Seminar 8

Evidentierea legaturii dintre gena si secventa proteica corespunzatoare
(Identificarea genei GFP si determinarea mutatiilor importante)

Pentru a demonstra realizarea activitatilor urmatoare, creati un fisier Word
(nume_seminar8.doc) in care sa salvati (*'print screen si apoi ""paste'’) imaginile create!

1) Determinarea secventei ADN a proteinei ""Green Fluorescent Protein™ (in baza de date
UniProtKB)

2) Translatia secventei AND

3) Compararea secventei de aminoacizi obtinuta cu secvente similare din baza de date PDB
4) Vizualizarea mutatiilor genetice

1) Determinarea secventei ADN a proteinei ""Green Fluorescent Protein™ (in baza de date
UniProtKB)

Baza de date UniProtkKB  (www.uniprot.org/ www.expasy.org/):
- organizeaza si noteaza secventele proteice.
- contine informatii importante pentru studierea relatiei dintre secventa proteica si functia
proteinei.
- foloseste 2 tipuri de notatii:
-- una alocata manual (de cercetatori) bazata pe articolele publicate
-- alta alocata automat de un software sofisticat.
Pentru aceasta activitate practica vom folosi notatii alocate manual!

Daca ati folosit adresa "www.expasy.org/" se selecteaza "UniProtKB" in lista bazelor de
date si se scrie in campul de cautare "Green Fluorescent Protein™.
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Daca ati folosit adresa "www.uniprot.org/”" se selecteaza sectiunea "Swiss-Prot"
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si se scrie in campul de cautare "Green Fluorescent Protein™.
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Selectati "protein name" in sectiunea Filter "green™ as
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Se selecteaza codul P42212 (corespunde proteinei GFP extrasa din Aequorea victoria (Jellyfish))

(Codul P42212 se afla si in pagina dedicata proteinei LEMA in baza de date PDB!).
Verificati unde se afla acest cod!!!

Studiati informatiile cuprlnse in pagina de sumar a protelnel GFP
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Folosind codul "P42212" se poate ajunge direct la aceasta pagina (fara pasii anteriori)!
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http://www.uniprot.org/taxonomy/6100

» Pentru a studia gena proteinei GFP selectati "Cross-references” (meniul din stanga)
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La capitolul “Sequence databases” se selecteaza GenBank , apoi se activeaza linkul "M62654”:

[ GenBank E:] Me2654 mRNA. Translation: AAA2T722.1.
M62653 mRNA. Translation; AAAZT721.1.
L29345 mRMNA. Translation: AAAE8246.1.
X96418 mBNA. Translation: CAAG5278.1.
U73901 Genomic DNA. Translaton: AAB18957.1.

Pagina "http://www.ncbi.nlm.nih.gov/nuccore/M62654" afiseaza structura pre-ARNm pentru
molecula GFP (ARN mesager precursor - inainte de splicing si translatie)!
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Secventa pre-ARNmM obtinuta contine atat zone purtatoare de informatie genetica (exoni)
cat si zone nepurtatoare de informatie genetica (introni).
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Se poate ajunge direct la informatia anterioara prin acesarea paginii
http://www.ncbi.nlm.nih.gov/

Pentru a evidentia secventa ADN corespunzatoare moleculei ARNm ("matrita” ce serveste ca

- se selecteaza baza de date "Nucleotide"
- se introduce codul "M62654"
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The National Center for Biotechnology Information advances science and health by providing
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1..5170

forganism="jequorez victoria®

fmol type="mRNA"

fdb xref="taxon:5100"

ftissue lip="lambde grle”

1..=5170

fgene="GFF"

<1..187

fgene="GFP"

frnumbar=1

193..201

fgene="CFp"
feXperiment="experimental evidence,
recorded"”

fnote="fluorescent chromophore”
join{198..413,946..1240,2308..>2744)
{gene="GFP"

1%8..413

fgene="GFP"

fnumber=2
join(208..413,946,.1240,2308..2523)
fgene="GrE"

no additional details
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- secventele ADN obtinute prin activarea "mRNA" difera de secventele ADN obtinute prin
activarea "CDS" (CoDing Sequence), deoarece secventele CDS contin doar regiuni definite de

codonii start si stop.
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- secventele "CDS" incep cu gruparea de nucleotide "ATG" si se termina cu una din gruparile
"TGA", "TAA" sau "TAG".

Pentru a vedea secventa completa a ADN trebuie vizualizata intreaga pagina.
Copiati cele 3 zone "mRNA" intr-un fisier word pentru a obtine secventa ADN ceruta!

Se obtine un sir de caractere care pe langa literele ce indica bazele, contine si cifre, care nu fac
parte din secventa ADN corespunzatoare moleculei ARNm:

gat aacaaagatg agtaaaggag aagaactttt cactggagtt 241 gtcccaattc ttgttgaatt agatggtgat gttaatgggc acaaattctc
tgtcagtgga 301 gagggtgaag gtgatgcaac atacggaaaa cttaccctta aatttatttg cactactgga 361 aagctacctg ttccatggec
aacacttgtc actactttct cttatggtgt tca atgct tttcaagata 961 cccagatcat atgaaacagc atgacttttt caagagtgcec
atgcccgaag gttatgtaca 1021 ggaaagaact atattttaca aagatgacgg gaactacaaa tcacgtgctg aagtcaagtt 1081
tgaaggtgat accctcgtta atagaattga gttaaaaggt attgatttta aagaagatgg 1141 aaacattctt ggacacaaaa tggaatacaa
ctataactca cacaatgtat acatcatggc 1201 agacaaacaa aagaatggaa tcaaagttaa cttcaaaatt aga cacaacattg
aagatggaag cgttcaacta 2341 gcagaccatt atcaacaaaa tactccaatt ggcgatggece ctgtcctttt accagacaac 2401
cattacctgt ccacacaatc tgccctttcc aaagatccca acgaaaagag agatcacatg 2461 atccttcttg agtttgtaac agctgetggg
attacacatg gcatggatga actatacaaa 2521 taaatgtcca gacttccaat tgacactaaa gtgtccgaac aattactaaa atctcagggt
2581 tcctggttaa attcaggctg agatattatt tatatattta tagattcatt aaaattttat 2641 gaataattta ttgatgttat taataggggt
tattttctta ttaaataggc tactggagtg 2701 cattcctaat tctatattaa ttacaatttg atttgacttg ctca

Daca nu asa atunci cum?
2) Translatia secventei ADN (obtinerea secventei proteice pornind de la ADN)

Pentru a obtine secventa ADN corespunzatoare proteinei GFP se selecteaza “FASTA”
(dreapta jos sau stanga sus)

Intr-o fereastra noua (new "Tab") deschideti pagina: http://web.expasy.org/translate/

Selectati secventa ADN (nu linia de comanda!) din pagina obtinuta prin activarea
comenzii FASTA si copiati-o: "Copy" sau "Ctrl+c"
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Related information

Related Sequences

Puneti secventa ADN ("Paste™ sau "Ctrl+v") in pagina: http://web.expasy.org/translate/

In sectiunea "Output format" selectati "Includes Nucleotide Sequences”
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Translate tool
Translate is a tool which allows the translation of a nucleotide (DNA/RNA) sequence to a protein sequence.

Please enter a DNA or RNA sequence in the box below (numbers and blanks are ignored).
GATAACHRLGATGAGTALAGGAGAAGAACTTTTCACTOGAGTTGTCCCAATTCTTETTGAATTAGATGET
GATGTTAATGGGCACAAATTCTC TGTC AGTGGAGAGGGTGAAGGTGATGC ALC ATACGGARLACTTACCT
TTARATTTATTTGCACTACTGGAAAGC TACCTGTTCCATGGCCAACACTTGTCACTACTTTCTCTTATGG
TGCTTCAATGCTTTTC AAGATACCCAGATCATATGALACAGCATGACTTTTTCAAGAGTGCCATGCCCGAL
GGTTATGT. TATATTTT. Y TACAAATCACGTGCTGAAGTCAAGT
TTGAAGGTGATACCCTCSTTAATAGAATTGAGTTALAAGSTATTGATTTTALAGAAGATGGAAMCATTCT
TGGACACALAATGGAATACAACTATAACTCACACAATGTATACATCATGGCAGACALACALLAGALTGGA
ATCAALAGTTAACTTCAARATTAGACACAACATTGAAGATGGAAGCGTTC AACTAGCAGACCATTATCALC
ARAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACALATCTGCCCT

TTCCLAAGLTCCCLACGLLALGAGAGLTCACATGATCCTTCTTGAGTTTGTLAC RGCTGCTGGGATTACL
CATGGCATGGATGAACTATACAAATALATGTCCAGACTTCCAATTGACACTAAAGTGTCCGAACAATTAC
TRALATCTCAGGGTTCCTGGTTALATTC AGGCTGAGATATTATTTATATATTTATAGATTCATTALRATT
TTATGAATAATTTATTGATGTTATTAATAGEGGTTATTTTCTTATTALATAGGC TACTGGAGTGCATTCE
TRATTCTATATTALTTACAATTTGATTTGACTTGCTCE

Output format: [includes nuclestide sequence
Genetic code: [standard

Reget | OF | TRANSLATE SEQUENCE

Click "Translate Sequences”
Se obtin 6 secvente diferite ce provin din schimbarea cadrului de citire (incepe cu prima,
a doua sau a treia nucleotida) si a directiei de citire (5'3' sau 3'5").

Numai una din aceste secvente este cea buna!

De obicei secventa buna (directia si cadru de citire bun) este cea care produce cea mai
lunga translatie. (secventa neintrerupta de aminoacizi, fara codoni "Stop" in interiorul secventei
proteice)

— Studiati cele 6 secvente si incercati sa gasit secventa potrivita!

Directia 5'3' cadrul 2: Codonul Start (ATG) este destul de aproape de inceput, iar primul
codon Stop (TAG) se afla aproape de sfarsit!
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53’ Frame 2

Click pe link-ul "5'3' Frame 2 "
In pagina obtinuta, este evidentiata metionina (M — codon ATG):

ITKMSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTL
KFICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKQHDFFKSAMPEG
YVQERTIFYKDDGNYKSRAEVKFEGDTLVNRIELKGIDFKEDGNILG
HKMEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQ
NTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMILLEFVTAAGITH

GMDELYKStopMSRLPIDTKVSEQLLKSQGSWLNSGStopDIIYIFIDSLK
FYEStopFIDVINRGYFLIKStopATGVHSStopEFYINYNLIStopL A

Click pe primul "M": Se obtine secventa de aminoacizi din care este compusa proteina
"Green Fluorescence Protein™
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DE Translation of nuclectide sequence generated on ExPASy

LE 014 by 188.24.22.252.

[alsd in sequence will automatically be deleted
ce a few days.

DR SWISS-ZDPAGE; VIRTZ0T1Z; VIRTUAL.

80 SEQUENCE 238 AA; OFECLS82FOS2DFAF CRCE4.
MSKGEELFTG VVEILVELDG DVNGHEFSVE GEGEGDATYS KITLKFICTT GKLEVEWETL
VITFEYGVQC FERYPDHMEQ HDFFESAMPE GYVQERTIFY KDDGNVESRA EVEFEGDTLY
NRIELRZIDF REDGNILGHE MEYNYNSHNYV YIMADRQRENG IRVNFKIRHN IEDESWVQLAD
HYQONTPIGD GEVLLEDNHY LETOQSALSKD PNEKRDHMIL LEFVTAALGTIT HEMDELYK

i

Sequence in FASTA format

Intr-o fereastra noua (new "Tab") mergeti la pagina proteinei "Green Fluorescence
Protein” (LEMA) din baza de date pdb.org si activati "Sequence". Ar trebui sa obtineti secventa
de aminoacizi urmatoare:

[hide] [reference] 43% beta sheet (14 strands; 117 residues)
scop Green fluores cent/protein; GFP (@ 1emaa),
— - n ~—~ ¥ ——
PoEMSKGEELFTGVVP I LVELDGDVNGHKFSVSGEGEGDATYGKLTLKF ICTTGKLPVPWPTL
e F m E) B E) E) 0

scop. Green fluorescent protein, GFP d1emaas)

[T g W— _>_ N N N

PoEVTTFXVQCFSRYPDHMKRHDF FKSAMPEGYVQERT | FFKDDGNYKTRAEVKFEGDTLVNR
51 ] 3 % W00 1o 120

scop. Green fluores cent/protein; GFP/d1emaas)
DssP. — N ) :J\_

PoE | ELKG IDFKEDGN | LGHKL EYNYNSHNVY | MADKQKNG | KVNFK I RHN | EDGS VQLADHY
'''''' 50 10 150 60 7o 180

Green,fluorescentiprotein, GFP:(d1emaa))

2
PDEQQNTP IGDGPVLLPDNHYLS TQSALSKDPNEKRDHMVLLEFVTAAG I THGMDEL YK
FDiTg3 150 200 200 220

DSSP Legend
T: turn

E: beta strand

Comparati cele 2 secvente de aminoacizi?
3) Compararea secventei de aminoacizi obtinuta cu secvente similare din baza de date PDB

In pagina rezultata dupa translatarea ADN in secventa de aminoacizi se selecteaza "Fasta
Format” (scris cu albastru!). Se obtine:

- -
1 Ackath @ Scooun proview - Sccp, @ Bookates —Peess, * [5] Gooole (@ Anehee Medcalo - Col. (87 Uive Stroaming Vidso - Vera | Heokhy Recke, [ 2048 = Cub o espl .} Comor Delioase: O
[ f
- LA Translate
Sequence in FASTA format
LAT BLAST submission on ExPASY/SIB 'a"wt\uv"w analysis tools: ProtParam, ProtScale, Compute piMw, PeptideMass, PeptideCutter

[l sconroste B o<t submission 0 swiss.mope
Comparati aceasta secventa de aminoacizi cu secvente proteice din PDB. Daca gasiti
secvente similare, inseamna ca un cercetator a rezolvat structura 3D a acestei proteine!
Copiati secventa proteica obtinuta in format Fasta.
Deschideti pagina http://www.pdb.org/ si click "Advanced Search"
Din meniul “Chose a Query Type” selectati "Sequence (Blast/Fasta)"
In fereastra "Sequence" puneti secventa copiata. Click "Submit Querry"



« C & [ pdb.org/pdb/search/advSeardh.de ]
Aptcatt (@ Scopus preview - Scop. # Boglates — Fiwes, B [B) Google @) Anatze Medcalke - Col. 6 Lve Streaming Wideo /.. - Veria | Heakhy Recps.

n Author  Macromolecule  Sequence  Lgand @

o
sm

048 < Cubde viespl ) Comorl Dakioase: Cul.

.., PDB D, molacule

saarch History | Proviou:

Advanced Search Interface

Saquance (BLASTFASTARSLBLAST) e
‘Sequence search (BLAST or FASTA)
Structure 1d Result Court |
Chain 1d
Saquencs PSS L |G LU N SHI S S U LA TSEL LKL TSELEURYE L N
MTTESYGVOCFSRPDHMKQHDFFK SAMPE GYVOERTIFYKDDGNYE SRAEVEFEGDTLY
NRIELKGIDFKEDGHILGHKMEYNTHSHNVYIMADKOKNGIKVNFKIRHNIEDGSVOLAD .
HYQONTRIGOGPYLLEONHYLSTOSAL SKDPNEXROHMILLEFVTASGITHGMOELYY.
Search Tool BLAST  *
Mask Low Yes v
Complaxity
E-value Cutoff 100
Sequence
Identity Cutoff
()

Add Search Criteria @

| Ratrieva only at a0% + 7]
Match .|+ |of the above conditions.

| Clear Al Parameaters| Subimit Guery |

Pagina rezultata contine o lista de proteine a caror secventa de aminoacizi este apropiata de
secventa data.

Similaritatile se pot observa actlvand "Dlsplay Full Alignment™ in sectiunea "Alignment"

C # [pborgie 5 lts results do2outformat =8 B10SEES bt y=Current ay B O =
® . WF B @ L. g 2040

= Cubdaviessi | Comor Debcoase: Cu. »
t S & chain(s):

Authors:

” Release:
“ e iy e 24

Count Iil
Compound: 1 Folymer { Display Full Palymer Dutuils | Display fur All Results ]

Alignment: Length: 238 E-value: 1 125096135 Score: 499 574bits (1259) Tdentities: 233/238 (95%) Positives; 238/236 (100%) Gaps: 0/238 (0%)

1o 120 10 140

50 60 80 90
- similar residues | %ed - sequence ismatch | Blue - deletion | - insertion

10 20
Legend: Groen - identical residues |

The sequence alignment o the FDE results page comes from the BLAST output file, BLAST uses the sequence from BEQRES and the sequence umbering always starts at L. The sequen:
[ Hide Aligamont | Divplay for All Ruvalts ]

Citation:  Ultrafast and Lt in the of the Green Protein
(200%) 1 Sictchem, 200 msz{mw.r Fall Abstract | Display for Al Rusuis ]

Molecule of GFp-like Proteins, Green Fluorescent Protein (GFP)
the Month:

# 4ANJ  MYOSIN VI (MDinsert2-GFP fusion) PRE-POWERSTROKE STATE (MG.ADP.AIF4)
L P& chaings):

Manatruy, 3.5, Taabat, 1., Rapars, V.
2012:3017
K-RAY DIFFRACTION with resclution of 2.60 A

. Sharfea, ., Pylypunko, 0., Lin X./', Paras, 3., Vachettn, P, Swasney, ML, Hosbusse, AM.

Residue 1200
Count
Compound: 2 Polymers [ Display Full Palymer Dutails | Displey far Al Rusahs |
4 Ugands { Display Full Ligand. Display for all Resules ]
Alignment: 08E-138 ScOre: 1257 [ Miepley full Alignmant | Display for Al Rexuhs |

Citation: Steps in the Reverse Direction Require Unc
el 48: 75 [ Disploy Full Abstract | Display for All A

ide Synthase, Myosin, Anthrax Toxin, Calmodulin

of the Lead Head Lever Arm of Myosin Vi.

Molecule of

Se obtin proteine similare cu GFP si forme mutante!

— Studiati proteina “1HCJ”
- numai 5 aminoacizi diferiti
- modificarile sunt conservative: aminoacizii din cele 2 forme sunt similari

- ex: schimbare de la izoleucina la valina, ambele hidrofobice
® 1HC]

BE 3] FEOTOPROCUCT OF THE WILD-TYPE ADQUOEEA VICTORIA GRECM FLUORESCENT PROTEDN
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Eap, Methad: 3-AAY DIFFRACTION
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: 1 Type: palppepkce
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4) Vizualizarea mutatiilor genetice

Cautati in pagina de pe site-ul PDB la care ati ajuns in partea precedenta codul 1BFP.
(o proteina mutanta creata de cercetatori, care are emisia de fluorescenta albastru in loc de verde)
— Determinati diferenta dintre structurile primareale celor doua proteine.

In tabelul urmator sunt indicate mutatiile care duc la modificarea emisiei de fluorescenta a
proteinei GFP

Green Fluorescent No mutation
Yellow Fluorescent S65G, S7T2A. T203F
Cyan Fluorescent Y66W

Blue Fluorescent Y66H, Y145F

"S65G" inseamna ca in pozitia 65 serina a fost inlocuita cu glicina

— Identificati mutatiile Y66H si Y 145F (in structural alignment)

Pentru vizualizarea mutatiilor ce apar in 1BFP se va folosi "Protein workshop”
selectati "Visibility"
selectati "Atoms and Bonds"
selectati aminoacidul 145"
selectati aminoacidul "66"

Mutatii
- tirozina (Y) este inlocuita de histidina (H) in
pozitia 66 ,
- tirozina () este inlocuita de fenilalanina (F)
in pozitia 145
In pozitia 66 era situat cromoforul
proteinei “Green fluorescent”
— Comparati cu proteina 1 EMAI

Tema 8:

1. Evidentiati mutatiile ce apar la proteinele: 1GFL, 1IEMG

2. Indicati primele 12 nucleotide ale secventei codante ARNm pentru GFP.

3. Indicati o referinta pentru articolul in care s-a raportat secventa codanta a GFP.

4. Explorati moleculele din pagina interactiva Molecular Machinery poster (http://mm.rcsb.org/).
Click pe molecula care de interes activeaza vizualizarea interactive.
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