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Primary Structure Statistics

Information provided:
« Sequence of

amino acid types Chain1GSA;

Compound Gl utathione Synthetase
Type Protein

Molecuar Weight 35547

Number of Residues 316

1 MKLG VMP | AN NIKKDS SFAVLLEAGR RGYELHYMEM GDLYLI NGEA

51 RAHTRTLNVK QNYEEWFSFV GEQDLPLADL DVI LMRKDPP FDTEFI YATY
101 | LERAEEKGT LI VNKPGSLR DONEKLFTAW FSCLTPETLY TRNKAQLKAF
151 VEKHSD! | LK PLDGVGGAS FRVKEGDPNL GVI AETLTEH GTRYCVAQNY
201 LPAI KDGKR VLWDGEPVP YOLARI PQGG ETRGNLAAGG RGEFRPLTES
251 DVKI ARQI GP TLKEKGLI FV GLDI | GORLT EI WTSPTOl RE| EAEFPVS
301 | TGUMDA E ARLQR
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http:/mww.uniprot.org/ [Apweiler04] 1)

Primary Structure Statistics

Main databases:
« UniProtKB/Swiss-Prot
* UniProtKB/TrEMBL

curated

UniProt

http://www.pir.uniprot.org/ J
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Primary Structure Statistics

Sequence counts:
« 283,454 sequence entries in UniProtKB/Swiss-Prot
* 4,754,787 sequence entries in UniProtKB/TrEMBL

Les 1n Unipraskp/suiss-prat
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Primary Structure Statistics

Sequence lengths:

Length dislkibulion of the sequences:
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Taxonomic distribution:

oo 3)

hipiexpasy.org/sprotreinotesireliathiml )

Main database:
« DSSP
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http://swift.cmbi.ru.nl/gv/dssp/

Primary Structure Statistics

Amino acid counts:
* 104,030,551 total residues
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Secondary Structure Statistics g

Information provided:  giSis oo,
« Predicted secondary Type Proten
Molecular Weight 35547

Number of Residues 316
Number of Alpha9 Content of Alpha 27.22
Number of Beta19 Content of Beta 28.16

structure element for
every residue

1 MKLG VP | AN NIKKDS SFAVLLEAGR RGYELHYNEM GDLYLI NGEA
EEEEE S GGBTTTTTTH HHHHHHHHHH HT EEEEE G GGEEEETTEE
51 RAHTRTLIVK QNYEEWESFV GEQDLRLADL DVI LNRKDPP FDTEFI YATY
EEEFFEEEE S SS EEE  EEEEEGOGS SEEEE sl
101 | LERAEEKGT LI VNKPQSLR DOEKLFTAW FSCLTPETLY TRAKAQLKAF:
HHHHHTT | EEES HHHH HTTTTGO00G GTTTB  EEE ES HHHHHH
151 VEKHSDI | LK PLDGVGGASI FRVKECDPNL GVI AETLTEH GTRYCVAGNY
HHHBSEEEE S5 TTTT EEE TTTTTH HHHHHITT TTS EEEEE
201 LPAI KDGKR VLWDGEPVP YOLAR! PQGG ETRGNLAAGG RGEPRPLTES
COOGG EEE EEEETTEE S EEFEEE SS S GUGT EEEEEE HH

H = helix
B = residuein isolated betabridge
E = extended beta strand

G =310 helix 251 DVKIARQIGP TLKEKGLI FV GLDI | GORLT EI \WTSPTCI REI EAEFPVS
T = hydrogen b e HHT T EE EEEETTEE EEE S5 H HIHES

301 1 TGMMDAI E ARLQR
A T

[Kabsch83]
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Information provided:

* Predicted secondary

structure element for
every residue
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Tertiary Structure Statistics

Main database:
- PDB

http:/iwww.rcsb.org/pdb/ [ Berman00]
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Structure count:

Yearly Growth of Total Structures

sem e ses ome s ume  sw agm s

~45,000
<«— Protein
Structures

Information provided: & 5. o e
« Atomic coordinates G L R o e o

for every atom SIS onne moemonsan

SORE 4 SRS OV SYSTEM ESGER G A G
reress o SYSTE
EXPRESS OV SYSTEM PLASH D PHGS00, AN DEF VATIVE FLASM D OF

TR OB W KATL T S O Y. KATSUBE. 3. 000

0% 50390 1003761

http://www.rcsb.org/pdb/ [ Berman OO]/

o

6.3z 4814 1003076

G 9507 1001775
o
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Tertiary Structure Statistics

Experimental method:

Molecule Type

Proteins hi:l‘;lf: g;?:;'lr;g\g: Other Total

X-ray 36466 989 1705| 2439184

NMR 5696 784 134 7| 6621
Metod Miooseopy 1% 10| 3 0 154
Other 82 4 4 2 92

Total 42350 1787 1881 33 46051
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Resolution:

Resolution Distribution - subrange from 0.0 to 5.0
i 00 e S0 Wean:218 Sia.Devaton: 131 Total Count (not nut: 39787
1se88
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There are 767 values outside the current range - for a complete histogram click here.

Lastupde Le: Tussday Sep 25, 2007
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Main databases:
- PQS
* PISA
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Counts of monomeric / oligomeric proteins in PQS:

12000

10000

8000

6000 I W Hetero
I B Homo

4000

2000

Asymmetric unit Biological unit, tetramer
- as defined in PDB file [see alsa PQS)
1gsa
http://pgs.ebi.ac.uk/ [Hendrlck98]/
s N
Protein Structure Databases gg
Useful resources:
ZPDBsum
* Jena
+ MSD

http:/ww.ebi.ac.uk/thornton-srv/databases/pdbsum/ [ L askowski05]
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Protein Structure Databases sg
Useful resources:
* PDBsum
@Jena
« MSD

http:/Mmww.imb-jena.de/l MAGE. hlmI/
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Protein Structure Databases

Useful resources:
« PDBsum
* Jena
ZMSD

http:/Avww.ebi.ac.uk/msd/ [

Velankar Ofb
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Protein Structure Visualization

Some tools:
* PyMOL
* OpenRasMOL
* Protein Explorer
* Grasp
. etc.

[pymol.sourceforge.net]
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Demo!
by Meghan Bellows
J
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Protein Structure Analysis sg
Bond types (for 1gsa):

BondType Chainld TotNum CalAve CalStdDev ~StdVal StdStdDev  Minimum  Maximum
on 298 13 0.009 1320 0014 3 3%

A
GNP A 17 13 0.010 1341 0016 12 13
G0 A at 123 0.007 123t 002 12 126
cAC A 289 152 0.011 1525 0021 148 156
CAC(G) A 2 152 0.013 1516 0.018 148 154
cAcs A 207 152 0.017 153 002 war 186
CACBA) A 2 181 0.015 1521 0033 148 15
CACBATY) A 0 188 0.020 154 0027 150 158
NCA A omn 145 0.009 1458 0.019 1@ 148
NCAG) A % 14 0.009 1451 0.016 a4 147
NCAP) A 7 14 0.009 1466 0.015 i 148

hitp:/wwiw. rcsb.org/pdblexplore/geometryDispl ay.dostructurel d=1GSA )
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Bond angles (for 1gsa):

4 .
Protein Structure Analysis Q

http:/Mmww.rcsh.org/pdb/explore/geometryDispl ay.do?structurel (1zlGSAj

Side-chain arrangements: TRP LEU

Fe-

i

Clusters of Arrangments

http:/Aww.biochem.ucl.ac.uk/bsm/sidechaing/ Trp/Leu/ip. mm\/
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Protein Structure Analysis
Dihedral angles (for 1gsa):

Vs

http://www.rcsb.org/pdb/explore/geometryDisplay.do?structurel ri:lGSAj
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Example application:

« Scott McAllister: “Generating Likely Distance Bounds for
Efficient Protein Structure Prediction” (COS 597A)

o
=8
Rl
Ig-
o
o ™ Original Distance Bound Both Bounds
) Rank | Energy | RMSD | Energy | RMSD | Energy | RusD
ﬂm 1 | 4127 [ 1011 | 4076 | 755 | 3654 | m21
S0 .
c 0y 2 -3970 | 1068 | -3783 | 388 | -3295 | 1018
<a’,
=c 3 | -388s | 737 | 3753 | 1035 | 3102 | 1024
5 4 | 3699 | Bao [ 3638 | 7.41 [ -a0s9 | 1098
Best | 2824 | 550 | 3783 | 388 | 2003 | 493
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Sequence ® Structure?

If proteins have similar sequences
they probably have similar structures
* >30% sequence identity
§ Usually same structure & function
* 20-30% sequence identity
§ Maybe related structure & function
§ “Twilight zone”
* <20% sequence identity
§ Unlikely to be related
§ “Midnight zone”
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Sequence ® Structure?

Side courtesy of Philip Bourn 0\ (" Slide courtesy of Philip Bourn 0\
Sequence ® Structure? ‘ g

e

Relationships between sequence and structure Relationships between sequence and structure

Structure Comparison of 30% of PDBSelect Set

Y, Structure Alignments using CE with z>4.0 Y,
4 Slide courtesy of Philip Bourn O\ 4 Slide courtesy of Philip Bourn O\
Sequence ® Structure? B Sequence ® Structure? B
Similar sequence, different structure & function Different sequence, similar structure & function
1PIV:1 (Vird Capsid Protein) 1HMP:A (Glycosyltransferase)
80 Residue Stretch (Y ellow) with Over 40% Sequence | dentity
R [ i A ) n o The globin fold is resilient to amino acid changes. V. stercoraria (bacterial)
R B R S o BERR A e o O e R 7 | hemoglobin (left) and P. marinus (eukaryotic) hemoglobin (right) share just
_L“ . I . I I I I I I I I I I . . I .I 8% sequence identity, but their overall fold and function is identical.

N J
4 0\ 4 0\
Sequence ® Structure? By Outline B
Evolution: Protein structure databases

« Divergent evolution * Primary
§ Homology: proteins share a common ancestor » Secondary
— Orthology: separated by a speciation event « Tertiary
— Paralogy: separated by a gene duplication event - Quaternary
+ Convergent evolution , _ 4 Protein structure visualization
§ Analogy: similar structure evolves independently in two species D
due to similar selective pressures * bemo
Protein structure analysis
* Geometry
« Relationship to sequence
@Classifications
J
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Protein Structure Classifications g

Main databases:
« CATH
* SCOP
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CATH hierarchy:

« Class
« Architecture & Structural

« Topology Layout
« Homology

* S35 (Family)

* S60

* S95

» S100

CATH hierarchy:
« Class
* Architecture
» Topology
« Homology
* S35 (Family)
* S60
* S95
* S100

} Evolution

http://cathwww.biochem.ucl.ac.uk/ [Orengo97]
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http://cathwww.biochem.ucl.ac.uk/ [Orengo97]
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CATH hierarchy:
« Class (4)
« Architecture (40)
» Topology (1084)
* Homology (2091)
* S35 (7794)
* S60 (10363)
* S95 (13781)
* S100 (25491)

http://cathwww.biochem.ucl.ac.uk/ [Orengo97]/

CATH hierarchy:
« Class
« Architecture
« Topology
« Homology
* S35 (Family’
* S60 Sequence
.« S95 Identity
* S100

http://cathwww.biochem.ucl.ac.uk/ [Orengo97]
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SCOP hierarchy: SCOP: 1gsa
* Class 1. Root:
. scop
Fold i 2. Class:
« Superfamily Alphaand beta proteins (alb) [51349]
H 3. Fold:
* Family PreATP-grasp domain [52439]
* Protein Domain 4. Superfamily: )
. PreATP-grasp domain [52440]
* Species 5. Family:
. Prokaryotic glutathione synthetase,
PDB N-terminal domain [52457]
6. Protein:
Prokaryotic glutathione synthetase,
N-terminal domain [52458]
7. Species:
Escherichia coli [52459]
http://scop.mrc-Imb.cam. ac.uk/scop/ [Murzm%]/
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SCORP hierarchy: Protein structure databases

« Lots of structural data is available
7 . -
Protein structure anaIySIS
971 « Structure provides information about function
* Need good tools for analysis!

1,589
3,004
75,930

SCOP: Structura Classification of Proteins (1.71 release)




