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Membrane Proteins




Globular Proteins
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Terminology

Primary Structure
Secondary Structure
Tertiary Structure
Quatenary Structure
Supersecondary Structure
Domain
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Hierarchy of Protein Structure
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Helices

Amino acids/turn: 3.6 3.0 4.4

Frequency ~97% ~3% rare

H-bonding i, i+4 i, i+3 iy i+5



o-helices

Q) Carbon
Amino terminus | O Hydrogen
© Oxygen
© Nitrogen
@ Rgroup

% 5.4A
D (3.6 residues)=

(a) Carboxylterminus (b)



o-helices

a-helices have handedness: a-helices have a dipole:

Amino terminus

Carboxyl terminus
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B-sheets

(b) Parallel

Top view




B-sheets

Have a right-handed twist!




B-sheets




Super Secondary Structure Motifs




What is a Domain?

Richardson (1981):

Within a single subunit [polypeptide
chain], contiguous portions of the
polypeptide chain frequently fold into
compact, local semi-independent units
called domains.




More About Domains

Independent folding units.

Lots of within contacts, few outside.

Domains create their own hydrophobic core.
Regions usually conserved during recombination.

Different domains of the same protein can have different
functions.

Domains of the same protein may or may not interact.



Why Look for Domains?

Domains are the currency of protein function!



Domain Size

Domains can be between 25 and 500 residues long.

Most are less than 200 residues.

Domains can be smaller than 50 residues, but these
need to be stabilized.

Examples are the zinc finger and a scorpion toxin.



Two Very Small Domains




A Humdinger of a Domain




What’s the Domain? (Part 1)




What’s the Domain? (Part 2)




Homology and Analogy

« Homology: Similarity in characteristics resulting from
shared ancestry.

* Analogy: The similarity of structure between two species
that are not closely related, attributable to convergent
evolution.

Homologous structures can be devided into orthologues (a
result from changes in the same gene between different
organisms, such as myoglobin) and paralogues (a result
from gene duplication and subsequent changes within an
organism and its descendents, such as hemoglobin).



Homology and Analogy
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PDB File Header

The header contains information about protein and structure,
date of the entry, references, crystallographic data, contents
and positions of secondary structure elements, etc:

HEADER OXIDOREDUCTASE 03-0CT-02 (:::::::)

TITLE ATOMIC RESOLUTION STRUCTURE OF CHOLESTEROL OXIDASE

TITLE 2 (STREPTOMYCES SP. SA-COO)

COMPND MOL_TD: 1;

COMPNE:::§:§§£§§§LE: CHOLESTEROL OXID%EEE:::::::::)

COMPND 3 CHAIN: A7

COMPND 4 SYNONYM: CHOD;

COMPND 5 EC: 1.1.3.6;

COMPND 6 ENGINEERED: YES;

COMPND 7 OTHER DETAILS: FAD COFACTOR NON-COVALENTLY BOUND TO THE
COMPND 8 ENZYME

AUTHOR A.VRIELINK,P.I.LARIO

REVDAT 1 25-FEB-03 1MXT 0

JRNL AUTH P.I.LARIO,N.SAMPSON,A.VRIELINK

JRNL TITL SUB-ATOMIC RESOLUTION CRYSTAL STRUCTURE OF

JRNL TITL 2 CHOLESTEROL OXIDASE: WHAT ATOMIC RESOLUTION

JRNL TITL 3 CRYSTALLOGRAPHY REVEALS ABOUT ENZYME MECHANISM AND

JRNL ROLE OF FAD COFACTOR IN RED
JRNL REF J.MOL.BIOL. V. 326 1635 2003
JRNL REF FMOBAK— UK _TSSN - 0022-2836




PDB File Body

The body of the PDB file contains information about the atoms
In the structure:
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Molecule of the Month

PDB Molecule of the Month: The Calcium Pump - Mozilla @@@
File Edit VYiew Go Bookmarks Tools ‘Window Help

@ y
L .2 .93 @ | hiepswwmresb.orgfpdbjmoleculesfpdbS1 _t html v || 28 search ;ﬁ -

Back Reload

_’.1 Home: ‘itBookmavks lReIease Notes lPlug-ins ‘Extensiuns l Support |j Mozilla Community ‘Drnp_off Locator

The Calcium Pump

Every time we move a muscle, it requires the combined action of trillions of myosin
#f PDB Molecule of the Month: The Ca m Pump ozilla motors. Our muscle cells use calcium ions to coordinate this massive molecular effort.

T Fle Edt Vew Go Bookmarks Tools Window Help TWhen a muscle cell is given the signal to contract from its associated nerves, it releases a
i ; ? \3 3§? flood of calcium ions from a special intracellular container, the sarcoplasmic reticulum, that
ot © W - R @3 ‘& http: { fwww.resb.orgfpdbmolecules/pdbS1_3.html surrounds the bundles of actin and myosin filaments. The calcium ions rapidly spread and

bind to tropomyosins on the actin filaments. They shift shape slightly and allow myosin to
bind and begin climbing up the filament. These trillions of myosin motors will continue
climbing, contracting the muscle, until the calcium is removed.

4} Home ‘itBookmavks lReIease Notes lPlug-ins ‘Extensiuns l Support |j Mozilla Community ‘Drnp_off
™

Sl N\

Relaxation

The calcium pump allows muscles to relax after this frenzied wave of calcium-induced
contraction. The pump is found in the membrane of the sarcoplasmic reticulum. In some
cases, it 15 so plentiful that it may make up 90% of the protein there. Powered by ATP, it
pumps calcium ions back into the sarcoplasmic reticulum, reducing the calcium level
around the actin and myosin filaments and allowing the muscle to relax. Calcium ions are
also used for signaling inside other cells, and similar pumps are found in the cell membrane
of most cells. They constantly work to reduce the amount of calcium to very low levels,
preparing the cell. Then, at a moment's notice, the cell can allow a flood of calcium to
enter, spreading the signal to all corners.

Pumping Calcium

The calcium pump is an amazing machine with several moving parts. It is found in the
v
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Microsoft PowerPoint ... ¥ PDBE Molecule of the ...

Exploring the Structure

The calcium binding site is in a tunnel formed by four alpha helices, which cross straight through the membrane. This illustration, from PDB entry leul, shows a view
down the helices. The two calcium ions, shown as blue-green spheres, are held by a collection of amino acids, shown in balls-and-sticks, that coordinate it from all
sides. The protein is far less stable when these calcium ions are removed. You can look at the structure of the calcium-free form in PDB entry liwo. It was solved
by adding a drug molecule that binds near the calcium-binding site and freezes the protein into a stable, but non functioning, form.

v
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Microsoft PowerPoint ... | ¥ PDB Molecule of the ... ® /‘Y 11:55 PM
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| % Dunbrack Lab Website - Mozilla

v File Edit Yew Go Bookmarks Tools Window Help

| Q. a . <5 . W
Back Reload & http:f/dunbrack.fccc.edufHome.php v e
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% Cull Protein Sequence List Page - Mozilla
v File Edit View Go Bookmarks Tools Window Help

b - \& http:{fwww.feoe, edufresearchilabsfdunbrackfcgi-binfcull_pisces.cqi

v

%} Home ;&Bookmarks 4 Release Notes 4 Plug-ins 4 Extensions 4 Support [_‘j Mozilla Community 4 Drop_OFf Locator

QI ED

What do yvou want to do?

Cull sequences from the whole PDB by resolution, sequence identity, R-factor, etc.
Cull from your own list of PDB chains.

Cull from your own list of GenBank, SwissProt, etc. identifiers. For instance, you can paste the hits listed at the top of BLAST output, we can go get the whole
sequences from GenBank.

Cull from your own file of sequences in FASTA format or from BLAST output (i.e., we use the fragments of sequences from the Sbjct: line in the BLAST
output which you will upload)

[ Submit ][ Reset ]
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Choose your desired thresholds:

Mazimum percentage identity: 25

Minimum resolution: 0.0

Iaximum resolution: :2.0

Mazximum R-value: :U.2D
Minimum chain length: 20
Mazimum chain length: 100

Skip non-X-ray entries? © Yes ONo
Skip CA-only entries? © Yes ONo

[ Submit ][ Reset ]
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From GL_Wang@fccc.edu Add Sender

Sent Sunday, April 4, 2004 8:18 pm
To ingo@jhu.edu
Cc GL_Wang@fccc. edu
Subject Results from PISCES

Your thresholds for culling whole PDB:
Sequence percentage identity: <= 25%
Resolution 0,0~ 2,0
R-factor 1 0,20
Sequence length 1 20 ~ 100
Mon X-ray entries: Excluded
CA-only entries: Excluded

Download sequence ID list file http:/fwww.feccc.edufresearchflabs/dunbrack/htrl/cullpdb pc2S res2.0 R0O.20 d040404 chains240.1501
Download fasta format sequence file http://www.fccc edufresearchflabs/dunbrack/html/cullpdb pc25 res2.0 R0O.20 d040404 chains240.fasta, 1501
Download similarity log file http://www.feccc.edufresearchflabs/dunbrack/htrml/cullpdb pc2S res2.0 R0O.20 d040404 chains240.l0g.1501
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IDs length Exptl. resolution R-factor FreeRvalue A
1FJSL 52 XRAY 1.920 0.20 0.26

1M10QA 91 XRAY 0.970 0.14 0.15

1LSLA 74 XRAY 0.920 0.14 0.19

1GJAR 23 XRAY 1.560 0.19 0.21

1GZ2YA 32 XRAY 1.000 0.20 0.20 =
1H75A4 81 XRAY 1.700 0.20 0.21

1QTNE 95 XRAY 1.200 0.17 0.19

10064 20 XRAY 1.450 0.19 0.22

1EJGA 46 XRAY 0.540 0.09 0.0%9

1HZ6A 72 XRAY 1.700 0.19 0.22

10084 99 XRAY 1.900 0.18 0.21

1DGWX 79 XRAY 1.700 0.20 0.25

1DGWY 93 XRAY 1.700 0.20 0.25

1MFGA 95 XRAY 1.250 0.13 0.17

1GZBA 62 XRAY 1.120 0.15 0.20

1FJLA 81 XRAY 2.000 0.20 1.00

1RESO 53 XRAY 0.9z20 0.07 1.00

1HYPO 80 XRAY 1.800 0.19 1.00

1LATA 82 XRAY 1.900 0.20 0.28

1IGOQA 62 XRAY 1.700 0.20 0.23

1DULA 69 XRAY 1.800 0.20 0.22

1KVEL 63 XRAY 1.800 0.17 1.00

1EZGA 84 XRAY 1.400 0.16 0.20

1J3EL 44 XRAY 1.850 0.19 0.22

1KVEB 77 XRAY 1.300 0.17 1.00

10K0OL 74 XRAY 0.930 0.10 0.13

1GZRA 100 XRAY 1.350 0.16 0.18

1L6KA 77 XRAY 2.000 0.19 0.22

1CGDA 30 XRAY 1.850 0.17 1.00

1PLCO 99 XRAY 1.330 0.15 1.00

1NO0QA 93 XRAY 1.260 0.17 0.19

1C754h 71 XRAY 0.970 0.12 1.00

1I2TA 61 XRAY 1.040 0.15 0.17

3EBX0 62 XRAY 1.400 0.18 1.00

1MOFO0 55 XRAY 1.700 0.17 0.23 v
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SCOP

Structural Classification of Proteins

* Proteins are classified (manually!) taking both the
structural and evolutionary relationship into account.

 There are 7 classes of proteins, the main ones being
all alpha, all beta, alpha/beta, and alpha+beta.

* The principle levels in the hierarchy of SCOP are fold,
superfamily, and family.

Murzin AG, Brenner SE, Hubbard T, and Chothia C (1995)



SCOP Levels

 Family: Clear evolutionarily relationship. In general
>30% pairwise residue identities between the proteins.

« Superfamily: Probable common evolutionary origin.
Proteins have low sequence identities, but structural and
functional features suggest that a common evolutionary
origin is probable.

* Fold: Major structural similarity. Proteins have the same
major secondary structures in same arrangement and
with the same topological connections.



NO 0O SCOP: Help
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Structural Classification of Proteins
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Scop Classification Statistics
scop: Structural Classification of Proteins. 1.69 release
25973 PDB Entries (1 Oct 2004). 70859 Domains. 1 Literature Reference
(excluding nucleic acids and theoretical models)
Class Number of foldsNumber of superfamilies Number of families
All alpha proteins 218 376 608
All beta proteins 144 290 560
Alpha and beta proteins (a/b) 136 222 629
Alpha and beta proteins (a+b) 279 409 717
Multi-domain proteins 46 46 61
Membrane and cell surface proteins 47 88 99
Small proteins 75 108 171
Total 945 1539 2845




Some Maybe Surprising Results

SNLL 1AMO 1CHN 1FNB

Flavodoxin Cytochrome reductase Protein CHEY  Ferredoxin reductase



CATH

Protein Structure Classification

« The CATH database is a hierarchical domain
classification of protein structures in the Brookhaven
protein databank. Only NMR structures and crystal
structures solved to resolution better than 3.0
angstroms are considered.

 There are four major levels in this hierarchy: Class,
Architecture, Topology (fold family) and Homologous
superfamily.

* Multidomain proteins are subdivided into their domains
using a consensus procedure. All the classification is
performed on individual protein domains.

Orengo CA, Michie AD, Jones S, Jones DT, Swindells MB, and Thornton JM (1997)



The CATH Hierarchy
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SCOP versus CATH
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CATH DHS Gene3D Impala FTP Internal

" (Gor) CATH Releases

This page provides information on the official CATH releases.

CATH v2.6.0

Version 2.6.0

Date 11-04-2005

C J U @ W © |D
Mainly Alpha 5 251 465 | 1402 2189 | 3705 | 14105
Mainly Beta 19 1160 | 311 | 1443 2961 4329 18771
Alpha Beta 14 1414 706 | 3014 4781 7660 33080
Few Secondary Structures 1 82 90 144 | 232 285 1098

Preliminary single domain assigments | 10 808 809 906 967 1090 3012

Multi-domain domains 1 12 12 16 25 36 109

CATH-35 Sequence families 1 4707 4707 4719 4768 4862 6168
1 |22 22 27 33 38 198




DALI

Distance Matrix Alignment

« DALI generates alignments of structural fragments, and
is able to find alignments involving chain reversals and

different topologies.
* The algorithm uses distance matrices to represent each
structure to be compared.

« Application of DALI to the entire PDB produces two
classifications of structures: FSSP and DDD (3D).

Holm L, and Sander C (1993)



DALI
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FSSP and DDD

« The families of structurally similar proteins (FSSP) is a
database of structural alignments of proteins in the
protein data bank (PDB). It presents the results of
applying DALI to (almost) all chains of proteins in the
PDB.

« The DALI domain dictionary (DDD) is a corresponding
classification of recurrent domains automatically
extracted from known proteins.



Other Algorithms for Domain Decomposition

* The Protein Domain Parser (PDP) uses compactness as
a chief principle.
http://123d.ncifcrf.gov/pdp.html

 DomainParser is graph theory based. The underlying
principle used is that residue-residue contacts are
denser within a domain than between domains.
http://compbio.ornl.gov/structure/domainparser/
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Parsing Sequence into Domains

* Look for internal duplication.
* Look for low complexity segments.

* Look for transmembrane segments.



Why is That Important?

Functional insights.

Improved database searching.
Fold recognition.

Structure determination.

PRODOM: http://protein.toulouse.inra.fr/prodom/current/
html/home.php

PFAM: http://waww.sanger.ac.uk/Software/
Pfam/
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