Introduction to Protein Structure

« 1-D world of nucleotide structure and
amino acid sequences

=» now enter to =>»
« 3-D world of molecular structures

Proteins play a variety of roles in
life process

« Structural proteins

 Enzymes: proteins that catalyze (. ) chemical
reactions

 Transport and storage proteins
* Regulatory proteins
* Proteins that control gene transcription

+ Proteins that involved in recognition, including
cell adhesion (ZF % ) molecules,

 Antibodies and other protein of the immune
system



Proteins are large molecules.

In many cases only a small part of the structure —
an active site — is directly functional, the rest
existing primarily to create and fix the spatial
relationship among the active site residues.

Proteins evolve by structural changes, produced
by mutations in the amino acid sequence and
genetic rearrangements, that bring together
different combinations of structural subunits.

~ 85,000 protein structures are now known

Most were determined by X-ray crystallography
or NMR (nuclear magnetic resonance)

Few were determined by electron microscopy and
others

Chemically, protein molecules are long polymers
typically containing several thousand atoms,
composed of a uniform repetitive backbone (or
mainchain) with a particular sidechain attached to
each residue (see Fig. 1.6)

Amino acid sequence of a protein records the
succession of sidechains.
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» The polypeptide chain folds into a curve in space
» The course of the chain defining a folding pattern

» A great variety of folding patterns: a number of
common structural features

a helicesand [ sheets (see Fig. 1.7)

— 3% (helix)
— #4F (sheet)

* Folding may be thought of
as a kind of intramolecular
condensation or
crystallization
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Hierarchical nature of protein architecture

* Primary structure: the amino acid sequence — the
set of primary chemical bonds

» Secondary structure: the assignment of helices
and sheets — the hydrogen-bonding pattern of the
mainchain

 Tertiary structure: the assembly and interactions
of the helices and sheets

* Quaternary structure: for proteins composed of
more than one subunit, the assembly of the
monomers (5 %8)

Additional levels to the hierarchy

 Supersecondary structures: include the alpha-helix hairpin,
the beta-hairpin, and the beta-alpha-beta unit. (Fig. 1.8)

« Domains: many proteins contain compact units within the
folding pattern of a single chain, that look as if they should
have independent stability. (Fig. 1.9)

« Modular proteins: are multidomain proteins which often
contain many copies of closely related domains.

— Domain recur in many proteins in different structural
contexts; that is, different modular proteins can ‘mix and
match’ sets of domains.






Fig. 1.9 RNA binding protein L1.:
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Classification of protein structures

« The most general classification of families of protein
structures is based on the secondary and tertiary structures

« Classification of protein structures occupies a key position
in bioinformatics, not least as a bridge between sequence
and function.

Class Characteristic

a-helical secondary structure exclusively or almost exclusively a-helical
p-sheet secondary structure exclusively or almost exclusively p-sheet
a+p a-helices and B-sheets separated in different parts of the molecule;

absence of B-a-B supersecondary structure
a/p helices and sheets assembled from B-«-B units
a/B-linear line through centres of strands of sheet roughly linear
a/B-barrels line through centres of strands of sheet roughly circular

little or no secondary structure

Fig 1-10a: engrailed homeodomain [1enh]:

Engrailed homeodomain [lenh]



Fig 1-10b: second calponin homology domain
from utrophin [1bhd]:

Utraphin calmadulin hamalogy damain [1bhd] Utraphin calmadulin hamalogy damain [1Ehd]

Fig 1-10c: HIN recombinase, DNA-binding
domain [1hcr]:

DMA-binding domain of HIN recombinase [Ther] D A-binding domainof HIMN recombinase [Ther]



(d) Rice embryo cytochrome c [1ccr]

Cytochrotre ¢, rice [ lac] Cytochinme ¢, rice [lecr]

#HEE KEE® RO BOEEL IAD SHAD >
Qir-© X @G Pus Jramez & - 2
SEHED) | ] httpaiwww.rosh org/pd brexplore dostructureld=1 CCR ~ iﬁi EE

Home Seaﬂ:h" " Queries| | ," Biology & Chemisty| Materials & Methods| Sequence Details| Geometry

1CCR Images and Visualization
- m Biological Molecule £ Asyrmmetric Unit
P Download Files Title STRUCTURE OF RICE FERRICYTOCHROME C AT
2.0 ANGSTROMS RESOLUTION

B FASTA Sequence
P Display Files Qchi, H., Hata, ¥., Tanaka, M., Kakudo,
P Display Molscule Authors M., Sakurai, T., aihara, 5., Morita, ¥.

B Structural Reports

., Hata, ¥., Tanaka, N., Kakudo, M., Sakurai,
Primary T Ahara, s., Morita, Y. Stucture of rice ferrictochrome
P Help Citation ©at 2.0 Aresolution. JMolBiol w66 pp 407415, 19583

[abstract]

P Structure Analysis

History Deposition 1983-03-14  Relezse 1983-04-21

Experimental
iethog Tvee X-RAY DIFFRACTION Daia E| [EDS |
i Display Options
Eeanlutmﬂ[A] Fvale - cpace trous v O]
Parameters : Irmal
1 0.190 (wark) n/a Pe, WebMal
Protein Workshop
QuickPDE
Length [] 4378 b 4378 110.05 &l Irmages
unitcey  LenathIil c

Angles[°] alpha 9000 heta a0.00  gamma120.00

Molecular  maonamer (protein 112 residues)
Description
Asymmetric  Polymer: 1 Molecule: CYTOCHROME C Chains: _;
Unit

10



G

0.

File Edit Views Display Tools Help

K Kinemage #1

a

Zoom ¢ [] Pick center Show text

Clipping «

Markers ERarchy
e= B

2} RCSE PDE : Sequence Details Repot - Microsoft Internet Explozer
BEEQ REER BRO HERFQW IRD SHA@

Qr=-© HEG L s @ 33 @

SEHED) | ] hitp #wwwr. rosh orglpd exploredsequence.do

3

Home| search| | Queries v| Biology & Chemistry| Materials & Methads| Sequence Details =
o Sequence De 1CCR
P Download Files
- B FASTA Sequence Chain _, representative of identical chains Chain _
P Display Files Description CYTOCHROME C
olypeptide(l]
Display Molecule Type polypeptide(L)
O & Polymer 1d 1
nage Sy Number of residues 112
Domains diccr_:Mitochondrial cytochrome ¢
B Il Wiewer
B yishMol Viewar Sequence and Secondary Structure
w Rasmol Viewer Key: —- _ o yronded strand, 5L , TCKNGQTNCY = disulfide bond
Bluaieaued) = alpha helix, =310 helix, ” = pi helix,
m Swiss-PDB Viewer Greved out residues have no structural infarmation
(Plugin required)
@ KiNG Help
@ 1mol Help
@ webMol Help PKAGEKIFKTKCAQ IKQGPNLNGLFG
@ Protein Workshop Help \U ' b ' 20 50 ' an ' 50 '
@ quickroe
u Aeymmetric tnit EENTLYDYLLNPKKYIPGTKMVFPGLKKPQERADLISYLKEATS
Eiological Molecule - SRS SADLIS =]
B Structural Reports Ll o A0 90 o0 1
P Structure Analysis
¥ Help r=v——
Download | chain _ in Fasta Format
@® For Sequence Only
v
&) e =8 <

LS .)5 TFF 0655

11



2} RCSB PDE : MarvinView - Microsoft Internet Explorer

XD $HE WAY AHAFW TAD HEE >
Qt7- O KRG Pre frawsz @ ¢ e 8

8E E# >

D) | ] hitpitwr tosh.orglpdbimarvin dohandler—strusture Bxplorerashetld-HEM &sid=I CCR

E
 memeer or Tre SIPIDB

- ) - ) -
|_I—> ‘ E' ‘ - g) An Information Portal to Biological Macromolecular Structures
As of Tuesday Mar 21, 2006 there are 35701 Structures @ | PDB Statistics @

PROTEIN DATA BANK
Contact Us | Help | Print Page . © FOB ID orkeyword @ Author

[ Home| Search| structure| Results

Queries

Ligand Summary ChemAxon 1CCR

Right click on the image for animation,

Tuterial About This Site JF g I%ﬁ‘ I% color and other options
Rl 53

A
B Getting Started N

¥ Download Files Mame PROTOPORPHYRIN X CONTAINING FE

P Deposit and Yalidate HET (D HEM

P Structural Genomics Formuls CyqHyg Ny 04 Fe

P Dictionaries & File Formats Cele(CCC{0)=0)c2e630{CCCIO=01e(C)
SMWLES Strirs cdeche(C=Ce(Cleboc?e(C=C)e(C)cBee Tn2

P Software Taols e [Felln 3 n7Einss

P Educational Resources
P General Information

B Acknowledgements

Frequently Asked Questions

~{) known Problems
T4 Report Bugs/Comments

[ Back to Structure Explorer ]

ol AT EETEE - M

Fibronectin 11l domain [1fna] Fibronectin |1l domain [1fna]

mannose-bind mg potein [Inpl] rnanmose-binding protein [Inpl)

12



TATA-box-binding protein [Ladw] TATA-box-binding pratein [ledw]

barnase [ 1bim] barnase [1bim]

OE-domain From Lys-tRMNA& eymthetase [1hbw] OB-domain fram Lys-tRMNA 2ymthetaze [Ibbw]

Scytalone dehydratase [3std) Scytalone deh yd ratase [3etd)

13



alcohed delyd rogenase, WA CHbind ing domain [lee2] alohal dehyd ogenmes, NADbinding damain [les2]

Adenylate kinase [3adk] Adenylate kinase [3adk]

2} RCSE PDE : Structure Explorer - Microsoft Internct Explorer

BED AED BRY IHSEW IAD HIO —
Qt7- O - HEAG Pus Jomer @ 13- 5 L s
D) E] hitpitww zosh.argipd blesplore dosrustureld=| EE2 v Bz E# »
—_— — » MEMEER oF THESIPDB
| — ’— ) — / An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BANK As of Tuesday Mar21, 2006 B there are 35701 Structures @ | PDE Statistics @

Contact Us | Help | Print Page 2 © POB D o d @ Author TILTTS @ | Advanced Se.

Home| Search| Structure| Results Structure Summary|| Biolagy & themistry| Materials & Methods| Sequence Details| Geometry
Susties 1EE2 Images and Yisualization
Biological Maolecule f Asymmetric Unit
S Wi | Title  THE STRUCTURE OF STEROID-ACTIVE ALCOHOL
DEHYDROGENASE AT 1.54 A RESOLUTION
» Download Files
~ B FASTA Sequence Authors  —d0Iph, HAW,
P Dpisplay Files
Display Molecule Adolph, H.W., Zwart, P., Meijers, R, Hubatsch,
1., Kiefer, M., Lamzin, ¥., Cedergren-Zeppezauer,
B Image Gallery Primary E- Stuctural basis for substrate specificity difierences of
v
B KNG Viewsr Citation ~ harseliveralcohol dehydrogenase isozymes. Blochemisty
- ‘ w33 pp.{28685-12807 , 2000
J Vi
el viewsr [Abstract] w
- B ehMol Viewer
. m Rasmol Viewsr History  Deposition 2000-01-30 Release 2000-10-27
(Plugin required)
Swiss-PDE Wiewer Experimental
[ a
(Plugin required) iethog  T¥Re X-RAY DIFFRACTION Data E} [ED3] n N
@ KiNG Help Display Options
— Resolution[#] KiNG
(@ Imal Help E R-Walue R-Free Space Group Irnal
“(@ wiebMol Hel wiehiol
@ sivebmol Help Parameters | -, (Dngéa) 0183 P2, (P12,1) Pratein Workshop
~@ Protein Workshop Help - QuickPDE
@ cuickpoe All Images
Asymmetric Unit / N
N o iotiead telacute umtcen | LWMle 03RS 20 v

14



iNG 1.39

File Edit Views Display Tools Help

K Kinemage #1

e
— .
Zoom ¢ [] Pick center Show text
.- —
Clipping « [ Markers Show = B

2} RCSB PDB : Marvin¥iew - Microsoft Internet Explorer

X

BREE RKEQ RO EHREW TAD SHBEO i

y

Qr=-©-[x @G Pus Jrane g - @3

ALY 2] hitp:tAvww tosh.org/pd bimarvin doZhand ler=strus ture Exploreriehetld=N A Dsid=1 EEZ v ﬂ BE EE
A mEmsER oF Tre SIPIDE
ol 4 = An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BANK As of Tussday Mar 21, 2006 B there are 35701 Structures @ | PDB Statistics @

Cantact Us | Help | Print Page

[ Home| search| stucture| Results

Queries

Ligand Summary ChemAxon dEee

Right click on the image for animation,

@ Tutorial About This Site color and other options

B Getting Started

P Download Files

Name NICOTINAMIDE-ADENINE-DINUCLEOTIDE
P Deposit and validate HET 10 MAD y
P structural Genomics Fowoula Cpy Hyp My Oy Py m
P Dictionaries & File Formats NC{=0)e] cocln+](e11C20CCOP0-))i=0) W
SMILES String OF[0)=0)0CC30C{C{0)C30mdcrese ()
P Software Tools neno48)G(OYC20 m

P Educational Resources
P General Information

W — A e eh 8% e (Nicotinamide

B Frequently Asked Questions

) o preblors adenine dinucleotide, NAD)

Report Bugs/Comments

[ Back to Structure Explorer ]

& RCSB Protein Data Bank
&] Applet M Visw started

~

15



[1af7]

Chemataxis receptor methytra e ferase [1af7]

Thiamine phosphate synthase [2tps]

pancreatic spazmaly tic paly peptide [2pap]

Thiamine phosphate synthase [2tps)

pancreatic epasmalytic polypeptide [2pep]
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Web resources

» The Worldwide Protein Data Bank (wwPDB)

» The Research Collaboratory for Structural Bioinformatics
(RCSB) (USA)

» The Macromolecular Structure Database (MSD) (UK)

 The protein databank Japan

- BMRB (USA)
« Structural Classification of Proteins (SCOP)

» The Molecular Modeling DataBase (MMDB)

Protein structure prediction and
engineering

« Amino acid sequence of a protein dictates its

3D structure

If amino acid sequences contain sufficient
information to specify 3D structures of
proteins, it should be possible to devise an
algorithm to predict protein structure from
amino acid sequence.

— This has proved elusive (#f 14 32 f# =),
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Less-ambitious goals:

 Secondary structure prediction — which
segments of the sequence form helices and which form
strands of sheet?

 Fold recognition — Given a library of known
protein structures and their amino acids sequences, and the
amino acid sequence of a protein of unknown structure,
can we find the structure in the library that is most likely to
have a folding pattern similar to that of the protein of
unknown structure?

« Homology modelling — If the sequences of two
homolgous proteins have 50% or more identical residues in
an optimal alignment, the structures are likely to have
similar conformations over more than 90% of the model.

Aligned sequences and superposed structures of two related
proteins: Alignment of Chicken lysozyme and Baboon alpha-

lactalbumin
Chicken lysozyme KVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNTDGS
Baboon alpha-lactalbumin KQFTKCELSQNLY-DIDGYGRIALPELICTMFHTSGYDTQAIVEND-ES
Chicken lysozyme TDYGILQINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVS
Baboon alpha-lactalbumin TEYGLFQISNALWCKSSQSPQSRNICDITCDKFLDDDITDDIMCAKKILD
Chicken lysozyme DGN-GMNAWVAWRNRCKGTDVQA-WIRGCRL-
Baboon alpha-lactalbumin I-KGIDYWIAHKALC-TEKL-EQWL-CE-K

Superposition of Chicken lysozyme (black) and Baboon alpha-lactalbumin (red):




Critical Assessment of Structure

Prediction (CASP)

» Judging of techniques for predicting protein
structures requires blind test.

« Predictors submit models, which are held
until the deadline for release of the
experimental structure.

 Then the predictions and experiments are
compared — to the delight of a few and the
chagrin of most.
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Welcome to the Protein Structure Prediction Center!

Our goal is to help advance the methods of identifying protein structure from
sequence. The Center has been organized to provide the means of objective testing of
these methods via the process of blind prediction. The Critical Assessment of protein
Structure Prediction (CASP) experiments aim at establishing the current state of the
art in protein structure prediction, identifying what progress has been made, and
highlighting where future effort may be most productively focused.

There have been nine previous CASP experiments. The tenth experiment is planned to
start in April 2012. Description of these experiments and the full data (targets,
predictions, interactive tables with numerical evaluation results, dynamic graphs and
prediction visualization tools) can be accessed following the links:

CASP1 (1994) | CASP2 (1996) | CASP3 (1998) | CASP4 (2000) |
CASP5 (2002) | CASP6 (2004) | CASP7 (2006) | CASP8 (2008) |
CASP9 (2010) | CASP10 (2012)
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STRUCTURE PREDICTION FLOWCHART
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A computer game to learn protein
folding

« Maintained by University of Washington,
Department of Computer Science

Learn to play this game and get a score as
high as you can

— Download the “get started”

— Register an account
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The Science Behind Foldit

Foldit is a revolutionary new computer game enabling youto contribute to important
scientific research. This page describes the science behind Foldit and how your playing can

help.

Fage Contents:
What is protein folding?
Why is this game important?

News Articles
Rosetta@Home Screensaver

Transcripts of developer chats

What is protein folding?

What is a protein? Proteins are the
waorkhorses in every cell of every living thing.
“vour body is made up of trillions of cells, of all
different kinds: muscle cells, brain cells, hiood
cells, and more. Inside those cells, proteins are
allowing your body to do what it does: break
down food to power your muscles, send signals
through vour brain that control the body, and
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RECOMMEND FOLDIT!

USER LOGIN

Log In
Hot registered? Click here to register now.
Forgot your password? Click here to recover.

GROUPS EVOLVERS SOLOISTS TOPICS

GROUP PUZZLE SCORE
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Protein Engineering

* In the laboratory we can manipulate nucleic acids

and protein at will.

— We can probe them by exhaustive mutation to see the

effects on function.

— We can endow (&~ ) old proteins with new functions,
as in the development of catalytic (it i® * )

antibodies

— We can even create new ones. Engineered proteins
must obey the laws of physical chemistry but not the
constraints of evolution. With engineered proteins we

can explore new territory.
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Proteomics

« Combines the census (%t3* &), distribution,
interactions, dynamics, and expression

patterns of the proteins within living systems.

« A data-intensive subject, depending on high-
throughput measurements

— Include DNA microarrays, and mass
spectrometry.

DNA Microarrays

» Or DNA chips

 Devices for checking a sample
simultaneously for the presence of many
sequences

« Can be used

— To determine expression patterns of different
proteins by detection of MRNAS

— For genotyping(i# @ Z]), by detection of
different variant gene sequences, including but
not limited to single-nucleotide polymorphisms
(SNPs)
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Applications of DNA microarrays

« Identifying genetic individuality in tissues or
organisms, or genotyping

« Investigating cellular states and processes

« Diagnosis of genetic disease

« Diagnosis of infectious disease

« Specialized diagnosis of disease

 Genetic warning signs

 Drug selection

 Target selection for drug design

- Pathogen (7 /& ) resistance

» Measuring temporal variations in protein expression

System biology

* Integration — to put all cell part back together

* First aspect:

— The study of patterns within a cell or an organism:
pathways and control cascades, and patterns of
protein expression.

— Patterns have both static and dynamic aspects

« Identification of pairs of proteins that bind to each other,
and assembly of pairwise interactions into a network Static
pattern.

« Dynamic pattern: the flow of metabolites through a

network of enzymes, or the flow of information down a
control cascade, is a dynamic pattern.



 Second aspect — comparison of occurrence,
activities and interactions of genes and proteins
across different species.

— The systems we are trying to understand arose through
processes of evolution. Different species illuminate one
another.

« High-throughput methods of genomics and
proteomics provide data about sequences,
expression patterns and interactions.

— Systems biology takes the data as pieces of a jigsaw
puzzle that extends in both space and time. To
understand the complex and delicate instrument that is
the living cell, we must fit the pieces into their frame.

Clinical implications

1. Diagnosis of disease and disease risks
— DNA sequencing can detect the absence of a
particular gene, or a mutation.
2. Genetics of responses to therapy —
customized treatment
— People differ in their ability to metabolize

drugs, different patients with the same
condition may require different dosages.
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. Identification of drug targets

A target is a protein the function of which can be
selectively modified by interaction by a drug,
to affect the symptoms or underlying causes
of a disease.

. Gene therapy

If a gene 1s missing or defective, we’d like to
replace it or at least supply its product. If a
gene is overactive, we’d like to turn it off.

Direct supply of proteins is possible for many
diseases.

Practice

Huntington disease

Find out the cause of this disease using the
Internet search.

What is the phenomenon of “anticipation™?
Answer:

The same questions for other diseases: ¥ *
& 7] # = Mediterranean anemia » ‘= s+
3295 Systemic Lupus Erythematosus
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