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Protein Structures

Topics:
 Protein

— Translation, Codon Table

— Main Chain, Side Chain

— Hydropathy index, hydrophilicity, hydrophobicity
 PDB Database

e Secondary Structure
— alpha helix, parallel beta sheet, anti-parallel beta sheet
— Ramachandran plot
— DSSP code
— Secondary Structure Prediction (Chou-Fasman method, etc.)
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Protein Structure Example

Prion protein
Bovine (cow)

PDB code = 1DX0
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Translation of Protein
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From :IPA Educational Material Archive, http://www2.edu.ipa.go.jp/gz/
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Protein
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From :IPA Educational Material Archive, http://www2.edu.ipa.go.jp/gz/
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" Protein Structure

-Amino acid as a building block
reS|due (FRE)

amino 9"0@/ @boxyl group

~_ pephde bond S-S (dlSUlflde brldge)
(Dehydration - Post-translational
polymerization) modification
C;D w0 : acetylation,
~ T TN QT A o phosphorylation,
- 5 CZD I sugar chain addition

N-terminal C-terminal Dimerization, etc.
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== Main Chain
— bond length ({6 & &) :

approximation by Hooke's law
Ebond= 1/2 *kb * (r-10)?

“\r\‘/@\@ TN\NL{ spring with length=r,

cf) Morse function = D {1-exp (-k (r-ry))}?

— bond angle (& #) :
Eangle = 1/2 *ka * (0 - 60)? .\/e.\/.\ @

— dihedral angle (ZE#):

Etorsion = 1/2 *kt* (1 + cos (n®-y))

angle between
plane 1-2-3 and
plane 2-3-4




— Side Chalin

- 20 “standard” amino acids are usually used in bioinformatics
(cf. unusual amino acids

selenocysteine = UGA codon, pyrrolysine = UAG codon)

Charged Arg(R) , Lys(K), His (H) : Positive (basic)

Asp(D), Glu (E) : Negative (acidic)

Ser(S), Thr(T), Tyr(Y), Cys(C),
Asn(N), GIn(Q), Trp(W)

Hydrophobic Gly(G), Ala(A),
Phe(F), Pro(P), Met(M)
Val(V), lle (1), Leu (L)

Polar

-hydropathy index  Kyte and Doolitlle: JMB, 157, 105-132 (1982)

H| | pv |wsTc| | am| cF| L|vi |
|

Hydrophilic| | I | | | | | Hydrophobic
-5 0 +5
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Hydropathy Plot

>1DX0

GSKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHGGGWGQPHGG

GWGQPHGGGWGQPHGGGGWGQGGTHGQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLG
SAMSRPLIHFGSDYEDRYYRENMHRYPNQVYYRPVDQYSNQNNFVHDCVNITVKEHTVTT
TTKGENFTETDIKMMERVVEQMCITQYQRESQAYYQRGA

Frotaoals cutput Fob user ZSguencs

I
[ | Prion protein
Bovine (cow)

4 ' — | i | PDB code=1DX0

f ProtScale

L] La@| 13

Poriticon htﬁ';://expasy.org/cgi-bin/protscale.pI
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Hydropathy Plot

>1GU8

MVGLTTLFWLGAIGMLVGTLAFAWAGRDAGSGERRYYVTLVGISGIAAVAYVVMALGVGW
VPVAERTVFAPRYIDWILTTPLIVYFLGLLAGLDSREFGIVITLNTVVMLAGFAGAMVPGIERY
ALFGMGAVAFLGLVYYLVGPMTESASQRSSGIKSLYVRLRNLTVILWAIYPFIWLLGPPGVAL
LTPTVDVALIVYLDLVTKVGFGFIALDAAATLRAEHGESLAGVDTDAPAVAD

FrotScale output for user segquence
3 T T

T T
Hphok, # Kyte % Doolittle

Sensory Rhodopsin Il
(bacteria)

il 1 PDB code = 1GUS8

Score
=
T
1

periodical ?
ProtScale

-3 | | | |

s 1o8 150 s http://expasy.org/cgi-bin/protscale.pl

Fosition
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Other amino acid indices

AAindex database ver 9.1 (Aug. 2006)
Collection of 544 amino acid indices.
http://www.genome.ad.jp/aaindex

ex.) Population (Dayhoff), Secondary Structure Propencity(Chou-Fasman)
Hydrophobicity (Kyte- Doollttle) Volume, Surface area, etc.
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Tomii, et.al (1996)
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Protein Eng. 9, 27-36
[PMID:9053899]
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-~ QGetting PubMed abstract

- - A service of the National Library of Medicine
r N C B I P u b _ ed and the National Institutes of Health ian Inl IRec

www.pubmed.gov Enfrez 2.

All Databases Fubhied Nucleotide Froteir Ganome Structiure Chdlhd

Search | PubMed v | for |p053899]uid) e By

| Limits | Preview/index History Cliphoard | Detai

Display | AbstractPlus v|show|20 ¥[Sotby,  v[Sendto v

All: 1| Review: 0[]

[] 1: Protein Eng. 1996 Jan;9(1):27-36, FREE FINAL TEXT [

Analysis of amino acid indices and mutation matrices for sequence comparison and Related Links
structure prediction of proteins,
Cluster analysis of amino acid indices m: D:Fn:llc:ru:un i
- . rotein structure and funchion Protein Eng. 1
Tomii K, Kanehisa M. P : " o - :

. : . : Adindex: Amino Acd Index Database.
Institute for Chernical Research, Kyoto University, Japan. Nudeic Adds Res. 1

An amino acid index is a set of 20 numerical values representing any of the different Adindex: amino acid index database.
physicochemical and biochemical properties of amino acids. As a follow-up to the [r

previous study, we have increased the size of the database, which currently contains hod " ¢ d substit
402 published indices, and re-performed the singledinkage custer analysis. The results :T'.lEEDthD C;jgﬁ'&it?;tfﬂ;?. Dar:n;:::-n?':; u --LUFI
basically confirrned the previous findings. Another important feature of armru:u au::u:ls that S
can be represented numerically is the similarity between them. Thus,
also called a mutation matrix, is a set of 20 % 20 numencal values used

sequence alignments and similarity searches. We have collected 42 pu VISIt PUbMed at

performed hierarchical cluster analyses and identified several clusters h’[tp://WWW.anI.nlm.nih.gOV/SiteS/entreZ

the nature of the data set and the method used for constructing the

Further, we have tried to reproduce each mutation matrix by the combl Search PubMed for the PMlD number

acid indices in order to understand which properties of amino acids are

Thera was a relatinnshin hetwasan the DAM ninite of Navhnff's mkatinn (Or author name, keyword, etc)
http://www.ncbi.nlm.nih.gov/pubmed/9053899

s - T : i
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= Protein Structure Determination

» X-ray diffraction (XHRHEEEZ4T)
— Protein crystalization is needed.

— Electron density map is obtained from X-ray diffraction data (intencity,
phase) through Fourier transformation calculation

— Then, residue assignment to the density map 1s requred. Several support
software are available: X- PLOR, X-AUTOFIT

e NMR spectroscopy (¥R S L18)

N 17y A o7 LAde- v

— Protein should be water-soluble, and smaller than 10*5 Dalton (mass).

— NOE (nuclear Overhauser effect) cross peaks between close protons are
measured.

— 3D structure is obtained by “Distance geometry” calculation.

» cryo-electron microscope (#B{K;R & FIHMERE)
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Protein Data Bank

*3-D coordinates database for Protein, DNA, and Complex
Registration 58,236 entry (as of 2009.06.16)

PR N DA lh K
PDB Current Holdings Breakdown jR.) D ﬁ

Exp.Method Proteins Hucleic Acids Protein/HA Complexe: Other Total
H-RAY 53562 1212 2507 17 57298
MMR 7371 914 157 7 8449
ELECTRON MICROSCOPY 21 17 77 1] 295
HYBRID 21 1 1 1 24
other 125 4 4 13 146
Total 61280 2148 2746 38 66212

http://www.rcsb.org

-history
1971 Started at Brookhaven National Laboratory
1998 Moved to RCSB (Research Collaboration for Structural Bioinformatics)
2006 wwPDB (The Worldwide Protein Data Bank) by US, Europe, and Japan.
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Render In W8T ProteinMorkshop

Protein Structure Example

Prion protein
Bovine (cow)

PDB code = 1DX0

1. visit RCSB PDB site at
http://www.rcsb.org/pdb/

2. make keyword search for
“Prion Bovine”

3. choose 1DXO0, for example

http://www.rcsb. org/pdb/explore/explore do?pdbld=1DX0



T PDB format (text file)

HEADER PRION PROTEIN 15-DEC-99 1DX0
TITLE BOVINE PRION PROTEIN RESIDUES 23-230
COMPND MOL_ID: 1;

COMPND 2 MOLECULE: PRION PROTEIN;
COMPND 3 CHAIN: A;

COMPND 4 SYNONYM: PRP, MAJOR PRION PROTEIN;

COMPND 5 FRAGMENT: RESIDUES 23-230;

COMPND 6 ENGINEERED: YES; first residue
COMPND 7 MUTATION: YES;

SOURCE  MOL_ID: 1; jx jY !Z (GLY 12i‘)

ATOM 1 N GLY A 124 11.500 -12.139 -5.556 1.00 0.00 N
ATOM 2 CA GLY A 124 12.523 -11.134 -5.837 1.00 0.00 C
ATOM 3 C GLY A 124 12.362 -9.873 -4.981 1.00 0.00 C
ATOM 4 0 GLY A 124 12.934 -8.828 -5.305 1.00 0.00 0
ATOM 5 H GLY A 124 11.666 -12.848 -4.859 1.00 0.00 H
ATOM 6 1HA GLY A 124 12.474 -10.852 -6.890 1.00 0.00 H
ATOM 7 2HA GLY A 124 13.507 -11.563 -5.647 1.00 0.00 H
ATOM 8 N LEUA 125 11.588 -9.939 -3.891 1.00 0.00 N
ATOM 9 CA LEU A 125 11.436 -8.860 -2.922 1.00 0.00 C
ATOM 10 C LEU A 125 12.790 -8.554 -2.286 1.00 0.00 C
ATOM 11 O LEU A 125 13.152 -7.402 -2.083 1.00 0.00 0
ATOM 12 CB LEU A 125 10.479 -9.293 -1.794 1.00 0.00 C
ATOM 13 CG LEU A 125 8.986 -9.494 -2.095 1.00 0.00 C
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Structure Viewer: PyMOL

A10uWY_1-7A<124 131 136 141 146 151 15 161 166 171 176 181 186 191 19 201 206
GLGGYMLGSAMSRFLIHFGS MMHRE" PHEN " RPYDE SHEL TEGEMFT
r

Developed by

Warren DelLano,
Written with Python

Mouse Mode 3-Button Viewing
Buttons L ] R Wheel
z Keysz Rota Move Mouw?Z Slah
Shft +Box —Box Clip MovsS
Ctrl +<= PkAt Pkl MwSE
CtSh Sele Orig Clip Mou?
SnzlClk +/- Cent Menu
DOb1C1lk Menw - PkAt
Selecting Residues
1~ 11 2-/sec




FrotSoales mutput foe ussr seguencs

1DX0: Bovine Prion protein

E

fis

.. disorder A |
i1+ region ' |

I
@ Laa 138 =0e
Pezition

1GU8: Bacteria Sensory Rhodopsin Il

FrotScale output for user seg

seven trans-membrane
’ regions '

1 1 1 1
58 18a 158 zea

1DX0

1GUS8



iz Secondary Structure
1) alpha helix

oxygen atom at N -th residue

is hydrogen-bonded with

nytrogen atom at N+4 -th residue

example) alpha helix regions (red)
in Cytochrome P450 2C5 (PDB: 1DT6)
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= Secondary Structure

2) beta sheet

parallel beta sheet

H R 0O H R
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Ramachandran Plot

1DX0: Bovine Prion
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Cited and modified from

Darby and Creighton: Protein Structure,
Oxford University Press (1993)
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7" Secondary Structures (advanced)

.a helix

3.6 residue /1 round, spiral radius =2.3A,
pitch (in Z-axis) = 1.5A/ residue, pitch (in Z-axis) = 5.4 A / round.
Dipole Moment (N-terminal charged as “+”, C-terminal as “—")
thus two helices prefer to align in “anti-parallel” manner.
Not stable in its dihedral angles, only stable with hydrogen bonding.
Proline residue is a strong helix breaker.
a helix n=3.6,r=2.3, d=1.5 (¢, y, w)=(-57° ,-47° ,+180° )
310 helix n=3, r=1.9,d=2.0
T helix n=4.3, r=2.8, d=1.1

-3 sheet

almost doubly extended structure of a helix
side chains are placed orthogonal to the sheet, toward two sides in turn.
parallel B sheet (@, ¢, w)=(-119° , +113° |, +180° )
anti-parallel Bsheet (o, g, w)=(-139° , +135° ,-178" )

-Turn
B turn (sharp turn with 4 residues). vy turn(sharp turn with 3residues)
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h DSSP code
« H =alpha helix
* B =residue in 1solated beta-bridge
« E =extended strand, participates in beta ladder
* G = 3-helix (3/10 helix)
e =5 helix (pi helix)
* T =hydrogen bonded turn
 S=bend

Secondary Structure of a protein can be

represented as a character string with DSSP code
“....HHHHH....EEEEEEE.... HHHH...”
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Secondary Structure Prediction

e Chou-Fasman method

* GOR method
Qian-Sejnowski method (neural net)

 New Joint method (consensus method)

Each amino acid has “Secondary structure propencity” (as amino acid index).

In Chou-Fasman method, core regions (a block of “H” or “E”) are extracted
_, L 17 .. Y S t g |

[ S J.L ......... s e - =] Ll -- - _-- ..A...-..
IMOIT e seqguerice at IIlbL dlld uiern expdi d “H’or “E reglion

1

+ +
CACSPREEME 1Ty

101
SEQUENCE  WAGAAAAGAYYGELGGYHLGEAMERPL IHFGEDYEDRY YRENMHRY PHEY Y RPY DAY SNONNEYHDCYW I TYEERTY TTTTEGENFTETD IKMMERYYE
FREDICT CCC EEEEECCCCCCCCCCCCCCCCCCEEEEECCCCCCCCCCEEEEEEEEEECCCECECECECEE
2t
SEQUENCE  OMCITOVERESQAYYERGA
FREDICT EEEEEEEECCEEEEEELE

il 1DXO0 (prion protein) secondary structure prediction

C : ol by Chou-Fasman method http://mbs.cbrc.jp/papia/
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Secondary Structure Prediction
cent : 103100030103333033333030303337003333033t

Fred: CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCT
AR GSKI:IKPG"_.:'GmTTGGSREGQGSPGGITR?PQGGGG“G? The PSIPRED Protein Structure Prediction Server
10 20 a0 40 David T. Jones, Liam J. McGuffin & Kevin Brysan

cont : 1110000an3052000000320000000003303303300¢

. PSIPRED The PSIPRED protein structure prediction server allows you to submit a protein sequence, perform a
Fred: s
erver prediction of your choice and receive the results of the prediction via e-mail. You may select one of
Bied: FERCCECUDCCEC B CrnICEEn CoCRn NECEECOEEiue Fee R e I S B e e
Af: PHEGEWGQE [-IIGGG-WGQPHGCTGWGQP HGGE G‘?G’qP HGGGG’WGI' PSIPRED method and GenTHREADER : a sequence profile based fold recognition method. More. .
Server
50 60 T 80 History CLICK HERE TO ACCESS THE SERVER
PSIPRED For queries regarding PSIPRED: psipred@cs ucl.ac uk
Conf: El-l—l—l—l—l—l—l—l—l—l—l-l-l-l_rl_i EEpEEEEEEEE S EE] |_|—|—|-|-|—|[ FAIR USAGE
POLICY
et D
Fred: CCCCCCCCCCCCCCCCCCHHRAC CCCCCCHAAHHARHAARAA
ARG HEQWIEE SR P TIMEHAS S SRR MR L O TG 1DXO0 (prion protein) Secondary Structure
a0 100 110 1z0

Prediction on UC London PSIPRED server.
Y 8 e 1 1 e e
FPred: :::}____———fj ——

Fred: HHHCCCCCCCCCHHHHAARRARRHACCCEEEECCCCCCCC
Ak SAMSEFPLIHFGSD ¥EDRY YREEITMHRYEITOWYYREVDQY 51T

130 140 150 1&0

Y8 SR 1 s e 1 1 O
Fred: ___| 5_——————H

Fred: CCCEEEEEEEEEEEEEEECCCCC CCCHRHHHAHHRHHAAA
Ad: QIMTFVHDCVITITVEEATW TTTTE GENF TETL IKMMEEWVE

170 180 130 200

cont : I00000000000399aa00
Fred: }

Pred: HHAHHHEHHHHHEHECCCC
Ah: QMCITOYQRESGAYYOROA

ra




