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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)
(2010CB945400), Natural Science Foundation of China (90919001, 31071154,
30900835, 30830036, 91019020, 31171263), and Fundamental Research
Funds for the Central Universities (HUST. 2010JC049, 2010zZD018,
2011TS085; SYSU: 11lgzd1l).
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Introduction

Tyrosine sulfation is a ubiquitous PTM that predominantly modifies
trans-membrane and extracellular proteins in the secretory pathway (1-7), and plays
an important role in regulating chemotaxis (4-6), inflammatory response (8), and cell
adhesion (5). In animals, the sulfation is catalyzed by two closely related
tyrosylprotein sulfotransferases (TPST-1 and TPST-2) (4,6), while a non-homologous
AtTPST through convergent evolution has been identified in plants (9). In contrast with
labor-intensive and time-consuming experimental assays, computational prediction of
sulfation sites in proteins has become an efficient approach to generate useful
information for further experimental verification. Previous studies suggested the short
linear motif (SLM) around the sulfation site is informative, and raised several
consensus determinants for the prediction (1-3,6). In 2002, Monigatti et al. presented
the first online predictor of Sulfinator with four distinct Hidden Markov Models (HMMs)
(10). With a Support Vector Machines (SVMs) classifier, Chang et al. developed
SulfoSite for the prediction of sulfation sites (11). Recently, the algorithms of random
forest (12) and nearest neighbor (13) were also adopted for predicting sulfation
respectively, although the applicable tools were not released.

In this work, we manually collected 273 experimentally indentified protein
sulfation sites in 171 unique proteins 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
leave-one-out validation result is accuracy (Ac) of 90.23%, sensitivity (Sn) of 89.60%,
and specificity (Sp) of 90.36%. The online service and stand-alone packages of
GPS-TSP 1.0 were implemented in JAVA 142 and freely available
at: http://tsp.biocuckoo.org/.
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@s GPS—TSE 1.0

File Tools Help

Predicted Sites

Fosition Feptide Score Cutoff
Enter sequence(s) in FASTA format
Threshold Console
1 High # Medium i Low Cran | Example | Clear Submit

GPS-TSP 1.0 User Interface
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Download & Installation

The GPS-TSP 1.0 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:

s Setup — GPS-TSP 1.0 |T”E|&|
YWelcome to the GPS-TSP 1.0 Setup
Wizard

This will install GPS-T3F 1.0 on your computer.

It is recommended that you clese all other
applications before contimuing.

Click Fext to continue, or Cancel to exit Setup.

| Hext > | [ Cancel

s Setup — GPS—TSPE 1.0 [T][E][‘S?]
Select Destination Directory -W
Where should GPS-TSF 1.0 be installed? = -)
i

Select the folder where ou would like GFS-TSF 1.0 to be installed, then
click Hext.

Dlestination directory

C:\Program Files\GFS-TSF [ Browse. ..

FRequired disk space: 80.1 ME
Free dizk space: 100, 950 ME

< Back ][ Hext > ] [ Cancel
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Setup — GPS5-TI5P 1.0

Select Start Menu Folder

Where should Setup place the program’ = shorteuts?

Select the Start Menu folder in which you would like Setup to create the
program’ s shorteuts, then cliel Hext.

b o

360HEE

1FHLBNF

ActivePerl 5. 14.1 Build 1401
ActivePerl 5.14.2 Build 1402
Adobe

(R[22

Create shortcuts for all users

I:‘Don' t create a Start Menm folder

< Back ][ Fext > ] [ Cancel ]

s Setup — GPS-TSP 1.0

Installing

Flease wait while Setup installs GPS-TSP 1.0 on your computer.

Extracting files...
Llibhjai_core. jar

LLLLL L LB L] ]

s Setup — GPS-TSP 1.0

FBEX
Completing the GPS-TSP 1.0 Setup
Wizard

Setup has finished installing GPS-TSF 1.0 on your
computer. The application may be launched by
selecting the installed icons.

Click Finish to exit Setup.
[¥] Rur GES-TSF 1.0

[¥lCreate a desktop icon

Finally, please click on the Finish button to complete the setup program.



GPS-TSP Manual

Prediction of Tyrosine Sulfation Sites

1. A single protein sequence in FASTA format

The following steps show you how to use the GPS-TSP 1.0 to predict tyrosine
sulfation 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 GPS-TSP 1.0

i GPS-TSP 1.0 =13
File Tools Help

Predicted Sites
Fosition Feptide Score Cutoff

Enter sequence(s) in FASTA format

=Example (Human C3a anaphylatoxin chemotactic receptor, Q16581)
MASFSAETHSTOLLSQPWINEP PYILSMYILSLTFLLGLP GHGLYLAWAGLEMORTYMTIF LHLTLADLLC CLSLPFSLAHLAL QG CWPYGRFLCKLIPSI
LMMFASYFLLTAISLDR CLYWVF KPIWC ONHRMNYGMAC SIC G CMAARYMCIPYRVYREIFTTDOMHMR CGYKF GLESSLOYPDFYGDPLENR SLEMIVGIP

FGEMMNDRLDPSSFOTHNOHPWTYRFTYFOPATFORPSADSLPRGSARLTSQMNLY SMNYFKPADYY SPKIPSGFRIEDHETSPLDMNSDAFLSTHLKLFPSAS
SHSFYESELPQGFADYYNLGQFTDDDOVPTRLYAITI TRLWGE LLPSYIMIACYSFIVFRMORGRFAKSQSKTFRVAWVAAAYE LYOWTPYHIF GYLSLLTD
FETPLGKTLMSWDHYCIALASANS CFNPFLYALLGKDFRKKARQSIQGILEAAFSEELTRETHCPSNMNYISERMSTTY

reshold onsole

 High @ Medium ' Low 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 a Threshold that you need, the default cut-off is Medium.

F - B
i ————— (= B
&% GPS-TSP 1.0 e G=NECH

File Tools Help
Predicted Sites
Pasition Peptide Score Cutoff

Enter sequence(s) in FASTA format

=Example (Human C3a anaphylatoxin chemotactic receptor, @16581)
MASFSAETMSTDLLSQPWNEPPVILSMVILSLTFLLGLPGNGLYLWVAGLKMQRTVNTIWFLHLTLADLLCCLSLPFSLAHLALQGQWP
GRFLCKLIPSIVLNMFASVFLLTAISLDRCLVVFKPIWCQNHRNYGMACSICGCIWWVAFVMCIPYFVYREIFTTDNHMNRCGYKFGLSSS
LOYPDFYGDFPLEMRSLENIVOQPPGEMNDRLDPSSFQTNDHPWTVPTVFOPQTFQRPSADSLPRGSARLTSQNLYSNYFKPADVVSPK
Il IPSGFPIEDHETSPLDNSDAFLSTHLKLFPSASSNSFYESELPQGFODYYNLGQFTDDDQVPTPLVAITITRLVVGFLLPSVIMIACYSFIVE
I RMORGRFAKSQSKTFRVAVWAVFLVYCWTPYHIFGVLSLLTDPETPLGKTLMSWDHVCIALASANSCFNPFLYALLGKDFRKKARQSIC
GILEAAFSEELTRSTHCPSNNVISERNSTTV

Threshold Console

J High @ Medium 1 Low O Al | Example | Clear | Submit |

[Sn=R0 AN% Sn=an 3% | =

(3) Click on the Submit button, then the predicted tyrosine sulfation sites will
be shown.
@ GPS-TSP 1.0 =13

File Tools Help

Predicted Sites
Fosition FPeptide

174 DNHNRCGYEFGLIZE

184 GLIZELDYPDFY¥GIE

188 SLDYFDFYEDPLENE

306 SASSNSFYESELEOQG

ki LEPOGFODYTYNLGOFT

POGFQODITNLGOETD

Enter sequence(s) in FASTA format

=Example (Human C3a anaphylatoxin chemotactic receptor, Q16581)

MASFSAETHSTOLLS QPYWIER PYILSMYILSLTFLLGLPGHNGLYLWWAGLEMGRTYMTIWF LHLTLADLLC CLELPFSLAHLALGG OWPY GRFLCKLIPSI)
LMMFASVFLLTAISLDR CLWWF KPIWCQNHRMNYGMAC SICG S ARYMCIPYRWYREIFTTDNHNRC GYRF GLESSLDYPDFYGDPLEMRSLEMMGF

FPGEMMNDRELDPSSFQTHNDHPWTWRFTYF QP QTFRRPSADSLPRGSARLTS QMLYSMNYF KPADWYSPKIPSGFPIEDHETSPLOMSDAFLSTHLKLFPSAS

SMSFYESELPQGFODYYNLGAFTODDAYPTPLYAITITRLVWGF LLPSYIMIACYSFIVFRMORGRFAKS QS KTFRYAMAAAYE LVCWTPYHIF GYLSLLTD

PETPLGKTLMSWDHVCIALASANSCFNPFLYALLGKDFRKKARQSIQGILEAAFSEELTRSTHCPSNNVISERNS‘I‘I‘\){

Threshold Console

) High (@ Medium ) Low Al | Example Clear Submit




GPS-TSP Manual

(4) 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.

@s GPS-TSE 1.0

File Tools Help
Predicted Sites

Fosition FPeptide Score Cutoff
174 DHNHNRCGYRFGLEES 1.214 1134
184 GL3SSLDYPDFTGDE 3188 1.139
188 SLDYPDFYGDPLENE 2614 1.139
306 SASSNSFYESELEQG 14721 1.139
Select all

317 LEQGFQDYYNLGOFT Copy Selected 1139
Export Result

Eh L] POGEFODYYNLGOF TD Visualize 11349

Enter sequence(s) in FASTA format

=Example (Human & 3a anaphylatoxin chemotactic receptor, 16581)

MASFSAETHSTOLLEGPWHEPPYILSMVILSLTF LLGLPGHNGLYLWWAGLEMGRTYHTMIFLHLTLADLLCCLELPF SLAHLALG GEWPYGRFLCKLIP S
LMMFASWFLLTAISLDRCLWWFKPIWCONHRMYGMACSICGCIANWARYMCIPYRWYREIFTTONHNRCGYRF GLESSLDYPDFYGDPLENR SLENM QP

FGEMMNDRLDPSSFOTHODHPWTYPTYFQPQTFORPSADSLPRGSARLTSQMLYSHYFKPADVYSPKIPSGFPIEDHETSPLOMSDAFLSTHLKLFPSAS

SMSFYESELPQGFODYYNLGQFTODDAYPTPLYAITITRLWGFLLPSWVIMIACYSF VFRMOR GRFAKSOSKTF RYAWVANWAYE LWCWTPYHIF GYLSLLTD

FETFLGKTLMSWDHVCIALASANSCFMPFLYALLGKDFRKKARQSIQGILEAAF SEELTRETHCPSMNMVISERMNSTTY

Threshold Console

) High ® Medium O Low Al | Example | Clear | Submit |

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

File | Tools Help

2. Multiple protein sequences in FASTA format

For multiple protein sequences, there are two ways to use the GPS-TSP 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 “CtrI+C & Citrl+V’” (Windows & Linux/Unix) or “Command+C &
Command+V” (Mac) to copy and paste your sequences into the text form of
GPS-TSP 1.0 for prediction.
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@s GPS-TSF 1.0

File Tools Help
Predicted Sites
Posgition Peptide Seore Cutaff
FExample 1 -
90 ATQGOWE Y GRFLCEL 0153 1
160 MCIPVEVYREIFTTD 0.084 1]
174 DHHNRCGYEFGLESS 1318 i
154 GLSSSLDYPDFYGDE 3.1498 1] =
188 SLLYEDFYGDELENE 2614 i
255 FLTSONLYSNVFEPA 0.495 1
306 SASSNSFYESELPOG 1.431 i
N7 LEQEFODYYNLGOFT 3.287 I}
318 PoE oD FYNLGQETD 1.936 1]
356 SVIMIACTSFIVERM 0173 i
393 FLVCWTPTHIFGVLS 0163 1
435 SCFNEFLYALLGEDE 0.248 1]
pEzample 2
3 [ FEEAMDYQVSSEIT [ 1.5 [ [
10 FOVISPITDINTYTS 1812 i ~|

Enter sequence(s) in FASTA format

=Exarmple 1
MASFSAETHMSTOLLEQPYWINEPPYILSMYILSLTFLLGLP GMGLYLWWAG LKMORTYMNTWFLHLTLADLLC CLELPFSLAHLAL QG OWPYGRF LCKLI
P SIVLMNMFASYELLTAISLDRCLWWE KP WG QRNHRMNYGMAC S1C GCMAAPYMCIPYEYYREIFTTDMHMNR C GYKF GLSSSLDYPDFYGDPLEMRSL
EMMNOPPGEMMDRLDPSSFQTHNOHPWTYPTYF QPQTFARPEADSLPRGSARLTSQMNLY SMNYF KPADWY SPKIPSGFPIEDHETSPLOMESDAFLSTH
LkLFFPSASEMNSFYESELPGGF QDY YMLGRF TODDOVPFTPLYAITITRLWGF LLPSYIMIACYSFIVFRMGRGRFAKSGSRTF RVAWVAAEYE LWCWTPY
HIF GYLSLLTDPETFLGKTLMEWDHYCIALASANSCFMPFLYALLGKDFREKKARGSIOGILEAAFSEELTRETHC P SMNMYISERMSTTY

=Example 2

MO CVESPIYDINYYTSEP CORINVIKQIAARLLPPLYSLYFIF GRYGHMLWILILINCKR

Threshold Console

2 High ) Medium ) Low = Al 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 I Batch Predictor ctl-8

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 XXXXXXX
XXXXXXXX

>protein2
XXXXXXXXXXXXXXXX. ...
>protein3

XXX XXX XXX XXX

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

10
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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.

Sequence File List

@s Batch Predictor [Z]

Remove All Remove Add File
Result File List
Result Export Folder ” >> I
Threshold Console
) High ® Medium O Low O Al Clear | Submit

*s GPS-TSP

Sequence File List

= 171

&HE: |ﬁFastaSeq |'| E
[ cEfas
[y pmras
[y HSfas
[y scfas
J_ Add File
XE: | |
it [ -
Result Export Folder |C:1Predict Result || =i |
Threshold | threshold Console
£ High ) High ® Medium ) Low Al | Clear | Submit

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

11




GPS-TSP Manual

ws Batch Predictor
ila | ist

C:Fasta SeqCE.fas
C:Fasta SeqDM.ras
C:'Fasta Seq'HS.fas
C:'Fasta Seq'SC.fas

Remowve All Remove Add File

Result File List

Result Export Folder |C:1Fasta Seq || e |

Threshold Console

) High ™ Medium ) Low ) All

| Clear | Submit |

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

ws Batch Predictor

Sequence File List

C:\Fasta Seq!CEfas
C:Fasta Seq'DM.fas
C:\Fasta Seq'HS.fas
C:\Fasta Seq!SC.f] o

R 2 |[JFasta Seq MEEIEEIEEE

Result File Li
B [CoFastaseq |
380 2 |Folder B
Result Export Folder | s
Threshold onsole
) High ® Medium ) Low Il | Clear | Submit |

12
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(4) Please choose 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.

@s Batch Predictor
Sequence File List
C:'Fasta SeqCEfas
Cr'Fasta Seq'DM.fas
C:'Fasta Seq'HS.fas
C:'Fasta Seq'SC.fas

Remowe All Remove Add File

Result File List
r'Fasta SeqICE.sulfation.fas
r'Fasta Seq'DM.sulfation fas
rFasta Seq'HS.sulfation.fas
‘Fasta Seq!SC.sulfation.fas

Result Export Folder |(C\Fasta Seq s

Threshold Console

_J High ® Medium ) Low Al | Clear Submit

13
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Release Note

1. April 12, 2012, the online service and the local stand-alone packages of
GPS-TSP 1.0 were released.
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