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Primary Structure Statistics

Information provided:
« Sequence of

amino acid types Chain 1GSA:_

Compound Glutathione Synthetase
Type Protein

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

UniProt

m 8 &

N http//www.pir.uniprot m';/M J
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Sequence counts:
« 283,454 sequence entries in UniProtKB/Swiss-Prot
* 4,754,787 sequence entries in UniProtKB/TrEMBL

Les 1n Unipraskp/suiss-prat
300k

1985 150 = 2000 2003 2010

hutp://wwwuniprot.org/ [ Apweiler04] )

Release 54.2 of 11-8ep-07 of UniProtkB/Swiss-
hutpi/expasy.orglsprovrelnotesirelstat et/
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Sequence lengths:

Length dislkibulion of the sequences:
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Taxonomic distribution:

oo 3)

Most Rsprau_ntad Species:

17169  Homo sapiens (Human)
13826  Mus musculus (Mouse)
6493  Saccharomyces cerevisiae (Baker's yeast)
6312  Rattus norvegicus (Rat)
6065  Arabidopsis thaliana (Mouse-ear cress)
4402  Escherichia coli (strain K12)
4272 Bos taurus (Bovine)
3467  Schizosaccharomyces pombe (Fission yga
3072  Caenorhabditis elegans
2860  Bacillus subtilis

Release 54.2 of 11-5¢p-07 of UnProtkB/Swis-
httpi/fexpasy.org/sprot/relnotes/relstat m.y
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Main database:
« DSSP
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Amino acid counts:
« 104,030,551 total residues gray = aliphatic
red = acidic
1 green = small hydroxy
blue = basic
N black = aromatic

white = amide
% || III

yellow = sulfur

IIDIUI

Ly A Gy Ser Vel G e e Aw T Am P Aen G Phe Ty el He G T

Release 54.2 of 11-8ep-07 of UnProtkB/Swiss-
httpi//expasy.or y»pmmelnmes/mmmﬁly
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Information provided:

« Predicted secondary

structure element for
every residue

isolated beta bridge
ed beta strand

lix

hydrogen bonded tum

S = bend

Chain 1GSA:_

Compound Glutathione Synthetase

Type Protein

Molecular Weight 35547

Number of Residues 316

Number of Alpha 9 Content of Alpha 27.22
Number of Beta 19 Content of Beta 28.16

1 MKLG VP | AN NIKKDS SFAVLLEAGR RGYELHYNEM GDLYLI NGEA
EEEEE S GGGTTTTTTH HHHHHHHHHH HT EEEEE G GGEEEETTEE
51 RAHTRTLAK QNYEEWFSFV GEQDLPLADL 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
251 DVKI ARQIGP TLKEKGLI FV GLDI | CORLT EI WTSPTCI REI EAEFPVS
HHHHHHT HHTT  EE EEEEETTEE EEE S5 H HHHHHHSS
301 1 TGMMDAI E ARLQR
A T
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Vs

S
Secondary Structure Statistics g

Information provided:

* Predicted secondary

structure element for
every residue
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Main database:
- PDB

hitp://www.rcsb.org/pdb/ [ Berman00]

Vs

Tertiary Structure Statistics
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Structure count:

Yearly Growth of Total Structures

sem e ses ome s ume  sw agm s

~45,000
<«— Protein

Structures
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hitp://www.rcsb. : Li s htmt )/
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Tertiary Structure

Statistics
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Information provided:
« Atomic coordinates
for every atom
* Remarks and info
about experiment
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Tertiary Structure Statistics
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Experimental method:

Molecule Type
Proteins Nucleic Protein/NA oo ey

Acids Complexes
X-ray 36466 989 1705| 2439184
NMR 5696 784 134 7| 6621

Exp. Electron
Method Microscopy 106 10 38 0 154
Other 82 4 4 2 92
Total 42350 1787 1881 33 46051
http//wwy ? Li ¥ htmt )/
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Tertiary Structure Statistics
Resolution:
L _ Resolution Distribution - subrange from 0.0 to 5.0
G
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There are 767 values outside the current range - for a complete histogram click here
hitp//www.resb. i i s s/ huml /
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Quaternary Structure Statistics Q

Main databases:
- PQS
* PISA

Asymmetric unit

lgsa

Biclogical unit, tetramer
- as defined in PDB file (see alsa PQS)

hup:/ipgs.ebi-ac.uk/ [Hendrick9s] )
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Protein Structure Databases

Useful resources:
PDBsum
* Jena
+ MSD

R

http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/ \I,A\Lm\xkv(iﬂ/
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Counts of monomeric / oligomeric proteins in PQS:
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Protein Structure Databases sg
Useful resources:
* PDBsum
Jena
* MSD

http://www.imb-jena.de/IMAGE.html
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Protein Structure Databases

Useful resources:
« PDBsum
* Jena
MSD

http://www.ebi.ac.uk/msd/ [Velankar05]
! %
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Protein Structure Visualization

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

[pymol.sourcefa t]
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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

hutp://www.resb.org/pdblexplore/geometryDisplay.do?structureld=I GS A )




p
Protein Structure Analysis

Bond angles (for 1gsa):
CAC-NP) A 17 11821 3.021 1169 15 11001 122.00
CB-CA-C(A) A 2 108.36 1.736 110.5 1.5 105.02 11086
hmoe A = s ams a8 o s
O-CNP) A 17 12101 1.447 1220 14 1853 12058
http:/www resb.org/pdblexplore/geometryDisplay.do?structureld=1GS A )

P
Protein Structure Analysis

Side-chain arrangements: TRP-LEU

Clusters of Arrangments
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Protein Structure Analysis
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Dihedral angles (for 1gsa):

Dihedral Angle  ChainI1d TotNum CalAve CalStdDev StdVal StdStdDev Minimum Maximum

it g+) A 149 2% 14074 667 150 1450 750
it gt A a7 B 14.908 641 157 22 810

it yans A 7 1ot 11.202 1836 168 15340 2080
Omega A an WE 14847 180 58 000 19160
i A 180 6 62.456 653 119 6570 12550
P helix A 109 w27 1330 653 119 Laado B2
PhIP) A 14 648 9.022 654 112 2% 020
Psi A 18 1 75.600 304 113 7940, )
Psihelix A 109 @8 16235 304 113 5870 4140

PsiG) A 2t 2601 91.944 394 113 e 16180

fsave pihedral Angle Summary in: © CSV (Excel) Format

huup://www.resb.org/pdblexplore/geometryDisplay.do?structureld=1GS A )
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Protein Structure Analysis

hutp://www.biochem.ucl.ac.uk/bsm/sidechains/Trp/Leu/ip.hum! )
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Protein structure databases
¢ Primary
» Secondary
* Tertiary
* Quaternary

Protein structure visualization
« Demo

Protein structure analysis
» Geometry
Relationship to sequence
* Classifications

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

a Helix i,i+3
Distances in PDB

Original Distance Bound | Both Bounds
m Rank | Energy | RMSD | Energy | RMsD | Energy | RMsD)
é)m N 1 | 4127 [ 1011 | 4076 | 755 | 3654 | m21
=05 2 3970 | 1068 | 3783 | 388 | -3205 | 1018
O 4 | -3699 | 840 | 3638 | 741 | 3059 | 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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Relationships between sequence and structure
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Similar sequence, different structure & function

1PIV:1 (Viral Capsid Protein) 1HMP:A (Glycosyltransferase)
80 Re31due Stretch (Yellow) wnh Over 40% Sequence Idenmy

B gl - I ——————— I/\ Iv FhATE v ml)mgl I - Ippl,\ g'
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Sequence - Structure?

Evolution:
« Divergent evolution
§ Homology: proteins share a common ancestor
— Orthology: separated by a speciation event
— Paralogy: separated by a gene duplication event

« Convergent evolution

§ Analogy: similar structure evolves independently in two species
due to similar selective pressures

a. Sublilisin EC 3.4.21.62

b Crymorypainec 4211 Y,

e Slide courtesy of Philip Bourn, 2\
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Relationships between sequence and structure

. Aligned Protein Chains

i
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Structure Alignments using CE with z>4.0 Yy,

Different sequence, similar structure & function

Sequence - Structure?

The globin fold is resilient to amino acid changes. V. stercoraria (bacterial)
hemoglobin (left) and P. marinus (eukaryotic) hemoglobin (right) share just
8% sequence identity, but their overall fold and function is identical.
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Protein structure databases
* Primary
* Secondary
« Tertiary
* Quaternary

Protein structure visualization
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Protein structure analysis
» Geometry
« Relationship to sequence
Classifications
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Protein Structure Classifications ¢

Main databases:
« CATH
* SCOP

Vs

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

} Evolution

CATH Domain 1gsa01

Classification

D Class, 3
Alpha Bata

D Architecture 340
3 Layer(aba) Sandvich

O Topobogy 3.40.50

Rossmann fold

2) Homologous Supertamily 3.40.50.20
LiGASE

© Sequence Family (535 34050207
LiGASE

D Nonidentical (59 3.40.50207.1

O identicsl (5100)
LiGASE

3.40.50207.1.1

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

CATH hierarchy:
« Class (4)
« Architecture (40)
» Topology (1084)
* Homology (2091)
* S35 (7794)
* S60 (10363)
« S95 (13781)
* S100 (25491)

CATH Domain 1gsa01

Classification

D Class. 3
Alpha Beta

O Archiecture 340
3-Layer(aba) Sandvich

O Topobogy 3.40.50

Rossmann fold

) Homologous Supertamily 3.40.50.20
LIGASE

© Sequence Family (535 3.40.50.207

) Non-identical (395 3.4050.20.7.1

© fdentical (S100) 3.40.50207.1.1

http://cathwww.biochem.ucl.ac.uk/ [Orengo97]
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Protein Structure Classifications
CATH hierarchy:

* Class
« Architecture CATH Domain 1gsa01
« Topology Classification
» Homology Octs 3
i () Architect: 3.40
* S35 (Family) i
O Topoic 3.40.50
* 560 Sequence om0
* SO5 I dentity D Zg:osloEgousSupeﬂam«/y 3.40.50.20
9 se Family (S35 3.40.50.20.7
« S100 T
(D Non-identical (S95) 3.4050.20.7.1
LIGASE
O identical (5100) 3.40.50.20.7.1.1

hitp://cathwww.biochem.ucl.ac.uk/ [Orengo97]
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Protein Structure Classifications
SCOP hierarchy:

* Class 1. Root:
* Fold scop
i 2. Class:
« Superfamily Alpha and beta proteins (a/b) [51349]
« Family

3. Fold:
PreATP-grasp domain [52439]
« Protein Domain &
* Species s

Superfamily:
- PDB

SCOP: 1gsa

PreATP-grasp domain [52440]
Family:
Prokaryotic glutathione synthetase.
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/ [Murzin95]
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CATH hierarchy:
* Class .
oy (3
« Architecture }Stmcmml C%‘E % @
Layout B4
* Topology 7 b Bv/
« Homology — T
* S35 (Family) A 8L
* S60 4
« S95 TiMbarrel ~ Sandwich  Roll
. 5100 ‘
. T
na‘;;uaxin ﬁ—laman/;ase
s g
http://cathwww.biochem.ucl.ac.uk/ [Orengo97]
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Protein Structure Classifications
SCORP hierarchy:
;
971
1,589
3,004
75,930
SCOP: Structural Classification of Proteins (1.71 release)
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Summary

Protein structure databases
« Lots of structural data is available

Protein structure analysis
« Structure provides information about function
* Need good tools for analysis!




