Protein domains,
multidomain proteins and protein
Interactions.

To read:
http://nook.cs.ucdavis.edu/~koehl/Teaching/ECS129/Reprints/SCOP_original.pdf
http://archive.bioinfo.se/papers/16198373.pdf
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Multi1 domain proteins
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Databases: SCOP & CATH

® Hierarchical classification of structures

= Class
= -/ Architecture

= Folds / Topology
Superfamily / Homology
Family

s SCOP manual CATH semi-manual
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File Edit View Tab Settngs Go Bookmarks Tools Help

@y (CX.)

|100 [2] @ |nttp:/Awwaw biochem.ucl.ac.uk/bsmicath_newsclass1/

]

() Searches (3 Computer (3 Private (JLinks (3 Science () Journals @ Google |C.6.TH

[«

@ Class 1 (1% |

CATH | DHS | Gene3D | Impala | FTP | Internal

Protein Structure Classification

Home > Top > C 1]

Class 1 g
Go! | * e
- A e
@ Mainly Alpha \ CaTHcode
’ U " G text
Displaving 1-5 of 5 architectures
Click on the CATH code below to browse further Class represeniative .
1cuk03 [S)?_ng
Gene3D
Code FRepresentative Architecture description Image PeDnBesum
[ 1.10 1cuk03 Srthogonal Bundie Q@
13 1.20 1vdfA0 Lip-down Bundle @ Home
Top of hierarchy
I 1.25 1Irv00 Havshoe @ Up one level
" 1.40 1pprhd1 Apha solenoid @ Hetp |
& 1 50 1 cem00 Albhaiaipha barrel Q@ | Select a topic v
Confactus References Jobs@CATH ;
L a5t ydated 26 -09-2002
Done. ,_1




File Edit View Tab Seftings Go
@ ¢ (K.,
(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals ‘.*}'Google|CATH
@¥ Architectu x |

Bookmarks Tools  Help

|100 [ 2] @ |nttp:/Awwaw biochem.ucl.ac.uk/bsm/cath_newclass1/1 0/index html j |

[«

CATH | DHS | Gene3D | Impala | FTP | Internal

Protein Structure Classification

Home > Top > C[1]> A[10]

Architecture 1.10

- (9 &
@ Mainly Alpha \’ e
. ’ " Geneeai tet
RAl Orthogonal Bundle >
Displaving 1-20 of 157 fopologies Architecture represeniative SSAP
1cuk03
Click on the CATH code below to browse further DHS
Gene3D
112|314]5|6|7 |8 | Next PDBsum
Code Representative Topology description Image m
. 2 . y : Home
I 1.108 1cuk03 Helcase, Auva Frolein, doman 3 @ Top of hierarchy
Up one level
I~ 1.10.10 1leal0 Arc Repvessor Wutant, subunit A @ Mext 20 entries
I 1.10.12 1dub a2 Lyase 2-enovi-coa Hyaratase, Chain A, domain 2 @ Help |
I 1.10.15 1mpga3 F-methuiadenine Dna Givcosyiase i: Chain: A, domain 3 Q@ | Select a topic v
I 1.10.20 1 bfm0 Histone, subunit A @
I 1.10.30 Thrya0 DNA Binding (1), subunit A @
[ 1.10.40 1rir01 Fibonucieoticde Reducltase Frotein R dormain T @
w 1.10.45 1ahusd Vaniivi-afcohol Oxidase, Chan: A, domain 4 Q@
[ 1.10.60 2tdx02 Diphthenia Toxin Repressor, domain 2 @
[~ 1.10.100 BinsED insulin-ike, subanit £ @
=

Golf  roc

.|



File Edit View Tab Settngs Go Bookmarks

Tools  Help

) v e @  [100[2] @ [nttpwwbiochem.ucl ac uk/bsm/cath_newsclass1/10/430/index himi

]

() Searches (3 Computer (3 Private (JLinks (3 Science () Journals @ Google |C.6.TH

|«

@¥ Topology X |

Protein Structure Classification

CATH | DHS | Gene3D

Impala

FTP

Internal

Home > Top > C [1] > A[10] > T [490] iew as XML m
Topology 1.10.490 y %
pology By | | B o
- &
@ Mainly &lpha fw ; CATH code
X ‘Q % - " Generai tet
@ Orthogonal Bundle =
w Globivke .
Topaiagy represeniative
thimoo | SSAP
Dispiaying T-4 of 4 homologous superfarmies [G)HSSD
ene
Click on the CATH code below to browse further FDBsum
Code Representative Homologous Superfamily description Image m
e 275 : Home
I 1.10.490.10 1him00 Gilobins @ Top of hierarchy
Up one level
I 1.10.490.20 1cpca0 Phycocyaning @
[ 1.10.430.30 1colad Colicin @ _
[ Select a topic v
| 1.10.490.40 1ddto2 Diphtheriz toxin, middie domain @
Confactus References Jobs@CATH
Last ypazted 26-09-2002
Done. |_,




File Edit View Tab Settngs Go Bookmarks Tools

Help

@y (CX.)

|100 |[2] @ |nttp:/Awwaw biochem.ucl.ac.uk/bsm/cath_newrclass1/10/490/10/index htmi j |

() Searches (3 Computer (3 Private (JLinks (3 Science () Journals @ Google |C.6.TH

[«

@¥ Homologo x |

Protein Structure Classification

CATH | DHS | Gene3D

Impala | FTP

Internal

Home > Top > C[1]> & [10] > T [490] > H [10] View as XML m
Homologous Superfamily 1.10.490.10 ) &
: G Il 0
3 0! FOE code
. 3
@ Mainly Alpha ‘“ \ CATH code
) ) Q( % - " Genea text
@ Orthogonal Bundle 4
0 Glokin-like : :
Hamalogous superfamily represenitalive SSAP
) Glokins Thim00
> DHS
Gene3D
Dispiaying T-15 of 15 sequence families PDBsum
Click on the CATH code below to browse further m
Home
Code Representative Sequence family description Image Top of hierarchy
Up one level
[ 1.10.490.10.1 Thim00 OXYGEN TRANSFORT Q@ £
| 1 1.10.490.10.2 1hbg00 OXYGEN TRANSPORT @ _
I Select a topic v
[ 1.10.490.10.3 1 5o OXYGEN TRANSFPORT ]
1 1.10.490.10.4 1baba0 OXYGEN TRANSPORT @
I 1.10.490.10.5 11lp00 OXYGEN TRANSPOGRT @
I 1.10.490.1086 1ths00 OXYGEN STORAGE @
[ 1.10490.10.7 Tecal0 OXYGEN TRANSPORT ]
] 1.10.480.10.8 13ctAD OXYGEN TRANSPGRT @
[ 1.10.490.109 Tmbal0 OXYGEN STORAGE @
|- 110dan0 1010 1ashin LNVEEN STRAGE (]

hd

.|



File Edit View Tab Settngs Go Bookmarks

Help

@ 6 ® ©®  [100[Z] & [nttpsrwww biochem ucl ac.ukibsmicath_newsclass1/10/430/10/1/index himi

]

() Searches (3 Computer (3 Private (JLinks (3 Science () Journals @ Google |C.6.TH

[«

¥ Sequence x |

Protein Structure Classification

CATH | DHS | Gene3D | Impala

FTP

Internal

Home > Top > C[1]> A[10] > T[490] > H [10] > S [1] Tew a3 XML m
= 5 -
Sequence family 1.10.490.10.1 % =
@ Go!l FOE code
&
@ Mainly Alpha fw ; e
i ’ Q( % M " Genea text
A Orthogonal Bundle v
7 Globin-ke . :
Sequence family represeniative SSAP
(@) Glohins Thim00
DHS
3 Gene3D
S} OXYGEN TRANSPORT Sehees
Displaving 1-2 of 2 non-igentical relatives m
Click on the CATH code below to browse further Home
Top of heirarchy
Up one level
Code Representative Non-identical relatives description Image £
I 1.10.490.10.1.1 1him00 OXYGEN TRANSPGRT Q Help |
" 1.10.490.10.1 2 1 hib00 OXYGEN TRANSPORT Q@ | Select a topic v
Confactus References Jobs@CATH

Lastuypdated 26 -09-2002




CATH

€« C | [} www.cathdb.info/browse/browse_hierarchy tree

Browse CATH / Gene3D

BROWSE LINKS

‘o Tree Sunburst
Browse CATH Hierarchy - fn :

Compare CATH Superfamilies

.
e

e

Top of CATH Hierarchy  ciasses)

b se * 3 1 Mainly Alpha
: v : 3 2 MainlyBeta
3 3 AlphaBeta
3 4 Few Secondary Structures
CATH News Get Started Download
Support Documentation WebServices

Jobs Tutorials Software



CATH




= € [ www.cathdb.info/browse /browse_hlerarchy_sunburst

i
0

Superfamilies 878
Non-redundant Sequences 2917
(<35% seq id)

Domains 37038
Example Domain 1127A00

[PDB]




CATH

- C ' ] www.cathdb.info/browse/browse_hierarchy_sunburst 3 @ P
k 1o go forward, hokd to see history

{1 \ :', . I':"*z ,' .

CATH ID V| | . Bess
| l — [ rchitecture

Topologies 278 ' opology
Superfamilies 523 ) omologous Superfamity
Non-redundant Sequences 1808
(<35% seq xi)
Domains 25886
Example Domain 1127A00

(FOB]




CATH

= € [ www.cathdb.info/browse /browse_hierarchy_sunburst e @ Q

Globin-like

CATH ID

Superfamilies 5
Non-redundant Sequences 35
(<35% seq id)

Domains 2127
Example Domain 2nelAD0

(PDB)




&«

c

» www.cathdb.info/version/latest/superfamily/1.10.490.10

CATH

CATH

CATH Superfamily 1.10.490.10

Globins

Home ' Superfamily 1.10.490.10

SUPERFAMILY LINKS

Superfamily Superposition
Classifcation / Domains
Alignments

Structural Nesghbourhood
Functional Annotations
Taxonomy Browser

Multi-Domain Organisation

Functional Families

GO Diversity

EC Diversity

&) Unique GO tems »

Structural Diversity

&) Unique EC terms »

Domain Organisation

Soarch CATH by keywoeds or ID

Species Diversity

o

2
W Others: 57.3%

€3 Unique species »

Enzyme Function

Superfamily Summary
Structures
Domains: 2230
Domains (< 85% saq 160
ik
Domains (< 35% seq 41
idk
Unique PDBs: 955
Alignments
Structural Clusters: 2




CATH - additional information

Functional Families

Overview of the Structural Clusters (SC) and
Functional Families (FF) within this CATH

Superfamily
(O Mutant beta-giobin
Neurogiobin (Neurogio
’ Body wall hemoglobin
SC1.0 Heme-based aerotacti
(O Hemoglobin subunit be

O Globin Cpa 3-1 protein

Sec-independent prote

o~ Oxygen-binding protel:
20 O Group 1 truncated hen
O Group 1 truncated hen

O Globin-lixe protein 9
O lcpAMCDE internal che
O Metnhyl-accepting chen
O Mycglobin

o (O Myeglobin
O Globin-lixe protein 26
(O Diguanyiate cyclase Dv
(O Group 1 truncated hen
(O Neurogiobin
(O Hemoglobin subunit z¢
O Neurogiobin
O Initiation facter 2 subut
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m Hierarchical classification of structures

= Class
= -/ Architecture

* Folds / Topology
Superfamily / Homology
Family

= SCOP manual CATH semi-manual
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File Edit View Tab Settngs Go Bookmarks Tools Help

) v @ ey |1DD l:] ¥ Ihﬁp:h’scop.mrc-lmb.cam.ao.uk/scopfdatafscop.b.html

Zil

M|

(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals >fGoogIe|SCOP

I

%¥ SCOP: Rox |

Structural Classification of Froteins

Root: scop

il
?

Classes:

1. All alpha proteins {151
2. Allbeta proteins (111) KN
3. Alpha and beta proteins {a/b) (117)
Mainly paraiiel beta sheets {betn-aipha-betn units)
4. Alpha and beta proteins (a+b) {212 KK
Mainly antiparaiiel beta sheels (segregated 7 and bela regions)
5. Multi-domain proteins {alpha and beta) (39} ﬁ do <
Folds consisting of twe or more domains belonging to a’z’“erem‘ classes
6. lMembrane and cell surface proteins and peptides (12 KK
Does not include proz‘ez}zs in the immine sysitem
7. Small proteins (59} E
Usuadily dominated &y mez‘m’ ligand, heme, andior disuifide bridges
8. Coiled coil proteins {5)
Not a true class
9, Low resolution protein structures (17 ) E3
Not a true class
10. Peptides (95)
FPeptides and fragmenis, Not o true class
11. Designed proteins (36)
Experimental structures of proteins with essentially non-notural sequences. Not a true class

Enter search key: | _Search

Generated from scop database 1 61 wlth scopm 1,096 on Thu Oct 31 18:40:44 2002
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File Edit View Tab Seftngs Go Bookmarks Tools Help
& ¢ @ ey |1DD |2 @ Ihﬁp:ffscop.mrc-lmb.cam,ac.uk/scopfdatafscop.b.b.html j I j

(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals >fGoogIe|SCOP j &«
% SCOP: Clix |

Structural Classification of Froteins

HERAEAEES

Class: All alpha proteins

Lineage:

1. Root: scop
2. Class: 4l alpha proteins

Folds:

1. Globin-like (2}
core: 6 helices; foided Jea.f ; i arely opened
2. Long alpha-hairpin (11} KK
2 helices; antiparailel hairpin, left-handed twis?
3. Type I dockerin domain (1)
tandem repeat of two calcium-binding loop-helix motifs, distinct from the EF-hand
4, LEM/SAP HeH motif (4)
helix-extended loop-helix; paraiiel helices
5. Cytochrome c (1) h <
core: 3 kelices, foided leaf, opened
6. DNA/RN &-binding 3-helical bundle {10)
core: 3-helices,; bundie, closed or %Ky opened, right-kanded twist; up-and down
7. RuvA C-terminal domain-like {6)
3 kelices,; bundie, right-handed twist
8. Putative DN A-binding domain (1) 3K
core: 3 kelices; architecture is similar to that of the "winged helix” fold but topology is different
9. Spectrin repeat-like (7) B
3 kelices; bundie, closed, left-handed twist; up-and-down
10. Bacterial immunoglobulin/albumin-binding domains (1)
3 helices; bundle, closed, lefi-handed twist; up-and-down
11. Peripheral subunit-binding domain of 2-oxo acid dehydrogenase complex (1) ~|
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File Edit View Tab Settngs Go Bookmarks Tools Help

X @ fwyl |1DD |2 @ [hﬁp:ﬁscop.mrc—lmb.cam.ar:.uk/scopfdatafscop.b.b‘b.html j I j Ir‘?;
(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals >fGoogIe|SCOP j &
¥ SCOP: Fox |

Structural Classification of Froteins

Blel | 2]/ ]&lE

Fold: Globin-like

core: 6 helices; folded leaf, partly opened

il

I
"

Lineage:

1. Root: scop
2. Class: All alpha proteins
3. Fold: Globin-like
core: 6 kelices; folded leaf, partly opened

Superfamilies:

1. Globin-like (4)
2. alpha-helical ferredoxin (2)
contains twe Feé-S¢ ciusters

Enter search key: search

Generated from scop database 1.61 with scopm 1.096 on Thu Oct 31 18:40:44 2002
Copyright © 1994-2002 The scop authors { scop@mic-imb.com.ac.uk
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File Edit View Tab Seftngs Go Bookmarks Tools Help
& ¢ @ &y |1DD |2 @ Ihﬁp:ﬁscop.mrc—lmb.cam,ac.uk/scop/datafscop.b.b‘b.b.html jl j

(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals >fGoog|e|SCOP j &«
% SCOP: Sux |

Structural Classification of Froteins
]l 2 |l% I =)=
Superfamily: Globin-like

il

i
Rl

|l

Lineage:

Root: scop

Class: 4ll alpha proteins

Fold: Globin-like

core: 6 kelices; folded leaf, partly opened
Superfamily: Globin-like

B

=

Families:

1. Truncated hemoglobin ¢3) IR
lack the first helix {A)
2. Nerve tissue mini-hemoglobin (neural globin) {1} E5Rd
lack the first helix but otherwise is more similar to conventional globins than the truncated ones
3. Globins (61)
Heme-binding protein
4. Phycocyanin-like (13) B3R
oligomers of twe different types of homologous subunits
each subunit contains 2 additional helices ai the N-terminus
binds a chromophore

Enter search key: Search

Generated from scop database 1.61 with scopm 1.096 on Thu Oct 31 18:40:44 2002
Copyright © 1994-2002 The scop auithors / scop@mic-imb.com.ac.uk
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File Edit View Tab Settngs Go Bookmarks Tools Help

R v @ ey |1DD l:] o4 Ihﬁp:ffscop.mrc-lmb.cam.ac.uk/scopfdatafscop.b.b.b.b.d‘html j I j
(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals {fGoogIeISCOP j &«
% SCOP: Fax |

Structural Classification of Froteins ;”

il
i

]l 42 l E3 IS

|l

Family: Globins

Heme-binding protein

Lineage:

Root: scop

Class: 4l alpha proteins

Fold: Globin-like

core: 6 kelices; folded leaf, partly opened
Superfamily: Globin-like

Family: Globins

Heme-binding protein

s W

Protein Domains:

1. Hemoglobin I
1. Ark clam (Scapharca inaeguivaivis) (14) B
2. Clam (Lzcing pectinada) (4)
2. Trematode hemoglobin/myoglobin
1. Paramphistomum epictitum (2) Kl
3. Glycera globin
1. Marine bloodworm (Giycera dibranchiate) (8) BN
4. Myoglobin
. sperm whale (PAvseder catedon) (137) (& <]
Sea hare (Apdysia fimacing) {7)
Cormmon seal (Phoca vituiing) (1) RS
Pig (Sus scrofa) (17)
Horse { Equis cabalins) (14&—

Human (Home sapiens) (1)

e e

Ul
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File Edit View Tab Seftngs Go Bookmarks Tools Help
X @ fwyl |1DD |2 @ [hﬁp:ﬁscop.mrc—lmb.cam.ar:.uk/scopfdatafscop.b.b‘b.b.d‘b.html jl j Ir‘?;

(D Searches [ Computer (3 Private (JLinks (3 Science (3 Journals >fGoogIe|SCOP j &
| @ scop: prx |

Structural Classification of Froteins :'I I
;] | g (17 l

Protein: Hemoglobin I from Ark clam (Scapharca inaequivalvis)

Lineage:

Root: scop

Class: 4ll alpha proteins

Fold: Globin-like

core: 6 kelices; folded leaf, partly opened
Superfamily: Globin-like

Family: Globins

Heme-binding protein

6. Protein: Hemoglobin I

7. Species: Ark clam (Scapharca inqeguivaiyis)

o e o

Sl

PDB Entry Domains:
1. 3sdh [(HEKE

complexed wilh hem
1. chaina
2. chainb
2. 3hbi
complexed with cme, hem, mutant
1. chaina
2. chainb
3. 4sdh
complexed wilh hem
1. chaina
2. chainb
4. 1jz
complexed with cme, hem; mutant
4 S | o . M)

Cle



SCOPe 2.0

yCOPe: Structural Classification of Proteins — extended. Release 2.04 (July 2014, new entries added 2014-09-11)

& = C [7 scop.berkeley.edu/sunid=0

J Browse |suu & History I | ASTRAL Sub:m” Downloads“ Related Ruourml I Refercncu”l-lelp “ Aboutl

Welcome to the SCOPe website!

sCOPe is a database developed at the Berkeley Lab and UC Berkeley that extends version 1.75 of the SCOP database,

he last SCOP release in the 1.x series, which was conceived at the MRC Laboratory of Molecular Biology.

sCOPe classifies many structures released since SCOP 1.75 through a combination of automation and manual curation, and cor
iiming to have the same accuracy as the hand-curated SCOP releases. SCOPe also incorporates and updates the AsTrarL databas:
“or prior releases, click on the Stats & History tab above. For more info, click on the About tab above.

New pps entries were last added on 2014-09-11; for more info click on the Help tab above.

secarch SCOPe (example): i | Search |

Classes in SCOPe 2.04:
1. Jwns a: All alpha proteins [46456] (285 folds)

7% b: All beta proteins [48724] (176 folds)
? c: Alpha and beta proteins (a/b) [51349] (148 folds)
49" d: Alpha and beta proteins (a+b) [53931] (380 folds)

2
3
4
5. affg e Multi-domain proteins (alpha and beta) [56572] (68 folds)
6
7
8
9

. & f: Membrane and cell surface proteins and peptides [56835] (57 folds)
39 g: Small proteins [56992] (91 folds)
. s h: Coiled coil proteins [57942] (7 folds)
. o " i: Low resolution protein structures [58117] (25 folds)
10. == i: Peptides [58231] (126 folds)
& & \ﬁﬁ k: Designed proteins [S8788] (44 folds)

S COP Copyright © 1994-2014 The SCOP and SCOPe authors
= scope@compbio.berkeley.edu



SCOPe 2.0

& - C [ scop.berkeley.edu/sunid=46456

=4 4 Al =4

J Browse | IStats 8 Hisbory] [ASTRAL Subsetc] [ Downloads I [ Related Ruourml [Referencesl | Help] [ Aboutl

Search SCOPe (example): | | search |

Lineage for Class a: All alpha proteins

1. Root: SCOPe 2.04
2. ,‘«g‘,. Class a: All alpha proteins [46456] (285 folds)

Folds:
) 1 2 1: Globin-like [46457] (2 superfamilies)
" core: 6 helices; folded leaf, partly opened

2. sne . a.2: Long alpha-hairpin [46556] (20 superfamilies)
2 helices; antiparallel hairpin, left-handed twist

e f"\ a.3: Cytochrome ¢ [46625] (1 superfamily)
=7 core: 3 helices; folded leaf, opened

4. Q’ a.4: DNA/RNA-binding 3-helical bundle [46688] (14 superfamilies)
¥ core: 3-helices; bundle, closed or partly opened, right-handed twist; up-and down

5 \z: a.5: RuvA C-terminal domain-like [46928] (9 superfamilies)
3 helices; bundle, right-handed twist
6. 3 25 a.6: Putative DNA-binding domain [46954] (1 superfamily)
core: 3 helices; architecture is similar to that of the "winged helix" fold but topology is different
7= o a.7: Spectrin repeat-like [46965] (16 superfamilies)
3 helices; bundle, closed, left-handed twist; up-and-down
8. - a.8: immunoglobulin/albumin-binding domain-like [46996] (11 superfamilies)
""" 3 helices; bundle, closed, left-handed twist; up-and-down; mirror topology to the spectrin-like fold
9

3 f:, a.9: Peripheral subunit-binding domain of 2-oxo acid dehydrogenase complex [47004] (1 superfamily)
‘A 3 helices; bundle, closed, right-handed twist; up-and-down

10. m a.10: Protozoan pheromone-like [47013] (2 superfamilies)
* 3 helices; bundle, closed, left-handed twist, up-and-down

11. w ¢ 2 11: Acyl-CoA binding protein-like [47026] (2 superfamilies)

mrros 2 holiroor. himrdlo rlacosrd 1oty -handord tworots 2amzrnsd-dnium



SCOPe 2.0

SCOPe: Structural Classification of Proteins — extended. Release 2.04 (July 2014, new entries added 2014-09-11)

J Browse |Stntl & History | | ASTRAL Subsets || Downloads I I Related Resources H References | I Help “ Aboutl

Search SCOPe (example): | Search |

Lineage for Fold a.1: Globin-like
1. Root: SCOPe 2.04
2. M Class a: All alpha proteins [46456] (285 folds)

3, 1 Fold a.1: Globin-like [46457] (2 superfamilies)
" core: 6 helices; folded leaf, partly opened

Superfamilies:
1. %« al.l: Globin-like [46458] (5 families) §

2.« B a.1.2: alpha-helical ferredoxin [46548] (3 families) §
" contains two Fe4-54 clusters

More info for Fold a.1: Globin-like

Timeline for Fold a.1: Globin-like:

¢ Fold a.1: Globin-like first appeared (with stable ids) in SCOP 1.55
e Fold a.l: Globin-like appears in SCOPe 2.03

S COP Copyright © 1994-2014 The SCOP and SCOPe authors
€ scope@compbio.berkeley.edu



SCOPe 2.0

& - C |1 scop.berkeley.edu/sunid=46458

SCOPe: Structural Classification of Proteins — extended. Release 2.04 (July 2014, new entries added 2014-09-1

_| Browse |[stats & History | [ASTRAL Subsets| [ Downloads | [Related Resources | [ References | [ Help | About
Search SCOPe (example): | | | search |

Lineage for Superfamily a.1.1: Globin-like

[

. Root:

s 39

-

4. 1w

-
BV
-»ml“

SCOPe 2.04
Class a: All alpha proteins [46456] (285 folds)

Fold a.1: Globin-like [46457] (2 superfamilies)
core: 6 helices; folded leaf, partly opened

Superfamily a.1.1: Globin-like [46458] (5 families) §

Families:

l%

3.
-S4
4
&
S &

a.l.1.1: Truncated hemoglobin [46459] (2 protein domains)
lack the first helix (4)

a.1.1.2: Globins [46463] (27 protein domains)

Heme-binding protein

a.1.1.3: Phycocyanin-like phycobilisome proteins [46532] (7 protein domains)

oligomers of two different types of globin-like subunits containing two extra helices at the N-terminus
binds a bilin chromophore

automatically mapped to Pfam PF00502

a.l.1.4: Nerve tissue mini-hemoglobin (neural globin) [74660] (2 protein domains)
lack the first helix but otherwise is more similar to conventional globins than the truncated ones
automatically mapped to Pfam PF00042

a.1.1.0: automated matches [191420] (1 protein)
not a true family

More info for Superfamily a.1.1: Globin-like



SCOPe 2.0

& - X |1 scop.berkeley.edu/sunid=46463

SCOPe: Structural Classification of Proteins — extended. Release 2.04 (July 2014, new entries added 2014-09-11)

J Browse rShts 8 l-liltory] IASTRAI.. Subsets I [Downlo.ds | I Related Resources ” References I [Help ” Aboutl

Search SCOPe (example): ' ‘ | Search |

Lineage for Family a.1.1.2: Globins
1. Root: SCOPe 2.04
2: ,‘w;, Class a: All alpha proteins [46456] (285 folds)

3. «  Folda.l: Globin-like [46457] (2 superfamilies)
core: 6 helices; folded leaf, partly opened
¢ Superfamily a.1.1: Globin-like [46458] (5 families) §

5. « Familya.l.1.2: Globins [46463] (27 protein domains)
Heme-binding protein

Protein Domains:
L. & Ascaris hemoglobin, domain 1 [46520] (1 species)

g*, Species Pig roundworm (Ascaris suum) [TaxId:6253] [46521] (1 PDB entry)

2. ﬁ Bacterial dimeric hemoglobin [46526] (1 species)
ﬁ Species Vitreoscilla stercoraria [Tax1d:61] [46527] (7 PDB entries)

; ,g,: Chimeric hemoglobin beta-alpha [46516] (1 species)
.3: Species Synthetic. based on Homo sapiens sequence [46517] (1 PDB entry)

4. ‘%‘ Cytoglobin [109626] (1 species)

4@ Species Human (Homo sapiens) [TaxId:9606] [109627] (8 PDB entries)
© Uniprot QSWWM?9 18-171

[9%]

S. ,ﬁ_! Dehaloperoxidase [46530] (1 species)
% Species Amphitrite ornata [TaxId:129555] [46531] (31 PDB entries)
6. & Erythrocruorin [46479] (1 specics)




SCOPe 2.0

¢« =>C 'l_j scop.berkeley.edu/sunid=46520&ver=1.55

SCOP: Structural Classification of Proteins and ASTRAL. Release 1.55 (July 2001)

_I Browse lSht: & History I I ASTRAL Subsets | I Downloads | l Related Resources “ References I I Help ” Aboutl

Search SCOP (example): ' | search |

Lineage for Protein: Ascaris hemoglobin, domain 1

1. Root: SCOP 1.55
£% Class a: All alpha proteins [46456] (138 folds)

2
3. ‘g‘\ Fold a.1: Globin-like [46457] (2 superfamilies)

4. ‘& Superfamily a.1.1: Globin-like [46458] (3 families) §
5

6

; ,& Family a.1.1.2: Globins [46463] (16 protein domains)
3 g'. Protein Ascaris hemoglobin, domain 1 [46520] (1 species)

Species:
:{g'. Pig roundworm (Ascaris suum) [TaxId:6253] [46521] (1 PDB entry)

Domain for lash:
_‘JV Domain dlash__: lash - [15622]

§

More info for Protein Ascaris hemoglobin, domain 1 from a.1.1.2: Globins

Timeline for Protein Ascaris hemoglobin, domain 1 from a.1.1.2: Globins :

» Protein Ascaris hemoglobin, domain | from a.1.1.2: Globins appears in SCOP 1.57
¢ Protein Ascaris hemoglobin, domain | from a.1.1.2: Globins appears in the current release, SCOPe 2.04
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What is Pfam ?

Proteins containing CBS domaing Domains can be considered as building
2 blocks of proteins.

2
L]
i
trarfg%&ﬁ: Some domains can be found in many
proteins with different functions, while

; others are only found in proteins with a
£ certain function.

The presence of a particular domain can

be indicative of the function of the
SNF4/AMPG protein.
Pfam is a domain database.

: i Comprised of two parts — Pfam-A and
I Pfam-B.

_ Pfam is use by many different groups in

many different ways. Originally set up to
aid the annotation the C. elegans
genomes.

Voltage-gated
— | —

Channel

o S BT IOy I P
Lysiatnionine-p-syninase

~ The Wellcome Trust
-~ 0 L
~ Sanger Institute




. Rules — No false positives. A family is not allowed to

What is a Pfam-A Entry?

. A SEED alignment — contains a set or representative
sequences

HMM - built using the SEED alignment

. A full alignment — contains all (detectable) sequences in
the family

. A description of the family, includes thresholds you to
create the full alignment

overlap with any other family

~ The Wellcome Trust

> Sanger Institute




Percentage Coverage Of UniProt

100 -
90
80
70
60 -
50
40
30
20
10

Pfam Coverage

0

3000 4000 5000
Number Of Families

First 2000 families covered ~ 65% of UniProt
. Currently, 7503 families cover 74% of UniProt

~ The Wellcome Trust
-~ O it
~ Sanger Institute




Pfam Sequence Coverage

ey

O

So why does the curve look logarithmic ?

= The Wellcome Trust
=~ Sanger Inshitute
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Pfam Sequence Coverage

So why does the curve look logarithmic ?

~ The Wellcome Trust
< - :
~ Sanger Institute
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Pfam Sequence Coverage

O D0 0~Q 0 —@0O

So why does the curve look logarithmic ?

~ The Wellcome Trust
= s -
~ Sanger Institute
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Pfam-B

Pfam-A covers about 74% of sequences
. To be comprehensive we have Pfam-B
. There are over 140,000 Pfam-B

Prodom

. They cover 24% of UniProt (not covered by Pfam-A)

. Automatically generated clusters that are derived from

_.:: Th[* Wellcome Trust
~ Sanger Institute



Pfam — Nuts and Bolts

. Collection of sequence alignments and profile hidden
Markov models (HMMs)

. Over 7,500 families
. mySQL database
. Bi-Monthly Releases - flatfiles and relational tables

. Current Release — 15.0

. Mirrored around the World

~ The Wellcome Trust
~ O e
~ Sanger Institute







Method for Domain Assignment

Protein sequence

HMMER HMMER
i)
SCOP

¢ HMMER+Blast Clustering

i)
{ Pfam'A h Pfam_B P— @ MAS F—
A0,

Pfam-A \
J

Classification of unassngned regions

130 60 210 60
i)
3 domains 4 domains



Coverage of CATH +Pfam
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Pfam Eukarya
5%

13%

32%

SCOP Eukarya
6%

15%

10%

30%
*

Pfam Bacteria
5%

5%

Pfam Archaea

6%
— 5%

13%

19%
21%

Bl PfamA/SCOP
B PfamB/MAS

[ ] DAR

[ ] Orph.domain
1 Orph.protein

SCOP Bacteria

__14%

16%

SCOP Archaea
_ 14%

1 1 O/o 1 OO/O

1 OO/O 1 OO/O

16%
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Domain Assignments

Prokaryotes

6% Orphan proteins

5% Orphan domains

13%

Pfam-A 20%
57% Pfam-B

Short unass.

CBR f‘ ”



Fraction multidomain proteins

(d) Pfam-A Pfam-A+B SCOP SCOP+MAS

Fraction
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Domain evolution

Domain Insertion/Fusion/Deletion

Domain Repeat
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Insertions C- or N-terminal

Indels Repetitions Exchanges
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Single domain insertions

Number of domains in event

Indel

SR
- II-
ok

* A F

1Dom
I 2Dom
B 3+Dom

===

Repeat

}51

| Exchange
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CBR f‘ H



PTNB HUMAN

P55G HIUMAN

P8SA 1L MAN

SH2| KSYK HUMAN (Syk) 'SH2  SH2 PTK |
] e
SHRK DROME (Shark)  sH2! [NANKRN (sH2 —— | PTK |

FERM |
_r!JAK’. HUMAN (Jak) FERM | sH2 = Pk [PTK |

'FCH

L FER HUMAN (Fer) FCH == |sH2 | P |
= l SLAT HUMAN (Slap) SH# ‘SH2

NCK1 HUMAN (Nck)

[PH 8Tk =
———— BTKHUMAN (Btk) [PPHBE® sH3 sH2 PTK |

o

SRC HUMAN (Src) Bl stz|  PTK |

CSK HUMAN (Csk) SH3 SH2 | PTK |
‘DNA-B  Act-B

ABL1HUMAN (Abl) - sH3 SH2' | PTK |————DNAB (ActB)

£



Insertion more frequent then

deletions
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=== Deletion
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Evolution of multidomain proteins

MDAs
0o BACTERIA
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(a) Initial domain assignment

1e-8

(b) Additional repeat assignment

1e-8

1ie—4

Domain repeat
1e-6 1e-5

(c) Additional domain assignment

using homologs
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% Many repeats 1n vertebrates

Percent of proteins
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Repeat proteins are involved in binding

No event families Indel families Repeat families

6% 8% 8%
3°/%

6%

55%

68% 50%

I binding [ catalytic activity [ signal transducer activity [_____|transporter activity [ ] other

&
3
Ca,
3
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7



g"’@ Analysis of Repeats

N

s, (Bjsrklund 2006 JMB)
€

Andrade et al. 2001

Nebulin C2H2 Zinc finger Immuneglobulin
R T 1 1 0.6 . R Y
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o B 0 — 2\ - {04 000 / \ 0.4
o ! - _m 0
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Overview of Nebulin
containing proteins

LASP 1L
NRAP

/ 7"«'

Nebulette

|

Nebulin
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Score (Normalized)

Nebulin

(Bisrklund 2010 JMB)
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Domains and evolutionary units

Exons

NEUSs

SRUs

Domains

Helices

A gnEFHE ey

et I'l‘



JO010

Daitferent exon patterns in
Branchiostoma

Human Neb SR (25 SR units)
1 3 2 19
Human NRAP SR (5 SR units)
3 2
Branchiostoma SR1 (21 SR units)
16 1 3 1

Branchiostoma SR2 (23 SR units)

21 1 1
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Detection of recent duplications

&) eors | NN O I O OO OO N |
-‘W:_: IH] IENNENNEEE SENUDNENEN NN —
copeet HlIIE]  THEENENEEE BERIiDDDNDN NN i
IEIE] TENNNNNEEE NEED [ T |
v IE1  TEEEEEEEEE ERERD U [ T I
o [[llIE1 THEENEENEEE BEED | [18] B — 11
Gaseeam-mi INNENEEE EEEN T | EEEEI N e
MEIIII llllhllll TiReL . T W
4 R U": L A

Mouse

80000 —

100000 — - L
] i r
120000+ -
b ; KE %
140000 — ¥ T '
_ - +3 | g
Rl T R P i e e Tt g WP e a i I A |
160000 —+ =1 S e T AT :’ T iii:ﬁ o W vidl R ]
i 16 T | T e = '::_,.I].'.i HIAER TR ] I a S T
T E! LR E T X 18 Chl-C r 11 Lot A1 b
i A v,

180000 H b = £
4 ik i, Ll N Ea T -n-.-nl &1 e (AL

moﬁ?) S T R R T B s T 16 Frog .IZK\‘.*'Z

220000+

240000 — "




'h ﬁ(' :w

% # K %t

CBR f‘ ”



Repeats in TM proteins

(Hennerdal, Protein Science 2010)
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1cations
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Genome scans




Short version 1n zero or two copies
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&-Thl prcstein
M-terminal part of 12 TM peotein
C-terminal part of 12 TM protein
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Protein Interactions




Studies of interactions and networks




Y2H




Tap-Tag

Step 1. Immobilze the fusion-tagged
“ban from the Iysate

- o
.
Co’ ru Preted

O v *
wmw»mm;

Step 2. Wash away unbound protein.

Step 3. Bind “prey” protein to
|mmob|hzed “bait” protein.

ao*

"@. .

Prey Prowaotlmlno
Lysate

Step 4. Wash away unbound protein.

Step ? Elute protein:protein interaction

Step 6. Analyze protein:pr
mtemctlon complex on

Maker  Purifed Agarose  Pusified
Bat Protein Proten

Bait
Prey

= Fusion Tag (GST or polyHis)




Results depend on conditions

A . : ABCDEFG

# D / —— Y2H interactions Condition 1
N AP/MS complexes Condition 2
C

Condition 1 Condition 2

.A @)
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Tha & e evidence view. Offerert hne colors represent the tydes of evidence for the slsocaton.
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Interaction networks are modular

Ribosome biogenesis
Carbohydrate metabolism o
) VoD G, Cin5
[®) 0 O Kok?) (@)
Nrg1] @ [Phd]}

Vacuolar o ‘|
degradation | '
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Multiple input motif

G X

%’mi\dty' kv
e 12232 Zm

M' @
e e SR
Gal-O- -0 o >
H ration
@ © @  Stressresponse Sporulation/ &
pheromone response
[ transcription factor ~ — Activator —= Function not determined
Module categories:
@ tRNA/RNA activity O Respiration © Carbohydrate metabolism O Vacuolar degradation
@ Ribosome biogenesis © Stress response © Sporulation/pheromone resp. O Cell-cycle

O Glycolysis/metabolism

© Amino acid met/biosynth. @ Protein synthesis

@ Fermentation

@ Chromosome/histone @ Unknown

@ Lipid/fatty acid biosynth.




[T Signalling Il Ubiquitin-proteases [ | RNA polymerase
[ ATP synthase 7] Folding I Cytochrome C1
[ Secretory pathway [ Cytochrome oxidase  [l] Chromosome structure



Proteomics
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MS-based proteomics
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