/?sub=41&brch=118&sim=412&cnt=1
http://iitb.vlab.co.in/?sub=41&brch=118&sim=412&cnt=1
http://iitb.vlab.co.in/?sub=41&brch=118&sim=412&cnt=1

Take home message

Biochemical function
Activity depends on the 3D
structure

Evolution conserve
Structure is more conserved
than sequence

Protein types
Fibrous
Membrane
Globular
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Nucleic acids
DNA and RNA
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Take home message

DNA and RNA
Polymers of nucleotide units

Nucleotides
Nucleobase (G,C,A,T - U)

+ sugar +phosphate

DNA
Store the genetic information
RNA
Implicated in various
biological processes
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The nuclear organization of DNA

Chromosome Chromatin fibre Nucleosome

Adapted from Richard E. Ballermann, 2012
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Complex genome organization
Cavalli, G. & Misteli, Nat Struct Mol Biol 20, 290-299 (2013)

Transcription hub

Centromere
cluster

Active

Non-
coding

Inactive

DNA Chromatin Superdomains
domains

Nucleus

Marina Corral
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Take home message

Chromatin = DNA + (histone) proteins
+ other biomolecules

The genome is well organized and
hierarchically packaged

Histone modifications affect
chromatin structure and activity

3C-like data measure the frequency of
interaction between distant loci
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Databases, alignments and
structure classification
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Known structures
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The Protein Data Bank
http://www.pdb.org

-
PROTEIN DATA BANK Mecromolecular Sructures
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PIR-101 -

Advanced Seawch | Browse by Arnatatons

A Structural View of Biology

Ths resource 1S DOwered Dy the Proten Dana Bark archive- nformanon about
the 30 shapes of Droteina, NUCIC ACAS, ANG COMPIER Aasemdied that helps
SOt And resedrchers UAGerstand Al EaSects of Biomedicns and agricuture,
from peoten sy heds 10 Pealth and daedse

As a member of the waPDB, the ACSE POS curates and annotates POB data

The RCSH POS Sudcs uDon e Gata By Creating 100ls and rescurces for
research and eACATON In MOCUar Dogy, svcturs Diciogy, computstional

Structure and Health Focus: Ebola Virus Proteins

Decomber 2014 Release

Improved Representation of

Updistes to POO Archive,
Visuaization, New Queries for
Abosomes and Vieuses

November 2014 Release

Rodosignod Home Page
Serple. Clean. Usabie, Toois &
Furctiors Nore Visble

Sedrch by POB 1D, suthtr, macromaiecuin, secuencs, or Iohnds

T R ]

Join the RCSB PDB Team
We have open postions for Wed Developers at the
UC San Diego shte. - G74

Buid 3D Paper Models
of Diomolocuios

Viceo demonsirations,
POF tempiates, anc
related activity puices
are avalabie to Pe'p buia

models of DINA, FINA,
MYV Capsid, and more at POB-101. « 002e18

saipeias Changes lo the Release
ePDB Process for PO@ Entries
MEEREE | et

Time-stamped Copiles of the POB Archive « 0127758

J1POB at a Glance 35471 Distinct Protein Sequences | 20000 Structures of Human Sequences | 7585 Nuclelc Acid Containing Structures More S2atistcs

\—otecrxtoool lama Niocheom wit tallao WM. )
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PDB History Structural Biology Highlights

PDB40 Symposium
More than 77000 structures in the archive

Deposition of chemical shift data mandatory -

Deposition of experimental data mandatory |
50000" structure is released

First reloase of remediated data |-

wwPDB established by |
RCSB PDB, PDBe, PDB] |

BMRB joins wwPDB

by postal mail (8 DVDs) :

e 2011

* 2010

THET

rPDB ZPDB
e RRe EMDB ostablished | -
& at MSD-EBI |
ruon) ' .
Osaka University opens a
PDB data deposition center |
10000" structure is released
PDB moves to RCSBPDB -
MSD at the EBI becomes a deposition |
center for PDB data |

IUCr policy on data deposition published

Early structures include
carboxypeptidase
chymotrypsin
cytochrome bS

hemoglobin

~lactate dehydrogenase

trypsin inhibitor

. myoglobin
oiilisi

1997

1991

e 1989
1988

1982

1981
1979

e 1973

e 1971

. Nobel prize awarded to R.D. Komberg
_ for Studies of the molecular basis of
| eukaryolic transcription

. First ribosome structures determined
| (Ban et al., 2000; Carter ef al., 2000;
¢ Schluenzen ef al., 2000)

| First EM entry released in PDB:
i bacteriorhodopsin (Henderson et al., 1990)

~ First NMR entry reloased in PDB:
. protein BDS-| (Driscoll ef al,, 1989)

* Nobel prize awarded to J. Deisenhofer,
;R Huber, H. Michel for The determination
< of the 3D structure of a photosynthetic
| reaction centre
- Nobel prize awarded 10 A. Kiug for
i Development of crystalliographic electron
. microscopy and discovery of the structure
. of biologically important nucleic
| acid-protein complexes
~| First B-DNA structure determined (Drew et al, 1981)
~ First DNA (Z-DNA) determined (Wang et al., 1979)
. (Kim et al, 1973; Robertus et al, 1974) {§ /]

¢ Nobel prize awarded 10
. V. Ramakrishnan, TA. Steitz, A.E. Yonath for
| Studles of the structure and function of the ribosome

| Nobel prize awarded to R. MacKinnon

: Nobel prize awarded to K. Withrich >

- for Development of NMR spectroscopy %g*
i for determining the 3D structure of ‘%

| biological macromolecuies in solution <

i Nobel prize awarded 1o P.D. Boyer,
: J.E. Walker, J.C. Skou for Elucidation
i of the enzymatic mechanism
i underlying the synthesis of
| adenosine triphosphate (ATP)
: and discovery of an
: Ilon-transporting enzyme S




Yearly growth of total structures
http://www.pdb.org
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Yearly growth of total structures
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PDB Current Holding

http://www.pdb.org

el el oV B el

Tvervduer
)

1612 4426 4 95726
NMR 9534 1112 224 8 10878
ELECTRON
MICROSCOPY o - . 9 788
HYBRID 68 3 2 1 74
other 164 4 6 13 187
Total 99999 2760 4835 26| 107620
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HEADER
TITLE
TITLE
EXPDTA
AUTHOR
AUTHOR
REMARK
REMARK
REMARK
REMARK
SEQRES
SEQRES
SEQRES
ATOM
ATOM
ATOM
ATOM
ATOM
HETATM
HETATM
HETATM

PDB format

http://www.pdb.org

EXTRACELLULAR MATRIX
X-RAY CRYSTALLOGRAPHIC DETERMINATION OF A COLLAGEN-LIKE
2 PEPTIDE WITH THE REPEATING SEQUENCE (PRO-PRO-GLY)

X-RAY DIFFRACTION

22-JAN-98

1A3I

R.Z.KRAMER,L.VITAGLIANO,J.BELLA,R.BERISIO,L.MAZZARELLA,

2 B.BRODSKY,A.ZAGARI, H.M.BERMAN

350 BIOMOLECULE: 1

350 APPLY THE FOLLOWING TO CHAINS: A,

350
350

1A
1B
1C

bW N -

130
131
132

BIOMT1
BIOMT2

9 PRO
6 PRO
6 PRO

N PRO
CA PRO
C PRO
0 PRO
CB PRO

C ACY
o) ACY
OXT ACY

B,

C

1 1.000000 0.000000 0.000000

1 0.000000

1.000000 0.000000

PRO GLY PRO PRO GLY PRO PRO GLY
PRO GLY PRO PRO GLY
PRO GLY PRO PRO GLY

N e

401
401
401

8.316
7.608
8.487
9.466
6.460

3.682
2.807
4.306

21.206
20.729
20.707
21.457
21.723

22.541
23.097
23.101

21.530
20.336
19.092
19.005
20.211

11.236
10.553
12.291

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00

0.00000
0.00000

17.44
17.44
17.44
17.44
22.26

21.19
21.19
21.19

0Oo0O0OON=

O 00N
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PDB format

http://www.pdb.org

ATON 1 N GLYA 1 15.740 11.178 -11.733 1.00 0.00 N
ATOM 2 CA GLYA 1 15.234 10.462 -10.556 1.00 0.00 c
ATON 3 C GLYNA 1 16.284 9.483 -9.998 1.00 0.00 c
ATOM 4 0 GLYA 1 17.150 8.979 -10.709 1.00 0.00 0
ATON S N LEUAN 2 16.122 9.240 -8.705 1.00 0.00 N
ATOM 6 CA LEUA 2 16.803 8.164 ~-7.994 1.00 0.00 c
ATON 7 € LEUA 2 17.902 7.481 ~8.831 1.00 0.00 Cc
ATOM 8 0O LEUA 2 19.057 7.424 -8.402 1.00 0.00 0
ATON 9 € LEUA 2 15.755 7.101 ~7.594 1.00 0.00 c
ATOM 10 CG LEUA 2 14.565 7.724 ~-6.856 1.00 0.00 Cc
ATON 11 CDl LEUA 2 14.958 8.214 -5.453 1.00 0.00 c
ATOM 12 CD2 LEUA 2 13.894 8.850 -7.657 1.00 0.00 c
ATOM 13 N SERA 3 17.505 6.971 -9.986 1.00 0.00 N
ATOM 14 CA SERA 3 18.416 6.404 -10.972 1.00 0.00 c
ATON 15 ¢ SERA 3 19.535 5.484 -10.470 1.00 0.00 c
ATOM 16 0 SERA 3 19.869 5.398 -9.293 1.00 0.00 0
ATON 17 €B SERA 3 19.079 7.5786 -11.738 1.00 0.00 c
ATONM 18 OC SERA 3 19.875 8.293 -10.785 1.00 0.00 0
ATOM 19 N ASPA 4 20.127 4.842 -11.478 1.00 0.00 N
ATOM 20 CA ASP A 4 21.268 3.953 -11.276 1.00 0.00 c
ATOM 21 C ASPA 4 22.229 4.485 -10.197 1.00 0.00 c
ATON 22 0 ASPAN 4 22.347 3.897 -9.121 1.00 0.00 0
ATOM 23 CB ASPA 4 22.048 3.770 -12.587 1.00 0.00 c
ATON 26 CC ASP A 4 21.138 3.738 -13.824 1.00 0.00 c
ATOM 25 ODl1 ASPA 4 20.964 4.838 -14.416 1.00 0.00 0
ATON 26 OD2 ASP A 4 20.667 2.612 -14.138 1.00 0.00 L]
ATOM a7 N G A 5 22.907 5.579 -10.530 1.00 0.00 N
ATON 28 CA GLY A 5 23.875 6.166 -9.594 1.00 0.00 c
ATOM 49 € QGIXA &5 23.310 6.210 -8.163 1.00 0.00 c
ATON 30 0 GLYA 5 23.845 5.573 ~7.256 1.00 0.00 0
ATOM 31 ¥ GLUA 6 22.228 6.967 ~-8.038 1.00 0.00 N
ATON 32 CA GLUA 6 21.545 7.090 -6.742 1.00 0.00 c
ATOM 33.C GLUA 6 21.419 5.695 -6.103 1.00 0.00 c
ATON 3§ O GLUA 6 21.902 5.451 -4.997 1.00 0.00 0
ATOM 35 CB GLUAN 6 20.162 7.735 =6.956 1.00 0.00 c
ATON 36 CG GLUA 6 19.493 8.120 -5.628 1.00 0.00 c
ATOM 37 €D GLUA 6 18.554 9.328 -5.804 1.00 0.00 c
ATOM 38 OE1 GLUA 6 17.794 9.578 -4.827 1.00 0.00 ]
ATON 39 OE2 CLUA 6 18.634 9.959 -6.891 1.00 0.00 0
ATOM 40 N TRPA 7 20.694 4.832 -6.811 1.00 0.00 N
ATOM 41 CA TRP A 7 20.454 3.477 -6.25%8 1.00 0.00 c
ATOM 42 € TRPA 7 21.756 2.847 -5.765 1.00 0.00 c
ATON 43 0 TRPA 7 21.824 2.453 -4.59%9 1.00 0.00 0
ATOM 44 CB TRPA 7 19.878 2.574 ~-7.407 1.00 0.00 c
ATON 45 CC TRP A 7 18.589 3.146 -7.5%520 1.00 0.00 c
ATOM 46 CD1 TRP A 7 18.358 3.602 -9.158 1.00 0.00 c
ATON 47 CD2 TRPF A 7 17.391 3.325 ~7.161 1.00 0.00 Cc
ATOM 48 NE1 TRP A 7 17.049 4.030 -9.246 1.00 0.00 N
ATON 49 CE2 TRP A 7 16.475 3.892 -8.055 1.00 0.00 c
ATOM 50 CE3 TRPFA 7 17.004 3.075 ~5.840 1.00 0.00 c
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PDB search

http://www.pdb.org

RCSBPDB Deposit - Seach~ Visuslze ~ Aralze » Download ~ Leam »  More ~ _
‘ PD An on b Sedrch by POB 1D, suthor, macromoiecuin, Sseguencs, o =g n

‘_A J ‘om - O e B, B WMOrOmes 2 o [+ ks

o Slotogical

PROTEIN DATA BANK Mecromolecuar Stuctures

Advanced Seawch | Browse by Arnatatons

saesias

PPR-10 - EMDend { v
SE-101 B - . l!—_- o s

A Structural View of Biology

Ths resource 1S DOwered Dy the Protein Dana Bank archive- informanon about
the 3D shapes of Proteind, NUCISIC ACAS, ANG COMPIa Sasembied that helps
SOt And resedrchers UAGerstand Al EaSects of Biomedicns and agricuture,
from peoten sy heds 10 Pealth and daedse

As a member of the waPDB, the ACSE POS curates and annotates POB data

The RCSH POB Budcs UDon e data By Creating 100ks and rescurces or
resedrch and eALCATON N MOlcUiar DISIogy, Sctursl Diciogy, computational

Structure and Health Focus: Ebola Virus Proteins

T C R )

Oecember 2014 Release Join the RCSB PDB Team
of We have open postions for Wed Developers at the
Improved Representation UC San she. « G
x Diego she. s ] s
Upcistes to POO Archive, Buid 3D Paper Models
Visuaization, New Queries for of Diomolocuios
Abosomes and Vieuses Viceo dmonsiaations,

POF tempiates, anc
related activty guices
are avalabie to Pe'p buia
November 2014 Release of O BNA
MYV Capsd, and more at POB-101. « SA2e/15

Rodosignod Home Page

Serpie. Clean. Usabile, Tools &

Furctions Nore Visbie Ly v s Changes to the Release
QPDB Process for POB Entries
Wl ST aars

e Reference Management Time-stamped Copies of the PDB Archive « 01/27/75
Cuicky sarve references 10
[ TR - hdoteccxtioootlaoaNRochem ast talan RO

J1POB at a Glance 35471 Distinct Protein Sequences | 20000 Structures of Human Sequences | 7585 Nuclelc Acid Containing Structures More 2atncs
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PDB search

http://www.pdb.org

RCSBPDB Deposit - Seach~ Visuslze ~ Aralze » Download ~ Leam »  More ~ —
An information Portal to 2 o B - e -

=t 10720 - | S Y, MACrOMOCUN, SGLUaN0S, O IoRNCs

o Slotogical

PROTEIN DATA BANK Macromolecular Structures

Advanced Seawch | Browse by Arnatatons

2agsias

PIR-101 -

‘run..\.-_a' n fh T —

A Structural View of Biology

Ths resource 1S DOwered Dy the Proten Dana Bark archive- nformanon about
the 30 shapes of Droteina, NUCIC ACAS, ANG COMPIER Aasemdied that helps
SOt And resedrchers UAGerstand Al EaSects of Biomedicns and agricuture,
from peoten sy heds 10 Pealth and daedse

As a member of the waPDB, the ACSE POS curates and annotates POB data

The RCSH POS Sudcs uDon e Gata By Creating 100ls and rescurces for
reserch and eLCHTON In MONCUar DIoIogy, stuctury Diciogy, computational

Structure and Health Focus: Ebola Virus Proteins

T R ]

December 2014 Release Join the RCSB POB Team
of We have open postions for Wed Developers at the
x Diego she. « &0 s
Upcates 1o POB Archive, Buid 3D Paper Models
Visuaization, New Quenies for of Diomclocuios
Abosomes and Vieuses Viceo demonsiations,

POF tempiates, anc
related activty guices
are avalabie to Pe'p buia
November 2014 Release of DNA. FINA.
MYV Capsid, and more at POB-101. « 002e18

Rodosignod Home Page

Serple. Clean. Usabie, Tools &

Functions More Visbie PR Changes 10 the Reloase
- NS

Time-stamped Copiles of the POB Archive « 0127758

\—otecrxtoool lama Niocheom wit tallao WM. )

J1POB at a Glance 35471 Distinct Protein Sequences | 20000 Structures of Human Sequences | 7585 Nuclelc Acid Containing Structures More S2atistcs
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PDB search

http://www.pdb.org

f LR S0 View | Sequence | Avnotations | Seq. Similerity | 30 Sieslarity | Literwture | Biol & Chem. | Methods | Links

Crystal structure of AadA - an aminoglycoside adenyltransferase 4CS6 # Daplary Fles *

2 Dowricad Files ~
DO 10.2210/pcbicsf/pad 66 Cownload Ctaton ~

L K
Crystal Structure of Aada-an Aminoglycoside Adenmyttransferase
Chen, Y., Nasval, J. -, Andersson, D1, Seimer, M.

Journat: To e Publahed
PubMed 1D s not avalable
Classification: Trarsterase
Structure Weight: 29591 20 ©
Molecule:  AMINOGLYCOSIDE ADENYLTRANSFERASE
Polymer: 1 Type: proten Length: 264
= & 30 View More Images. ..
Fragment: NUCLEOTIDYLTRANSFERASE DOMAIN AND ALPHA-HELICAL DOMAIN
Ovrganismc  Saimonedia enterica subsp. enterica serovar Typhimurium str, LT2 Bolkgeal sssemdly | genersted by PSA
UniProtXB:  [E) Proten Feature View | Seacch PD8. | Q8ZPX9 £ poRune
$ Simpie Viewer Proten Workshop
5 Giivine Wil 7S e s esasaaa 10 NN

View the full valication repoert @
Metric Percentile Ranks Value

! MyPDB Personal Annotations  Mide
Kirec S 0 0.

TO save personal annotations, please logn

Clashacuee B (T 10 your MyPDB account,
Ramachandran outlicrs S—— 0
Sidechain outliers TR O . ! Deposition Summary Hicde
RSRZ outliers ME—" 0 Acthors: Chen, Y., Nasval,
[ e J.~, Andersson, D1, Selmer, M-
B Arirmede mimrer o 4\ rny e rases
D A rrmtde msmve o X o siretwres of mier rreduien Deposition: 20140305
Reease 2015-03-2%
2 Dowrload Ramachandran Piot POF from Mo#Proby () NG revisions since intial release

! Source had  Method: X-BAY DIFFRACTION

Polymer: 1 Exp. Data:
Oa‘m“ ootors
Scientific Salmonela omenca subsp. ontenca Sercvir typhimurium &Tlmunyl.“.‘ Expression Escherichia ; "t ":. 2,50
Name: sir. %2 Systom: ool | R-Value: 0.195 jobs)
R-Free: 0252

- Space Group: P2y22¢
css C3HzNO2 S crs Pecricelinking i‘."?.'f' 3‘1:3
Search | i b=5864 p=9000
Cc= 1045 ¥ = 90.00

¥ Data in orange boxes are gathered from extermal resources (when available). Reset Layout

cnag e



PDB search

http://www.pdb.org

#s 3D View More Images...
Biological assembly 1 generated by PISA
(software)

Downloadable viewers:
Simple Viewer Protein Workshop

Kiosk Viewer

¥ Experimental Detalls
Method: X-RAY DIFFRACTION
Exp. Data:

¥ Structure Factors
Resolution[A]: &  2.50

R-Value: 0.196 (obs.)
R-Free: 0.252
Space Group: P2122¢7
Unit Cell:
Length [A] Angles [°]
a=48.66 a = 90.00
b = 58.64 B =90.00

¢ =104.59 y = 90.00

Hide
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HEADER
TITLE

COMPND
COMPND
COMPND
COMPND
COMPND
SCURCE
SOURCE
SCURCE
SOURCE
SOURCE
SOURCE
SOURCE

PDB search

http://www.pdb.org

TRANSFERASE 05-MAR-14 4CS6

CRYSTAL STRUCTURE OF AADA - AN ANINOGLYCOSIDE ADENYLTRANSFERASE

MOL_ID: 1;
; AMINOCLYCOSIDE ADENYLTRANSFERASE;

4 PRACMENT: NUCLEOTIDYLTRANSFERASE DOMAIN AND ALPHA-HELICAL DOMAIN;
5 ENGINEERED: YES
MOL_1ID: 1;
ORGANISM_SCIENTIFIC: SALMONELLA ENTERICA SUBSP. ENTERICA SERCVAR
TYPHRINURIUM STR. LT2;
ORCANISM TAXID: 99287;
expasss:ﬁa_svs'rem ESCHERICHIA COLI;
EXPRESSION_SYSTEM TAXID: 465008;
EXPRESSION_SYSTEM_ STRAIN: BL21(DE3);
EXPRESSION_SYSTEM_VARIANT: STAR
TRANSFERASE, AMINOGLYCOSIDE ADENYLTRANSFERASE, ANT(3'')
X-RAY DIFFRACTION
¥.CHEN,J.NASVALL,D.I.ANDERSSON, M.SELMER
1 25-MAR-15 4CS6 0
AUTE  Y.CHEN,J.NASVALL,D.I.ANDERSSON,M.SELMER
TITL CRYSTAL STRUCTURE OF AADA-AN AMINOCLYCOSIDE
TITL 2 ADENYLTRANSFERASE
REF TO BE PUBLISHED
REFN

DNV awN

RESOLUTION. 2.50 ANCSTROMS.

REFINEMENT.
PROGRAM PHENIX (PHENIX.REFINE)
AUTHORS PAUL ADAMS,PAVEL AFONINE,VICENT CHEN,IAN

DAVIS ,KRESHNA GOPAL,RALF GROSSE-KUNSTLEVE,
LI-WEI HUNG,ROBERT IMMORMINO,TON IOERGER,
AIRLIE MCCOY,ERIK MCKEE,NICEL MORIARTY,
REETAL PAI,RANDY READ,JANE RICHARDSON,
DAVID RICHARDSON,TOD ROMO,JIM SACCHETTINI,
NICHOLAS SAUTER,JACOB SMITH,LAURENT
STORONI,TOM TERWILLIGER,PETER ZWART

REFINENENT TARGCET : ML
DATA USED IN REPINEMENT.

RESOLUTION RANCE HIGCH (ANGCSTROMS) : 2.502
RESOLUTION RANCE LOW (ANGSTROMS) : 39.029
MIN(FOBS/SIGMA_FOBS) : 1.34
COMPLETENESS FOR RANGE (%) : 99.66
NUMBER OF REFLECTIONS : 10816
FIT TO DATA USED IN REFINEMENT.

R VALUE (WORKING + TEST SET) : 0.1962
R VALUE (WORKING SET) : 0.1935
FREE R VALUE : 0.2521
FREE R VALUE TEST SET SIZE (%) : 4.8
FREE R VALUE TEST SET COUNT : 517

FIT TO DATA USED IN REFINEMENT (IN BINS).
BIN RESOLUTION RANGCE COMPL. NWORK NFREE  RWORK RFREE

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWN N

1 39.0340 - 3.9704  0.99 2685 128 0.1698 0.2001
2 3.9704 - 3.1519  1.00 2571 120 0.1898 0.2684
3 3.1519 - 2.7536 1.00 2543 126 0.2505 0.3378
4 2.7536 - 2.5019  0.99 2500 143 0.2754 0.3924
BULK SOLVENT MODELLINC.
METEOD USED : FLAT BULK SOLVENT MODEL
SOLVENT RADIUS : 1.11
SHRINKAGE RADIUS : 0.90
K_SOL : NULL
B_SOL : NULL

cnag
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PDB search

http://www.pdb.org

3D View

Display Files
Crystal structure of AadA - an aminoglycoside adenyltransferase 4C56 * Download Files

& Download Citation

Structure Details ©
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PDB advanced search
http://www.pdb.org

RCSBPDB Depostt + Search~ Visualze + Analze ~ Downloed ~ Leam ~ More ~

Search Options
Advanced Search

The Advanced Search interface erables queres by specifc
categories. Queres can be combined with AND or OR 10 construct

[ro——— 00

SN T Dy et ALY B WOy S0 SRR BN SR T S A

' P ey - ey ——
Saarer agor e i "e
L A
= (W cabrwa )
» 105 and keywords
« Structure annotaton AND
« Depcation e — - —
o Structure feanures Saavh By e date B i s wiesed 0.9 Setaase J0U-00 41 and 208 13 N
« Sequence features e Mie010 0 o meer - p——

« Cremical components

» Blokogy e —

« Methods
« Publication M e o Pe e — B tncnns | O 0 Swwms | b G |

Explore the PDB Archive

sle  Orgarvam & Taxonomy

! - Seiect 3 Orgaeam Calegory beldw
Fxparimerts oo Reachaion
,ﬁ t.-.fn.,.; e e

O Tvimnwn 20t '. 8 Polymer Type
Enryre

‘ CassAcaton Classfcaton
Mroton o

* Syrmeretry

4 Memtrare

Homo sapiens (20000}

B Eschencha col (4818)

B Mus muscoulus (4559

B Bos tauryus 239%)
Saccharomyces Cerevisiae
PR
Raus norvegious (2253)

_ Eschencha coll K-12
(2052)

B Other (S8558)

Mrotens

cnag e



Alignments

Start with a
Target Sequence

( )

Template
Search

B

Target/Template As in any other bioinformatics problem...

Alignment

Y 1. Representation

Build model 2 Scoring

3. Optimization

Evaluate model

Y

(  Output 3D Model )

cnag e



Alignments

Data collection

Start with a
Target Sequence

N\

Template
Search

B —

Target/Template
Alignment

T Representation
‘ and scoring

Build model @E?OO o, @

3/

Analysis of the results

Evaluate model

Optimization

250
s s Y
LN
@ @ o ’Vﬂ“
v +
2 0.60
3 .
2 ]
£ 052
]
£ 044

3
o
¢ 0.36
1010 108 108 104 102 0
Score

( Output 3D Model )

cnag e



Structures

Representation

All atoms and coordinates Dihedral space or distance space Reduced atom representation

Vector representation Secondary Structure Accessible surface (and others)

cnag e



Raw scores

Scoring
20 S ot 3 e o 8
""""TIIIIIIﬁTIT'. ]N
Y Y Y Y Y Y B Y T Y RMSD = —'Z(mi—mi")
B s e EnEE S
Aminoacid substitutions Root Mean Square Deviation

Secondary Structure (H,B,C) Accessible surface (B,A [%]) Angles or distances

cnag e



The Root Mean Square Deviation

RMSD = \ %i(ﬂfi — m,.*)

3D coordinates of
atom i in the second model

Number of atoms

3D coordinates of
atom /in the first model

cnag i



Significance of an alignment (score)

Scoring

Probability that the optimal alignment of two random
sequences/structures of the same length and
composition as the aligned sequences/structures have
at least as good a score as the evaluated alignment.

Empirical: Analytic:
, P(S>x) = 1 - exp(-Kmne-?e)

cnag e



Global dynamic programming alignment

Optimizer

Needleman-Wunsch
match = 1 mismatch = -1 gap = -1

G C A T G C U

L
G 1|1 log1 23|45
A 2 0 0|10 1/|-=2]|-=3
N
T 3. -1/]-1]0 2T 10 | -1
T|4|2 2/ 4|11 0 -
S
A 5 3 3 1,0/ 0_ 0| -1
A\
C 6 -4 2 2, 1/-1,1.0
M S
A 7 5|3 1 1|-1,010

Backtracking to get the best alignment

Sequences Best Alignments
GCATGCU GCATG-CU GCA-TGCU GCAT-GCU
GATTACA G-ATTACA G-ATTACA G-ATTACA
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Local dynamic programming alignment

Optimizer

Smith-Waterman

match = 2 mismatch = -1 gap = -1
A C A C/ A C|T
o, 000 |0 0 00O
N
A O 2T 1,21, 2110
G 01 1 1 1 1 110
~N
c|o/0}3/2 3 2]|3838]2
=
A0 2 2 5 4 5 4 3
NN
c|o|/1 4 4 7. 6|76
T 8
A 0 2 3|6 69 7
N
c 0,1 4|5 8,8 11,10
¥
A 0|2 3|6 7,10 1010

Backtracking to get the best alignment

Sequences

ACACACTA
AGCACACA

Best Alignment

A-CACACTA
AGCACAC-A

N o P

—

4
5
8
9

12

cnag e



Global vs local alignment

Optimizer

¢ Global alignment
¢ Local alignment

cnag e



OO

Multiple alignment

Pairwise alignments
Example: 4 sequences A, B, C, D

— -
¢

- similarity +

6 pairwise comparisons
then cluster analysis

Optimizer

Multiple alignments
Following the tree from step 1

D S E—

Align the most
similar pair
A I N

C—

Align B-D with A-C

D
A
C

New gap in A-C to optimize
its alignment with B-D

cnag i



Coverage vs Accuracy

Same RMSD ~ 2.5A

Coverage ~90% Ca

cnag e



Structural alignment
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Vector Alignment Search Tool (VAST)

http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

Vectorial representation of secondary structure elements

File View Select Style Window Help

= 2AC0O_B E. coli lipocain Bic dimer in complex with vaccenic acid
= 1Z24_A Tobacco hornworm insecticyanin in complex with biiverdin X gamma
=2HZQ_A Human apolipoprotein D (Apod) in complex with progesterone

Mp = amino acids that are identical in all three proteins
(/r ~
-t = ¥\

= Vaccenic Acd

@ = Biliverdin X gamma
@ = Progesterone

cnag e


http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml
http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

Incremental combinatorial extension (CE)

http://source.rcsb.org/jfatcatserver/ceHome.jsp

8 I’eSidueS peptides ®eno jCE V.1.1 : 4hhb.A vs. 4hhb.B

File Align View Help

2o
Ca

cnag e



Matching molecular models obtained from theory
(MAMMOTH)

http://ub.cbm.uam.es/software/mammoth.php

7 residues peptides

E{SJ
/
{

URMS instead of RMSD

Ortiz AR, (2002) Protein Sci. 11 pp2606
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http://ub.cbm.uam.es/software/mammoth.php
http://ub.cbm.uam.es/software/mammoth.php

Structural alignment in the PDB

Analyze Options

Sequence & Structure Alignment

- Pade

Sekct Asociated Chae D Select Assocated Cran 10

7 - Sebect Comparison Viethod u

bastlveg
Neec emar -t
™ - Wateran

FATCAY - rigid

FATCAT « fexbie

srithen

o TM-Algn
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Structural alignment in the PDB

RCSBPDB Depost - Seach - Vieuste - Analyme - Ocwnioed = Leam = Mo « -

Structure Alignment View
Pre-caicuiated KT results for ITLT. A ve. 1EJDA

Allgnment Detalin: [ Query: arge/da ] Selbject Ve "t

SARCOSINE OXTDASE RECOMBINATION ENOONUCLEASE
vii

Z-acore: ) POO 1 1% '
4 Pal o
BCOre: 3974 P nada | A
RMSD: Y10 -\:~ o

d: ) ! e '

4 ty ar Y

. ~ - « » -

“re » WA ft70.A
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Classification of the structural space
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SCOPe2.05 database

http://scop.berkeley.edu/statistics/ver=2.05

: : L
Reintroduction of manually % %
curated superfamilies <,

Improved automated classification;

little manual curation 9
\ QOO
& £

Introduction of automated
curation in SCOP

Last comprehensive

release o date
&
\ Ooo
7

&
e % R
Ooo%’ 7a
9~ ‘0 7. Z
6‘0 &) o s 2
% %%Qo% Qo’. “a
C b @,
o,o 7 /\% -6" v
5
(-]
Q ;
Height indicates number of
PDB entries classified

SOUWD | 22°8E

Class Number of Number of Number of
‘?C‘qo folds superfamilies families
2 All alpha proteins 286 509 1037
\s\o ‘4
O‘%‘_,o All beta proteins 176 359 931
7
/ Alpha and beta proteins (a/b) 148 245 965
00% @ Alpha and beta proteins (a+b) 381 558 1301
‘»’o,' :-;‘ Multi-domain proteins 68 68 109
g Membrane and cell surface 57 113 153
8 proteins
Small proteins 92 132 260
Total 1208 1984 4756

Angle indicates

divergence from

complete PDB ¢ C LAS S
coverage and full ° FO L D

manual curation

*FAMILY

2 prov
rsos,mf?:gm

01 02 03 04 05 06 07

08 09
Year

10 11 12 13 14 15

*SUPER-FAMILY

Clear classification of structures in:

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.
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SCOP2 database

http://scop2.mrc-Imb.cam.ac.uk/

SCOP SCOP2
Class
Fold
Super-Family
Family

Protein

Species

Nucl. Acids Res. (1 January 2014)42 (D1): D310-D314.
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SCOP2 database

http://scop2.mrc-Imb.cam.ac.uk/

Alternative ways for database access | Main navigation menu |
SCupd|[ 7\

Structural Classification of Proteins 2

Cobour Logend - Confgue Shae .tluc uﬂlb
Relations | SCOP2 |

Is_a "y

pa_of [ Action buttons |

occumed_in

Proten |
asonstin)
Nodes VST
Categuey

Type

o em—, Fold change = the
(Evolutionary | (ol abads maci=— (Alpha and beta | lambda C1t repressor
| relatonshps & foid L” ghe aa-mjp Globuler profeine ' \p_tdons (aeb) | DNAbinding doman-

R pe— lixe superfamily

Sma:unl , - >
() (o) (e

— Cammbca cro profein. | Action buttons |
(Foiy) (Soveinny) (Poumou.o)
(" Famy
( Prowen ) S A lamixss C1 mw
| Spacien | ' DNA Sincling domain-
| Spacies ) - [T
Event
(Prte) 'XﬂE-h:;r::llw | m’ Links to external

resources

sequence and structural

Regulatory protein | (Regustory protes |
cmd!hop&!dd“c'odlholwem | motd | | fokdogen |
type o type i v

écmmon subfokd d"

Ndn TuenHelix

(89P22 cro) (um_cm)| " $T4 mot the it evert types \ Click to bring up the node

| dthecrolods |

pop up window

¥

Sewchfor

| Navigation tabs |

TR 7000024

Strextere Parents  Children  Comments

T o D>

Dwna s IRSUWHINVSCROA v
complexed with pod

Segments:  6I8A —

View In PORes 2050
View in POR: 2CR0
View in UniProt: P00040

Repeesentative Soguence. 66 “oldurl.  SCOP domuin: 13 resdeet.

SCOP2 . Juby 2013 © MRC Laboratory of Moleculas Biology

Nucl. Acids Res. (1 January 2014)42 (D1): D310-D314.
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http://scop2.mrc-lmb.cam.ac.uk
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CATH4 database

http://www.cathdb.info/

CATH / Gene3D
26 million protein domains classified into 2,738 superfamilies
What is CATH? Latest Release Statistics

CATH b a claaficaton of proten wructures downdoaded from the Proten Dats

GATH wh s
Bank. W FOUD FOLNN COMEANG NS0 BDArTSS W - °

OerelD o127

Example pages

Class  Architecture Topology Homologous Superfamily

Class1 5 397 907
Class2 20 241 547
Class3 14 626 1158
Class4 1 111 126
TOTAL 40 1375 2738

Class: SS composition (mostly alpha, mostly beta,
mixed alpha/beta or few secondary structures)

Architecture: overall shape SSe orientations in 3D
space but ignores the connectivity between them

Topology (fold family): fold groups depending on both
the overall shape and connectivity of the SSe

Homologous superfamily: groups together
homologous protein domains

S35 Family S60 Family S95 Family $S100 Family Domains

3879 5118 6737 13368 48121
3650 5221 8373 14526 58944
9171 13415 17047 35313 125772
233 293 410 651 3021
16933 24047 32567 63858 235858

Orengo, C.A., etal. (1997) Structure. 5. 1093-1108.
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PFAM

http://pfam.xfam.org/

géhger MOME | SEARCH | BROWSE | FEP | MELF | ABOUY P‘am

Protein: ABL1_HUMAN (P00519) 4 =. : L 4 o 2 f_ .2'_

L I e S s S e S Y|

features
Seqvence

This i Uhe susenary of Univet entry ABLL HUMANS (003194

Descriglion: Tyrosne protem kinase AL 1C+2.7.10.2
Source erpanise: Homo 30N [Mumac) @ (WO tasonaesy D §404 &)
Structures Yigey Mam proteome deta
Langii 1130 amine aixds
PROott ABle: w'ur wn Eat G ‘wwm A Gula wheen e e by A T NPV Mgt B TN WPRISA A NN Tt T S o T

| varview el oy e S D mpatart b rode L e, e Bt ecd ey mary b swepend oo 8 Mo wiaase  Vewe abcan wmi sl -

Jump tb... v remaved frore Mp= el Sa sest M dets wese

e B3 | Pfam domains

| Thi wage homs The prrangesent of INe Mas Gorars TR0 e fousd On TS seguence CROhing on 2 doran wil Tabe yny 00 e
| page eacring that Mam ertry. The table below gives e doman Boundases fr sach of the domans. More..

L N et — ——
| tow_complexity SRy
Grorder 3
L 67 11)
Plam A e 1
Pam A Brae la 242 W)
Mow_compbe sy 49 %0
| dworder 485 490
Grorder s03 su
Gsorder $13 79
| low_complexity 605 o6
fow complex iy 9 o
| Sow_compleniny 01 N0
| Gaorder 24 M)
am b M 11345 84 100)
Sow complexy " 91s
| low_complexity 977 9
| Gaorder 1009 1010
Caoider 1033 19023
facn bed 1022 119
Grorder 1023 1027

|
|
| S00m o DIOS GO Mares.

L

Commass w g aory o e wie) Sand 8 e v pfem halp@renger st va  Tis oeakia peday
The Walicame Trunt

disorder
low_complexity
low_complexity
low_complexity
low_complexity
low_complexity
coiled_coil
Pfam A
Pfam A
low_complexity
disorder
low_complexity
disorder
disorder
disorder

Pfam domains:

n/a
n/a
n/a
n/a
n/a
n/a

n/a

2f-H2C2 2
zf-=C2H2

n/a
n/a
n/a
n/a
n/a

n/a

51
117
205
252
254
386
430
457
477
489
547
559
564

306
43
89

134

224

307

276

411

453

469

496

500

549

562

570
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Utility of protein structure models, despite errors

100

comparative modeling NMR, X-RAY
% SEQUENCE IDENTITY

threading

de novo prediction

insignificant sequence similarity

-
g
-
QO
(&)
<
-
w
Q
O
-

APPLICATIONS

studying catalytic
mechanism

designing and improving
ligands

docking of macromolecules,
prediction of protein partners

virtual screening and
docking of small ligands

defining antibody epitopes

molecular replacement in
X-ray crystallography

designing chimeras, stable,
crystallizable variants

supporting site-directed
mutagenesis

refining NMR structures

fitting into low-resolution
electron density

finding functional sites by
3D motif searching

structure from sparse
experimental restraints

annotating function by
fold assignment

establishing
relationships

D. Baker & A. Sali. Science 294, 93, Q“ag gt\l__G_'



Take home message

Protein and Nucleic acids structures
are stored in publicly available
databases

Proteins are aligned by sequence
and by structure

Structural alignments might identify
distant homologs that cannot be
recognized by sequence comparison

There are several databases that
classify protein structures

cnag i



Introduction to

structure
determination

Genome Biology Group (CNAG)
Structural Genomics Group (CRG)

Davide Bau
Staff Scientist
dbau@pcb.ub.cat

RG"Y
S
Se—
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Experimental
observations

Data groups

uriree
SATURN
NirTusa

L

Laws of physics

BACTERIA

MgV
Plamt Chiorophes . Y/

Cyanabacteria »e) /
¥ » -4/

Agrohackerine - _,.1.

o
f\
)

43
Enterobacte re

Plart Macchendna

FUKARYA

Strarrenogd ey

Aeverral s :’! A T

Fungi |

T N Alveolates
.

- ""- e
- e
Plarton _{5_";}// La Rad sigee
d ‘

* Euglenseh

el

olobwar v

"~
Nethancdacteria

ARCHAEA

Statistical rules

»* Halobacte
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Structure prediction vs determination

X-Ray

NMR

Comparative Modeling

Z31=]o)
paliajul
i

Experimental
data

Threading

Ab-initio

cnag i



The four stages of integrative modeling

Data collection

‘ ~t.!
“'o
‘.0'0 s
Vo'
/ v’ ;//
Representation Analysis of the results

and scoring

& & 5

\ Optimization
@ @%

cnag e



Energy landscape

Energetically
cheap

Local
minima

Global
minimum

cnag e



Energy landscape

Energetically
expensive

Local
minima

R R,
L Rk :
5

Global
minimum

cnag e



The simulating annealing procedure
Temperature
Movements < . >

A
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The four stages of integrative modeling

Data collection

‘ ~t.!
“'o
‘.0'0 s
Vo'
/ v’ ;//
Representation Analysis of the results

and scoring

& & 5

\ Optimization
@ @%

cnag e



5C technology m
http://my5C.umassmed.edu ~

UNMASS.
Job Dekker
Crosslink DNA Cut with Ligate Purify DNA Annealing Ligation
restriction locus-specific mediated
Hindlll enzyme HindIll 5C primers amplification
AAGCTT AAGCTT
TTCGAA TTCGAA
. . .
~ —
-—_
N e’ = 0=
-—__

Dostie et al. Genome Res (2006) vol. 16 (10) pp. 1299-309
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Matrix generation

Model building by IMP

Analysis

Toy models

TAD-like

SIMULATED TOY GENOME

Y

d

“HI-C” MATRIX GENERATION

]
]
]
]
]
]
]
]
]
]
]
]

ADD MONTE CARLO NOISE :
]
]
]
]
]
]
]
]
]
]
]
]

CONTACT TO
DISTANCES

150 bp/nm 75 bp/nm 40 bp/nm

Y
[ CREATE PARTICLES ]

& ADD RESTRAINTS

Y
[ SIMULATED ANEALING ]

MONTE-CARLO

ts = 10° ts =10

_____________________________ .
:
MODEL SELECTION 1
(lowest objective function) |
I

| Contact Map
\ 4 |
:
MODEL ANALYSIS :

| | “Hi-C” matrix

4 with noise

Contact
(< distance)

cnag e



Model representation and scoring

Constituent parts of the molecule

d < do d=do d>do
oy T I -Q
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From 5C data to spatial distances

The sample curve

T Known samples
08 Unknown samples
©
-
B
n
206 '
E Interpolation curve
2
$ 04
=
0.2

Sample amount

cnag =



Distance (nm)

From 5C data to spatial distances

Neighbor fragments Non-Neighbor fragments
500 500 = | [
450 - 450 - i i
400 - 400 — Q E ;
350 350 - :
300 ‘g‘ 300 E E
250 $ 250 E E
3 I '
200 3 200 l ;
150- o i 150- !
100 - s 100 - E s
50 s 50— k. 4
° T I | T T T | | 0 | R T PR R, B S
4 3 =2 10 1 2 3 s 4 -3 2 41 0 1 2 3 a4
5C Z-score 5C Z-score
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Lower-bound Z-score cut-off

Parameter optimization

300nm

0.1 02 03 04 05 06 0.7 08 09 1.0

Upper-bound Z-score cut-off

400nm

0.1 02 03 04 05 06 0.7 08 09 1.0

Correlation coefficient

IMIRTRITIIY

g‘ 0.69

- 0.62

- 0.55

| 0.48
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Model representation and scoring

Constituent parts of the molecule

O '4
O
d < do d =do d > do
000 Q---Q Q@<----rinnn >Q
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Model representation and scoring

Constituent parts of the molecule

Harmonic

H, ;= k(dl.,]. B dgj)z

- / -
Harmonic Lower Bound i

r ’Y »(is2
. o o \2 o
if d,<d; IbH, =k(d ~d)))
] E
if d,>d'; IbH, =0 | P
Harmonic Upper Bound 4
r. 2 |
% if di,j = dgj; ubHi,j B k(di’f B dgf)

if d;<d); ubH,;=0

1,j°
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The resolution gap

IDM
. ;w A i
'I.-;-\
INM \
/ 20/3/1/14 1 4 9/
— . DNA length
10° 10° 10° 10° nt
I - | Volume
107 10° 107 10° 10° um’
- ; Time
107 108 10° 10 10 10° 10? 10° S
I Resolution
107 107 10" u
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Optimization of the scoring function

start

CREATE PARTICLES

ADD RESTRAINTS

SIMULATED ANEALING
MONTE-CARLO

LOCAL
CONJUGATE GRADIENT

5 steps

LOWEST OBJECTIVE
FUNCTION

end

500 rounds

IMP OF

350,000,000

300,000,000

250,000,000

200,000,000

150,000,000

100,000,000

50,000,000

100 200 300

lteration

I
400

I
500

600
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Chromatin globules

Frequency contact map differences

100 nm

A
R

Increased in GM12878

Increased in K562

cnag
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3D model building wi

Minus Probe Genome Position (mbp)

0.0

0.5

2.1

2.5

3.0

35

4.0

0.0

e
s’ >
2§ st e |
R 2in Bl
il A
YR !
NS =
elolda it
3018 e '

0.5

1.1 1.6 2.1 25 3.1 3.6
Plus Probe Genome Position (mbp)

4.0

3x10°

2.53x10°

2.06x10°

1.59x 10°

1.12x10°

6.56x 10"

L 1.88x10"

L J-281x10"

L__1-75x10"

$9102S-7 uolldeiajul Hg

th the 5C + IMP approach

339 mers
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Genome organization in Caulobacter Crescentus

Arms are helical

Cluster 1 Cluster 2 Cluster 3 Cluster 4

MIRRORS!
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Model validation

500

W =
o (=]
o o

] ]

Distance (nm)
N
(=}
o
1

100 -

H

FISH

Models (2D)

GM12878 K562

O Gm12878
O K562
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Take home message

Data collection

Data interpretation
Representation
Scoring

Modeling
Sampling

Model analysis
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