mpMoRFsDB: A database of Molecular Recognition
Features (MoRFs) in membrane proteins.

Introduction

Molecular Recognition Features (MoRFs) are short, intrinsically
disordered regions in proteins that undergo a disorder-to-order
transition upon binding to their partners. MoRFs are implicated in
protein-protein interactions, which serve as the initial step in
molecular recognition.

The aim of this work was to collect, organize and store all membrane
proteins that contain MoRFs. We focused in membrane proteins, as
they constitute one third of fully sequenced proteomes and are
responsible for a wide variety of cellular functions. Data were
initially collected from Protein Data Bank (PDB) and Uniprot and
were managed with Perl scripts. MoRFs were classified according to
their secondary structure, after interacting with their partners. We
identified MoRFs both in transmembrane and peripheral proteins.
The position of transmembrane protein MoRFs was determined
relative to a protein’s topology.

All information was stored in a publicly available mySQL database

with a user-friendly web interface. A Jmol applet is integrated for



vizualization of the structures. The utility of the database is the
provision of information related to disordered based protein-protein
interactions in membrane proteins. Such proteins play key roles in
crucial biological functions and ca. 50% of them are putative hubs in
protein interaction networks. The database will be updated on a

regular basis by an automated procedure.



Home Page

In order to visit mpMoRFsDB, user should enter one of the following
addresses: http://bioinformatics.biol.uoa.gr/mpMoRFsDB/ or
http://bioinformatics.biol.uoa.gr/mpMoRFsDB/index.php. The page
loaded (see below) contains general information about the database
and some statistics.
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Statistics
Database Version: 1.0
Revision Date: 27 May 2013
Total Proteins: 173
Total MoRFs: 244
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Search data

In order to search database information, user should press the search
button. A form appears with multiple options.

Protein Type: (_)Single-Spanning
() Multi-Spanning
(_)Peripheral
(©Any

Protein Contains MoRF Type: [_|Alpha MoRF
|| Beta MoRF
[ Irregular MoRF
[_)Complex MoRF

MOoRF Length: from to Residues

Protein Name:

Gene Name:

Organism Name:

Uniprot Accession:

PDBID:

| Submit | | Reset |

Note: If no filter is used, all entries will be retrieved.




The choices are:

Search membrane proteins according to type.
o Single-Spanning (Transmembrane)
o Multi-Spanning (Transmembrane)
o Peripheral
o All the above
Search proteins containing specific types of MoRFs. MoRFs are
seperated in four categories, according to their secondary
structure upon binding to their partner.
o Alpha MoRF
o Beta MoRF
o Ireggular MoRF
o Complex MoRF
Search proteins according to MoRF length. The length varies
between 10 and 70 residues.
Search proteins based on protein name.
Search proteins based on gene name.
Search proteins based on organism.
Search proteins based on Uniprot Accession.
Search proteins based on PDB ID.

The search, based on protein name, gene name and organism does
not require specific words. For example if user enters the word
“hom”, the result is all proteins containg the word “hom” in the field

organism.

Protein Type: (_)Single-Spanning
(_)Multi-Spanning
(_)Peripheral
(©Any

Protein Contains MoRF Type: [_|Alpha MoRF
|| Beta MoRF
[_/Irregular MoRF
[ |Complex MoRF

MoRF Length: from to Residues

Protein Name:

Gene Name:

Organism Name: hom

Uniprot Accession:

Pdb ID:

| Submit | | Reset |




All the above search fields can be combined in order to make the
search result as specific as possible.

For example if we make the following combined search:

We get only one protein with the specific characteristics.




Another example is to find all single spanning membrane proteins
containing MoRFs from 20 to 30 residues.

And the result is

G R0 G 860 G 4G G 4GA G18GH G §G8 G 4Gk G 4G 616

If we want to select all proteins containing irregular or complex
MoRFs, we make the following selection:



And the result is:

i 0§ 1G1 GIAGA G R G 4GA 6 4G1 G18GA G §GA G A6

Browse

User can browse data by pressing the browse button. At first all
entries appear. User has the ability to apply filters and browse the
database by type of membrane protein or by MoRF type.

v Browse mpMoRFsDB by

Type of membrane protein
Secondary structure of MoRF



For example if the user selects Multi-Spanning proteins as membrane
type.

v Select type of membrane protein
Single-Spanning protein

Multi-Spanning protein
Peripheral membrane protein

All Multi-Spanning proteins are retrieved.

All Multi-Spanning proteins
l___-_ll-

1 000555 Voltage-dependent P/Q-type calcium channel subunit
alpha-1A

I-__--IIE

Homo sapiens 2505 llnlti.-

3 088634 Mus musculus 396  Multi-

spanning

5 P04480 Colicin-A Citrobacter freundii 592 "““"

7 P06935 Genome polyprotein West Nile virus 3430 ""“‘*‘

9 POR921 Phospholipase Al Escherichia coli (strain K12) 289 "“1“'
I-__--llﬂ
11 P11836 B-1 "“1“'

-lymphocyte antigen CD20 Homo sapiens 297

13 P19634 Sodium/hydrogen exchanger 1 Homo sapiens llulti.-

I-__--IIE

15 22002 v:ll’::g:;dopcndone L-type calcium channel subunit 2169 llnlti-

I-__--IIE

Voltage-dependent P/Q-type calcium channel subunit Multi-
17 pazess o oS Oryctolagus cuniculus 2424 Ay

Rattus norvegicus

If the user selects complex-MoRFs.

v Secondary structure of MoRF
a-MoRF
b-MoRF
i-MoRF

complex-MoRF

All proteins containing complex-MoRFs are retrieved.

All membrane proteins containing complex-MoRFs
| Accession  ProteinName  orgamisa  lemgth  Type

1 P03437 BHemagglutinin Influenza A virus (strain A/Aichi/2/1968 H3N2) 566 Single-spanning W

I-__-_IIEI

3 014745 Na(+)/H(+) h regulatory NHE-RF1 Homo sapiens 358 Peripheral

I-__-_IIEI

5 P70452 Syntaxin-4 Mus musculus 298 Single-spanning

I-__-_IIM

7 P20963 T-cell surface glycoprotein CD3 zeta chain Homo sapiens 164 Single-spanning




Entries

When user fills the search fields and presses submit a new page
appears, with the list of proteins like the image below. It contains the
Uniprot Accession number, the protein name, the organism, the
protein length and the type of protein.

Accession Protein Name Organism Length Type
1 000555 Voltage-dependent P/Q-type calcium channel subunit Homo sapiens 2505 Hult;T View
alpha-1A spanning
2 008675 Proteinase-activated receptor 3 Mus musculus 369 Mu“‘lT View
spanning —
: . Single-
3 008734 Bcl-2 homologous antagonist/killer Mus musculus 208 3 View
spanning
4 014745 Na(+)/H(+) exchange regulatory cofactor NHE-RF1 Homo sapiens 358 Peripheral | View |
5 014836 Tumor necrosis factor receptor superfamily member Homo sapiens 293 anglg— View
138 spanning
6 043521 Bcl-2-like protein 11 Homo sapiens 198 Peripheral | View
7 054918 Bcl-2-like protein 11 Mus musculus 196 Peripheral | View
8 060331 ;hosghatxdylxnosxtol 4-phosphate S5-kinase type-1 Homo sapiens 668 Peripheral | view |
TR i i RO i
9 o70161 e 5-kinase type-1 \ . nugculus 661 Peripheral [view
gamma
10 075154 Rabll family-interacting protein 3 Homo sapiens 756  Peripheral | vew
11 080297 Attachment protein G3P Enterobacteria phage If1 460  Single- View
spanning
12 088597 Beclin-1 Mus musculus 448 Peripheral | View
13 088634 Proteinase-activated receptor 4 Mus musculus 396  Multi- View
spanning
$13 s Multi-
14 088917 Latrophilin-1 Rattus norvegicus 1515 5 View
spanning E—
- Echovirus 1 (strain -
1 1734 G 1 L 2184 P h 1
5 09173 enome polyprotein S e YY) 8 eripheral | view
16 201130 Low-density lipop. in pt Homo sapiens geo  Single- View
spanning
17 201133 Pro-epidermal growth factor Homo sapiens 1207 Single- View
spanning
. . Single-
18 P01135 Protransforming growth factor alpha Homo sapiens 160 5 View
spanning
N s Single-
19 P01730 T-cell surface glycoprotein CD4 Homo sapiens 458 5 View
spanning
20 01892 Hl.Alclnss I histocompatibility antigen, A-2 alpha B sapiens 165 S;nglt.a- rr—
chain spanning m—
21 P02686 Myelin basic protein Homo sapiens 304 Peripheral | View
22 P03300 Cenome polyprotein Poliovirus type 1 (strain Mahoney) 2209 Peripheral | Vew

Poliovirus type 3 (strains P3/Leon/37 2206

23 P03302 Cenome polyprotein and P3/Leon 12A[1]B)

Peripheral | View

24 P03303 Cenome polyprotein Human rhinovirus 14 2179 Peripheral | View
25 P03313 Genome polyprotein Coxsackievirus B3 (strain Nancy) 2185 Peripheral | View
26 P03316 Structural polyprotein Sindbis virus 1245 51ngl?- View
spanning
B Influenza A virus (strain Single-
27 P03437 Hemagglutinin A/ATohi/2/To¢s H3N2) 566 ming View
28 P03524 Glycoprotein G Rabies virus (strain ERA) 52400 Einglec View
spanning

Entry

When the user presses the View button he is redirected to the entry
page. The entry page contains information about the type and
topology of the protein, the total number of MoRFs as well as their
position in the protein. Moreover a Jmol Viewer is integrated for
vizualisation of the proteins in 3D.



;Nm Na(+)/H(+) exchange regulatory cofactor NHE-RF1
Gene .
Name: SLC9A3R1
Organism: Homo sapiens
gﬂcfl 9606
PRL HGEKGKLGQYT
. IR
wen&‘ 'KKCRVI: VPF R
Sequl =2 358 aa
“'ﬁp"‘;’m. 014745
Type: Peripheral
Total a
MOoRFs:
Jmol
PhosphoSite: 014745
Pfam: PF09007 PFO0595
PROSITE: PS50106
InterPro: IPR0O15098 IPR017300 IPR001478
SUPFAM: SSF50156
IntAct: 014745
DIP: DIP-29092N
MINT: MINT-4998796
STRING: 9606.ENSP00000262613
OMIM: 604990 612287
DrugBank:
MoRF PDB:Chain MOoRF Start MoRF End Type Partner
2D10:E 1330 357 irregular 2D10:A (P26043) (30]
2D10:F 330 357 complex 2D10:B (P26043) [30]
2D10:G 330 357 complex 2D10:C (P26043) (3D ]
2D10:H 330 357 complex 2D10:D (P26043) | 3D |
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More specifically:

* In the top right corner user can find three buttons. FASTA, TXT
and XML. By pressing these buttons user can download the
sequence in FASTA format, all page information in text format
or all information in XML format respectively.

* The protein information available is:

o Protein Name
Gene Name
Organism
NCBI taxonomy
Sequence
Sequence length
Uniprot Accession
Protein Type
Total number of MoRFs

O O O 0O O O O O



* The next box contains references to other databases. The
databases are:

Phosphosite

Pfam

Prosite

InterPro

SupFam

Intact

DIP

MINT

STRING

OMIM

o Drugbank

* The next box contains MoRF related information. It contains
the MoRF PDB ID and chain, where the MoRF starts and ends in
relation to protein’s sequence and the partner of the MoRF.

* The next box contains references related to the PDB IDs
appearing in the previous box.

* Last but not least a Jmol 3D viewer is integrated in the page for
vizualization of the structures. MoRFs are colored red. User can
chose complexes by pressing the “3D” button/s.

O

O O O O O O O O O

The topology of Single Spanning and Multi Spanning proteins was
determined as well as the position of MoRFs. In the screenshot below
user can view an example of topology (Uniprot Accession: P01730).

AQLALL LGKKGDTVELTCTASQKKSI( )IKILGNQGSFLTKGPSK JGNFPLIIKNLKIEDSDTYICE JLLVFGL LOGQSLTLTL

PSVQC IQGGKTLSVSQLEL WICTVLONQKKVEFKIDIVVLAFQKASSIVYKI 'SFPLAFTVEKL ITFD: JDPKLOMGKKLPLHLTLPQALPQYAGSGNLTLA

LEAKTGKLHQEVNLY AQKNLTCEVWGPTSPKLMLSLKIL 'LLSDSGQVLLESNIKVLPTWSTPVQOPMALIVLGGVAGLLLF IGLGIFFCVRCRHRRROAERMSQIKRLLSEKKTCQCPHR
iiddddddddddidiidiidiidiidiidiiig

iiiiidii

s: Signal peptide

o: Extracellular

i: Cytoplasmic

M: Transmembrane
#: Position of MoRF



BLAST search

With the BLAST search tool, the user may submit a sequence and
search the database for finding homologues. The input for the BLAST
application is the sequence in standard FASTA format and the user
has the ability to specify an e-value cutoff level to use in the query:

BLAST SEARCH

Paste your sequence in FASTA format in the field provided

>sp|000555|CAC1A_HUMAN Voltage-dependent P/Q-type calcium channel subunit alpha-1A
OS=Homo sapiens GN=CACNA1A PE=1 SV=2
MARFGDEMPARYGGGGSGAAAGVVVGSGGGRGAGGSRQGGQPGAQRMYKQSMAQRARTMA
LYNPIPVRQNCLTVNRSLFLFSEDNVVRKYAKKITEWPPFEYMILATIIANCIVLALEQH
LPDDDKTPMSERLDDTEPYFIGIFCFEAGIKIIALGFAFHKGSYLRNGWNVMDFVVVLTG
ILATVGTEFDLRTLRAVRVLRPLKLVSGIPSLQVVLKSIMKAMIPLLQIGLLLFFAILIF
AIIGLEFYMGKFHTTCFEEGTDDIQGESPAPCGTEEPARTCPNGTKCQPYWEGPNNGITQ
FDNILFAVLTVFQCITMEGWTDLLYNSNDASGNTWNWLYFIPLIIIGSFFMLNLVLGVLS

GEFAKERERVENRRAFLKLRRQQQIERELNGYMEWISKAEEVILAEDETDGEQRHPFDGA
LRRTTIKKSKTDLLNPEEAEDQLADIASVGSPFARASIKSAKLENSTFFHKKERRMRFYI
RRMVKTQAFYWTVLSLVALNTLCVAIVHYNQPEWLSDFLYYAEFIFLGLFMSEMFIKMYG
LGTRPYFHSSFNCFDCGVIIGSIFEVIWAVIKPGTSFGISVLRALRLLRIFKVTKYWASL
RNLVVSLLNSMKSIISLLFLLFLFIVVFALLGMQLFGGQFNFDEGTPPTNFDTFPAAIMT
VFQILTGEDWNEVMYDGIKSQGGVQGGMVFSIYFIVLTLFGNYTLLNVFLAIAVDNLANA
QELTKDEQEEEEAANQKLALQKAKEVAEVSPLSAANMSIAVKEQQKNQKPAKSVWEQRTS
EMRKQNLLASREALYNEMDPDERWKAAYTRHLRPDMKTHLDRPLVVDPQENRNNNTNKSR
AAEPTVDQRLGQQRAEDFLRKQARYHDRARDPSGSAGLDARRPWAGSQEAELSREGPYGR
ESDHHAREGSLEQPGFWEGEAERGKAGDPHRRHVHRQGGSRESRSGSPRTGADGEHRRHR
AHRRPGEEGPEDKAERRARHREGSRPARGGEGEGEGPDGGERRRRHRHGAPATYEGDARR
EDKERRHRRRKENQGSGVPVSGPNLSTTRPIQQDLGRQDPPLAEDIDNMKNNKLATAESA
APHGSLGHAGLPOQSPAKMGNSTDPGPMLAIPAMATNPONAASRRTPNNPGNPSNPGPPKT Z

Specify an e-value cutoff level to use in your query: 1.0

Submit query Clear fields

The result page of the BLAST search shows a list of the Blast hits with
significant alignment on the query sequence the user has submited.
The list is in a table format including the mpMoRFsDB_ID of the
target protein, the Length of the target sequence and the Query and
Target align range. The BLAST results can be compared through the
Score and E-value and the Identities and Positives.

The result page of the above BLAST search is:



Blast search results INPUTFILE  OUTPUT FILE

# spl000555ICACIA_HUMAN Voltage-dependent P/Q-type calcium channel subunit alpha-1A

Furthermore, the user can have a more detailed view of each
alignment through the Show/Hide button at the end of each line:



1D: Qo7652 2222 1 3242 0 [1176-2501] [1006-2192]
Query 1176 SGTQTNSAKTARKPDHTTVDIPPACPPPLNETVVQUNKNANPDPLP——————-| KKEEEKK 1235
Midline s TN K e ™ IP P ++ TVV ++ ++ P ++EEE +

Target 1006 SCMTTNMDKATTESTSVIVAIPDV-DPLVDSTVVNISNKTDGEASPLKEAETKEEEEEVE1065

Query 1236 PMPPYSSMFILSTTNPLRRLCHYILNLRYFEMCILMVIAMSSIALAA1295

Midline ++++ + K M P+SSMFI STTNP+R+ CHYI+NLRYFEMCIL+VIA SSIALAA

Target 1066 KKKQKKEKRETGKAMVPHSSMFIFSTTNPIRKACHYIVNLRYFEMCILLVIAASSIALAA1125

Query 1296EDPVQPNAPRNNVLRYFDYVFTGVFTFEMVIKMIDLGLVLHQGAYFRDLWNILDFIVVSG1355

Midline EDPV N+ RN VLRYFDYVFTGVFTFEMVIKMID GL+L G+YFRDLWNILDF+VV G

Target 1126EDPVLTNSERNKVLRYFDYVFTGVFTFEMVIKMIDQGLILQODGSYFRDLWNILDFVVVVG1185

Query 1356ALVAFAFT---GNSKGKDINTIKSLRVLRVLRPLKTIKRLPKLKAVFDCVVNSLKNVFNI1415

Midline ALVAFA G +KG+DI TIKSLRVLRVLRPLKTIKRLPKLKAVFDCVV SLKNVENI

Target 1186ALVAFALANALGTNKGRDIKTIKSLRVLRVLRPLKTIKRLPKLKAVEDCVVTSLKNVENI1245

Query 1416LIVYMLFMFIFAVVAVQLFKGKFFHCTDESKEFEKDCRGKYLLYEKNEVKARDREWKKYE1475

Midline LIVY LFMPIFAV+AVQLFKGKFF+CTD SK+ EK+C G Y+ +EKN+++ + REWK++E

Target 1246LIVYKLFMFIFAVIAVQLFKGKFFYCTDSSKDTEKECIGNYVDHEKNKMEVKGREWKRHE1305

Query 1476FHYDNVLWALLTLFTVSTGEGWPQVLKHSVDATFENQGPSPGYRMEMSIFYVVYFVVFPF1535

Midline FHYDN++WALLTLFTVSTGEGWPQVL+HSVD T E++GPS RMEMSIFYVVYFVVFPF

Target 1306FHYDNIIWALLTLFTVSTGEGWPQVLQHSVDV IFPYVVYFVVFPF1365

Query 1536FFVNIFVALIIITFQEQGDKMMEEYSLEKNERACIDFAISAKPLTRHMPONKQSFQYRMW1595

Midline FFVNIFVALIIITFQEQGDKMMEE SLEKNERACIDFAISAKPLTR+MPQN+ +FQYR+W

Target 1366FFVNIFVALIIITFQEQGDKMMEECSLEKNERACIDFAISAKPLTRYMPONRHTFQYRVW1425

Manual

1347

74711347
(55%)

User can view and downlad the current manual.

Download

User can download all database files in Text or XML format. The
option will be activated upon publication.

Contact

Users can contact us for more information at the emails specified at
the contact page. Related publications to the current work are also

presented.

883/1347
(66%)

181/1347
(13%)

Show/Hide



Technologies

mpMoRFsDB is based on modern technologies. User should have
Javascript enabled on the web browser. In order to use the Jmol
Viewer user should also have Java installed on his computer.

MySQoll. P

Y

BioPerl

University of Athens
Faculty of Biology
Biophysics and Bioinformatics Laboratory



