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Kratki odgovori na vprasanja:

Z uporabo znanih podatkov s pomocjo Viterbijevega algoritma dolo¢i najverjetnejse
skrito zaporedje.

GLLPP

Kateri je to protein?
prestin

Katera STOP kodona sta prisotna v mRNA zaporedju za izoforma X1 in X2 tega proteina?
tag in tga

Kaksna je funkcija tega proteina v celici?

pretvarja transmembranski elektricni potencial v mehanske premike, kar je
pomembno pri sluhu

Kateri je akronim najbolj pogoste bolezni povezane s tem proteinom pri ¢loveku?
DFNB61

Zakaj je ta protein precej pomemben pri kitu?
zaradi eholokacije

Koliko transmembranskih vijac¢nic vsebuje?
14 pri ¢loveku, 9 pri belem kitu

Kaj pomeni anotacija Compositional bias v oddelku Family and Domains?

pomeni specializiran ali intrinzicno neurejen del proteina, v katerem so dolo¢ene
aminokisline prekomerno zastopane

Zapisi enocrkovno kodo vezavnega mesta in njegovo vrstno Stevilko v zaporedju belega
kita.

S 398

V kakSnem ekspresijskem sistemu in s kakS§no metodo je bila dolo¢ena struktura?
homo sapiens, z elektronsko mikroskopijo

Poisci v izhodis¢nem ¢lanku iz strukturne biologije kako aspirin vpliva na ta protein.

inhibira motorno aktivnost, zaradi ¢esar po zauzitju velikih koli¢in lahko pride do
izgube sluha



Dolocitev skritega zaporedja:

- najprej dolo¢imo skrito zaporedje s pomocjo Viterbijevega algoritma, ki smo ga
obravnavali na predavanjih

- dodatno je prilozena Excel datoteka s podrobnostmi tega izracuna

- nepoznani del zaporedja pa ustreza aminokislinskimi ostanki GLLPP



Iskanje homologa:

- uporabimo blastp s spletne strani https://blast.ncbi.nlm.nih.gov/
- upiSemo nase zaporedje in nastavimo iskanje po neredundantni bazi (nr)
organizem Delphinus leucas (taxid:9749) ter zazenemo blast

BLAST®» blastp suite Home

Standard Protein BLAST
blastn m blastx thlastn tblastx

BLASTP programs search protein databases using a protein query. more...

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @
MDHAEENEILAATQRYYVERPIFSHPVLQERLHTKDKVSDSIGDKLKQAFTCT «

PKKIRNI g| From L 1
IYMFLPITKWLPAYKFKEYVLGDLYVSGISTGVLQLPQGLAFAMLAAVPPVFGLY +

SSFYPV 4 To

Or, upload file Choose File | No file chosen (2]

Job Title | ‘

Enter a descriptive title for your BLAST search 0
(] Align two or more sequences @

Choose Search Set

=
0\ Non-redundant protein sequences (nr) v ]‘%
Organism
DP‘E‘LN‘ Delphinus leucas (taxid:9749) P ][] exclude
Enter mon name, binomial, or 0 top taxa will be shown e
Exclude [:] Models (XM/XP)[:] Non-redundant RefSeq proteins (WP)[:] Uncultured/environmental sample sequences
Optional

Program Selection

Algorithm () Quick BLASTP (Accelerated protein-protein BLAST)
@ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
() DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST alaorithm @&

Slika 1. Prikaz nastavitvi v blastp.

- rezultat z najvecjim total score je izoformna oblika X1 proteina prestina:

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ~ Select columns ~ Show 2]
selectall 23 sequences selected GenPept Graphics Distance tree of results  Multiple alignment MSA Viewer

. Max Total Query E Per.  Acc

Description Scientific Name
e - Score Score Cover value Ident Len Accession
v - v v

prestin isoform X1 [Delphinapterus leucas] Delphinapterus leucas 1441 1441 99% 0.0 9459% 741 XP_022410127.1
prestin isoform X2 [Delphinapterus leucas] Delphinapterus leucas 816 816  55% 0.0 96.36% 419 XP_022410128.1
solute carrier family 26 member 6 isoform X5 [Delphinapterus leucas’ Delphinapterus leucas 551 551 94% 0.0 4222% 762 XP_022428942 1
solute carrier family 26 member 6 isoform X6 [Delphinapterus leucas’ Delphinapterus leucas 550 550  94% 0.0 4228% 761 XP_022428%43.1
chloride anion exchanger [Delphinapterus leucas] Delphinapterus leucas 533 533 97% 1e-179 3951% 759 XP_022448709.1
- - -

Slika 2. Rezultati, ki jih dobimo z blastom, sortirani po total score.

- odpremo ta zapis v bazi GenBank
- s klikom na RefSEQ lahko odpremo izhodis¢no mRNA zaporedje
- izberemo CDS in vidimo, da se ta kon¢a s STOP kodonom tag

Za


https://blast.ncbi.nlm.nih.gov/

prestin isoform X1 [Delphinapterus leucas]

NCBI Reference Sequence: XP_022410127.1
Identical Proteins FASTA  Graphics

Goto: )

Locus XP_622410127 741 aa linear  MAM 16-SEP-2019
DEFINITION prestin isoform X1 [Delphinapterus leucas].
ACCESSION XP_022410127

VERSION XP_0822410127.1

DBLINK BioProject: PRINA:

DBSOURCE REFSEQ: acce on XM_022554419
KEYWORDS RefSeq.

SOURCE Delphinapterus leucas (beluga whale)

ORGANISM Delphinapterus leucas
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Artiodactyla; Whippomorpha;
Cetacea; Odontoceti; Monodontidae; Delphinapterus.

COMMENT MODEL REFSEQ: This record is predicted by automated computational
analysis. This record is derived from a genomic sequence
(M4_822098009.1) annotated using gene prediction method: Gnomon,
supported by mRNA evidence.

Also see:
Documentation of NCBI's Annotation Process

##Genome-Annotation-Data-START##

NCBI

Full annotation

Delphinapterus leucas Annotation
Release 101

Annotation Provider
Annotation Status

Annotation Name

Annotation Version : 101

Annotation Pipeline 1t NCBI eukaryotic genome annotation
pipeline

Annotation Software Version :: 8.2

Annotation Method Best-placed RefSeq; Gnomon
i Gene; mRNA; CDS; ncRNA
##Genome-Annotation-Data-END##
COMPLETENESS: full length.

FEATURES Location/Qualifiers

Features Annotated

Slika 3. Prikaz zapisa tega proteina v GenBank, obkroZena je povezava do mRNA.
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1141

1201

VWt ccpgpacacc agcctcttec accttpgtpgta cgtgpatpec attgccatag ccatcgttg
1321

PNt pocaatcag gapctcattg ccctgggact

1441

pelillocagcttgeca gettgtttgg cctcattaat gattctgctg gtcatattag ccactggatt]
1561
1621
1681
1741
1801

bW Mapaagttcct ggaataaaaa tattccaaat tgcccca atttattatg caaatagtgal
pierullcttatatapgc agtgcattaa aaagaaagac tggagtgaac ccagccttca taatgggagc
piiiWoopaagaaag geccatgaaga agtatgctaa ggaagttpga aatgccaaca tggccaatgce
pilWoaccgtcgtc aaagtggatg cagaagtaga tggagaagat ggcaccaage ctgaggaagal
palciWcocapgaatpgaa ataaaatatc ccccaatagt caccaapgapce acacttcctg aggaactgcal
palsW-opatttatg cccccagggg ataacgtcca caccatcatt ctggatttta cgcaagtcaa
pryaWttttattgat tccgttggtg taaaaactct ggcagggatt gtaaaagaat atggagatg
priiWcococatttac ptptatttag caggatgcag tgcacaagtc gtpgagtgacc tcactcgaaa)
PEZNMt cagttcttt gaaaatcctg ccttactgga tctgctgttc cacagcattc acgatgcag
pLiciWcttagpcapec caapttcgag aggcacttpge cpgaacagpag gccacggctg ctoctocccal
2461 EEETCladad-Cl- (o Cle g T el = R ma - acg aggagctcag cctgegatge

||||||||||||||||||||

2521 ggtatgagct tctcgtgaaa ttactaacct acacacttta aatagtagac actaaatgtt

Slika 4. Izbrana CDS regija mRNA zapisa, ocitno je tag STOP kodon.

do X2 izoformne variante tega proteina lahko pridemo na isti nacin iz okna z
rezultati blasta, lahko pa direktno iz GeneBank s pomocjo GenelD



FUL_AEI - LaAUn . ZieT
/chromosome="Unknown"
[sex="female"
/tissue_type="blocd"
/dev_stage="adult"

Protein 1..741
/product="prestin isoform X1"
/calculated_mol_wt=80774

Region 66..709
/region_name="PRK1166@"
/note="putative transporter; Provisional; cl46988"
/db_xref="CDD:481326"

CDS 1..741
/gene="SLC
[coded_b
/db_xref:
ORIGIN
1 mdhveeseil aatqryyver pifshpvlge rlhkkdkise sigdklkqaf tctpkkirni

61 iymflpitkw lpayrfkeyv lgdivsgist gvlglpggla famlaavppv fglyssfypw
121 imycffgtsr hisigpfavi slmiggvavr lvpddivipg gvnatnstea rdalrvkvam
181 svtlltgiig fclgverfgf vaiylteplv rgfttaaavh vftsmlkylf gvktkrysgi
241 fsvvystvav lgnvknlnve slgvglmvfg 1llggkefne rfkeklpapi pleffavvmg
3@1 tgisagfslh esynvdvvgt lplgllppan pdtslfhlvy vdaiaiaivg fsvtismakt
361 lankhgyqvd gnqelialgl cnstgslfqt faiscslsrs lvgegtggkt gqlagclaslm
421 illvilatgf lfeslpgavl saivivnlkg mfmgfsdlpf fwrtskielt iwlttfvssl
481 flgldyglit aviialmtvi yrtqspsyiv lgqlpdtdvy ididayeevk evpgikifqi
541 napiyyansd lyssalkrkt gvnpafimga rrkamkkyak evgnanmana tvvkvdaevd
681 gedgtkpeee eneikyppiv tkstlpeelq rfmppgdnvh tiildftqun fidsvgvktl
661 agivkeygdv giyvylages aquvsdltrn qffenpalld 11fhsihdav lgsqureala

[y

721 eqeataappq edsepnatpe a
1/

Slika 5. V zapisu X1 izoforma najdemo GenelD.

1. NW_022098009.1 AsSM 3 Primary A

Range 5833497..5885766 complement
Download = GenBank, FASTA, Sequence Viewer (Graphics)

mRNA and Protein(s)

1. XM_022554419.1 — XP_022410127.1 prestin isoform X1
UniProtKB/TrEMBL = AOA2YSLSQ7
Related ENSDILEP00000006185.1, ENSDLET00000006862.1
Conserved Domains (1) summary

TIGRO0815 | sulP; high affinity sulphate transporter 1
Location:66 — 709

2. XM _022554420.1 —\XP_022410128.1 prestin isoform X2
BL AQAZYQLY41

Related = ENSDLEP00000006234 1, ENSDLET00000006913.1
Conserved Domains (1) summary:

pfam00916 = Sulfate_transp; Sulfate permease family
Location:81 — 419

“ Related sequences 2|[1

Nucleotide

Slika 6. Med zapisi za ta gen najdemo mRNA zaporedje za X2 izoformno obliko

spet izberemo CDS regijo tega zapisa in od¢itamo STOP kodon izoforma X2: tga



EFNERFKEKLPAPIPLEFFAVVMGTGISAGFSLHESYNVDVVGTLPLGLLPPANPDTS
LFHLVYVDAIAIAIVGFSVTISMAKTLANKHGYQVDGNQELIALGLCNSTGSLFQTFA
ISCSLSRSLVQEGTGGKTQIHAPYSCY"

ORIGIN

[

ccgoccaggg Cagcgccggg cagcgocggac cgggccaagg agcaagetct ceccatcteca
61 gctctcagcec tcacagatca agatttcact gaactgcact agacctccca tctggggacc
121 ctgcceccectg ctctgtgtge tgcacgttgg atctggtgaa actcaggaaa tgctegtctc
18 LI LA Tlols tapatcatpt tgasgaaagt gaaatcctiy]
241
ElsMcactpcacaa gaaggacaag atttcggaat
361
EVsWtccctgcata capattcaag gapgtatgtgt tgpotgacat agtctcagsc ataagcaca
EHilctetgctgeca gottoctcaa ggtttagect ttgcaatgtt ggcagetgtg cctecggtyg
541
601
661
721 ac ctgtgacctt acttacagga atcattcag
i sWtttpcctagg tptctptagg tttgpatttg tggccatata tctcacggag cccctggtc
84
El:iMcapttaaaac aaagcggtac agtgggatct tttcagtggt gtatagtaca gttgetgtg
I YWt ccagaatgt taaaaacctc aacgtgtgtt ccctaggegt tgggctgatg gtctttget
-yt octpctops tgpcaagpgag tttaatpaga patttaaaga gaaattpgcca pepgeccatc
1e81
1141
1201
it ttcagtgac catctcaatg gccaagacct tggcaaataa geatggctac caggttgat,
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1561 caacactccc tgctaccagt aasacctcaaa gttcagacat aggatgttgt catgaaagcc
1621 tgag

Slika 7. mRNA zaporedje za izoform X2, ocitno je tga STOP kodon.



Iskanje lastnosti proteina:

- v neredundantni bazi UniProt poiS¢emo zapise za Cloveski prestin (P58743) ter
izoformno obliko X1 prestina belega kita (AOA2Y9LSQ7)

- v dobro anotiranem zapisu za Cloveski protein lahko odc¢itamo njegove funkcije

- pomembnost tega proteina pri belem kitu lahko sami sklepamo, lahko pa poisS¢emo
relevantne znanstvene ¢lanke (kot sta Hear That? Bats and Whales Share Sonar
Protein. (2021). [Dataset]. AAAS Articles DO Group. American Association for the
Advancement of Science (AAAS). https://doi.org/10.1126/article.30946 ali Li, Y.,
Liu, Z., Shi, P., & Zhang, J. (2010). The hearing gene Prestin unites echolocating
bats and whales. Current Biology, 20(2), R55-R56.
https://doi.org/10.1016/j.cub.2009.11.042)

& '
UmPro.t.,- BLAST Align Peptide search ID mapping SPARQL  UniProtk8 pvenced | Lst [ S S TS

IFunction % P58743 - S26A5_HUMAN

Names & Taxonomy

Protein’ | Prestin Amino acids ‘ 744 (go to sequence)

Subcellular Location Gene' | SLC26A5 Protein existence’ i Evidence at protein level
Disease & Variants Status’ | % UniProtKB reviewed (Swiss-Prot) Annotation score’ ‘ @
PTM/Processing Organism' | Homo sapiens (Human)
Expression

Entry Variant viewer Feature viewer i i Publicati External links History
Interaction
Shacline & Tools ~ & Download @ Add Adda publication Entry feedback
Family & Domains - s

Function B
Sequence & Isoforms Voltage-sensitive motor protein that drives outer hair cell (OHC) electromotility (eM) and participates in sound amplification in the hearing organ (By similarity).

Converts changes in the transmembrane electric potential into mechanical displacements resulting in the coupling of its expansion to movement of a charged
voltage sensor across the lipid membrane (By similarity).

Homologs The nature of the voltage sensor is not completely clear, and two models compete. In the first model, acts as an incomplete transporter where intracellular chloride
anion acts as extrinsic voltage sensor that drives conformational change in the protein which is sufficient to produce a length change in the plane of the membrane
and hence in the length of the OHC (By similarity).

The second model in which multiple charged amino acid residues are di atthe and that form an intrinsic
voltage sensor, whose it p the ! (NLC) (PubMed:34390643).

However, the effective voltage sensor may be the result of a hybrid voltage sensor, assembled from intrinsic charge (charged residues) and extrinsic charge (bound

Similar Proteins

Slika 8. Oddelek Function opisuje funkcije prestina kot motoricnega proteina precej pomembnega
pri sluhu.

- v oddelku Disease & Variants pa pois¢emo najbolj pogosto bolezen povezano s tem
proteinom

UniPro.t..: BLAST Align Peptide search ID mapping SPARQL  UniProtks ~ A B scach @ @ 2 Help

Function Entry Variant viewer Feature viewer i i Publicati External links History

Names & Taxonomy

Disease & Variants'

Subcellular Location

Dk ) Involvement in disease’
Disease & Variants

Deafness, autosomal recessivg, 61 (DFNB61)
PTM/Processing

1 Pubiication

Expression g A

Note l The disease is caused by variants affecting the gene represented in this entry
Interaction Description | A form of non-syndromic sensorineural hearing loss. Sensorineural deafness results from damage to the neural receptors of the inner ear,
Structiire the nerve pathways to the brain, or the area of the brain that receives sound information.

A ) Seealso | MIM:613865(
Family & Domains

Sequence & Isoforms Features E

e : Showing features for mutagenesis'.
Similar Proteins

Homologs Q@ @ @& . Download 2

10 0 30 400 50 600 700
% 125

Q@ s i . B a BEN . a - N0 - B 1 r « N - Il s B v B v I O« BN ’

Slika 9. Bolezen je 'Deafness, autosomal recessive 61', s kratico DFNB61


https://doi.org/10.1126/article.30946
https://doi.org/10.1016/j.cub.2009.11.042

Stevilo transmembranskih vijacnic poiS¢emo v oddelku Subcellular Location

UniPro.t.- BLAST Align Peptide search IDmapping SPARQL  UniProtke SRR carch
Function Entry Variant viewer [E8 Feature viewer Genomic coordinates Publications External links History

Q & & & Download a2
Isubcellular Location "y E 0 P o oo a '

. . 1 30
Disease & Variants |
PTM/Processing Ao W &« e e lw o A oalr o ela vl vie oale sk s ia orle ol
. _ TYPE

xpression

P £* | Transmembrane ID  POSITION(S) DESCRIPTION
Interaction
Structure +  Transmembrane 371-388 Helical; Name=9 (™ 1 publication | ™ Combines Sources & Tools - & Add
Ry SO +  Transmembrane 397-406 Helical; Name=10 | 1pubicaion] ¥ Combined Sources & Tools = & Add
Sequence & leoforms +  Transmembrane 411-432 Helical; Name=11 | 1 publication | | ™ Combined Sources & Tools + & Add
Similar Proteine +  Transmembrane 437-464 Helical; Name=12 [ 1 publication| (W Combined Sources & Tools + & Add
Homologs +  Transmembrane 466-481 Helical; Name=13 | 1 publication| | ™ Combined Sources & Tools - & Add

+ Transmembrane 484-504 Helical; Name=14 | ¥ 1publication| | ™ Combined Sources & Tools - @ Add

Slika 10. Pri ¢loveskem proteinu je prisotnih 14 transmembranskih vijacnic.

BLAST Align Peptide search ID mapping SPARQL  UniProtkB -

Function Entry Feature viewer i i F icati links History
Names & Taxonomy Q@ & & Download 7
ISubcellular Location I o B2 % L & o L '
o 123
1
S il BN O FE P OEN O OFY O OB OB O EE O O B2 OEE KR O
++  TYPE ID  POSITION(S) DESCRIPTION
+  Transmembrane 99-125 Helical | Automatic Annctation & Tools - & Add
e + Transmembrane 132-152 Helical |~ Automatic Annotation & Tools * @ Add
Stiucir + Transmembrane 184-205 Helical | Automatic Annotation & Tools + @& Add
Family & Domulns +  Transmembrane 212230 Helical |~ Automatic Annotation & Tools -+ @ Add
Saquence + Transmembrane 256-274 Helical | Automatic Annotation & Tools ~ & Add
. o +  Transmembrane 335-358 Helical |~ Automatic Annotation & Tools - & Add
Homolops +  Transmembrane 412432 Helical | Automatic Annotation £ Tools - & Add
+  Transmembrane 438462 Helical | Automatic Annotation & Tools - & Add
+  Transmembrane 469-501 Helical | Automatic Annotation & Tools - & Add

Slika 11. Pri prestinu belega kita je pa 9 transmembranskih vijacnic.

sV v v

pri prestinu belega kita pa poiscemo Se pomen anotacije Compositional bias, lahko
pa preverimo z uporabo dodatnih spletnih vir



BLAST Align Peptide search ID mapping SPARQL  UniProtkB « Advanced | List

Function Entry Feature viewer i Publicati External li Help 2 x

N &T T
lames & Taxonom ]
2 ing features for it bias’. Q

Subcellular Location

@ ® @ & Download Compositional bias
r This subsection of the 'Family and Domains' section
describes the position of regions of compositional bias
within the protein and the particular type of amino acids
that are over-represented within those regions.

24
=31
3

=
100

PTM/Pro ing m

Interaction ++  TYPE ID  POSITION(S) DESCRIPTION Regions of compositional bias are predicted by the
MobiDB-lite method (7 . These computationally
Stuctive - 721-730 Low complexity | Automatic Amotation|  generated annotations are tagged with the evidence code
ECO: 0000256 (sequence model evidence used in
Sequence: EQEATAAPPQ automatic assertion) and source SAM:MobiDB-1ite, in
ISequence both reviewed and unreviewed entries.

The over-represented type of amino acid within the
annotated computationally biased region are further

Similar Proteins

o Keywords' . :
lomologs d, e.g. as "Cys residues"”, "Gly residues"”, "Pro
Technical term | pi Imported i ", "Polar resi ", "Basic residues”, "Acidic
residues” or "Basic and acidic residues”, but also "Low
comblaxitv®

Sequence databases

Slika 12. Razlaga anotacije Compositional bias iz UniProta.
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Poravnava vec zaporedij in iskanje vezavhnega mesta:

- izberemo nekaj dobro anotiranih zaporedij za prestin in zapis za belega kita, ter jih
damo v Basket v UniProtu
- naredimo poravnavo teh zaporedij

Filter by taxonomy @ My Basket

¥ Entries to be removed: Unreviewed (TrEl

Group by Entries removed from unreviewed UniProtkB/ UniProtKB (7)  UniRel  UniParc
Please read our help page, view affected en;

Taxonomy

Koywords UniProtKB 4 resuits

Gene Ontology

& Tools + L Pownload (7) & Remove View: Cards O Table ® £ Customize columns 7 rows selected

Entry Entry Name Organism

& Tools + & Download (1) & Add View: Cardi P58743  S26A5_HUMAN Homo sapiens (Human) ]

Enzyme Class

Entry Name .

Proteins with Q99NH7 S26A5_ MOUSE Mus musculus (Mouse) @

AOA2YOLSQ7

ADA2YOLSQ7_DELLE]

Compositional bias (1)

‘ 1 AOA2YOLY41 AOA2YSLY41_DELLE QOEPHO S26A5_RAT Rattus norvegicus (Rat) ]
Domain (4)
Region (1) O AOABROZDW2 AOABROZDW2 HUSHl ) p7pc76  $26A5 TURTR  Tursiops truncatus (Atlantic bottle-nosed dolphin) (Delphinus truncatus) &
Subcellular location (4) ) AODABROZT78 AOABROZT78_HUSHU
Transmembrane (4) Q7T2C4 S26A5_DANRE Danio rerio (Zebrafish) (Brachydanio rerio) [}
Protein existence AOFKN5 S26A5_CHICK  Gallus gallus (Chicken) [
Pradictad (4)
KL Q9JKQ2 S26A5_MERUN i i " ian jird) ( i ]
UniProt ¢ Ll
oo Proteins (UniProtkB) I @ Remove (7) &7 Full view |I
e eee— -

Slika 12. Dodamo vsa zaporedja v Basket, izberemo jih in pod Tools izberemo Align

AlIgN results

Overview Trees Percent Identity Matrix Text Output Input Parameters API Request

& Tools + L Download (% Resubmit
Highlight properties fiew: O Continuous ® Wrapped

(1) % 3p|Q7T2C4|S26A5_DANR 48
() ™ sp|AOFKNB|S26A5_CHICI $p|Q7T2C4|S26A5_DANRE 48
() % splD7PCT8|S26A5_TURT - 47
() » 11A0A2YSLSQ7IAOA2YOL  Gpain a7
() ™ 3p|P68743|S26A5_HUMA 47
() % splQIJKQ2|S26A5_MERL Topological domain 47
(] % splQESNHT|S26A5_MOUS 47
) a
() % spIQOEPHOIS26AS RAT oo brane 47
¢ Intramembrane
(] % sp|Q7T2C4/820A5_DANR  DOMain 97
() % sp|AOFKNS|S26A5_CHICI 97
() » splD7PCT8|S26A5_TURT  Reglon 96
() * 1A0A2YSLSQTIADAZYS! 96
(] ® sp|PB8743|S26A5_HUI Binding site 96
() % $p|Q9JKQ2IS26A5_MERL 96
()  sp|QOINH7|S26A5_MOL¢  Site 96
(1) % sp|QOEPHO|S26A5_RAT 926

Glycosylation

Slika 13. Rezultati poravnave, obkrozeno je kako izberemo anotacijo.

- v oknu z rezultati poravnave, izberemo eno od dobro anotiranih zaporedij in
vklopimo prikaz anotacije za vezavno mesto

- pois¢emo oznaceni aminokislinski ostanek, ocitno je to serin na mestu 398 v nasem
proteinu
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Overview  Trees Percent Identity Matrix TextOutput  Input Parameters APl Request

—T— . i i e
() = 5p|QSJKQ2IS26A5_MERUN
(1) ® sp|QEINH7|S26A5_MOUSE

(L) ® sp|QIEPHO|S26A5_RAT

Q7T2C4:Binding site

[ % 3p|Q7T2C4|S26A5_DANRE S

(] % splAOFKNS|S26A5_CHICK
(] % sp|D7PCT76/S26A5_TURTR

n=

1) % tr/AOA2YSLSQ7|ADA2YSLSQY_DELLE

() sp|Q9JKQ2|S26A5_MERUN
) ™ 5p|QEINH7|S26A5_MOUSE
) ™ sp|QOEPHO|S26A5_RAT

OOV ®

DOOOPP>TV<
A —— <

ESES S R T

Q7T2C4:Binding site

g

PPPPPP> -
=]

wOOunn»o

(] % sp|Q7T2C4|S26A5_DANRE

(] & splAOFKNS|S26A5_CHICK

(] % sp|DTPCT8|S26A5_TURTR

(] » 4ADA2YSLSQT|AOAZYSLSQ7_DELLE
(1) % sp|P8B743|S26A5_HUMAN

(] % 5p|Q8JKQ2(S26A5_MERUN

(1) % sp|QESNHT|S26A5_MOUSE

() % sp|QOEPHO|S26A5_RAT

Slika 14. V zaporedju pois¢emo aminokislinski ostanek,

TVVVVOFTD
mMAMMANI<

ODOHOO®n®n v
DOOnnn>>
TTTTZTZ=xx
FEEeee<—

I L \ VVE I VEEQ 436
| A V| VAIBY 439
L C | LAT 433
L C | LAT 433
L C | LAT 433
L C I LAT 433
L Cc | LAT 433
L C I LAT 433
A ASVL 485
A A 488
T S 482
T S 482
T S 482
T S 482
T S 482
T S 482

ki je anotiran kot vezavno mesto.
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Iskanje strukture s pomocjo filogenetskega drevesa:

- v UniProtu obstaja 7 Swiss-Prot recenziranih zapisov za prestin:

Avig
UniPro.t..z BLAST Align Peptide search ID mapping SPARQL  UniProtks - BUEEIT] dvanced | List [ECEETE & ﬁ)l B Help
Status I H
UniProtKB 15 results
 Reviewed (Swiss-Prot)
(15) X & Tools + L Download (15) View: Cards O Table ® £ Customize columns & Share

Popular organisms . E N Entry Name . Protein Names . Gene Names Organism . Length .
Human (3) (] P58743 & S26A5_HUMAN Prestin, Solute carrier family 26 member 5 SLC26AS5, PRES Homo sapiens (Human) 744 AA
Mouse (2) ) QO9NH7 & S26A5 MOUSE Prestin, Solute carrier family 26 member 5 Slc26a5, Pres Mus musculus (Mouse) 744 AA
Rat (2) | QIEPHO & S26A5_RAT Prestin, Solute carrier family 26 member 5 Slc26a5, Pres Rattus norvegicus (Rat) 744 AA
Zebrafish (1)

(] D7PC76 & S26A5 _TURTR Prestin, Solute carrier family 26 member 5 SLC26A5 Tursiops truncatus (Atlantic 741 AA
Bovine (1) bottle-nosed dolphin)
(Delphinus truncatus)

Taxonomy
DT ] Q7T2C4 & S26A5_DANRE  Prestin, Solute carrier family 26 member 5 slc26a5 Danio rerio (Zebrafish) 739 AA

ks B (Brachydanio rerio)

Group by () AOFKN5 & S26A5 CHICK Prestin, Solute carrier family 26 member 5 SLC26AS Gallus gallus (Chicken) 742 AA
Taxonomy ] Q9JKQ2 % S26A5 MERUN Prestin, Solute carrier family 26 member 5 SLC26A5, PRES  Meriones unguiculatus 744 AA
Keywords (Mongolian jird) (Gerbillus

unguiculatus)

Gene Ontology

ARRYAN % MVHA MNIIQE  Muneind Muncin hasiu shain 1 Munein hasu shain Muhd Muse mu

e (Masieal 1042 AA

Slika 15. Prikaz vseh Swiss-Prot anotiranih zaporedij za prestin.

- za vsaki od teh zapisov odpremo in kopiramo zaporedje v FASTA formatu in jih vse
damo v eno tekstualno datoteko skupaj z nasim proteinom

- pri tem pa ustrezno imenujemo zapiske, da jih lahko kasneje razlikujemo po
ogranizmu

Function Entry Feature viewer Genomic coordinates Publications External links History

Names & Taxonomy

Subcellular Location Sequence
Phenotypes & Variants ! status’ | C
PTM/Processing | See also sequence in UniParc or sequence clusters in UniRef

iy Add Highlight ~+ Copy sequence

Interaction Length 741 Last updated 2010-08-10 v1
Mass (Da) 80,906 MD5 Checksum' 16D924A35AE622D1D4F630D67118D749
Structure 10 20 30 49 50 60 70 80 90 100 110
MDHVEETEIL AATQRYYVER PIFSHPVLQE RLHKKDKISE SIGDKLKQAF TCTPKKIRNI IYMFLPITKW LPAYRFKEYV LGDIVSGIST GVLQLPQGLA FAMLAAVPPY
Family & Domains
120 130 140 150 160 170 180 190 200 210 220
FGLYSSFYPV IMYCFFGTSR HISIGPFAVI SLMIGGVAVR LVPDDIVIPG GVNATNSTEA RDALRVKVAM SVTLLTGIIQ FCLGVCRFGF VAIYLTEPLV RGFTTAAAVH E

Similar Proteins 230 240 250 260 270 280 299 300 310 320 330
VFTSMLKYLF GVKTKRYSGI FSVVYSTVAV LQNVKNLNVC SLGVGLMVFG LLLGGKEFNE RFKEKLPAPI PLEFFAVVMG TGISAGFSLH ESYNVDVWGT LPLGLLPPAN

Homologs 349 3se 360 370 3g0 390 100 410 420 430 440
PDTSLFHLVY VDAIAIAIVG FSVTISMAKT LANKHGYQUD GNQELIALGL CNSTGSLFQT FAISCSLSRS LVQEGTGGKT QLAGCLASLM ILLVILATGF LFESLPQAVL |
asa arp aTa A4RA 494 Saa R1a Ll 53a can &5

Slika 16. Za vsaki zapis izberemo Download pod oddelkom Sequence da dobimo zaporedje v
FASTA formatu.
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jl *Untitled - Notepad — [m] X

File Edit Format View Help

»nas_protein ~
MDHAEENEILAATQRYYVERPIFSHPVLQERLHTKDKVSDSIGDKLKQAFTCTPKKIRNT
TYMFLPITKWLPAYKFKEYVLGDLVSGISTGVLQLPQGLAFAMLAAVPPVFGLYSSFYPY
IMYCFLGTSRHISIGPFAVISLMIGGVAVRLVPDDIVIPGGVNATNGTEARDALRVKVAM
SVTLLSGIIQFCLGVCRFGFVAIYLTEPLVRGFTTAAAVHVFTSMLKYLFGVKTKRYSGI
FSVVYSTVAVLQNVKNLNVCSLGVGLMVFGLLLGGKEFNERFKEKLPAPIPLEFFAVVMG
TGISAGFNLKESYNVDVVGTLPLGLLPPANPDTSLFHLVYVDAIAIAIVGFSVTISMAKT
LANKHGYQVDGNQELIALGLCNSIGSLFQTFSISCSLSRSLVQEGTGGKTQLAGCLASLM
TLLVILATGFLFESLPQAVLSAIVIVNLKGMFMQFSDLPFFWRTSKIELTIWLTTFVSSL
FLGLDYGLITAVITALLTVIYRTQSPSYKVLGQLPDTDVYIDIDAYEEVKEIPGIKIFQT
NAPIYYANSDLYSNALKRKTGVNPAVIMGARRKAMRKYAKEVGNANVANATVIKADAEVD
GEDGTKPEEENDEIKYPPIVTRNTFPEELQRFMPPGNNVHTIILDFTQVNFIDSVGVKTL
AGIVKEYGDVGIYVYLAGCSAQVVNDFTQNRFFENPALKELLFYSTHDAVLGSQVREALA
EQEASVPPPQEDLEPNATPTTPEA

>homo_sapiens

MDHAEENEILAATQRYYVERPIFSHPVLQERLHTKDKVPDSTIADKLKQAFTCTPKKIRNT
IYMFLPITKWLPAYKFKEYVLGDLVSGISTGVLQLPQGLAFAMLAAVPPIFGLYSSFYPV
IMYCFLGTSRHISIGPFAVISLMIGGVAVRLVPDDIVIPGGVNATNGTEARDALRVKVAM
SVTLLSGIIQFCLGVCRFGFVAIYLTEPLVRGFTTAAAVHVFTSMLKYLFGVKTKRYSGI
FSVVYSTVAVLQNVKNLNVCSLGVGLMVFGLLLGGKEFNERFKEKLPAPIPLEFFAVVMG
TGISAGFNLKESYNVDVVGTLPLGLLPPANPDTSLFHLVYVDATATATIVGFSVTISMAKT
LANKHGYQVDGMQELTALGLCNSIGSLFQTFSISCSLSRSLVQEGTGGKTQLAGCLASLM
ILLVILATGFLFESLPQAVLSAIVIVNLKGMFMQFSDLPFFWRTSKIELTIWLTTFVSSL
FLGLDYGLITAVIIALLTVIYRTQSPSYKVLGKLPETDVYIDIDAYEEVKEIPGIKIFQI
MNAPIYYANSDLYSNALKRKTGVNPAVIMGARRKAMRKYAKEVGNANMANATVVKADAEVD
GEDATKPEEEDGEVKYPPIVIKSTFPEEMQRFMPPGDNVHTVILDFTQVNFIDSVGVKTL
AGIVKEYGDVGIYVYLAGCSAQVVNDLTRNRFFENPALWELLFHSIHDAVLGSQLREALA

Ln 106. Col 11 100%  Windows (CRLF) UTF-8

Slika 17. Zaporedja damo v tekstualno datoteko skupaj s nasim proteinom da jih lahko hkrati
kopiramo.

- odpremo program za poravnavo vec zaporedij, kot je Clustal Omega, in v njega
kopiramo vsa zaporedja:

Clustal Omega

Multiple Sequence Alignment (MSA)

Home Help & Privacy Recent Jobs Input Form Feedback ('

Welcome to the Job Dispatcher website! If you need assistance or have feedback, please contact us. X

Results for Job ID clustalo-120260508-223040-0477-48782730-p1m m m =

Slika 18. Prikaz sucelja Clustal Omega programa, ki ga lahko uporabimo za poravnavo zaporedij.

- v Clustal Omega dobimo zapis koordinat za filogenetsko drevo, ta lahko kopiramo
in damo v program za vizualizacijo kot je phylo.io
- odcitamo kateri protein je evolucijski najbolj podoben prestinu belega kita
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Tool Output Alignments Guide Tree Phylogenetic Tree Results Viewers

————————

Phylogenetic Tree

danio_rerio:0.24364,

gallus_gallus:0.16728)

5:0.03099)

0.01028,

Inaé_protein:0.01571,

homo_sapiens:0.01789)

0.66809)

0.01040,

meriones_unguiculatus:0.01714)

0.00503,

nus_musculus:0.60815,

rattus:0.01336);
Phylogram

1 $ =« |z |f =w B = @ Radial

Slika 19. V Clustal Omega lahko kopiramo filogenetsko drevo.

Upload your tree

Step 1: Add data from text or file
4) -

0.00503, ol o Choose File  No file chosen
mus_musculus:0.00815,

rattus:0.01336); £
Example: tree £1, tree £2. big tree. Extended Newick

Step 2: Choose tree data format
Newick v

Use internal label for branches (e.g. boostrap values)

Step 3 (Optional): Add a mapping file @

Slika 20. To drevo lahko prenesemo na program za vizualizacijo.

danio_rerio

gallus_gallus

Slika 21. OC¢itno je Eloveski protein evolucijski najbliZji nasem.
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Ugotovitev lastnosti strukture:

- strukturo Cloveskega prestina poiS¢emo na bazi PDB
- v tem zapisu lahko najdemo ekspresijski sistem in metodo dolocitve strukture

RCSB PDB Deposit ~ Search v Visualize ~ Analyze ~ Download ~ Leam v About v Careers COVID-19 Help | | Contactus | | MyPDB ~

Protein A i V75 pdb_00007v75 Download Fie | View Fie |
PDBTM (12) Thermostabilized human prestin in complex with salicylate
truc (1
psTuo (1a) Futamata, H., FUKuG@a, VT, vz ~Nureki, O
MemProtMD (11)
) OPM (8) (2022) Nat Commun 13: 6208-6208
Symmetry Type Released 2022-08-31
Cyclic (15) . Method ELECTRON MICROSCOPY 3.57 A
(@Exphorein 30 Average Q-Score  0.488
Organisms Homo sapiens
Macromolecule prestin (protein)

Unique Ligands  CLR, LBN, SAL

B3 7SUN = pdb_00007sun [Downiond e [ ViewFie ] €

Atomic model of prestin from gerbil (Meriones unguiculatus)
Butan, C., Santos-Sacchi, J

(2022) Nat Commun 13: 290-290

Released 2022-01-12
Method ELECTRON MICROSCOPY 3.6 A
| @ Explore in 30 Average Q-Score  0.444
Organisms Meriones unguiculatus
svnthatic construct

Slika 22. Na PDB izberemo cloveski prestin v kompleksu s salicilatom.

RCSB PDB Deposit * Search Visualize Analyze v eam About ~ Careers COVID-19 He\pi Contact us ‘ | MyPDB ~

Biological Assembly 1 ®

* B7V75 | pdb_00007v75

Thermostabilized human prestin in complex with salicylate

% Data API |

lay Files ~ @ Download Files

PDB DOI: https://doi.org/10.2210/pdb7V75/pdb
EM Map EMD-31759: EMDB EMDataResource

Classification: MEMBRANE PROTEIN
Organism(s):

xpression System: Homo sapiens

Mutation(s): NO

D i 2021-08-21 Rel 2022-08-31
Deposition Author(s): Futamata, H., Fukuda, M., Yamashita, K., Nishizawa, T., Nureki, O
Funding Organization(s): Japan Society for the Promotion of Science (JSPS)

Experimental Data Snapshot wwPDB Validation [ @30 Report | [ Full Report |

Methae: ELEGIHON MICROSCORY, Metric Percentile Ranks Value

ReSTtutien
©@ Explore in 3D: Structure | Sequence Annotations | Aggregation State: PARTICLE Clashscore I 0 o
Electron Density | Validation Report | Reconstruction Method: SINGLE PARTICLE Ramachandran ouliers I—— — 25

Ligand Interaction (LBN) Sidechain outliers IEju— P 7
Starting Model: experimental "

Global Symmetry: Cyclic - C2 * (Explore in 3D) View more details
Global Stoichiometry: Homo 2-mer - A2

s

Slika 23. Zapis iskanega proteina, obkroZzene so iskane lastnosti.

- potem kliknemo na PDB DOI, da lahko dostopimo do izhodiSnega clanka iz
strukturne biologije
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WORLDWIDE

@ VALIDATION «» DEPOSITION » DICTIONARIES » DOCUMENTATION » TASK FORCES ~ DOWI!
FROTEIN DATA BANK

PDB Entry - 7V75 (pdb_00007v75)

Summary information:

Title: Thermostabilized human prestin in complex with salicylate

PDE DOI: Jidnl aralid 2indh.
imary publication DOI: fifips:TTdoi.ora/T0. T038/=41467-027-33017-)

Entry authors: Futamata, H., Fukuda, M., Yamashita, K., Nishizawa, T., Nureki, O.
Initial deposition on: 21 August 2021

Initial release on: 31 August 2022

Latest revision on: 12 June 2024

Downloads:

Structure coordinates (PDBx/mmCIF)
Structure coordinates (PDB)
Structure coordinates (PDBML)
Validation report (mmCIF)

Validation report (PDF)

Validation report (XML)

EM map volume (CCP4)

Links to more resources for 7V75 (pdb_00007v75) at:

Slika 24. Najdemo link do izhodisnega ¢lanka.

Cryo-EM structures of thermostabilized prestin p: d hanistic insights underlying outer hair cell electromotility

responsible for electromotility®?. Prestin is unique in that it directly converts changes in the
transmembrane electric potential into mechanical displacements. Unlike other SLC26 family
members that function as anion transporters*, prestin’s anion transport activity is very low?,
implying that the voltage-driven motor function of prestin has evolved from an anion
transport mechanism®. The motor activity of prestin coincides with the voltage-induced
movement of voltage sensor charges, which manifests as nonlinear electric capacitance
(NLC)?, Intracellular CI” ion is an essential co-factor of prestin®!9L, but it remains unclear
how ClI" is held in prestin and contributes to motor function. Salicylate inhibits the motor
activity of prestin?, which accounts for the reversible hearing loss caused by GSpiFin
overdosage'. Previous structures of bacterial SLC26', mouse SLC26A9, and human

SLC26A9" have allowed homology modeling of prestin with high confidence, and in addition,

very recent structures of prestin from human'® and dolphin'” have revealed its molecular
structure and Cl"induced conformational change, which advanced our understanding of the
voltage-driven motor mechanism of prestin. However, many questions still remain regarding
the anion-induced conformational changes.

Here, we present the structures of thermostabilized prestin in complex with CI", SO4%", and
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Slika 25. V uvodu ¢lanka najdemo iskano informacijo o vplivu aspirina.

ta ¢lanek nam pove o inhibitornem ucinku aspirina na nas protein
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