. Bevezetés a bioinformatikaba

o Harangi Janos

DE, TEK, TTK Biokémiai

i Tanszék



~ Interdiszciplinaris tudomany, amely magaba foglalja a
2 biologiai adatok gyljtésének,feldolgozasanak, tarolasanak,

5t elemzésének, értelmezésének osszes vonatkozasat.

it A szamitastechnika alkalmazasa biomolekulak vizsgalatabol

SEEE szarmazo informaciok rendszerezésére és értelmezésére.

- Kialakulasa:
Kisérleti technikak fejlédése

i (szekvenalas, szerkezet meghatarozas)

S 2 g

~Nagy lépték{” biologiai kutatas

T (genom projektek, DNS chipek)

SH .

Nagy mennyiségi, komplex biologiai adat



A bicinformafika helye  $

Computer
Sciences

Lite
Sciences

Bioinfo

Math | Chemistry



e PubMed keresés és eredmenyei

i - Szerz0, publikacio helye, ...

= e Informacio egy gén szekvenciarol

i e Informacio egy fehérjérol

-----
-----
-----
.....
-----
-----
-----
-----
-----



DNS szekvenciaelemzés és adatbazisok -
filogenetikus fa (genomika)

Fehérje szekvenciaelemzeés és adatbazisok
(proteomika)

Fehéerjék 3D szerkezete
Enzimmukodés modellezése
RNS szekvenciak és RNS mukodés

Glikoproteinek és poliszacharidok szerkezete

(glikomika)
Annotacio
Osszefliggések keresése



CBI Human Genome Resources - Microsoft Internet Explorer

Fajl Szerkesztés Mézet  Kedwencek

Eszkgzak  Sugd

@Vissza - -\_;] @ @ \I_;j ﬁKeresés *Kedvencek @ D;B- .,{_% |.U_.F| - |_J @t? ﬁ .ﬁ

Cim |@ http: [ fwne, nchi. o, nibe, gowfigenome,/ guide/human)

GDClglE“Cv v|G|:| “ 52 E - ﬂ;’ Bookmarks + @ 12 blocked "Q?'Check - % Autolink = ¥

mywebsearch - |

=3 NCBI Genomic Biology

Haearch - @ SCrEENsavers -:jl Smiley Central F Cursar Mania @ Fun Cards

Search | All Databases (Entrez)

V|fc|r| |[Clear]

Browse your Genome

Click on the Chromosome to
show

Genes v

12345678

910111213 141516

71819202122 X Y

Find A Gene

Search for

. Human
Genome

Resources

A challenge facing researchers today is that of piecing together and analyzing the
plethara of data currently being generated through the Human Genome Project
and scores of smaller projects. MCEl's Weh site serves an an integrated, one-
stop, genomic information infrastructure for hiomedical researchers from around
the world so that they may use these data in their research effarts. More. .

Genes and Human Heéalth
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mq| Ugrds | Hivatkozasok
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‘ Internet




101NfOrAAe

—

lkalmazasok

- —

=

e AdatgyUjtés és feldolgozas

it e Szekvencia illesztés
. » Molekularis evoluci6

0 o Genom térképezés €és 0sszehasonlitas

2 o Szerkezet meghatarozas

o Szerkezet osszehasonlitas

i1 o Molekularis modellezés és szimulacié
o o Szerkezetjoslas
i e Gyogyszertervezés

..... Masodlagos és harmadlagos szerkezet joslasa

HH » 3D szerkezeteket illesztd algoritmusok

T » Fehérjegeometriai mérések
» Felszin, térfogat és alak szamitasa
* Intermolekularis kélcsénhatasok
* Molekulaszimulaciok (molekularis mozgasok, dokkolas)



e Feherje enzimatikus vagy kémiai

i hasitasa

i e Peptid mapping

i —Peptidek szekvenciajanak elemzése

i e Fragmensek Osszeillesztése

i informatikai eszkozokkel

1 o Kereseés adatbazisokban

i o Adatbazisok informaciotartalma!!!



e == S — ———

" Enzintadatb@zisok —ﬁ \

"i7 o PDB: fehérje adatbazis

i o BLAST: fehérje homoldgia keresés

i o JUBMB: EC szam alapjan

i1 e Brenda:katalizalt reakcio, szerkezet, ligandok,

i forras,

SEEEI ExPASy

::: o MACIE: aktiv hely adatbazis

-----

= o CSA: Catalytic Site Atlas

i e IntEnz: katalizalt reakcid, szerkezet

i1 e EzCatDB: mechanizmusok, kevesebb kémiai

i reszlet, publikaciok.



0 Szerkezet-joslas

i - A funkcio vagy a térszerkezet megjoslasa pl. hasonldsag alapjan

i1 - Ez alapjan Uj szekvenciak funkciéjanak/szerkezetének
i1 azonositasara

20 - A mar ismert, hasonld funkcidju/szerkezetl fehérjéket

1 megvizsgalva

i1 valamely, a funkcidra/szerkezetre jellemzd, konzervalodott

i sajatossag

T keresése

0 Modositott enzimek tervezése

i Gyogyszertervezés - szerkezet-hatas kapcsolat jéslasa

SHEE - célmolekulak tervezése



[
PROTEIN DATA BANK

|' Homel Search |

- M Hore

~ M Getting Started

P Download Files

P Deposit and Yalidate

p Structural Genomics

P Dictionaries & File Formats
p Software Tools

P General Education

p Site Tutorials

- M BioSync

b General Information

-~ B Acknowledgements
© M Frequently Asked Questions
5] Report Bugs/Comments

Quick 7?(75’ PR <

Yisit mmcif resb.arg for
detailed information about the
macromalecular
Crystallographic Information
File immCIF) data dictionary.

» memeer orf TrE S IPDB

An Information Portal to Biological Macromolecular Structures
As of Tuesday Oct 03, 2007 B there are 46557 Structures @ | PDB Statistics @

Are you missing data updates? The PDB archive has moved to ftp://ftp.wwpdb.org.
For more information click here.

Welcome to the RCSB PDB

The RCSB PDB provides a variety of tools and resources for studying the structures of biological macromolecules and
their relationships to sequence, function, and disease.

The RCSE is a member of the wwPDB whose mission is to ensure that the PDB archive remains an international
resource with uniform data.

This site offers tools for browsing, searching, and reporting that utilize the data resulting from ongoing efforts to
create a more consistent and comprehensive archive,

Information about compatible browsers can be found here.

& narrated tutorial €2 illustrates how to search, navigate, browse, generate reports and visualize structures using
this new site. [This requires the Macromedia Flash player dovanload.]

Comments? info@rcsb.org

Molecule of the Month: Superoxide Dismutase

e can't live without oxygen, Our cells rely on oxygen as the final acceptor of
electrons in respiration, allowing us to extract far more energy from food than
would be possible without oxygen. But oxygen is also a dangerous compound.
Reactive forms of axvgen, such as superoxide (oxwvgen with an extra electron), leak
from the respiratory enzymes and wreak havoc on the cell. This superoxide can
then cause mutations in DNA or attack enzymes that make amino acids and other
essential molecules. This is a significant problem: one study showed that for every
10,000 electrons transferred down the respiratory pathway in Escherichia coli cells,
about 3 electrons end up on superoxide instead of the proper place. To combat this
potential danger, most cells make superoxide dismutase {(S0D, shown here fram
POB entry 2s0d), an enzyme that detoxifies superoxide.

® More ...

® Previous Features

The RCSB PDBE is managed by two members of the RCSB: Rutgers, The State University of Mew Jersey and the San Diego Supercomputer Center
and Skaggs School of Pharmacy and Pharmaceutical Sciences at the University of California, San Diego, It is supported by funds from the National

® Complete News
H Newsletter

B Discussion Forum

9-October-2007

PDB archive at
ftp://ftp.wwpdb.org

Ag previously announced, the
PDB archive has been
moved to fip/ftpeeswpdborg,
Updated weekly, this
location serves the files
from the wwPDE
Remediation Project and all
newly released files, In
September, approximately
14.7 million files were
downloaded from
ftp.wwpdb. org,

| Full article ...
2-0ctober-2007

Structure Deposition
Checklist

In citing the PDB please refer to; HM.
Berman. .. Westbrook. Z. Feno. G.



AST: Basic Local Alignment and Search, Tool - Microsoft Internet Explorer
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mywebsearch - | Dsearch = Msqreensavers %) Smiley Central P Cursor Maria (5] Fun Cards & -

:'__. BLAST

My NCBI
Home  Recent Results Saved Strategies Help [Sign In] [Reqister]

»NCEI BLAST Home News

BLAST finds regions of similarity between biclogical sequences. more...

Hew Human and

Learn rrore about how to use the new BLAST design Mouse pre-indexed
databases

Human and mause

BLAST Assembled Genomes gEmelnts > s )
megablast searches

Choose a species genome to search, or list all genomic BLAST databases. nawy uze & faster,

indexed algorithm that

typically reduces run

8 Human O Oryza sativa o Gallus gatlus fine b oo i
I WYOTNINGE, &2
8 Mouse 0 Bos taurus B Pan troglodytes Y i
o o . ] o . campared with
Rat Danio reric Microbes standard megablast.
0 Arabidopsis thaliana 0 Drosophila melanogaster O Apis mellifera S007-09-04 10 55:00
More BLAST
IS...
1ES1 Basic BLAST
.... Choose a BLAST program to run. 2
< L1
@ 8 Internet




PBD:-Proféin Datd Bank\™

e Bioldgiai makromolekuldk szerkezetének

22t informacios portalja

e Kereses:

i — PDB ID (azonosito)

i — Kulesszo

i —szerz0

i @« ROntgenkrisztallografiai meérések alapjan

o Jrodalmi hivatkozasok

i @« Megjelenités valtozatos grafikus formaban:

.~ Szalag

Hit - Vonal
- Atomok jelodlve...



DNS polimeraz I enzim

Nukleotidot épit be
vagy hasit ki

Replikacio
Repair

Hidrolaz és transzferaz
aktivitas



Atlas - Microsoft Internet Explorer
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A HUMAN PROTEIN ATLAS

: "znn? 10- ng
¢ A new version of the Hurman

The hurman protein atlas shows expresszion and lacalization of proteins

J . in & large variety of normal hurnan tissues, cancer cells and cell lines : Protein Atlas has been
i — with the aid of immunchistochemistry (IHC) images. - released, The new version
[ ;. contains more than 2.8
i ! : ¢ raillion images corresponding
i i H |  to more than 3000 :
| )  Enter search: : ‘ antibodies, Protein Array- H
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=kromoszoma

Human Protein Atlas - Microsoft Internet Explorer
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Exper’r Protein Analysis-System

WWW.expasy.org

Fehérje szerkezetek es szekvenciak analizisere
hoztak letre

5 adatbazis, ebbol egy az ENZYM
Kereses:

- EC szam

— Enzim név

Definialja az enzim funkciot
Megadja az ismert szerkezeteket
Kapcsolat mas adatbazisokkal



e Bioldgiai (szerves) nomenklatura és

i terminologia

e Kereses:

i — EC szam

S — Enzim név

i — kulesszd

i o Definialja az enzimek funkciojat

i e Enzimkinetikai terminoldgia is

e Nukleinsavak

;e Peptidhormonok

i e Transzportfehérjek
e Linkek egyéb adatbazisokhoz



Egy atfogd enzim informacios rendszer

Nomenklatura

Preparalas

Stabilitas
Reakciospecifitas

Enzim szerkezet
Funkcionalis parameéterek
Termel0 szervezet
Betegsegek

Alkalmazas és mernokseg




]

echanism, Annotation and Classification in Enzymes.

http://www-mitchell.ch.cam.ac.uk/macie/

42

Unique
Ideritifier

MName

Endonuclease

‘EC

31302

‘ D042 o

POB

1zmn

Owerall Reaction

LONA a5
}j Huch

u]

“DOHA o-H H-O 'P\“‘D
+ a

“OHA
o

Huc B

Aonotation

Ohwerall Reaction Type=(Hydralysis); Bondshiade
(0-H,0-Py;AomsInvobied=(0, P, 0% Cofactars:
g2 +3; Praduct=(x0001 5, ¥000 16%; Bonds Broken
[F(0-H, 0-Fy; Substrate=(CO0059, CODOO0 1;Bonds]
rvohed=(0-H,0-P,0-F,0-H).

Step_Mo

Step_ID

Reaction

Commerts

ALanatation

po4z stgo1

=

The diagrammatic mechanism stated in the paps
assumes that the mechanism is concerted.

It iz assumed that His2Y is activating the
water.

Substrates=(1smn-HI 5§49, CO0001, CO0039); Bon
Formed=(H-H,0-F,0-Hy; Nuc Atack On={C00001
00039, 1=mn-HIS89Y; Cofactars=(hig2+); Bond Cla
wed=(0-H,0-P,H-Hy;RxnAts=Bond Cleavage B
ndFormation, Product Formed, Hy drolysis); Reacy
e Centres=(M,H,0,P, 0% Reversible=(Yes); Glu12
=(Side Chain,OnLooker HBAYR DS=(YesTAsn 1]
9=rHBA HBD, Side Chain, OnLooker hietal Ligand
Hiz29=(%ide Chain, P4 Nue HBA P D, Bec); Resid
= Presant=His59, GIu127 A=n119 457 RanTy|
e==(MuclaophilicAtack, ProtonTransfer, $n2); Prg
ducts=CxD00 15, H¥00016); Proton TransferFromTo

FCCO0001, 12mn-HISE9, 1=mn-HISE9, CO0039); Nj
leophile=(1zmn-HI529, CO0001, COO039 Y, ArgST=
Side Chain, OnLooker, HBD, Change Stabilizer).

Ref_ko

Fubhded_ID

5. %, Shlyapnikow, W, % Lunin, bd. Perbandt, K. k. Palyakow, %W Yu Lunin, %W b, Levdilow, C. Betzel, A b, hikhailow; Acta Cryst.; DS6; S67-572; 2000

20235650

Subs_MNo

Subz_ID

Substrate _Structurs

Substrate_Mame

Product_Ho

Prod_ID  |Product_Structure

Product_Mame

Ccooo3ga

coopod

OHA

Nigter

HooO1S

0-H
HODO16 a

DA

H MNucB

DMAS-phosphate

DHAF-hywdrooy]




Hogy torténik a katalizis?

Megjosolhato-e az enzim mukodése a
szerkezetbol?

Tervezhetiink-e Uj enzimeket?

Osszevethetdk-e a kilonbdzb szervezetbdl
szarmazo azonos funkcioju enzimek?

-----

i1 Az aktiv helyek ismerete sziikséges.



http://www.ebi.ac.uk/thornton-srv/databases/CSA

HH Catalytic Site Atlas: Az enzimekben szerkezeti adatok alapjan azonositott

T katalitikus helyek és oldallancok forrasa

THE Porter, Bartlett, & Thornton Nucl. Acid7. Res. (2004) 32: D129-D133.

e — N -
N\ N\ HO ﬁ\y\ H\
o) O@\ \H e HOO 8
HO— Ser / H - / w
H Ser \ 0] Ser _ OH B
serlo’ W (O—Ser O—Ser Ser O—Ser
G~ © Gu” O N
Lys/ NH, Lys/ NH3+ Lys /NH3+ /NH
Lys
N
. 0
: HO—Ser
Se;i—O/HW B-lactamase Class A; EC 3.5.2.6; PDB: 1btl
: " Reaction: B-lactam + H,O = B-amino acid
Lys” 2 . . .
Active site residues: S70, K73, S130, E16




¢ Keresés:EC szam, név, katalizalt reakcio

e Abstract: mechanizmus, metabolikus

kapcsolatok, hivatkozasok

e Linkek: ExPASy

e Pelda:

2Glutamil-tRNS reduktaz

ii9-amino levulinsav szintézis

iglutaminsavbol.
:::Dimer enzim, V alaku.

:“Altalaban hem tartalmu,

de ez arche-baktérium

::eredetl, nincs prosztetikus

:iicsoport.
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[a modellezés

Moleku

Szamitogépes programmal
szerkezet megadas.
e Felhasznalja az ismert

szekvencia-szerkezet
Osszefliggeseket.

e Felhasznalja a

Calculated structure

)
Figure 3-52

. 7y s
Biochemistry, Sixth Edition SZer ke e tV |ZS g a I (@)
© 2007 W.H.Freeman and Company

e modszerekkel kapott

HE adatokat.



—E——
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inamikus szer

Figyelembe veszi a
molekula oldatbeli
mozgasait.

A szerkezetben vannak
rogzitett és mozgékony
oldallancok.

Figure 3-53
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



e A molekulamodellezés célja:
terbeli szerkezet abrazolasa

e Kisérleti eredmenyek reprodukalasa
e Molekulatervezes

— Pénz és id6 megtakaritas

— Az enzimmuUkodés megjosolhato

— Célmolekulak tervezése
— Uj termékek




[ .I
TCE ¥MD - ¥isual Molecular Dynamics G

THEORETICAL and COMPUTATIONAL
BiorHYsics GrouP

NIH RESOURGE FOR MACROMOLECULAR MODELING AND BIDINFORMATICS
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

Home
Ouerview
Publications isuallsMolecular Dynamics

Research
Software

D Whlecular Graphics VMD is a mnlecularw_suahzat!nn pmgr_am_fnr_d\splaymg, animating, and_ analyzing large hiomaolecular systers using 3-D graphics and built-in scripting. WYMD supports computers
“dewer running MacOS-K, Unix, or Windows, is distributed free of charge, and includes source code

e e ﬁm:.i?nwac.uml‘z.:m - (more details...)
| gl EXPASY - SWISS-3DIMAGE 8l -
—
| iita EXPASY Home page ‘ Site Map ‘ Search ExPASy Contact us M
Search | Swiss-Proy TrEMBL v [for | |(Go | [ Clear |

Database of annotated 3D images

SWISS-3DIMAGE (References) is an image database which strives to provide high quality pictures of biological macromaolecules with known three-dimensional structure. The
database contains mostly images of experimentally elucidated structures, but also provides views of well accepted thearetical protein models.
The images are provided in several useful formats; both mono and stereo pictures are generally available (Disclaimer).

Direct access to SWISS-3DIMAGE

+ by description or identification (any word in the DE, OS5, KWW and ID lines, or POE code)
o by SWISS-PROT accession number (AC line)

Home Page
for
RasMol and OpenRasMol

Molecular Graphics Visualisation Tool
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Molekola modéllezes

2
SRR S 7” . 7 . 4 V4 V4 V4 g o= l- l-u. IH....I
it 1) mukddesi sajatossagok meghatarozasa, 5 lll l
""" . 4 ey 7 7 . V4 = =2 1
HHEE az enzim szubsztrat-kdtésenek vizsgalata, E . |
Hi kdlcsdnhatasi energiak meghatarozasa §- .
o :
..... 6
S g w0
i B T2y
..... ’ ’ ’r . , -14
i 2) molekulak keresese adatbazisbol T
S5 (informacidk szekvenciarol, szerkezetrdl, mikddésrol)
- PDB
Lol v
..... wJ
..... -
It PROTEIN DATA BANK

W ORLDWIDE

e s PROTEIN DATA BANK




@ 3) molekulamodellezes szamitogepes
programok segitségével

Molekuladinamika: fehérjék szerkezetének
idébeli valtozasat is lehet modellezni
Az abran az izommiikodés soran a
titin 7172 fehérje kitekeredése lathato

Glu203

24

'@

Kdlcsonhatasok az arpa amilazban
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2 Home : Functional Glycomics Gateway - Microsoft Internet Explorer
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Zim |$E| hikkps f fuaa, Functionalglycomics .. org)staticfinde:x, shtml
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v Goo ) B v o Bookmarksw S 1zblocked 0P Check w %y Autolink

mywebsearch ~ |

= Jump to main content

= Jurmp to navigation

natare functionalglycomicsgateway

e

Functional Glycornics
Update

Consortium for
Functional Glycornics
[CFS)

ZF3 Fesources

ZF3 Drata

CF3 Databases
Limks

About us

Suggestion

Sitermap

Toolbox

E-alert signup

welcome to the home for Functional Glycomics research

Welcome to the Functional Glycomics Gateway, a comprehensive and regularly updated
resource for functional glycomics research.

This gateway represents a unique collaboration between the Consortium for Functional
Glycomics (CFSY and Mature Publishing Group (MPG), It is designed to provide up-to-date
inforration and resources far research aimed at elucidating the rales of glycan-protein
interactions in cell surface biology,

FUNMCTIOMAL GLYCOMICS UPDATE

Find out about the latest developrnents in the field, The Functional Glycomics Update is
brought to vou by Mature Publishing Group,

Last updated: 08 November 2007

This month's features:

Carbohydrate recognition: & chemistry lab's lectin mimicry

Stem cell migration: Your brain on {polysialic) acid

read more
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General Reference | Genome Proteome | Glycome Biology
DC-SIGN (Human)

it CFGID chp_hum_Ctlect_00121

GBP Name CC-SIGN

Category C-Type Lectin Family

Sub-Family 2-Type 2 Receptor

Other Names CD209 antigen, Dendritic cell-specific ICAM-3-grabbing
i nonintegrin 1, DC-5IGN1

Species Hurman

i Summary

::ll  Date Updated 05/24/2020

Email glycomics-web@mit. edu
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Gene Name {(Primary)

Other Gene Names

Chromosome
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Open Reading Frame
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DC-SIGN (Human)

DC-5IGMN

CO209 antigen
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1215 bp
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Protein Primary

Sequence

Protein Sequence

Alignment

Domain Organization

SwissProt
PDB

Isoelectric Point

Reference
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DC-SIGN (Human)
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Biology
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Carbohydrate Recognition Domain - Click on individual structures for
more information
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e Az emberiség eredete

o A népvandorlasok bizonyitasa

i o A genetikai azonossag és
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. Genography projekt

A TGEAGAAGGTGAAGGGTCTGCTGAAGCCGEGLGCCGACGECGCAGEAGC A
TLGGCAGCGCAAGCTCCGCAACGAGTGCCGCGTECTEGACCGCCAGATCC
AGGGAGGAGAAGAACGTOGAGAAGTCTATCAGGGAGGCTGCAAAGCGE
ATCCGEAAAGGCTCTTGCTAAGGAACTAGTGAGGTCAAGACGTGETGTT
ATLAAAACAALGCTCAACTAAATTCAGTATCAATLCATCTTGLAGAAAT T TN
AAGAACTLTCLLTCATCTGTCAAAAAGTLLTGAAGTTATGAAAATCGT T ST
GAAAGLCTCCAGAATIGGCTGLCCACCATGCAAGAATTTAGTGAAGAAATG
GTGTGATGLGAAGAGATGLTCAACGATGCAGTTGATTCAGETTTGGALCTC
GAGGAGGAAATIGAAGAGGAGGTTGACAAGGTICTTIGCTTCAGTAGCT
CTCACAGCTACCCGATGCTOTGAGGAAACAGAGGATAAACCAAGCTICA

S ITCCCAGAAGAGEGACAAGE TG T TG TGAGGGEGETGATGATGATGAGG EHEkTD
COMPARE

TGGAGAAGGTGAAGGGTCTGLTGAAGCCGCGGLCGACGCCGCAGCAGE Al
TGGLCAGCGCAAGCTCCGCAACGAGTGLCCGCGTCCTCGACCGCCAGATCLGE
AGGGAGGAGAAGAACGTGGAGAAGTCTATCAGGGAGGLTGCAAAGEGE
ATCCGLAARAGGLTCTTIGCTAAGGAACTAGTGAGGTCAAGACGTGCETGTT A
TGAAAACAAGGCTCAACTAAATTCAGTATCAATGCATCTTGGAGAAATT
AAGAACTGTCGGTCATCTGTCAAAAAGTGCTGAAGTTATGAAAATCGTT
GAAAGLCTCCAGAATTGGCTGLCACCATGCAAGAATTITAGTAAAGAAATG
GTGTGATGGAAGAGATGGTCAACGATGCAGTTIGATTICAGCTTTGGACTC S
GAGGAGGAAATTIGAAGAGGAGGTIGACAAGGTICTTIGCTICAGTAGLCTCS
i CTCACAGCTACCCGATGLTGTGAGGAAACAGAGGATAAACCAAGCTTCA S
S TOCCAGAAGAGCGACAAGCTGTTRCTGAGGGEGETGATGATGATGAGG Al
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Congratulations! You found the mutation.

There are about 50 random single point AGTGAAG  Original
changes that distinguish a child's DMA
from his or her parents’ DNA. RESET AGTAAAG Copy

ATGGAGAAGGTLGAAGGGTCTGCTGAAGCCGCLGLGCCGACGOCGCAGCAGE S
TLLGCAGCGCAAGCTCCGCAACGAGTGCCGCGTCCTCGACCGCCAGATCCG
AGLGAGGAGAAGAACGTGLGAGAAGTCTATCAGGGAGGCTHCAAAGCGE
ATCCGCAAAGGCTCTTIGCTAAGGAACTAGTGAGLTCAAGALGTLGCTGTT

A TGAAAACAAGGCTCAACTARATICAGTATCAATGCATCTTGGAGARATT

AAGAACTGTCGGTCATCTGTCAAAAAGTGCTGAAGTTATGAAAATCGTT
GAAAGCTCCAGAATTGGCTGCCACCATGCAAGAATTTAGTARAGAAATG
GTGTGATOGAAGAGATGGTCAACGATGCAGTTGATICAGCTTITGGACTC
GAGGAGGAAATTGAAGAGGAGGTTGACAAGGTTCTTIGCTTCAGTAGCT
CTCACAGCTACCCGATGCTOGTGAGLAAACAGAGGATAAACCAAGCTICA
TECCAGAAGAGLGACAAGLCTGTIGETGAGGLEOGETGATGATLATGAGG A
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SE a-laktalbumin lizozim

i 50% szekvencia azonossag, nagyon hasonlo

SH térszerkezet, teljesen kiilonb6zo funkcio



ami az adatbazisokban van (félrevezetd vagy
hibas lehet a szekvencia vagy a funkcio
hozzarendelés)

amit a programok mondanak (a programban
hiba lehet, az eredmeény félrevezeto lehet)

amit a webszerverek mondanak (dettod)

amit a szakirodalomban olvasunk (a tévedések
nem ritkak)
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