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Seguence, Structure and Function
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Binding Site Protection Function In
\ |mmune System

High specificity (amino acid
seguence segment at binding
site)

Strong affinity

Question: there are so many different
C viruses not known before hand,

: how an animal cell figure out an
Antibody Antibody to bind
to them, but not bind to its own
protein? In stock or make on the fly?




Protein Sequence — Primary
Structure

e Thefirst protein was
seguenced by Frederick
Sanger in 1953.

e Twice Nobel Laureate
(1958, 1980) (other:
Curie, Pauling, Bardeen).

e Determined the amino
aC| d SequenCe Of | nle | n G]VEQCIITSECSLYQLENYCN A chain (21 amino acids)
and proved proteins have
specific primary structure.

FVNQHLCGSHLVEALYLVCGERGFFYTFPEKA B chain (30 amino acids)



Proteln Seguence

A directional sequence of amino acids/residues
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Amino Acid Structure
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Amine acld Abbrav.

Llanins
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36
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73

33
105
163
141

G,

GGU,

Codon

GCC, GCA, GCG
UG, UGC
GAU, GAC
GAA, GAG
LU, UG
GGC, GGA, GGG
cal, CaC

AL AUC, AUA

LA,

CCL,

CGu,

ucuy,

ACLL
GLUL,

AN BAG

LG, GUU, CUC,
CUA, CUG

AUG
AL BAC
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CGEC, CGA, CGGE,
AGA MGG

UCC, UCA, UCG,
AGULAGET
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GUC, GUA, UG
UGG

Hydrophilic
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Protein Secondary Structure

« Determined by i
nydrogen bond ;
patterns

o 3-Class categories:
apha-helix, beta-
sheet, loop (or coil)

* First deduced by Linus
Pauling et al.




Alpha-Helix

Jurnak, 2003



Beta-Sheet

Parallel

Anti-Pardld



Non-Repetitive Secondary Structure

ol
i @

Loop

Beta-Turn



Tertiary Structure

e John Kendrew et al.,
Myoglobin

e Max Perutz et al.,
Haemoglobin

e 1962 Nobdl Prizein
Chemistry




myoglobin haemoglobin



Quaternary Structure: Complex
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Anfinsen’s Folding Experiment

= [
=

e Structureisuniquely
determined by protein
seguence

e Protein functionis
determined by protein
structure




The Obhservation:

S —
1. Reduce 1. Remowve urea
2.8 hMurea 2 Oxidze
Hatwe_ Denatured M ativ e
(1 00% active) Te T .
(inactive) (=890% active)
The Control:
d d
1. Reduce .-
1. Oxidize
2.8 Murea 2. Remowve urea
Mative Denatured "acrambled”

(1-2% active)
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Proteln Structure Determination

o X-ray crystallography

* Nuclear Magnetic Resonance (NMR)
Spectroscopy

o X-ray. any size, accurate (1-3 Angstrom
(10-1° m)), sometime hard to grow crystal

e NMR: small to medium size, moderate
accuracy, structure in solution



refinement

crystal

diffraction
pattern

electron
density map

atomic

- model

Wikipedia, the free encyclopedia



's high magnetic field (800 MHz,
18.8 ) NMR spectrometer being loaded with a sample.

Wikipedia, the free encyclopedia



Storage in Protein Data Bank

- - B & mEmBER or THE S IPPI
= I_ i = An Information Portal to Biological Macromolecular Structu

PROTEIN DATA BANK As of Tuesday Aug 29, 2006 B there are 38479 Structures @ | PDB Statisti

Contact Us | Help | Print Page Q PDB [D orkeyword @ Author @ | Advanced Search

|'. Hume“l Search! Structure| Results welcome to the RCSB PDB

Queries
The RCSB PDB provides a variety of tools andfesources for studying the structures of biclogical macromelecules and m Complete News
5 their relationships to sequence, function, and disease. m Newsletter
= : Loy : oo = s ; ; . : Discussion Forur
@ Tutarial About This Site The RCSB is a member of the wwPDB wjfose mission is to ensure that the PDB archive remains an international resource "
- W Getting Started with uniform data.

29-August-2006

This site offers tools for browsing, gearching, and reporting that utilize the data resulting from ongeoing efforts to create New RCSB PDB Flyet
P Deposit and Validate a more consistent and comprehepsive archive. Available in Print an
Online

b Download Files

p Structural Genomics
P Dictionaries & File Formats Two new brochures al

b Software Tools A narrated tutorial illustyates how to search, navigate, browse, generate reports and visualize structures using this available for RCSB PDE
new site. [This requires the IWacromedia Flash player download ] users: The General
Information trifold & T

~ M BioSync Comments? info@rg b_urg Easy Steps for Struct
Deposition.

Information about compatible/browsers can be found here.

p Educational Resources

P General Information
~ B Acknowledgements
* @ Frequently Asked Questions
Known Problems
E Report Bugs/Comments

How would you make a protein cutting machine that would be =safe to use inside a cell? Digestive proteases like
trypsin and pepsin are small and efficient-they diffuse up to proteins and start cutting. This would never work

imrida = mall Tha ~z2ll raade #a ke Frara canberal ca thiat Aanls sheslatrs Ar Azesnad meakaine ars dactrausad Tha

Search database



) RCSB PDB : Structure Explorer - Mozilla Firefox 18] =

File Edit View Go Bookmarks Tools Help

<Z| - L:> - @ O @ I http:/fwww.resb.org/pdb/navbarsearch. do?newsSearch =yes&isAuthorSearch=no&radioset=All&inputQuickSearch = 1vjg&image. x=08&mage. y=0&image=Search j @ Go IIQ,
Google - [pdb =] |G search ~ 2 PaosFank 6 cheqc - S Autolink ] Autoril B options & [ pdb
i . p— & memeer or THe B IPDB =
_[J I— ) = "/; An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BANK As of Tuesday Oct 10, 2006 ED there are 39323 Structures @ | PODB Statistics @

Contact Us | Help | Print Page “ QYPDB ID or keyword @9 Author SEA | Advanced Search

Home Searchl'. Strnctnre.'l Queries | Structure Snmmar\(.] Biology & Chemistry| Materials & Methods| Sequence Details| Geometry

AYA[ Images and Visualization
- | 1IVIG

P Download Files Title Crystal structure of putative lipase from the G-D-S-L family from Nostoc sp. at 2.01 A resolution

- W FASTA S ) . )
Ll s Authors Joint Center for Structural Genomics (JCSG)

p Display Files

Joint Center for Structural Genomics (JCSG) Crystal structure of putative lipase from the G-D-5-L

p Display Molecule )
Primary family from Mostoc sp. at 2.01 Aresolution To be published

- W Structural Reports Citation
> FrrE e SrEliEs History Deposition 2004-02-19 Release 2004-03-16
= b Help
Experimental
Method Tvee X-RAY DIFFRACTION Data E| [EDS]
Parameters Resolution[# R-Value R-Free Space Group
2.01 0.175 (obs.) 0.218 P3221
; Length [A] a 56.19 b 56.19 C 128.32
Unit Cell .
Angles [*] alpha 90.00 beta 90.00 gamma 120.00 Display Options |
Molecular - ) Lthis
Description Polymer: 1 Molecule: putative lipase from the G-D-S-L family Chains: A Jmol
Asymmetric WebMal
Unit Protein Workshop
QuickPDB
Functional - . All Images
Class Structural Genomics Unknown Function
Soaree Polymer: 1 Scientific Name: Nostoc sp. pcc 7120 ) common Name: Bacteria Expression system: Mostoc sp. pcc 7120 LI
| Done EJ
ri}start| @B & @ | ) nbox - Outlook Express | |5 cAP5937 | @] slides13 | @] slides1 ||i@ RCSB PDB : Structure ... A@® ™ w04a2am
<« ==
@ @ (| L.'Sl @Enhez cross-database s... | H untitled - Paint | .Qa !?J Monday

Search protein 1VJG



PDB Format (2C8Q, insulin)

HEADER HORMONE 06-DEC-05 2C80
IITLE INSULINE (15EC) AND UV LASER EXCITED FLUOCRESCENCE

COMFEND MOL ID: 1;

CCMEND 2 MOLECULE: INSULIN & CHAIN;

COMEND 3 CHAIN: &4;

COMEND 4 MOL ID: 2;

COMEND 5 MOLECULE: INSULIN E CHAIN:

COMFEND & CHAIN: B

SCOURCE MOL ID: 1:

SOURCE Z CRGANISM SCIENTIFIC: HOMO SAPIENS;

SOURCE 3 CRGANISM COMMON: HUMAN;

SOURCE 4 CORGAN: PANCRERLS:

SCOURCE 5 MOL ID: 2:

SCOURCE 6 ORGANISM SCIENTIFIC: HCMO SAPIENS:

SOURCE T CRGRANISM COMMON: HUMAN;

SOURCE g ORGAN: PANCEREAS

KEYWDS LASER, UV, CARBOHYDRATE METABCILISM, HORMONE, DIABETES
KEYWDS 2 MELLITUS, GLUCOSE METABRCLISM

EXFDTA X-RAY DIFFEACTICH

AUTHCR X.VEENEDE,B.LAVAULT, J.O0HANA, D.NURIZZC, J.JOLY, L. JACQUAMET,
AUTHCR 2 F.FELIS5AZ,F.CIPRIANT, . BOURGEOIS

REVDAT 1 08-MAR-06 2CE8(Q 0

JRNL AUTH X.VEEMNEDE, B.LAVAULT , J.CHANA, D.NURIZZ0, J. JOLY,
JERHNL AUTH 2 L.JACQUAMET,F.FELISAZ,F.CIFRIANI, D.BCOURGECIS
JENL TITL UV LASER-EXCITED FLUCRESCENCE AS A TOOL FOR THE
JRNL TITL 2 VISUALIZATION COF PROTEIN CRYSTALS MCOUNTED IN
JRNL TITL 3 LOOPS.

JRNL EEF ACTA CRYSTALLOGR.,SECT.D V. &2 253 2006
JERHNL EEFH ASTM ABCRE6e DE IS5S5N 0507-444%5

REEMARE 2

REMARE 2 RESCLUTICH. 1.55 ANGSTROMS.

REMORE 3

REMORE 3 REFINEMENT.

REEMARE 3 FROGE&M : REFMAC 5.2.0005

REEMARE 3 AUTHORS : MURSHUDCV, VAGIN, DODSCH

REMARE 3

REMORE 3 REEFINEMENT TARGET : MAXTMUM LIKELIHOCD



SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
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HELIX
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structures

g 40,000
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20,000
w Total mYearlhy 10,000
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PDB content growth (www.pdb.org)

J. Pevsner, 2005



Structure Visualization

Rasmol
(http://www.umass.edu/microbio/rasmol/getras.ht
m)

MDL Chime (plug-in)
(http://www.mdl.com/products/framework/chime/)

Protein Explorer
(http://molvis.sdsc.edu/protexpl/frntdoor.htm)

Online tools (PDB sites)



J. Pevsner, 2005



Demo Using Rasmol (1VJG)




Structure Analysis

e Assign secondary structure for amino acids
from 3D structure

e Generate solvent accessible areafor amino
acids from 3D structure

 Most widely used tool: DSSP (Dictionary of
Protein Secondary Structure: Pattern
Recognition of Hydrogen-Bonded and
Geometrical Features. Kabsch and Sander)



DSSP server:
DSSP download: nttp://switt.cmbi.ru.nl/gv/dssp/

| DSSP Code:
Chris Sander H = apha helix
One of thefoundersof 5 = 3. halix (3/10 helix)
Bioinformatics and | =5 helix (pi helix)

Computational Biology g = residuein isolated beta-bridge
E = extended strand, participates in betaladder
T = hydrogen bonded turn
S = bend
Blank = loop



DSSP Web Service

DSSP : Definition of secondary structure of proteins given a set of 3D coordinates
(W.Kabsch, C. Sander)

Reset | Rundssp I @ |jian|in.cheng@gmai|.com your e-mail

PDE File

Tvjg or you can instead enter a PDB id.



DSSP : Definition of secondary structure of proteins given a set of 3D coordinates
(W.Kabsch, C. Sander)

Resnlts:

dssp.out (31.16 Ko}

From now, this files will remain accessible for 10 days at: http:/‘bioweb pasteur fr/seqanal tmp/dssp/AS8289116100642/
You can save them\ndividually by the Save file finction if needed.

Job summary |

defsult format |-

Unix exact command:
cat flocal/databases/reN\ease/Pdb/pdblvijg.ent | dssp ——

N

References:
Kabsch,W. and Sander,C. (1983) Biopolvisers 22, 2577-2637.

Pise CGI generator version 5.a (13 Apr EGGE\Q.'E 0)

Click here



# EESIDUE AR STRUCTURE EP1 BP2 ACC H-H-->0 O-->H-N H-H-->0 C—->H-N TCC EAPPA ALPHA PHI
1 S A5 a 0 179 o, 0.0 2,-0.0 a, 0.0 0, 0.0 0.000 360.0 360.0 360.
2 6 B K = a o 123 1,-0.1 2,-0.4 37,-0.1 37,-0.2 -0.235 360.0-108.7 -87.
3 TAT E -a 39 0B T35 35,-0.6 37,-2.5 1,-0.0 2,-0.3 -0.593 34.7-132.0 -T72.2
4 gagQ E +a 40 oa 81 -2,-0.4 63,-0.6 35,-0.2 2,-0.4 -0.63% 26.0 179%.8 -86.
) 9a4aI E -ab 41 T34 3 25,-1.9 27,-2.%8 -2,-0.3 2,-0.5 -0.891 13.3-156.5-12%9.
& 102 R E -ab 42 T4h 48 67,-2.8 €9,-1.7 -2,-0.4 2,-0.4 -0.910 14.8-173.2-105
7 112 I E -abk 43 754 0 35,-2.5 37,-2.6 -2,-0.5 2,-0.5 -0.983 11.5-162.4-124
8 12 8 C E -ab 44 TeL a 67,-2.3 63,-2.6 -2,-0.4 2,-0.6 -0.8931 6.5-159.9-100
3 138 F E -ab 45 T4 0 35,-2.2 37,-3.0 -2,-0.5 2,-0.5 -0.855 13.2-16%.0-10%

10 14 2V E +ab 46 T84 a 67,-3.1 69,-2.2 -2,-0.6 2,-0.3 -0.9%926 34.83 71.1-11s6
11 154G E S5-ab 47 7TSA Q 35,-0.8 37,.-1.9 -2,-0.5 69,-0.2 -0.%21 70.2 -50.2 16%
12 la 2 D 5 > 5- 0 0 4 67,-0.8 4,-2.2 -2,-0.3 3,-0.6 -0.023 78.2 -51.3-111.
13 17T a4 5 H 3»»5+ 0 0 7 35,-0.3 5,-1.7 1,-0.2 4,-1.5 0.803 130.2 57.8 -67.
14 18 24 F H 3455+ 0 0 5 2,-0.2 12,-0.5 1,-0.2 -1,-0.2 0.884 108.5 46.5 -a8.
15 19 A ¥V H <455+ a 0 1 -3,-0.6 12,-0.3 64,-0.2 -2,-0.2 0.900 111.1 52.2 -68.
16 208 N H <55- a 0 71 -4,-2.2 -2,-0.2 30,-0.1 -1,-0.2 0.774 110.8-127.0 -a2.
17 218G T >»<5 - a 0 5 —4,-1.5 3,-2.2 -5,-0.2 g8,-0.4 0.741 36.4-174.6 83.
18 22 T T3 < + 0 o] 14 -5,-1.7 -1,-0.2 1,-0.3 -2,-0.0 -0.15% 8.4 29.2 -54.
15 234G T 3 5+ 0 0 28 1,-0.3 -1,-0.2 158,-0.1 1a62,-0.2 0.121 86.2 120.8 54.
20 24 A D X = 0 0 3 -3,-2.2 2,-1.2 1a60,-0.2 -1,-0.3 -0.706 8.5-160.5 -79.
21 25 2P T 3 5+ 0 0 91 g, 0.0 -1,-0.2 0, 0.0 1558,-0.0 0.677 91.8 &0.1 -70.
22 26 B E T 3 35- a o 1138 -3,-0.0 -2,-0.1 3,-0.0 158,-0.0 0.426 105.0-132.3 -87.
23 2T A C 5« 35+ a 0 112 -3,-1.2 -5,-0.1 -6,-0.2 -6,-0.0 0.730 80.2 8.1 62

Solvent
Amino Secondary Accessibility
Acids  Structure

v
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[ R Vo Y- T Y ST T FU N T CT T VIR R Y- B (. (T (TR T I =
T o
s b B 0 D D N fm e  RdOR LA o n n b D
=« = = = = = %= 32 = = = = ®w 3= = = = = = = = x = [
[ I Y R R Y I I - - - L B *E I = U C V-, . T I

S I TR« VIR SR S WL Y R S R e s R e BT T B ST Y o e R



Solvent Accessibility

Size of the area of an amino acid that Is
exposed to solvent (water).

M aximum solvent accessible
areafor each amino acid isits
whole surface area.

Hydrophobic residues like to be
Buried inside (interior).
Hydrophilic residues like to be
exposed on the surface.




Structure Comparison (Alignment)

* Arethe structures of two protein similar?

e Arethetwo structure models of the same
protein similar?

e Different measures (RMSD, GDT-TS zemiaet
al., 1999), MaxSub (Siew et al., 2000), TM score
(Zhang and Skolnick,2005))



Basic |dea

e Try to superimpose two structures to minimize
the distances between corresponding atoms
(residues)

« Hard geometric optimization problem

 Alignment problem with very complex scoring
function (treat each position as one character)

o S (8, -b,)? +(a, ~b,)? +(a, ~h,)?)
Root Mean Square Deviation  ruvsp={-=

n



Superimposition

David Baker, 2005



Useful Structure Alignment Tools

¥ CE Home Fage - Combinatorial Extension - Mazilla Firefa: =izl

o ‘ E Ao - it s e = B [CL

& G samch v gl DA A py v R seturk [ 0 e comen ¥ [ oo ) oroten [ sigrenens
=
u Databases and Tools for 3-D Protein Structure
p C & u Comparison and Alignment
[ ] | ] | ]
Using the Combinatorial Extension (CE) Method
Select from the Sollowing optious by
htt . // u k/ clicking the links on the right _\b@m
p ] WWW L] ebl ] aC L] u FIND Find structural alignments by selecting from ALL or REPRESENTATIVES from the PDB [
n CALCULATE Caleulate structural alignment for TWO CHAINS cither from the PDB or uploaded by the user. Caleulate structural
neighbors for one protein UPLOADED BY THE USER AGAINST THE PDB.
I Caleutaste MULTIPLE STRUCTURE ALIGNMENT (at University at Albany, NY).
DOWNLOAD Download the SOF TWARE a1d DATABASES uscd here for local use.
RESULTS Review results from our own alignment experiments: SUBDOMAINS [pdf] | PROTEIN KINASES
® VA S | (N < B I ) [pdf] | ESTERASES, LIPASES [pdf] |
Bsad| A SEETQ |Lins | B tectre.sroten, struct... | o cosmicucedh -Pu., |} untded -Pant | Y s protee v | AWD zum

@ e ) dorasrd ok | (@) The ks ooty o || @ CE ome Page - o i ool Cormardie_| (B Rt Werson 25| TOEQ T ey




CE CALCULATE TWO Calculate structural alignment for two polypeptide chains either from the PDB or
CHAINS uploaded by the user.

Specify two polypeptide chains and optionally the similarity level and use of sequence information and then press the "Calculate Alignment” button. Selecting the appropriate 2 il provide help on that spe

Select Similarity Level: I Medium 'l ?

Calculate Alignment | ResetForm - -
[ Use Sequence Information (optional) *

CPDBj4HHBA 2 OR

Chain 1: & User FiIe:lC:\casp?\SD‘I\foIdpro‘l.pdb Browse... |Chain ID:I ?
[ Use Fragment Frum:l To:l (optionall ?I Sequence numbering j
CPDBf4HHBB  ? OR

Chain 2: & User FiIe:IC:\casp?\30‘|\ROBETTA_TS‘I.pdl Browse... |Chain ID:I ?
[ Use Fragment Frum:l Tu:l (optionall ?l Sequence numbering j

USR1:_(size=395) vs USR2:_(size=395) Bmsd =244 7 Scag= 6%

3 Sequence identity = 42.8%
Structure Alignment Aligned/gap positions = 332/105

Segquence alignment based on structure alignment.
Sequence alignment based on structure alignment. Position numbers according to sequence (starting from 1) and according to POB are given as 5555/FPFPP, 5555 - sequence, PFFPP - FOB.

USRI1:_-

USR2:_
USR1:_ 4/5 SCRVPGEARDRLFMRVIGSPDEYAL
O5R2 HE 6e/7 L RVIGSPDPYA-—--A
TU5R1: L HIDGMGGATSSTS '(C"VI]'_S (SSQPG‘ID\’DYT_YGQ\’SID(F F\’DWSGNCGNT_STG}?LGRFM
USR2: HIDGMGGA TLYL

USR1:  117/118 HAGLVDFARIPEDGI CE\’RIWQRNIG KTITRAHVEVS GGQ‘.’QETGDFE LDGVTFPAAETVL

USR2: 1177118 1AGLVDPARIPEDGICEVRI




Qutline

. Sequence, Structure, Function Relation

II.  Determination, Storage, Visualization, and
Comparison

I[1l. Structure Classification
V. 1D Prediction
V. 2D Prediction
V1. 3D Prediction
VIl. Useful Tools




Protein Folding
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Magnitude of AG

« AGissmall, only about 1-3 H-Bonds.

o A small AGiscritical for maintenance of
the conformation flexibility of proteinsin
biochemical processes.

 Question: can any amino acid sequences
fold Into a stable protein structure?



Protaein Structure Classification

About 3 million known protein sequences
About 30,000 known protein structuresin PDB

Many protein structures are similar due to
evolutionary relationship

Many protein structures are similar due to
convergent evolution

Number of unique structure topologiesis
estimated to be limited (1000 — 15007?)

Number of protein sequencesis huge (203%)



Protain Structure Universe

) R

Proteins. Onethousand families for the molecular biologist.
C. Chothia. Nature, 1992.



Colorsin the universe of protein structures
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Mapping Protein Universe: Structural Genomics

A New structures solved per month B Pfam families with a first representative solved, per month
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Why Is the evolution of proten
structure so slow?

* Protein sequence evolves faster than protein
structure

e Protaln structure s more conserved dueto
function constraints

» Nature reuses existing folds for new
functions (pretty much like programming
paradigm In computer science)



Domain and Fold

e Protein domain isthe structural (also functional)
unit.

* Protein domain is usually defined as a chunk of
protein (usually continuous sub-sequences, but not
aways) that can fold independently into its
tertiary structure without other parts of the protein

 Foldisthetopology of aprotein or domain:
connectivity of secondary structure el ements.



Domain Example (HIV-1 Capsid)




Another Domain Example

http://scop.berkel ey.edu/rsgen.cgi ?chime=1;pd=1eft;pr=213-312



Domain Parsing Tools

* PDP (protein domain parser)
(http://123d.ncifcrf.gov/pdp.html)

e Doman Parser
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Typical Folds

e Fold: connectivity or
arrangement of
secondary structure
elements.

 NAD-binding
Rossman fold

o 3layers, ab/a, pardld o 7 e l o
beta-sheet of 3 strands. stalel bt
Order: 321456 | l -"i Ii [ ' : I

http://scop.berkeley.edu/rsgen.cgi ?chime=1;pd=1b16;pc=a




Another Fold Example: TIM beta-
alpha barrel

Contains parallel beta-sheet
Barrel, closed. 8 strands. Order
1,2,3,45,6,7,8.

http //scop berkeley edu/rsgen.cgi?chime=1;pd=1hti;pc=a



Fold: Helix Bundle (human growth
factor)

cutoehirmme by

http://scop.berkeley.edu/rsgen.cgi ?chime=1;pd=1hgu



Fold: beta barrel

http://scop.berkeley.edu/rsgen.cgi?chime=1;pd=1rbp



Fold Example: Lamda repressor
DNA Binding

http://scop.berkel ey.edu/rsgen.cgi ?chime=1;pd=5cro;pc=0



Number of unique folds (defined by SCOP) in PDB

structures
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J. Pevsner, 2005



Structure Classification Database

o SCOP (http://scop.berkeley.edu/)

« CATH
(http://cathwww.biochem.ucl.ac.uk/latest/inde
X.html)

e Dali/FSSP
(http://ekhidna.biocenter.helsinki.fi/dali/start)



SCOP Classification Levels

Class

Fold

Superfamily

Family



J. Pevsner
2005




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 folds Number 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 a9
Small proteins 75 108 171
Total 045 1539 2845




