Protein Analysis



SMART
(http://smart.embl-heidelberg.de/)

* The Simple Modular Architecture Research Tool (SMART) is a
database of protein families implicated in cellular signaling,
extracellular domains, and chromatin function.



2- SMART
(http://smart.embl-heidelberg.de/)

* The Simple Modular Architecture Research Tool (SMART) is a
database of protein families implicated in cellular signaling,
extracellular domains, and chromatin function.

 SMART allows the identification and annotation of genetically mobile
domains and the analysis of domain architectures.



1-Finding the name and the domains of the protein from
an unknown aa sequence

Unknown amino acid sequence
(Download from opencourses)

Opencourses or MS Teams(Files) file name:
In class Practicals — Unknown Sequences BIOL312_UnknownAASeq_SMART.docx

MNRRDFIKNTAIASAASVAGLSVPSSMLGAQEEDWKWDKAVCRFCGTGCGIMIARKDGKIVATKGDPAAP
VNRGLNCIKGYFNAKIMYGEDRLVMPLLRMNEKGEFDKKGKFQQVSWQRAFDEMEKQFKKAYNELGVTGI
GIFGSGQYTIQEGYAALKLAKAGFRTNNIDPNARHCMASAVVGFMQTFGVDEPSGCYDDIELTDTITWG
ANMAEMHPILWSRVSDRKLSNLDKVKVVNLSTFSNRTSNIADIEIIFKPNTDLAIWNYIAREIVYNHPEA
MDMKFIKDHCVFATGYADIGYGMRNNPNHPKFKESEKDTVEKENVITLDDEEATSLSYLGVKAGDKFEMK
HQGVADKNWEISFDEFKKGLAPYTLEYTARVAKGDDNESLEDFKKKLQELANLYIEKNRKVVSFWTMGFN
QHTRGSWVNEQAYMVHFLLGKQAKPGSGAFSLTGQPSACGTAREVGTFSHRLPADMVVANPKHREISEKI
WKVPAKTINPKPGSPYLNIMRDLEDGKIKFAWVQVNNPWQNTANANHWIAAAREMDNFIVVSDCYPGISA
KVADLILPSAMIYEKWGAYGNAERRTQHWKQQVLPVGAAMSDTWQILEFAKRFKLKEVWKEQKVDNKLTL
PSVLEEAKAMGYSEDDTLFDVLFANKEAKSFNPNDAIAKGFDNTDVKGDERKIQGSDGKEFTGYGFFVQK
YLWEEYRKFGLGHGHDLADFDTYHKVRGLRWPVVNGKETQWRFNTKFDYYAKKAAPNSDFAFYGDFNKML
TNGDLIAPKDEKEHSIKNKAKIFFRPFMKAPERPSKEYPFWLATGRVLEHWHSGTMTMRVPELYRAVPEA
I(.)?%\él%ﬁé%(/ﬁﬁl\({lé%N QGDLVWVESRRGKVKARVDMRGRNKPPVGLVYVPWFDENVYINKVTLDATCPLSK



SMART MODE:

NORMAL
GENOMIC

Letunic et al. (2014) Nusleiz Asids Res doi: 10.1083/narg
Letunic at al. (2017) Muclsic Acids Res doi: 10.1093'narig
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You may use either a Uniprot/Ensembl sequence identifier (D) / accession number (ACC) or the protein
sequence itself to perform the SMART analysis service.

You can search for proteins with combinations of specific domains in diffierent species or taxonomic ranges. You
can input the domains directly into "Domain sefection” box, or use "GO ferms guery"to get a list of domains.

Sequence ID or ACC Domain selection
| — 0 . o
Protein sequence GO terms query
MNRRDFIKNTATASAASVAGLSYPSSMLGAQEEDWKWDKAVE = 6 [ | Examples: #1, #2 9
RFCGTGCGIMIARKDGKIVATKGDPAAR 1 o Pa Ste
YNRGLNCIKGYF NAK IMYGEDRLVMPL LRMNEKGEFDKKGKF k Taxonomic selection
QQVSWQRAFDEMEKQFKKAYNELGYTGT W
GIFGSGQYTIQEGYAALKLAKAGFRTNNIDPHARHCMASAVY - unkonwn ) ) ) ) ) : ) -
GFMOTFGYDEPSGCYDDIELTOTITTHG If you wish to restrict your domain architecture query to a particular species or taxonomic class, start typing its
AMMAEMHPILMSRVSDRKLSNLDKVENVNLSTFSNRTSNIAD ™ a a name in the box, and select a match from the popup list.
IETIFKPNTDLATWNYIAREIVYNHPEA e —

| Sequence SMART || Reset |

HMMER searches of RT database occur by default. You may also find:

|| Qutlier homologues and homologues of known structure
¥ PFAM domains
Itd signal peptides

2. Select these features

¥ internal repeats

| Architecture query || Reset |

You can fry an Advanced Query if you're familiar with SQL.

Search domain and protein annotation

[ | Search |Examples: #1, #2

(7

« Browse the database of all available domains in the SMART database
« Download domain descriptions in tab delimited plain text

metaSMART is a novel integral part of SMART, dedicated to the exploration of protein domains and domain
architectures in various metagenomics datasets. At the moment. the following datasets are publicly available
through metaSMART.

‘Sargasso Sea (PubMed)

Minnesota farm soil (PubMed)

Acid mine drainage biofilm (PubMed)
"Whale fall" carcasses (PubMed)

: Access metaSMART

Sand comments to
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Periplasmic nitrate reductase

_ Pemp unknown aa
[+ ][=][-][sAvE ||
R sequence

} \
Domains within Campylobacter jejuni subsp. jejuni NCTC 11168 = ATCC 700819 protein NAPA_CAMJE (Q9PPD9) - ame of the

Pfam

Molybdopterin

4mm Domains of
a 100 200 aod 400 500 600 700 a0d 900 the protein

Information ‘ Architecture | Interactions = Pathways = Orthology

Length 924 az

Source UniProt
database

e QOPABD, NAPA_CAMJR, Q5HV12, ADADWEKX23_CAMJU, ADAOWSKXZ23, ADAZKIWMED_CAMJIU, ADAZKTWMED, ADAZ1SKX30_CAMJU, ADAZ18KX30, ADADBEU480_CAMJIU, ADADBGU490, ABKIG3_CAMJU,
ABKIG3, ADADETZMS1_CAMJIU, ADADE1ZMS1, ADADSSI056_CAMJU, ADADSSI056, ADADSIHWQI1_CAMJU, ADADSSHWQ1, NAPA_CAMJE, QOPFDS

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the

same piece of sequence; the priority for display is given by SMART = PFAM = PROSPERO repeats > Signal peptide > Transmembrane > Coiled coil = Unstructured regions > Low complexity. In either case, features not
shown in the above diagram are marked as 'overlap’ in the right side table below.

Confidently predicted domains, repeats, motifs and features: Features NOT shown in the diagram: @

Name Start & End E-value Name Start & End E-value Reason
Molybdop_Fed54 35 &9 3.36e-12 - Plam:Melybdop... | 35 a9 3.9e-19 overlap :
Piam-Molyhdopterin 92 612 43e-70 Click on a row to highlight the feature in the diagram above. Click the feature name for more information.
Pfam:Molydop_binding | 810 918 42e-25

Click on a row fo highlight the feature in the diagram above. Click the feature name for more information



Domains within Campylobacter jejuni subsp. jejuni NCTC 11168 = ATCC 700819 protein NAPA_C.

FPeriplasmic nitrate reductasze

=] [ savE ||

Information Architecture Interactions Pathways ‘ Crthology |

Pram
Molybdopterin
Name: Malybdopter
E-value: 4.30=-70

-] 300 400 5
Position: 32 to €12

in

Click on the
domain for detailed
- jnformation

Selected feature details

This is a Pfam domain. Please see the Molybdopterin entry in Pfam
for full annotation.

- Molybdopterin
Position: 9210612
E-value: 4.3e-70 (HMMERI)
Accession: PF00384
Description:
Interpro This domain is found in a number of molybdopterin-containing oxidoreductases, tungsten
abstract formylmethanofuran  dehydrogenase  subunit d  (FwdD) and  molybdenum
(IPRODEES5E):  formylmethanofuran dehydrogenase subunit (FmdD); ....(full abstract)
GO process: oxidation-reduction process (GO:.0055114)
GO function: oxidoreductase activity (GO:0016491)

T

Pfam domain sequence (521 aa):
| Submit to BLAST | | Copy to clipboard |

RLVMPLLRMNEKGEFDKKGKFQQWSHQRAFDEMEKQF KKAYNELGYTGIGIFGSGOYTIO
EGYAALKLAKAGFRTNNIDPNARHCMASAVVGFM)TFGVDERPSGCYDDIELTOTIITHGA
HMAEMHPI LWSRVSDRELSNLDEVENVVNLSTFSNRTSNIADIEITFKPNTDLATWNYTAR
EIVYNHPEAMDMKF IKDHCWFATGYADIGYGMRNNPNHP K FKESEKDTVEKENVITLDDE
EATSLSYLGVEAGDKFEMKHOGVADKNWE ISFDEFKKGLAPYTLEYTARVAKGDDNESLE
DFKKKLQELAMLYIEKNREVYS FWTMGFNQHT RGSWVNEQAYMVHF L LGKQAKPGSGAFS
LTGOPSACGTAREVGT FSHRLPADMVWANPKHREISEKIMKVPAKTINPEPGSPYLNIMR
DLEDGKIKFAWVOVNNFHONTANANHWIAAAREMDNF IVVSDCYPOGISAKMADLILPSAM
IYEKWGAYGNAERRT QHWKOQOVLPYGAAMSDTWQILEFAKR

L= =T [ R

TN

a tein are listed below.

during aerobic growtl
n membrane and per

during aerobic growtl
n membrane and peri

during aerobic growtl
n membrane and per

during aerobic growtl
n membrane and peri

ed cutoffs are not shown
mbrane = Coiled coil =

Featur

Start &



SETUP FAQ ABOUT GLOSSARY WHATSNEW FEEDBACK Search SMART

Domains within Campylobacter jejuni subsp. jejuni NCTC 11168 = ATCC 700819 protein NAPA_CAMJE (Q9PPD9)

Periplasmic nitrate reductase

am
)_binging

100

Information Architectu

X 300 400 500 800 700 ‘a00 900
Interactions ' Pathways Orthology

nriH Predicted functional
Cj1270¢ partners

The network on the left comes from
STRING, a database of known and
predicted protein interactions. Displayed
here is the evidence view, where
different line colors represent the types of
evidence for the association.

Protein NAPA_CAMJE is

shown as @ napA in the
network.

\-/ Click the image to open the
corresponding annotation page in
STRING, where you can explore the
network in detail.

* Click the image to open the corresponding annotation page in
STRING, where you can explore the network in detail.



Cj1270c

< \iewers - $¥ Settings > ¥ Analysis » BB Exports > &% Clusters > @ More @ Less

Nodes:
Network nodes represent proteins Node Color Node Content
splice isoforms or post-translational modifications colored nodes: empty nodes:
are collapsed, i.e. each node represents all the query proteins and first shell of interactors proteins of unknown 30 structure
i.r::ems produced by a single, profein-coding gene white nodes: filled nodes:
= é second shell of interactors some 30 structure is known or predicted
Edges:
Edges represent protein-protein associations  Known Interactions Predicted Interactions Others
associations are meant to be specific and ﬁ from cuwrated databases H gene neighborhood H textrnining

meaningful i.e. proteins jointly contribute to a
shared function; this does not necessarily mean
they are physically binding each other.

—E®  experimentally determined &) gene fusions

e

— e QEne co-occuTence

Your Input:

Periplasmic mitrate reductase; Catalytic subunit of the periplasmic nitrate reductase (NAP). Only expressed st high levels
during aerobic growth. NapAB complex receives electrons from the membrane-anchored tefrahemne protein NapC, thus
allowing electron flow between membrane and periplasm. Essential function for nitrate assimilation and rmay have a rofe in
anaerobic metabolism (924 aa)

@ naph

H co-expression

@@ protein homology

e

ghborhood
e Fusion
eriments
abases
trmining
mology]

ICCLIRENce
wpression
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Domains within Campylobacter jejuni subsp. jejuni NCTC 11168 = ATCC 700819 protein NAPA_CAMJE (Q9PPDY)

Periplasmic nitrate reductase
L+ Il=J[-[save ||

hrm;np Pfam.

e

Molybdopterin

a 100 200 400 500

Information Architecture Interactio Clhology

B0

Metabolic pathways

Protein NAPA_CAMJE is possibly involved in the following metabolic pathways:
map00%10: Mitrogen metabolism
These assignments are based on similarity to the following KEGG orthologous groups:

KO2567: MAPA (periplasmic nitrate reductase NapA [EC:1.7.89.4])

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the
same piece of sequence; the priarity for display is given by SMART > PFAM = PROSPERO repeats = Signal peptide = Transmembrane > Coiled coil # Unstructured regions > Low complexity. In either case, features not

shown in the above diagram are marked as ‘overlap’ in the right side table below.

Confidently predicted domains, repeats, motifs and features:

Name Start a End E-value
Molybdop_FedS4 35 89 3.36e-12

Piam:Molybdopterin g2 612 4.3e-T0

[ S R A roam amo ome

Features NOT shown in the diagram: @

Name Start & End E-value Reason

Piam:Molybdop... | 35 bkl 3.9e-19 overlap

Click on a row to highlight the feature in the diagram above. Click the feature name for more information.

Search SMART




2- Comparing the domains of a specific protein
in different species by using SMART

e KRAS human: P01116
* KRAS mouse: P32883
e KRAS wild turkey: P79800

Compare following for each entry;

-Name, number and length of the domain(s)
-Interactions

-Pathways

-PTMs
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Domains within Homo sapiens protein RASK_HUMAN (P01116)
GTPase KRas

[+ ][ =|[=][ Introns || SAVE ||

I.RA=

1] 00

Information Architecture Interactions Pathways PTMs Orthology

Length 189 aa

L")

Source UniProt
database

RASK_HUMAN, P01116, ENSP00000256078.4, ENSP00000256078, ASKEZ5, BOLPFS, PO1118, Q96D10, IMSRC5_HUMAN, IMSRC5, ADAZ21ZRZ1_HUMAN, ADAZ21ZRZ1, LTRSLE_HUMAN, LYRSLE,
ADAZIATEU4_PANTR, ADAZIZTEU4, FESFGT_MACMU, FESFGT, UIBTO7T_CALJA, U3BTOT, G3QYD4_GORGO, G3QYD4, ADAZKEWCDS_MACFA, ADAZKSWCOS5, GTPTHE_MYOLU, G1FTHS,

Identifiers AOAODSRSYE_CHLSE, ADAODIRSYE, ADAZKGLSRG_RHIBE, ADAZKGLSRG, ADAZKGEAWI_MACNE, AOAZKGEAWT, AQAZKSLFFO_CERAT, ADAZKSLFFD, ADAZKEQVY1_RHIRD, ADAZKEQVV,
ADAZKSDWTE_AOTNA, ADAZKSDWTE, ADAZIZNHD1_PAPAN, ADAZIZNHD1, ADAZKESVB2_SAIBB, AQAZKESVEZ, ADAZKSHQCI_COLAF, ADAZKEHQCS, ADAZKSRJOE_CEBCA, ADAZKSRI0G,
ADAZKEXYR5_MANLE, ADAZKSXYRS, ADAZETBEB54_PIG, ADA28TBE54, G1QZK0O_NOMLE, G1QZK0, GEBQA1_HETGA, G5BQAT, HOVHHE_CAVFO, HOWVHHS

Source ENSGO0000133703
gene

Alternative A0A024RAVS_HUMAN, G3VET7_HUMAN, RASK_HUMAN, G3V4K2_HUMAN
splicing

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the
same piece of sequence; the priority for display is given by SMART > PFAM > PROSPERO repeats > Signal peptide > Transmembrane > Coiled coil » Unstructured regions > Low complexity. In either case, features not
shown in the above diagram are marked as 'overlap’ in the right side table below.

Confidently predicted domains, repeats, motifs and features: Features NOT shown in the diagram: @
Name Start a End E-value Name Start a End E-value Reason
RAS 1 166 9.11e-123 . Pram-Arf 1 163 6.8e-10 overlap -
Click on a row to highlight the festure in the diagram above. Click the festure name for more information. Pfam'Roc 5 120 12822 overlap
PlamMMR_HS. . | 5 117 0.0000041 overlap
Pfam:Ras 5 165 1.3e-59 overlap
low complexity 7 15 /A overlap -
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Domains within Mus musculus protein RASK_MOUSE (P32883)
GTPase KRas

[+ ][=][=][ntrons | [ savE ] |

EA:

a 100

s

Information ‘ Architecture Interactions l Pathways ‘ PTMs \ Orthology

Length 189 aa
Source database UniProt
Identifiers RASK_MOUSE, P32883, ENSMUSP00000107339.1, ENSMUSP00000107339, P04200, P08643, RASK_RAT, P08644, P46203, P97914, QOVDVT_MOUSE, QOVDV7
Source gene ENSMUSGO0000030285

Alternative splicing Q5JYN1_MOUSE, ADADN4SVY 1_MOUSE, RASK_MOUSE, E9Q8VZ_MOUSE, ENSMUSFD0000118251.1

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the
same piece of sequence; the priority for display is given by SMART = PFAM = PROSPERO repeats > Signal peptide > Transmembrane > Coiled ceil » Unstructured regions > Low complexity. In either case, features not
shown in the above diagram are marked as 'overlap’ in the right side table below.

Confidently predicted domains, repeats, motifs and features: Features NOT shown in the diagram: @
Name Start a End E-value Name Start & End E-value Reason
RAS 1 166 3.7e-123 . low complexity 7 15 NIA overlap -

Click on a row to highlight the feature in the diagram above. Click the feature name for more information. Click on a row to highlight the feature in the diagram above. Click the feature name for more information.

»
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Domains within Meleagris gallopavo protein RASK_MELGA (P79800)

GTPase KRas

[+ ][ =][=|[ Introns || SAVE ||

.RA‘

a 100

Information Architecture Interactions Pathways PTMs QOrthology

Length 188 aa

L'l

Source UniProt
database

RASK_MELGA, P79300, ENSMGAPDD000017540.1, ENSMGAPOD000017540, K7GJ5_PELSI, K7TGSJ5, ADADITVAZT_NIPMI, ADADSIVIZY, ADADSTHFPET_CALAN, ADADSTHPBY, ADAODIIHBVE_STRCA,
ADADI93HEVE, ADADITGEPI_JAVES, ADADS1GEFY, ADADIIPEQ0_PYGAD, ADADO3PEQ0, ADAZIOMKDT_COLLI, ADAZIOMKDT, ADA2Z6MTE1_CALSU, ADA226MTE, ADADS1QPEY_LEPDC, ADADI1QPGT,
ADAD99ZCME_TINGU, ADADISZCME, ADADIZBCRY_CHAPE, ADADS3IECRS, ADAZIOTUIZ_LIMLA, ADAZIOTUIZ, ADADADATCZ_CHAVO, ADADADATCZ, ADADS1JHE3_EGRGA, ADADS1JHE],

Identifiers AQAQQIXBET_AMAAE, ADADQIXBET, UZJMMT_FICAL, U3JMMT, ADADIIBWMA_TALER, ADADSIBWMS, HOZPS0_TAEGU, HOZPS0, ADATDSNYIT_CHICK, ADATDSNY37, AOADS1LEB9_CATAL.
ADADSILEES, ADADSTRILI_APTFO, ADADSTRILS, AQATUTSI21_ALLSI, ADATUTS121, ADAOTPTTI_HALAL. ADADSTPTTY, ADADS1SIAS_SAVES, ADADSTSIAS, ADADITOXAS_9GRUI, ADADITQXKASL,
U3JBL1_AMAFL, U3J8L1, ADADSTVEQI1_BALRE, ADADSTVBQ1, ADADSTFATE_COREBR, ADADSIFATE, ADADIIFSSE_TYTAL, ADAODIFESE, ADADDIXRZT_OPIHC, ADADYIXRIT, ADA226P486_COLVI,
ADA226P4586, ADA213UHEE_9PASE, ADA218UHGE

Source ENSMGAGOD000013673
gene

Alternative RASK_MELGA, ENSMGAPO0000014451.2
splicing

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the
same piece of sequence; the priority for display is given by SMART = PFAM = PROSPERO repeats > Signal peptide > Transmembrane > Coiled coil » Unstructured regions > Low complexity. In either caze, featuras not
shown in the above diagram are marked as 'overlap’ in the right side table below.

Confidently predicted domains, repeats, motifs and features: Features NOT shown in the diagram: @
Mame Start a End E-value Name Start & End E-value Reason
RAS 1 166 262e-123 : Piam:Arf 1 163 1e-10 overlap -
Click on a row to highlight the feature in the diagram above. Click the festure name for more information. Plam:MMR_HS. . 5 1T 0.0000033 overlap
Piam:Ras 5 165 1.5e-59 overlap

Pfam:Roc & 120 1.1e-22 overlap



3-Finding domains with similar domain

architecture
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nic et al. (2014) Nucles 093/nar/gkud4d
nic et al. (2017) Nucles 0.1093/nar/ghkx0332

Sequence analysis

SMART MODE:

NORMAL
GENOMIC

You may use either a Uniprot/Ensembl sequence identifier (ID) / accession number (ACC) or the protein
sequence itself to perform the SMART analysis service.

Sequence ID or ACC

Examples: #1, #2

Protein sequence

Er Examples: #1, #2

Sequence SMART | Reset

HMMER searches of the SMART database occur by default. You may also find:

QOutlier homologues and homologues of known structure
PFAM domains
signal peptides
internal repeats

Domains detected by SMART

Search domain and protein annotation

Search |Examples: #1, #2

Browse the database of all available domains in the SMART database
Download domain descriptions in tab delimited plain text

hsﬂ I;:iﬂIIZr lkeywords. ..
A rchitecture Search SMART
R esearch

Architecture analysis

You can search for proteins with combinations of specific domains in different species or taxonomic ranges. You
can input the domains directly into "Domain selection” box, or use "GO ferms guery"to get a list of domains.

Domain selection

i Examples: #1, #2

GO terms guery

Ty Examples: #1, #2

Taxonomic selection

If you wish to restrict your domain architecture query to a parficular species or taxonomic class, start typing its
name in the box, and select a match from the popup list.

Architecture query | Reset

You can fry an Advanced Query if you're familiar with SQL.

metaSMART

metaSMART is a novel integral part of SMART, dedicated to the exploration of protein domains and domain
architectures in various metagenomics datasets. At the moment, the following datasets are publicly available

0 through metaSMART:

= Sargasso Sea (PubMed)

» Minnesota farm soil (PubMed)
» Acid mine drainage biofilm (PubMed) Access metaSMART

=« “Whale fall" carcasses (FubMed)



i- Find the domains of PO0O533 (EGFR Human

SETUP FAQ ABOUT GLOSSARY WHATSNEW FEEDBACK Search SMART

Domains within Homo sapiens protein EGFR_HUMAN (P00533)
Epidermal growth factor receptor
L+ L= [ [ Introns || SAVE ||

|
=
c
(e

“I |

L] 100 200 aod A0 500 L:lhi] 700 am 900 1000 100 1200

Information Architecture Interactions Pathways PTMs Orthology

Length 1210 aa

Source UniProt
database

|dentifiers EGFR_HUMAMN, PO0533, ENSPO0000275493 2, ENSPO0000275493, 000688, 000732, PO6263, (14225, Q68GS5, QO2795 QOBZS2, QOGZX1, QOH2CS, Q9HICH, QOUMDT, QaUMDE, QIUMGS,
F1JTLE_HUMAN, F1JTLE, COJYS6_HUMAN, COJY56, QTSMF2_HUMAN, QT5MF2, HIF140_MACMU, HIF 140
Source gene ENSGO0000145648

Alternative ENSP00000395243.3, ADATW2PRRI_HUMAN, Q504U8_HUMAM, PO0533-4, PO0533-3, P00533-2, EGFR_HUMAN, ENSPO0000413354 1
splicing

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the
same piece of sequence; the priority for display is given by SMART > PFAM = PROSPERO repeats > Signal peptide > Transmembrane > Coiled coil = Unstructured regions > Low complexity. In either case, features not
shown in the above diagram are marked as 'overlap' in the right side table helow.

Confidently predicted domains, repeats, motifs and features: Features NOT shown in the diagram: @
MName Start a End E-value Name Start & End E-value Reason
low complexity 7 25 MNIA - low complexity 651 666 NIA overlap -
FU 228 270 0.0000536 fra by
nsMembrane | 773 795 NiA overlap
FU 496 547 6.3e-7 HEIL ~
Click on a row fo highlight the feature in the diagram above. Click the feature name for more information.
FuU 552 601 §.2e-10
fransmembrane region 646 i1 MIA
low complexity 675 692 MNIA

TyrKc 712 958 le-128
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Letunic et al. (2014) Nuclsic Acids Res doi: 10.1093/nar/gkuf4d
Letunic et al. (2017) MNuclzic Asids Res . 01093 narghk=022
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You may use either a Uniprot’/Ensembl sequence identifier (ID) / accession number (ACC) or the protein
seguence itzelf to perform the SMART analysis service.

Sequence ID or ACC

You can search for proteins with combinations of specific domains in different species or taxonomic ranges. You
can input the domains directly into "Domain selection”box, or use "GO ferms g "to g.etl a liStt oﬁiomains_

Domain selection

desired

Sequence SMART || Reset |

HMMER searches of the SMART database occur by default. You may also find:

|| Qutlier homologues and homologues of known structure
|| PFAM domains
|| signal peptides
|| internal repeats

[ J #, 42 @ [TyrKe and EU CEE——
d .
Protein sequence GO terms query Oma in
L3
é [ [eampies 2122 N@MES IN é
Taxonomic selection adue r‘ / b OX
Y
1T you wish to restrict your domain architecture query to a parficular species or taxonomic class, start typing its
name in the box, and select a match from the popup list.
A E ]

Architecture query || Reset |

You can vanced Query if you're familiar with SQL.
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Proteins in all species with TyrKc and FU

There are 2868 proteins matching your query. Select an option below and press the action button. To include only a subset of proteins, m:
select all proteins in all its subnodes.

Action | dizplay the domain architecture r | dispiay SMART bubblograms of all or selecfed profeins
Selection 2868 proteins

Display proteins | _ Click to "Display proteins’

Expand all nodes | search for a taxonomic node. .

(] Eukaryota (2868)

----- [] Metazoa (2850)

+-[] Annelida (4)

-] Arthropoda (488)

-[] Brachiopoda (2)

-] chordata (2102)

[ cnidaria (4)

-[] Echinodermata (8)

-[[] Hemichordata (2)

-] Mollusca (24)

‘[[] Nematoda (146)

[ orthonectida (1)

-] platyhelminthes (60)

-[] porifera (3)

[ priapulida (2)

~[] Tardigrada (4)

- |:| undefined kingdom (18)
-] undefined phylum (18)
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Protein EGFR_HUMAN
Description Epidermal growth factor receptor

Species Homeo sapiens

1 100 200
I

Protein EGFR_MACMU

Description Epidermal growth factor receptor

Species fMacaca muiaita

1 100 200

[ | I
Protein EGFR_MOUSE

Description Epidermal growth factor receptor
Species Mus musculus

1 100 200

1

Protein EREB2_HUMAN
Description Receptor tyrosine-protein kinase erbB-2
Species Homao sapiens

100 200
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Protein Data Bank (PDB)
(www.rcsb.org/pdb/or www.pdb.org)

* A broad range of primary structural data is collected,
such as atomic coordinates, chemical structures of
cofactors, and descriptions of the crystal structure.
The PDB then validates structures by assessing the

qguality of the deposited models and by how well they
match experimental data.



[ www.rcsb.org/pdb/home/home.do#Category-welcome

RCSB PDB Deposit + Search~ Msualize ~ Analyze ~ Download ~ Learn ~ More ~

o :

N An Information Portal to . . )
117438 Biological Search by PDB ID, author, macromolecule, sequence, or ligands

(vt

PROTEIN DATA BANK Macromolecular Structures

Advanced Search | Browse by Annotations

wostLowWibnE

: PDB-101 :,EBHB.. !ﬂil)i‘:nf".!‘. .G:[Dmm S!mcé%r;tﬂm(ugy

R Welcome This resource is powered by the Protein Data Bank archive-information about
the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and
agriculture. from protein synthesis to health and disease.

#® Deposit

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

Q Search _ _
The RCSB PDB builds upon the data by creatlng tools and resources for

research and education in molecular biology, structural biology. computational
Cd Visualize biology. and beyond.
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February 2016 Release Paper Published in

" EDUCATION = Journal of Chemical
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