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Statement

1. Implementation. The softwares of the CUCKOO Workgroup are implemented in
JAVA (J2SE). Usually, both of online service and local stand-alone packages will be
provided.

2. Availability. Our softwares are freely available for academic researches. For
non-profit users, you can copy, distribute and use the softwares for your scientific
studies. Our softwares are not free for commercial usage.

3. GPS. Previously, we used the GPS to denote our Group-based Phosphorylation
Scoring algorithm. Currently, we are developing an integrated computational platform
for post-translational modifications (PTMs) of proteins. We re-denote the GPS as
Group-based Prediction Systems. This software is an indispensable part of GPS.

4. Usage. Our softwares are designed in an easy-to-use manner. Also, we invite you to
read the manual before using the softwares.

5. Updation. Our softwares will be updated routinely based on users’ suggestions and
advices. Thus, your feedback is greatly important for our future updation. Please do not
hesitate to contact with us if you have any concerns.

6. Citation. Usually, the latest published articles will be shown on the software
websites. We wish you could cite the article if the software has been helpful for your
work.

7. Acknowledgements. The work of CUCKOO Workgroup is supported by grants
from the National Basic Research Program (973 project) [2013CB933902,
2012CB911201, 2012CB910101]; National Natural Science Foundation of China
[31171263, 81272578]; the Guangdong Natural Science Funds for Distinguished
Young Scholar [S20120011335]; Zhujiang Nova Program of Guangzhou
[2011J2200042]; Program of International S&T Cooperation [2014DFB30020].
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Introduction

Most proteins in eucaryote cells are post-transcriptionally modified by a wide range
of chemical groups. Among these modifications, the attachement of lipid groups to
certain amino acids is a key modification that orchestrates the cellular protein’s
trafficking (1,2), signaling (3,4) and membrane association (5). With the rapid
development of testing techniques, several lipid modifications, such as palmitoylation,
prenylation and N-myristoylation, are now extensively studied.

Palmitoylation is a reversible post-translational modification that involves the
addition of a 16-carbon chain palmitic acid on cysteine (6). As the palmityl group can
effectively increase the hydrophobicity, the palmitoylation process can dynamically
regulate the membrane targeting of cellular proteins (1,2). Particularly, the
palmitoylation of small GTPase N-Ras and H-Ras has been extensively illustrated (7),
which indicates a crucial role in modulating the signal transduction pathway (8,9).
Another important type of lipid modification is prenylation. This process involves the
addition of a 15-carbon farnesyl group or a 20-carbon geranylgeranyl group to a
C-terminal cysteine that conform to a consensus CAAX motif (10). Typically, the
farnesylation is catalyzed by protein farnesyltransferase (FTase) (11), whereas the
geranylgeranylation is performed by protein geranylgeranyltransferase type |
(GGTase-1) (12,13). However, in case of Rab proteins, the geranylgeranyltransferase
type Il (GGTase-11) which recognized a C-terminal CC/CXC motif is found to catalyze
the geranylgeranylation process (10,14). In addition to the above complex mechanism,
prenylation also tightly controls the signaling activities in cell by modifying small
GPTase Ras (15,16), Rho (17,18) and Rab (18,19). As for the last type of lipid
modification, Protein N-myristoylation is catalyzed by the N-myristoyl transferase
(NMT), which recognizes a MGXXXS/T signature at N-terminus (20,21). It is
reported that N-myristoylation can promote weak protein-protein and
protein-membrane interaction (22). Moreover, with an essential role in regulating the
relocation of signaling proteins, N-myristoylation functions widely in a variety of
signal transduction pathways (23).

In view of the above essential physiological functions, the irregular lipid
modification may lead to all sorts of diseases. As reported in published literatures
(24,25), the abnormal lipid modification level is highly correlated with oncogenesis.
Besides, the elevated levels of lipid modification may also linked with other severe
diseases. For example, the overexpression of palmitoyl acyltransferases (PATS) may
implicate in schizophrenia (26) and Huntington’s disease (27). Also, the
N-myristoylation is observed to mediate the viral Infectivity and eukaryotic infections
(28). Taken together, the research on lipid modification will be particularly important
for the diagnosis and treatment of diseases. However, due to the limitations of
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integrative bioinformatics resources, the overall investigations that focusing on the
co-regulation of lipid modifications are seldom performed. This deficiencies may
grievously hamper the development of effective therapies for disorders related to lipid
modifications.

In this work, we present GPS-Lipid, which is a comprehensive predictor for
protein lipid modification sites. From the literatures published before November, 2014,
we manually collected 737 S-palmitoylation sites in 361 proteins, 106 S-farnesylation
sites in 97 proteins, 95 S- geranylgeranylation sites in 70 proteins and 283
N-myristoylation sites in 281 proteins. To obtain a high-performance predictor, we
applied the Particle Swarm Optimization with an aging leader and challengers
(ALC-PSO) (29) in our previous Group-based Prediction System (GPS) algorithm for
model training and predicting. For convenience, an online service was developed
using PHP + JavaScript, and is freely available at http://lipid.biocuckoo.org.

e GPS-Lipid 1.0 - Prediction of Protein Lipid Nodification Sites

File Tools Help
Predicted Sites
ID Position Peptide Score Cutoff Cluster

Enter sequence(s) in FASTA format

PTM type Console
] Paimitoytation ] N-Myri - ] Far 7 ] Ger a [ E | | LoadFite | | submit |
Threshold
) High ® Medium O Low oAl | visualice | | ciear | | Ewon

GPS-Lipid v1.0 Main Interface


http://lipid.biocuckoo.org/
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Download & Installation

The local packages of GPS-Lipid 1.0 database were implemented in JAVA, and could
be installed on Windows, Mac OS X or Unix/Linux systems. The latest distributions of
GPS-Lipid could be found at http://lipid.biocuckoo.org/download.php. We recommend
that users could download the latest release.

After downloading, please double-click on the install package to begin installation.
Follow the user prompts through the installation. And snapshots of the setup program
are shown below:

| es Setup — GPS-LipidDB 1.0 |

Welcome to the GPS-LipidDB 1.0
Setup Wizard

Thiz will install GPS-LipidDE 1.0 on your computer.

It iz recommended that you eclose a1l other
applications before continming.

Click NMext to continue, or Cancel to exit Setup.

[ Text > | | Cancel |

Setup — GPS-LipidDB 1.0

Select Destination Directory -W.
Where should GPS-LipidDE 1.0 be installed? o

Select the folder where wou would like GPS-LipidDE 1.0 to be installed,
then click Next.

C:'\Frogram Files'Group-based Prediction System'GPS-L: Browse. ..

Bequired disk space: 99.9 ME
Free disk space: 95,098 MEB

| < Back | Next > | | Cemeel |
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| es Setup — GPS-LipidDB 1.0

Installing w
|

Please wait while Setup installs GPS-LipidDE 1.0 on wour =
computer. '7

Extracting files. ..
dog"\LTPIDIE-9606-00169. xml

8] 18 §09 8] 8 185 5]  8] 84 [5)

'@ Setup - GPS-LipidDB 1.0 =
Completing the GPS-LipidDB 1.0
Setup Wizard

Setup has finished installing GP5-LipidDE 1.0 on
wour computer. The application may be launched by
selecting the installed icons.

Click Finish to exit Setup.

Efreate a desktop icon

¥ Run GPS-LipidlB 1.0

Finish

Click on the Finish button to complete the setup program.
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The usage of GPS-Lipid

In GPS-Lipid 1.0, we provide a predictor for lipid modification sites prediction. With
Group-based Prediction System (GPS) algorithm, the prediction models for
S-Palmitoylation, N-Myristoylation, S-Farnesylation and S- Geranylgeranylation were
trained.

A single protein sequence in FASTA format

The following steps show you how to use the GPS-Lipid 1.0 to predict lipid
modification sites for a single protein sequence in FASTA format.

(1) Firstly, please use “Ctrl+C & Ctrl+V” (Windows & Linux/Unix) or “Command+C
& Command+V” (Mac) to copy and paste your sequence into the text form of
CSS-Palm 4.0Firstly, please use “Ctrl+C & Ctrl+V” (Windows & Linux/Unix) or
“Command+C & Command+V” (Mac) to copy and paste your sequence into the text
form of GPS-Lipid.

s GP5-Lipid 1.0 — Prediction of Protein Lipid Modification Sites

File Tools Help
Predicted Sites
ID Fosition Feptide Score Cutoff Cluster

Enter sequence(s) in FASTA format

=RAP18
MREYKLVWVLGSGGYVGKSALTVAFVQGIFVEKYDPTIEDSYRKQVEVDAQQCMLEILDTAGTEQFTAMRDLYMKM GQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILVGNKCDLEDER
4 Il ] i
PTM type Console
Palmitoylation N-Myristoylation Famesylation Geranylgeranylation | Example | | Load File | | Submit ‘
Threshold
@ High ) Medium ) Low O Al | Visualize | | clear | | Ewort |

Note: For a single protein, the sequence without a name in raw format is also OK.
However, for multiple sequences, the name of each protein should be presented.
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(2) Choose the modification types that you want to predict. There are four major
types of lipid modifications provided in GPS-Lipid. By default, GPS-Lipid will
predict all four types of modification sites.

[ ces GPS-Lipid 1.0 - Prediction of Protein Lipid Nodification Sites

File Tools Help

Predicted Sites
ID Position Peptide Score Cutoff Cluster

Enter sequence(s) in FASTA format

=RAP1B
MREYKLVWLGSGGVGKSALTVQFVQGIFVEKYDPTIEDSYRKQVEVDAQQCMLEILDTAGTEQFTAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILVGNKCDLEDER

4] i ] [v]
PTM type Console
LT R Rl i - L 7 e a [ E | | LoadFite | | submit |
- Threshold
® High ) Medium ) Low O Al | visualize | | ciear | [ Exont

(3) Choose a Threshold that you need, the default cut-off is Medium.
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[ ces GPS-Lipid 1.0 - Prediction of Protein Lipid Nodification Sites

File Tools Help

Predicted Sites
ID Position Peptide Score Cutoff Cluster

Enter sequence(s) in FASTA format

=RAP1B
MREYKLVWLGSGGVGKSALTVQFVQGIFVEKYDPTIEDSYRKQVEVDAQQCMLEILDTAGTEQFTAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILVGNKCDLEDER

4] i ] [v]
PTM type Console
LT R Rl i - L 7 e a [ E | | LoadFite | | submit |
Threshold
® High ) Medium ) Low O Al | visualize | | ciear | [ EBwon |

(4) Click on the Submit button, then the predicted lipid modification sites will be
shown. To distinguish different types of lipid modifications, we colored the results
based on their predicted PTM types. As shown below, the S-Palmitoylation is colored
with blue, the N-Myristoylation is in orange, the S-Farnesylation is colored with green,
and the S-geranylgeranylation is in red.
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e GPS-Lipid 1.0 - Prediction of Protein Lipid Nodification Sites

File_Tools_Help
Predicted Sites
ID Position Peptide Score Cutoff Cluster
RAP1B 181 FARFRSSCOLLY %+ % 13303 4.003 5-Farnesylation: Non-consensus
RAP1B 181 FAREESSCOLL**%* 6.189 1617 S-Geranylgeranylation: Non-consensus

Enter sequence(s) in FASTA format

=RAP1B
MREYKLVWLGSGGVGKSALTVQFVQGIFVEKYDPTIEDSYRKQVEVDAQQCMLEILDTAGTEQFTAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILVGNKCDLEDER

4] i ] [v]
PTM type Console
LT R Rl i - L 7 e a [ E | | LoadFite | | submit
Threshold
® High ) Medium ) Low O Al | Visualize | | ciear | [ EBwon |

(5) Then please click on the RIGHT button in the prediction form. You can use the
“Select All” and “Copy Selected” to copy the selected results into Clipboard. Then
please copy the results into a file, eg., an EXCEL file for further consideration. Also,
you can choose “Export Prediction” to export the prediction results into a
tab-delimited text file.

11
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[ ces GPS-Lipid 1.0 - Prediction of Protein Lipid Nodification Sites

File Tools Help

Predicted Sites
ID Position Peptide Score Cutoff Cluster

RAP1B 181 FRRERSSCQLL* *%* 13.303 4003 S-Farnesylation: Non-consensus

Select All
Copy Selected
Export Result
Visualize

RAP1B 181 FARRESSCOLL*%¥¥ 6.189 1677 nylgeranylation: Non-consensus

Enter sequence(s) in FASTA format

ZQFTAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILVGNKCDLEDERVWGKEQGQNLARQWNMNCAFLESSAKSKINVNEIFYDLVRQINRKTPVP GKARKKSSCQLL

[4] I I [+]
PTM type Console
LT R Rl i - L 7 e a [ E | | LoadFite | | submit |
Threshold
® High ) Medium ) Low O Al | visualize | | ciear | [ EBwon |

To visualize the predicted site please click on the “Visualize” button. Again, different
types of modification sites will be marked in different color.

[@s DOG 2.0 - New Project

File Edit Tools Help
Canvas : 800x600 COmpﬂl’lEl’ll List
~| Protein (1;184)
>3 Site (181;C181)
>> Site (181;C181)
| > Note (RAP1B)
RAP1B
c181
184 T
c181
[ETI 1 [T+
Console
\ Protein I Domain || site || Noie I Line |

Notably, you can also click the “Export Prediction” in File menu to export the results.

12
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File | Tools Help

Load Sequence File cull

Export Resuhlt cule  sition Peptide Score Cutoff Cluster

Exit AltF4
RAP1B 181 FARFRSSCOLLY %+ % 13303 4.003 5-Farnesylation: Non-consensus
RAP1B 181 FAREESSCOLL**%* 6.189 1617 S-Geranylgeranylation: Non-consensus

Enter sequence(s) in FASTA format

ZQFTAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILVGNKCDLEDERVWGKEQGQNLARQWNMNCAFLESSAKSKINVNEIFYDLVRQINRKTPVP GKARKKSSCQLL

[«] I

il [b]
PTM type Console
LT R Rl i - L 7 e a [ E | | LoadFite | | submit |
Threshold
® High ) Medium ) Low O Al | visualize | | ciear | [ EBwon |

13
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Multiple protein sequences in FASTA format

For multiple protein sequences, there are two ways to use the GPS-Lipid 1.0.

A. Input the sequences into text form directly. (Num. of Seq < 2,000)

If the number of total protein sequences is not greater than 2,000, you can just use
“Ctrl+C & Ctrl+V” (Windows & Linux/Unix) or “Command+C & Command+V”
(Mac) to copy and paste your sequences into the text form of GPS-Lipid 1.0 for
prediction.

s GP5-Lipid 1.0 — Prediction of Protein Lipid Modification Sites

File Tools Help
Predicted Sites
ID Fosition Feptide Score Cutoff Cluster

Enter SE[II.IEI'ICE(S) in FASTA format

-RAP1B

MREYKLVWLGSGGVGKSALTVOFVQGIFVEKYDPTIEDSYRKQVEVDAQQCHLEILDTAGTEQF TAMRDLYMKNGQGFALVYSITAQSTFNDLQDLREQILRVKDTDDVPMILYGNKCDLEDER
-PRMTS

1 GHMKHSSRCLLLRRKMAENAAESTEVNSPPSQPF QPVVPAKPVQCVHHVSTOP SCPGRGKMSKLLNPEEMTSRDYYFDSYAHF GIHEEMLKDEVRTLTYRNSMYHNKHVFKDKVVLDVGE
~PTP4AT

MARMNRPAPVEVTYKNMRFLITHNP TNATLNKFIEELKKYGVTTIVRVCEATYDTTLVEKEGIHVLDWPFDDGAPP SNQIVDDWL SLVKIKFREEF GCCIAVHCVAGLGRAPVLVALALIEG GMKY

4] i ] L]

PTM type Console
[v] Palmitoylation [¥] N-Myristoylation [v] Famesylation [v] Geranylgeranylation | Example | | Load File | | Subrmit ‘
Threshold

® High ) Medium O Low O Al | Visualice | | clear | | Ewport

B. Use Batch Predictor tool.

If the number of protein sequences is very large, eg., yeast or human proteome, please
use the Batch Predictor. Please click on the “Batch Predictor” button in the Tools
menu.

14
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[ ces GPS-Lipid 1.0 - Prediction of Protein Lipid Nodification Sites

File | Tools | Help

Pre Batch Predictor ct8
Domain Graph cwlD Fosition Feptide Score Cutoff Cluster

Lipid Database Ctl-L

Enter sequence(s) in FASTA format

PTM type Console
] Paimitoytation ] N-Myri - ] Far 7 ] Ger a [ E | | LoadFite | | submit |
Threshold
® High ) Medium O Low oAl | visualice | | ciear | | Ewon

The following steps show you how to use it:

(1) Put protein sequences into one or several files (eg., SC.fas, CE.fas, and etc) with
FATSA format as below:

>proteinl

XXX XXX XX XX XXX

XXX XXXXX

>protein2

XX XXXXXXXXXXXXXX...
>protein3

XXX XXX XX XXX X

Most importantly, the name of each protein should be presented.

(2) Click on the Batch Predictor button and then click on the Add File button and
add one or more protein sequence files in your hard disk.

15
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(@ Batch Predictor

Sequence File List Result File List
>
| R an | R | AddFie | Result Export Folder | | = |
PTM Type Console
Palmitoylation N-Myristoylation Famesylation Geranylgeranylation | S |
Threshold
) High @ Medium O Low O Al | LD |

@i Batch Predictor

Sequence File List Result File List

BEO: |[] BatchFile v B

[} CEfas
[ DM.fas
[} Hs_fas
[ MM.fas

[y sc.tas

IEEM):  [CEfas DM fas” "HS fas” "M fas” "SCfas” |
SEREMD: [FIAH I~
[ Removent | L] it [~ ]
PTM Type Console
Palmitoylation N-Myristoylation Famesylation Ger ion | Cloar |
Threshold
) High ® Medium T Low Al | Submil |

Then the names of added files will be shown in the Sequence File List.

16
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(@ Batch Predictor
Sequence File List Result File List

G\ GP5-Lipid_Manual\ BatchFile\ CE.fas
G\ GPS-Lipid_Manual\ BatchFile\DM .fas
G\ GP5-Lipid_Manual\ BatchFile\ H5_fas
G\ GP5-Lipid_Manual\ BatchFile\MM _fas
G\ GPS-Lipid_Manual\ BatchFile\5C_fas

=
| R All | R | Add File | Result Export Folder |G:\GF'S—Lipid_ManuaI\ElatchFiIe | B |
PTM Type Console
Palmitoylation N-Myristoylation Famesylation Geranylgeranylation | S |
Threshold
) High ® Medium ) Low AN | Submoit |

(3) The output directory of prediction results should also be defined. Please click on
the >> button to specify the export fold.

@i Batch Predictor

L= B8 X
Sequence File List Result File List
G\ GP5-Lipid_Manual\BatchFile\ CE.fas I
G\ GP5-Lipid_Manual\BatchFile\ DM .fas
G\ GP5-Lipid_Manual\BatchFile\ H5.fas
G:\GPS—Lipid_Manual\B hEile\ MM
G:\ GPS-Lipid_Manual\B{foR: ;3
2% |3 BartchFile |v| E
IHXE@: [D:BatchFile |
IR (M- |Fu|der |v|
Remove All | || HRiH | ualBatenFile | >> |
PTM Type Console
Palmitoylation N-Myristoylation Famesylation Geranylgeranylation | Clear |
Threshold
) High ® Medium I Low Al | Submil |

(4) Please choose a proper modification type and threshold before prediction. Then

17
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please click on the Submit button, after that, the Batch Predictor begin to process all
of the sequence files that have been added to the list. The result of prediction will be
export to the Result Export Fold, and the name of result files will be shown in the
Result File List.

(@ Batch Predictor

Sequence File List Result File List
G\ GP5-Lipid_Manual\ BatchFile\ CE.fas D:\BatchFile\ CE.gpslipid.txt
G\ GPS-Lipid_Manual\ BatchFile\DM .fas D:\BatchFile\DM_gpslipid.txt
G\ GP5-Lipid_Manual\ BatchFile\ H5_fas D:\BatchFile\H5. gpslipid.txt
G\ GP5-Lipid_Manual\ BatchFile\MM _fas D:\BatchFile\MM_gpslipid.txt
G\ GPS-Lipid_Manual\ BatchFile\5C_fas D:\BatchFile\5C_gpslipid.txt
=2
| Remove All | Remove | Add File | Result Export Fnld___|D:\ElatchFiIe | =

PTM Type Console

Palmitoylation N-Myristoylation Famesylation Geranylgeranylation | S |
Threshold

) |Hign ® Medium ) Low AN | =Tl |

18
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The usage of Lipid database

Search

The GPS-Lipid was also provide a database for lipid modifications. Click on the
Tools -> Lipid Database menu to open the Lipid database.

s GP5-Lipid 1.0 — Prediction of Protein Lipid Modification Sites

File | Tools | Help

Pre| Batch Predictor o8
Domain Graph cwlD Position Peptide Score Cutoff Cluster

|| Lipid Database Ctr-L

Enter sequence(s) in FASTA format

PTM type Console
[v] Palmitoylation [v] N-Myristoylation [v] Famesylation [v] Geranylgeranylation | Example | | Load File | | Submit ‘
Threshold
@ High ) Medium ) Low O Al | Visualize | | cClear | | Export

For simple search, users could input a LipidDB ID with LipidDB-XXXX-XXXXXX,
a UniProt ID (Q07065), protein/gene names/aliases (eg., cytoskeleton-associated
protein 4) or functions. Users could click the “Example” button one or several times
to view the instances.

19
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s GPS-Lipid 1.0 - Database of Protein Lipid Nodification Sites

File Tools

Matched List

Information

[Any Field = The CUCKOO Workgroup

LipidDB 1D
UniProt Accession
Protein Name
Protein Alias
Gene Name

Gene Alias
Function

Option

el ]

Any Field

for | |iFuzzy query | Example | ciear | save | visualize | submit |

For example, users could input a protein/gene name/aliase, e.g., A-kinase anchor
protein 5, specify the “Any Field”, and then click on the “Submit” button to search

the related information for this protein.

s GPS-Lipid 1.0 - Database of Protein Lipid Nodification Sites

File Tools
Matched List
Information
The CUCKOO Workgroup
Search Option
Any Field | v] for |A—kinase anchor protein 5| ‘ Fuzzy query Example Clear Save Visualize Submit

20
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Then the information for human kinase anchor protein 5 will be shown in the

“Informatio

n” form.

s GPS-Lipid 1.0

File Tools

— Database of Protein Lipid Nodification Sitesz

Maiched List

£t fcne oA

LipidDB-9606-00992
LipidDB-9606-01137 N-Myristoylaticn;S-Palmitoylation; A-kinase anchor protein 7 isoforms alpha and beta; AKAP-T7 isof

LipidDB-10090-00125 MN-Myristoylation;S-Palmitoylation; A-kinase anchor protein 7 isoform alpha; BKAP-7 isoform alpha;=+
LipidDB-9606-00265 S-Palmitoylaticn; A-kinase anchor protein 5; AKAP-5;A-kinase anchor protein 79 kDa;AKAP 79;H21;
LipidDB-9606-00655 S-Palmitoylation; Small membrane A-kinase anchor protein; Small membrane AKAP;smAKAP; Clorf88;
N-Myristoylation; A-kinase amchor protein 12; BKAP-12;A-kinase amnchor protein 250 kDa;BAKAP 250;Gr:

EF.¥ CE S 2 'y t _aan 1

[«]

X . ihd
1l ] [v]

Information

Tag

Lipid Modification Database

Content

[+]

LipidDB ID _ [LipidDB-10090-00125 L
Entry Name |AKATA MOUSE
UniProt e -
Accession 055074; G3X8Q5: ]
Theoretical PI [5.22
Molecular
19169.14
Weight
Ge“hm’]m‘ Proteit |\ s ca0085.1; EDLO4795 1
Genbank
AF047716: AC153549: AC153550: CH466540:
Nucleotide ID 2 — .
Protein Name [A-kinase anchor protein 7 isoform alpha
Protein |AKAP-7 isoform alpha: A-kinase anchor protein 18; AKAP-18; A-kinase anchor protein 9 kDa; AKAP 9 Protein kinase A-anchoring protein 7
Synonyms/Alias fisoform alpha; PRKAT isoform alpha;
Gene Name  |Akap7
Gene | —
R L =
Search Option
Any Field |v|fnr|A—kinase anchor protein 5 ‘Fuzzy query | Example | Clear | Save | Visualize | Submit |

The protein and nucleotide sequences for this protein could be shown by clicking on

the related

NCBI or Uniprot identifiers:

The searched results could be saved in an HTML format.

21
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s 6P5—Lipid 1.0 — Database of Protein Lipid Nodification Sites

File Tools

Matched List
LipidDB-10090-00125 N-Myristoylation;S-Palmiteylation; A-kinase anchor protein 7 isoform alpha; BKAP-7 isoform alpha Z
LipidDB-9606-00265 S-Palmitoylation; A-kinase anchor protein 5; AKAP-5;A-kinase anchor protein 79 kDa;AKAP 79;H21;chAM
LipidDB-9606-00655 S-Palmitoylation; Small membrane A-kinase anchor protein; Small membrane BKAP;smBKAP; C2orf88; =
LipidDB-9606-00992 N-Myristoylation; A-kinase anchor protein 12; AKAP-12;A-kinase anchor protein 250 kbDa;AKAP 250;Gra
LipidDB-9606-01137 N-Myristoylation;S-Palmitoylation; A-kinase anchor protein 7 isoforms alpha and beta; AKAP-T isofd

a nEnE n1ann ET a 1 3 e 1 LR S 1. 2 fe 340 1

[«] i I
B &4

8% |3 BatchFile | EE -
N

LipidDB ID _ [LipidDB-10090-0013
Entry Name |AKATA MOUSE

Information

UniProt o N

Accession (033074, GIXE0S, m
Theoretical PL [5.22

Molecular

e 10014
G"“b‘“’]]]‘)])’"‘m laaC40085.1: EDLO] HEQD:  [example] |

Genbank cmeeasn L -
Nucleotide ID )

Protein Name |A-kinase anchor prof | 1R1F | [IFC]
Protein JAKAP-7 isoform alpli= - - - -
Synonyms/Alias isoform alpha; PRKA7 isoform alpha;
Gene Name  |Akap7

kinase A-anchoring protein 7

oo 21 FEEPLE; s
Search —
Any Field |+ for [n-kinase anchor protein 5 |7 Fuzzy query | Example e | Save | Fr— | — |

Also, when clicking on the Visualize button, you can view the schematic diagram for
your search result.

DOG 2.0 - dog/LIPIDDB-10090-00125. xml

File Edit Tools Help

Canvas Component List
Protein (1;81)
>3 Site (5;C5)
>> Site (6,CH)
>> Site (2;G2)
>>» Note (LipidDB-10090-1

LipidDB-10090-00125

9
o

81

o/ |

w

Console

Protein I Domain || site || Noie I Line |
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Advance Search

The GPS-Lipid 1.0 database supports three advance options, including advance search,
browse, BLAST search. The Advance search option allows you to input up to three
terms to find the information more specifically. The querying fields can be empty if
fewer terms are needed.

@:s GPS—Lipid 1.0 — Database of Protein Lipid NModification Sites

File | Tools
Mat Advance Search AltA

Browse AltB

Blast Search Alt-S
Information

The CUCKOO Workgroup

Search Option
Any Field |v] for| | ¥] Fuzzy query Example Clear Save | Visualize | Submit |

First, users could click on the “Tools” button then click on the “Advance Search”
button to open this option.
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| @s GPS-LipidDB — Advance Search

Matched List

information

Search Option

[] Exclude [Any Field [~ | Example
@ and O or Clear

[] Exclude [Any Field [~ | Save
@ and O or Visualize

[] Exciude [Any Field [~ | Submit

By clicking the “Example” button, you can try an instance for usage. You can input
Phosphatidylcholine (Protein Name), S-Palmitoylation (Modification type), and 9606
(LipidDB ID) for querying.

| @s GPS-LipidDB — Advance Search

Matched List

Information

Search Option

1 En:lude|Fun|:tinn |v“5igna| transduction | Example
@ and ) or Clear

[] Exclude |M odification Type |v HS—PaImiluy\a{iun | Save
@ and O or Visualize

[] Exciude |LipidDB ID [+ ][os0s | Submit
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Then the human’s sphingomyelin synthase 2 will be shown.

GPS-LipidDB — Advance Search
Matched List
LipidDB-9606-00114 S-Palmitoylation; Transforming protein RhoA; Rho cDNA clone 12;hl12; RHOA; ARHI12;ARHA;RHO12
LipidDB-9606-00121 S-Palmitoylation; cBMP and cAMP-inhibited cGMP 3',5'-cyclic phosphodiesterase 10&; 3.1.4.17;3.1.4,
LipidDB-9606-00151 S-Palmitoylaticn; CD81 antigen; 26 kDa cell surface protein TAPA-1;Target of the antiproliferatiwve
LipidDB-9606-00238 S-Palmitoylation; Phosphatidylcholine:ceramide cholinephosphotransferase 2; 2.7.8.27;Sphingomyelin
LipidDB-9606-00399 S-Palmitoylation; Regulator of G-proteim signaling 7; RGST; RGS7;

a fEnE OnanT . L 4 1.1 1.7 31 A A.edoa: N N ERe RPN A S

[l i I |
Information

[»]

Lipid Modification Database
Tag Content

LipidDB ID _ [LipidDB-0606-00114
Entry Name 0A_HUMAN

UrJiPr(ft IP61586: PO6749: Q53HM4: Q5U024: QOUDI0: QIUET4:
Accession
Theorefical PI [5.83
Molecular
Weight 21768.13
Genbank R < 5 &
Protein ID ICAA28600.1: AAC33178.1: AAM21117.1: AAV3B673.1: BADO6276.1: CAF46190.1: AAH01360.1: AAH05976.1: AAAS0612.1: AAAGT539.1:

Genbank [X05026: L25080: AF498970: BT019870: AK?222556: BX647063: AC104452: AC121247: AC137114: BC001360: BC005976: 1.09159:
Nucleotide ID [M83094:
Protein Name [Transforming protein RhoA

Profein iy o CDNA clone 12: h12; —
Svnonvms/Atias i
Search Option
1 En:lude|Fun|:tinn |v“5igna|tran5ducﬂon | Example
@ and ) or Clear
[] Exclude |M odification Type |v HS-PaImiluy\atiun | Save
® and O or Visualize
[] Exciude |LipidDB ID [+ ][os0s | Submit

Notably, by clicking the “Visualize” button, you can open a schematic diagram of the
human’s sphingomyelin synthase 2 with a palmitoylation site marked in blue.

DOG 2.0 - dog/LIFIDDE-9606-00114. xml
File Edit Tools Help
Canvas Component List
Protein (1;193)
>3 Site (159;C159)
>> Site (190;,C190)
>> Note (LipidDB-9606-01

LipidDB-9606-00114

C190

C159

Console

Protein I Domain || site || Noie I Line |

25



GPS-Lipid Manual

Browse

The GPS-Lipid 1.0 database supports the browse function. The Browse search allows
users to view all entries in GPS-Lipid 1.0 database.

@s GPS—Lipid 1.0 — Database of Protein Lipid Nodification Sites

File | Tools

Mat Advance Search AltA
Browse AltB
Blast Search Alt-S

Information

The CUCKOO Workgroup

Search Option

Any Field |vaor| ‘Fuzzyquervl Example I Clear l Save ] Visualize I Submit |

First, users could click on the “Tools” button then click on the “Browse” button to
visualize all GPS-Lipid proteins. Users could visualize any protein by click on the
entries listed in the “LipidDB ID” form.
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ws GPS-Lipid - Browse

LIPIDdD ID

‘Lipid])B—!lGl]G—l]l]l]l]l S-Palmitoylation; Apolipoprotein B-48; Apo B-100;Apc B-48; APOB;
LipidDB-10116-00002 S-Palmitoylation; Syntaxin-T7; Stx7;

LipidDB-559292-00003 N-Myristoylation; Calcineurin subunit B; Calcineurin requlatory subumit;Protein phosphatase 2B 1
LipidDB-9606-00004 S-Farnesylation; Ras-like protein family member 10A; Ras-like protein RRP22;Ras-related protein on
LipidDB-9913-00005 S-Palmitoylation; Myelin proteolipid protein; PLP;Lipophilin; PLP1; PLP =

[4] Il | [»
Information

Lipid Modification Database
Tag Content

[ Te]

LipidDB ID _ [LipidDB-2606-00001
Entry Name |APOB_HUMAN
AUum.t [PO4114: O00502: P78479: P78480: P78481: Q13779: Q13785: Q13786: Q13787: Q13788: Q47G63: Q530QC8E: Q77600 QIUMNO:
ceession
Theoretical PI |6.58
Molecular |,
Weight 515604.72
CAADB191.1; AABOO481.1; AABOO481.1: AABOO481.1; AAROO481.1; AAB0O481.1: AABOO481.1: AABOO481.1; AABOO481.1: AABDO481.1:
Ge AABOO481 1: AABOD481 1: AABOO481 1: AABOO481.1: AABOO481 1- AABOO481.1: AABOO481 1: AAA3ZS549 1: AABO4636.1: AABG0TI8 1
Protein ID CAA28420.1: AAP72070.1: AAXS8848.1: AAX03246.1: AAAS1T52.1; AAAS1T753.1: AAAS1T51.1: AAAS1759.1: AAAS1758.1:
AAASTT4]1.1: AAASTTS56.1: CAADTO44. 1: CAADTO45.1: AAASTTSS.1: AAATSS44 1: AAASS554].1; CAADG850.1: AAAS1750.1;
AAASIT42.1: AAA3S548.1:
Ge [X04506: M19828: M19808: M19809- M19810: M19811: M19812: M19813: M19815: M19816: M19818: M19820: M19821: M19823:
Nucleotide ID P 119824: M19825: M19827: 702610: M14162: M150353: X04714: AY324608: AC010872: AC115619: M14081: M12681: M12480: K03175:
IM15421; M17367;: M31030; X03325: X03326; M17779: M19734;: M18471: X03045: M10374: M12413: M36676;
Protein Name |Apolipoprotein B-48
Protein . .
Synonyms/Atias |Apo B-100; Apo B-48; <
Filter

| Visualize | ‘ Save |

The result can be saved in HTML format or viewed in a schematic form.

Blast Search

The GPS-Lipid 1.0 database also supports the searching function by sequence
alignment. The blastp program from NCBI BLAST+ packages was included in
GPS-Lipid 1.0 database. Users could input one protein (hnot mRNA sequence) in
FASTA or RAW format a time to search identical or homologous entries. First, users
could click on the “Tools” button then click on the “Blast Search” button to open the
Blast search window.
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@s GPS-Lipid 1.0 — Database of Protein Lipid Nodification Sites

File | Tools

Mal Advance Search Al-A
Browse Alt-B
Blast Search Alt-S

Information
The CUCKOO Workgroup
Search Option
Any Field || for | | 1 Fuzzy query Example Clear Save Visualize Submit

[ @s 6PS-Lipid - Blast Search

Matched List

Information

Enter a sequence in FASTA format

Option

E-Value = |0.01 -
Species  |All -
Types All -

Example

Clear

Save

Visualize

Submit

Then users could either click on the “Example” button in the Option form or directly
input a protein sequence in FASTA or RAW format. Please note that only one protein
is permitted a time. Then please click on the “Submit” button to search identical or
homologous entries. The E-value cut-off could be user-defined in the Option form.
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GPS-Lipid — Blast Search
Matched List

Information
Enter a sequence in FASTA format Option
>sp|PO18&%|1B07_HUMAN HLA class I histocompatibility antigen, B-7 alpha chain OS=Homo sapiens E-Value = |0.01 -
GN=HLA-B FE=1 5V=3 N
MLVMAPRTVLLLLSARTALTETWAGSHSMRYFYT SVSRPGRGEPRFISVGYVDDTOFVRE Species All =
DSDAASPREEPRAPWIEQEGFEYWDRNTQI YERQAQTDRESLRNLRGYYNQSEAGSHTLO Types All -
SM¥GCOVGPDGRLLRGHDOYAYDGEDY IALNEDLRSWIAADTARQITORKWEARREAEQR
RAYLEGECVEWLRRYLENGHDELERADPPKTHVTHHFI SDHEATLRCWALGFYPAETITLT Example
WORDGEDQTODTELVETRFAGDRT FOKWARVVVESGEECRYTCHVOHEGLFKPLTLRWER
5505TVPIVGIVAGLAVLAVVVI GAVVALVMCRRESSGEKGESYSOARCSDSAOGSDVSL Clear
= Save

Visualize

Submit

GPS-Lipid — Blast Search

Matched List
LipidDB-9606-00435 Modification type—S5-Palmiteoylation Identities=100.00% E-Value=0.0 Score (bits)= 748
LipidDB-9606-00457 Modification type=5-Palmitoylation Identities=31.27% E-Value=7e-037 Score(bits)= 135

Information

[»]

Lipid Modification Database -

LipidDB ID _ [LipidDB-9606-00435
Entry Name  |IB07_HUMAN
Umpﬂ?t IP01889: Q20638: Q20681 (20854 29861: Q31613: QSSRI2: QIGIX1: QITPIS:
Accession
Theoretical PI [5.57
Molecular
1046008
Weight
|Genbank Protein [AAA3G230.1; AAAS622.1: AAAC1220.1: CAA45785.1; AAARTI08. 1: AAAGS5639.1: AAACDS63.1; AAAGDS64.1; CAAG2EG4.1:
D IAAFO01052 1: CAC35468 1: CAC33440 1: CATI8148 1: BAG36634.1: CACI10402.1:
Genbank IM32317: M16102: U29057: X64454: U04245: 1.33922: U21052: U21053: X91749: AF189017: AT300047: A1292075: AL671883: —
Alsrtnnsida TR AT 2120101 A TART3N. |
Enter a sequence in FASTA format Option
>sp|PO18&%|1B07_HUMAN HLA class I histocompatibility antigen, B-7 alpha chain OS=Homo sapiens E-Value = |0.01 -
GN=HLA-B FE=1 5V=3 N
MLVMAPRTVLLLLSARTALTETWAGSHSMRYFYT SVSRPGRGEPRFISVGYVDDTOFVRE Species All =
DSDAASPREEPRAPWIEQEGFEYWDRNTQI YERQAQTDRESLRNLRGYYNQSEAGSHTLO Types All -
SM¥GCOVGPDGRLLRGHDOYAYDGEDY IALNEDLRSWIAADTARQITORKWEARREAEQR
RAYLEGECVEWLRRYLENGHDELERADPPKTHVTHHFI SDHEATLRCWALGFYPAETITLT Example
WORDGEDQTODTELVETRFAGDRT FOKWARVVVESGEECRYTCHVOHEGLFKPLTLRWER
5505TVPIVGIVAGLAVLAVVVI GAVVALVMCRRESSGEKGESYSOARCSDSAOGSDVSL Clear
= Save
Visualize
Submit

Again, users could visualize any GPS-LipidDB proteins by clicking on the entries
listed in the “Matched list” form. And the results could be saved by clicking on the
“Save” button in the Option form.
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Matched List
LipidDB-9606-00435 Modification type=S5-Palmitoylation Identities=100.00% E-Value=0.0 Score (bits)= 748

LipidDB-9606-00457 Modification type=S-Palmiteoylation Identities=31.27% E-Value=Te-037 Score(bits)= 135

Information

[v]

R4 ||j BatchFile

LipidDB ID _ [LipidDB-9606-004
Entry Name _|1B07 HUMAN
UniProt _ _
A [P0188%: Q20638:
Theoretical PI [5.57
Molecular
Waatn | [10400.08
|Genbank Protein [AAA36230.1; AAJ p64.1; CAAG2864.1;
o 01052.1: CAY rppr.(): [exampie] |
Genbank IM32317: M16102 117202075; AL671883; —
svatanis- amind STHEBE®: [HTML ¢htmD l~] |
Enter a sequence in FASTA Tq Option

E-Value = |0.01 -
| All -

>sp|P01889|1BOT_HUMAN HLR class
GN=HLA-B PE=1 S5V=3

MLVMAPRTVLLLLSAARLALTETHAGSHSMRY
DSDARSPREEPRAFWIEQEGPEYWDRNTQIYEAQAQTDRE SLRNLRGYYNOSEAGSHTLO Types All -
SMYGCDVGPDGRLLRGHDQYAYDGKDYIALNEDLR SWTARDTARQI TORKWEAAREREQR
RAYLEGECVEWLRRYLENGKDKL.ERADPPEKTHVIHHPI SDHEATLRCWALGFYPAETTLT Example
WQRDGEDQTODIELVEIRPAGDRT FQEWARVVVESGEEQRYTCHVOHEGLFKPLTLRRER
SS05TVPIVGIVAGLAVLAVVVIGAVVARVMCRRKSSGGKGGS Y SORACSDSAQGSOVSL Clear
® Save
Visualize
Submit
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Release Note

1. June 22" 2014, the GPS-Lipid 1.0 was released. The online service was
developed with PHP + MySQL + JavaScript, while the local packages were
developed in JAVA 1.6 (J2SE 6.0). Several redundant entries were removed, with
738 lipid-modified proteins in GPS-Lipid 1.0.
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