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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 the National Basic Research Program (973 project)
(2012CB910101, and 2013CB933903), Natural Science Foundation of China
(31171263 and 81272578), and International Science & Technology
Cooperation Program of China (0S2013ZR0003).
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Introduction

There are two types of acetylation processes widely occurred in proteins (1-8).
The first N°-terminal acetylation is catalyzed a variety of N-terminal acetyltransferases
(NATs), which cotranslationally transfer acetyl moieties from acetyl-coenzyme A
(Acetyl-CoA) to the a-amino (N°) group of protein amino-terminal residues (1,2).
Although N°-terminal acetylation is rare in prokaryotes, it was estimated that about
85% of eukaryotic proteins are N°terminally modified (1,2). The second type is
N:-lysine acetylation, which specifically modifies e-amino group of protein lysine
residues (3-8). Although N*-lysine acetylation is less common, it's one of the most
important and ubiquitous post-translational modifications conserved in prokaryotes
and eukaryotes (1,2). Moreover, the acetylation and deacetylation are dynamically
and temporally regulated by histone acetyltransferases (HATs) and histone
deacetylases (HDACSs), respectively (4-8).

In 1964, Allfrey et al. firstly observed that lysine acetylation of histones plays an
essential role in regulation of gene expression (9). Later and recent studies in
epigenetics solidified this seminal discovery, and proposed acetylation as a key
component of the “histone code” (10,11). Beyond histones, a wide range of
non-histone proteins can also be lysine acetylated, and involved in a variety of
biological processes, such as transcription regulation (12), DNA replication (13,14),
cellular signaling (15,16), stress response (17) and so on. Aberrance of lysine
acetylation and deacetylation is associated with various diseases and cancers
(5,8,18). In particular, acetylation was demonstrated to be implicated in cellular
metabolism and aging (19-21), while one class of NAD" dependent HDACs of sirtuins
might be potent drug target for promoting longevity (17,22,23).

In this work, we manuall collected experimentally identified protein lysine
acetylation sites for 7 HATs from scientific literature. A previously self-developed GPS
(Group-based Prediction System) algorithm was employed with great improvement.
We calculated the leave-one-out validation and 4-, 6-, 8-, 10-fold cross-validations to
evaluate the prediction performance and system robustness. The online service and
stand-alone packages of GPS-PAIL 2.0 were implemented in JAVA and freely
available at: http://tsp.biocuckoo.org/.
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@s GPS-PAIL 2.0

File Tools Help

HAT(s) Predicted Sites
Position Peptide HAT Score Cutoff

[]lan

[ CREBBP

[]EP300

[]HAT1

[]KAT2A

[ KAT2B

Enter sequence(s) in FASTA format

[]KATS

[]KATS

Threshold Console

J High {® Medium I Low Al | Example | Clear Submit

GPS-PAIL 2.0 User Interface
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Download & Installation

The GPS-PAIL 2.0 was implemented in JAVA (J2SE), and could support three
major Operating Systems (OS), including Windows, Linux/Unix or Mac OS X
systems. Both of online web service and local stand-alone packages are
available from: _http://tsp.biocuckoo.org/ . We recommend that users could
download the latest release.

Please choose the proper package to download. After downloading, please
double-click on the software package to begin installation, following the user
prompts through the installation. And snapshots of the setup program for
windows are shown below:

|

@ Setup - GPS-PAIL 2.0.0

Welcome to the GPS-PAIL Setup Wizard

This will install GPS-PAIL on your computer.

It is recommended that you close all other
applications before continming

Click Next to continme, or Cancel to exit Setup.

| Mext > | [ Cancel ]

Select Destination Directory -w

Where should GPS-FPATL be installed? ey,

Select the folder where you would like GPS-PATL to be installed, then
click Hext.

Destination directory

C:"Program Files'GPS
Reguired disk space: 80.3 MB
Free disk space: 16,982 ME

<Back || Next> || Cancel
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Select Start Menu Folder

Where should Setup place the program’ s shortcuts?

Select the Start Memnu folder in which you would like Setup to create the
program’ = shortcuts, then click HNext.

entertainment

netwark
research
study

system

[¥] Create shortcuts for all users

DDon’ t ecreate a Start Merm folder

<Back || Next> || Cancel

Installing

Pleasze wait while Setup installs GPS-PATL on your computer.

Extracting files. ..
Jpiexp. d11

Completing the GPS-PAIL Setup Wizard

Setup has finished installing GPS-PATL on your
computer. The application may be launched by
selecting the installed icons.

Click Finish to exit Setup.

[¥] Run GPS-PATL

Create a desktop icon

Finally, please click on the Finish button to complete the setup program.
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Prediction of Acetylation on Internal Lysines

1. A single protein sequence in FASTA format

The following steps show you how to use the GPS-PAIL 2.0 to predict lysine
acetylation sites for a single protein sequence in FASTA format.

(1) Firstly, please use “Ctrl+C & Citrl+V” (Windows & Linux/Unix) or
‘Command+C & Command+V” (Mac) to copy and paste your sequence into
the text form of GPS-PAIL 2.0

@®s GPS-PAIL 2.0

File Tools Help

HAT(s) Predicted Sites

Position Peptide HAT Score Cutoff

my.

[] CREBBP

[]EP300

[ HAT1

[ KAT2A

[ KAT2B

Enter sequence(s) in FASTA format

[] KATS -
=Example (Human Cellular tumor antigen p53, P04637)

MEEFQSDPSVEPPLSQETFSDLWHKLLPENMVLSPLPSQAMDDLMLSPDDIEQWFTEDPGF
[ KATS DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSEEVPSQKTYQGSYGFRLGFLHSGTAK
SVTCTYSPALMNKMFCQLAKTCPVALWVD STPPPGTRVRAMAIYKQSAHMTEVWRRCPHHE

RCSDEDGLAPPQHLIRVEGNLRYEYLDDRNTFRHEVVVPYEPPEVGEDCTTIHYMNYMCNS
SCMGGMNRRPILTITLEDSSGMLLGRNSFEVRVCACP GRORRTEEENLRKKGEPHHELP
PGSTKRALPNNTSSSPQPKKKFLD GEYFTLQIRGRERFEMFRELNEALELKDAQAGKER G
GERAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

Threshold

s High @ Medium I Lowr Al | Example | Clear | Submit |

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 HAT(s) that you need for prediction.

@s GPS-PAIL 2.0

File Tools Help

HAT(s) Predicted Sites
FPosition Peptide HAT Score Cutoff

EP300

HAT1

KAT2A

KAT2B

Enter sequence(s) in FASTA format

KATS -
=Example (Human Cellular tumor antigen p53, PO4637)

MEEFQSDPSVEPPLSQETFSDLWKLLPENMNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGF
KATS DEAPRMPEAAPFVARAPAAPTPAAPAPAP SWPLESEVPSOKTYQGSYGFRLGFLHEGTAK
SVTCTYSPALMKMFCALAKTCPVALWVDSTPPPGTRVRAMAIYKQSAQHMTEVWVRRCPHHE
RCSDEDGLAPPQHLIRVEGNLRYVEYLDDRNTFRHEVVVPYEPPEVGSDCTTIHYMNYMCNS
SCMGGMNRRPILTITLEDSSGMLLGRNSFEVRVCACP GRORRTEEENLRKKGEPHHELP
P GSTKRALPNNTSSSPOPKKKPLDGEYFTLQIRGRERFEMFRELMEALELKDAQAGKEP G
GSRAHSSHLKSKKGASTSRHKKLMFKTEGPDSD

Threshold Console

1 High @® Medium I Low 1Al | Example | Clear | Submit

HAT(s) Predicted Sites
FPosition Peptide HAT Score Cutoff

] lan

CREBBP

EP300

HAT1

KAT2A

KAT2B

Enter sequence(s) in FASTA format

KATS -
=Example (Human Cellular tumor antigen p53, PO4637)

MEEFQSDPSVEPPLSQETFSDLWKLLPENMNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGF
KATS DEAPRMPEAAPFVARAPAAPTPAAPAPAP SWPLESEVPSOKTYQGSYGFRLGFLHEGTAK
SVTCTYSPALMKMFCALAKTCPVALWVDSTPPPGTRVRAMAIYKQSAQHMTEVWVRRCPHHE
RCSDEDGLAPPQHLIRVEGNLRYVEYLDDRNTFRHEVVVPYEPPEVGSDCTTIHYMNYMCNS
SCMGGMNRRPILTITLEDSSGMLLGRNSFEVRVCACP GRORRTEEENLRKKGEPHHELP
P GSTKRALPNNTSSSPOPKKKPLDGEYFTLQIRGRERFEMFRELMEALELKDAQAGKEP G
GSRAHSSHLKSKKGASTSRHKKLMFKTEGPDSD

Console

1 High Example Clear Submit
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(4) Click on the Submit button, then the predicted lysine acetylation sites will
be shown.

@s GPS-PAIL 2.0
File Tools Help
HAT(s)
Paosition Peptide
Al 370 RRHSSHLASRRGLST
72 HSSHLRSFRGOSTSR
73 SSHLRSERGQSTSRE
CREBEBP 381 GOSTSRHERELMFETE
382 OSTSRHRRLMFRTEG
386 REFKLMFETEGPDSD
EP300 120 FLHSGTARSVICTYS
202 EFENLREAGEPHHEL
305 ELPPGSTRRALPNNT
HAT1 a70 REHSSHLESKKGQST
372 HSSHLESFRGOSTSR
72 SSHLESRRGOSTSRA
KAT2A 381 GOSTSRHERLMFETE
382 OSTSRHEFRLMFRIEG
386 REFKLMFETEGPDSD
KAT2B 357 LEDEGAGREPGGSEL

Enter sequence(s) in FASTA format

KATS -
=Example (Human Cellular tumor antigen p53, PO4637)

MEEFQSDPSVEPPLSQETFSDLWKLLPENMNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGF
KATS DEAPRMPEAAPFVARAPAAPTPAAPAPAP SWPLESEVPSOKTYQGSYGFRLGFLHEGTAK
SVTCTYSPALMKMFCALAKTCPVALWVDSTPPPGTRVRAMAIYKQSAQHMTEVWVRRCPHHE
RCSDEDGLAPPQHLIRVEGNLRYVEYLDDRNTFRHEVVVPYEPPEVGSDCTTIHYMNYMCNS
SCMGGMNRRPILTITLEDSSGMLLGRNSFEVRVCACP GRORRTEEENLRKKGEPHHELP
P GSTKRALPNNTSSSPOPKKKPLDGEYFTLQIRGRERFEMFRELMEALELKDAQAGKEP G
GSRAHSSHLKSKKGASTSRHKKLMFKTEGPDSD

Threshold Console

1 High @® Medium I Low 1Al | Example | Clear | Submit |

(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, e.g., an EXCEL file for
further consideration. Also, you can choose “Export Prediction” to export the
prediction results into a tab-delimited text file.
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@ GPS-PAIL 2.0
File Tools Help
HAT(s) Predicted Sites
Paosition Peptide HAT Score Cutoff
Al 370 RRHSSHLASRRGLST CREBBP 2726 1348 -
72 HSSHLRSFRGOSTSR CREBBP 1.431 1348
73 SSHLESEEGQSTSRE CREBBP 2.27 1.348
CREBBP 381 GOSTSRHRRLMFRTE CREBBP 2327 1348
382 OSTSRHRRLMFRTEG CREBBP 2974 1348
386 REFKLMFETEGPDSD CREBBP 352 1348 3
EP300 120 FLHSGTARSVICTYS EP3 salect All 0472 0.42
202 EFENLREAGEPHHEL EP3 0591 042
305 ELPPGSTRRALENNT Epy Copy Selected 5555 0.42
HAT1 a70 REHSSHLESKKGQST EPY Export Result 0742 042 —
372 HSSHLESFRGOSTSR EP3 \icualize 0.556 0.42
72 SSHLESRRGOSTSRA EP3 079 042
KAT2A 381 GOSTSRHRRLMFRTE EP200 0,673 0.42
382 OSTSRHEFRLMFRIEG EP200 0579 0.42
386 REFKLMFETEGPDSD EP200 0.452 0.42
KAT2B 357 LEDAQAGREPGGSRA KATZA 1536 1382 =
Enter sequence(s) in FASTA format
KATS -
=Example (Human Cellular tumor antigen p53, P04637)
MEEPQSDPSVEPPLSQETFSOLWKLLPENNYLSPLPSQAMDDLMLSPDDIEQWFTEDPGP
KATS DEAPRMPEAAPPVAPAPAAPTPAAPAPAP SWPLSSSVPSOKTYQGSYGFRLGFLHEGTAK
SVTCTYSPALNKMFCOLAKTCPYQLWVDSTPPPGTRVRAMAIYKQSQHMTEVWRRCPHHE
RCSDSDGLAPPQHLIRVEGNLRYEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYMYMCNS
SCMGGMNRRPILTITLED SSGNLLGRNSFEVRVCACP GRORRTEEENLRKKGEPHHELP
PGSTKRALPNNTSSSPOPKKKPLOGEYFTLOIRGRERFEMFRELMEALEL KDAQAGKER G
GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

Threshold Console

1 High @® Medium I Low 1Al | Example | Clear | Submit |

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

File | Tools Help

Exit Alt-Fd

2. Multiple protein sequences in FASTA format

For multiple protein sequences, there are two ways to use the GPS-PAIL 2.0.

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-PAIL 2.0 for prediction.

10
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@s GPS-PAIL 2.0
File Tools Help
HAT(s) Predicted Sites
Paosition | Peptide HAT Score Cutoff
Al pExample 1 : -
120 FLHSGTARSVICTYS EP200 0472 0.42
120 FLHSGTARSVTCTYS KATS 9.156 0.71
CREBEBP 120 FLHSGTRESVICTYS KATS 207 7222
FExample 2 =
128 RLHSSHLESKKGOST CREBBP 2726 1348
EP300 130 HSSHLESERGQSTSR CREBBP 1431 1.248
121 SSHLESEEGQOSTSRH CREBBP 227 1348
139 GOSTSRHERLMFRTE CREBBP 2327 1.348 | 5
HAT1 140 COSTSRERKLMFRTEG CREBBP 2974 1348
144 RHFKLMFRTEGPDSD CREBBP 352 1348
50 EEENLRREGEPHHEL EP200 0591 042
KAT2A 63 ELPPGSTRRALFNNT EP200 0.905 0.42
128 RAHSSHLRSERGQOST EFP200 0.742 0.42
130 HSSHLESKRGOSTSR EP200 0,656 0.42
KAT2B 131 55SHLESRRGOSTSRH EP300 079 042 |

Enter sequence(s) in FASTA format

V| KATS
=Example 1

MEEFQSDPSVEPPLSQETFSDLWKLLPENMNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGF
KATS DEAPRMPEAAPFVARAPAAPTPAAPAPAP SWPLESEVPSOKTYQGSYGFRLGFLHEGTAK
SVTCTYSPALMKMFCALAKTCPVALWVDSTPPPGTRVRAMAIYKQSAQHMTEVWVRRCPHHE

RCSDEDGLAPPQHLIRVEGNLRYVEYLDDRNTFRHEVVVPYEPPEVGSDCTTIHYMNYMCNS

Threshold

_ High @ Medium ) Low [ | Example Clear Submit

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.

Tools | Help

2 | Batch Predictor _ciris |

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:

>protein1
XXXXXXXXXXXXX
XXXXXXXX

>protein2
XXXXXXXXXXXXXXXX. ..
>protein3
XXXXXXXXXXXX

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

11
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(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.

@s Batch Predictor

HAT(s) Sequence File List

[/l

[] CREBEP

[ ] EP300

[] HAT1

Remove All Remove Add File

[ KAT2A Result File List

[ ]KAT2B

[] KATS

[]KATS

Resuit Export Folder | | > |

Threshold Console

CIHigh @ Medium ) low () Al Clear | Submit |

|
&% : |[7Fasta seq M
[ cEfas
[ Dm.fas
[y HM.fas
[y sc.fas
|
WPkF:  ['CEfas’ “DMfas” “HM.fas" "SCfas” |
SPERT - |Eﬁ7ﬁjcﬂ= H
| am% || |
—
] KAT8
Result Export Folder | [ > ]
Threshold Console
CHigh  ®Medum  Olow  OAI | Clear | Submit

12
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Then the names of added files will be shown in the Sequence File List.

es Batch Predictor
HAT(s) 2

C:\Fasta Seq\CE.fas

] an C:\Fasta Seq\DM.fas

C:\Fasta SeqHM.fas
[] CREBEP C:\Fasta Seq\SC.fas
[] EP300
[ HAT1

Remove All Remove Add File:
[] KAT24 Result File List
[[]kAT2B
[] KATS
[ KATS
Result Export Folder|C:*.Fasta Seq || b |
Threshold Console
CHigh  ® Medum  Olow  OAI | Clear | Submit |

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

3% : ] Fasta Seq MIEEEIER

s - |C:*.Fasta Seq |

SRR |F0Ider H
| m H it |

S

[]KaTE

Result Export Folddll | C:\Fasta Seq | b
Threshold onsole

CHigh  ®Medum  Olow  OAI | Clear | Submit |

13
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(4) Please choose the HAT(s) and a proper threshold before prediction. Then
please click on the Submit button, then 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 Prediction Export Fold, and the name of result
files will be shown in the Prediction File List.

es Batch Predictor

HAT(s) Sequence File List
C:\Fasta Seq\CE.fas
Al C:\Fasta Seq\DM.fas

C:\Fasta Seq\HM.fas

[v/] CREBBP Ci\Fasta Seq\SC.fas

EP300

HAT1
Remove All Remove Add File

KAT2A Result File List

C:\Fasta Seq\CE.sulfation.fas
KATZB C:\Fasta Seq\DM.sulfation.fas

C:\Fasta Seq\HM.sulfation.fas

KATS

KATS

Result Export Folder|C:*.Fasta Seq || b |

Threshold Console

CHigh  ®Medum  Olow  OAI | Clear | Submit

14
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Release Note

1. April 12, 2012, the online service and the local stand-alone packages of
GPS-PAIL 2.0 were released.

17
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