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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) (2006CB933300,
2007CB947401), National Natural Science Foundation of China (90919001,
30700138, 30900835, 30830036, 30721002, and 30871236), Chinese Academy of
Sciences  (INFO-115-C01-SDB4-36, KSCX2-YW-R-139), the China High
Technology Research Program (2008ZX1002-020), and National Science Foundation
for Post-doctoral Scientists (20080430100).
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Introduction

The 1998 Nobel Prize in Physiology or Medicine was awarded for seminal
discoveries that nitric oxide (NO) is a freely-diffusible signalling molecule and second
messenger, regulates the production of cyclic GMP (cGMP), and plays essential roles
in the cardiovascular system. Later, flood of studies challenged this fundamental view
by observing that NO could spatially and temporally target specific cysteine thiols and
transition metals of proteins, a reversibly post-translational modification (PTM)
termed as S-nitrosylation [1-6]. Usually, NO synthases (NOSs) catalyze the reaction
of arginines and O2 to produce citrullines and endogenous NO in most cell types
(Figure 1). The NO could be further oxidated into NO2 then processed into N203
(Figure 1). By direct interactions or through scaffold and adaptor proteins, protein
targets closely associated with NOSs might be in situ S-nitrosylated to form
S-nitrosothiols (SNOs) (Figure 1) [1-4]. Although enzymatic mechanisms of protein
S-nitrosylation were still elusive, several enzymes were proven to facilitate
S-nitrosylation or de-nitrosylation reactions. For example, Cu, Zn superoxide
dismutase (SOD) and thioredoxin (TRX) could promote S-nitrosylation, while protein
disulfide isomerase (PDI) might regulate de-nitrosylation [3,4]. Current progresses
proposed that S-nitrosylation could modulate proteins’ stabilities [7], activities [8] and
trafficking [9,10], and play important roles in a variety of biological processes,
including transcriptional regulation [7], cell signalling [11], apoptosis [8], chromatin
remodeling [12] and so on. Moreover, aberrant S-nitrosylation has been implicated in
numerous diseases and cancers [1,2,8]. In this regard, experimental identification of
S-nitrosylated proteins with their sites will be a foundation of understanding the
molecular mechanisms and regulatory roles of S-nitrosylation.

In this work, we manually collected 467 experimentally verified S-nitrosylation
sites in 302 unique proteins from scientific literature (Supplementary Table S1).
Previously, we developed an algorithm of GPS 2.0 (Group-based Prediction System)
for prediction of kinase-specific phosphorylation sites [9]. Here, we greatly improved
the method and released GPS 3.0 algorithm. Then we developed a novel
computational software of GPS-SNO 1.0 for prediction of S-nitrosylation sites. The
leave-one-out validation and 4-, 6-, 8-, 10-fold cross-validations were calculated to
evaluate the prediction performance and system robustness. By comparison, the
performance of GPS 3.0 algorithm was much better than several other approaches,
with an accuracy of 75.70%, a sensitivity of 55.32% and a specificity of 80.11% under
the low threshold. As applications of GPS-SNO 1.0, we also collected 485 potentially
S-nitrosylated substrates from PubMed (Supplementary Table S2). These proteins
were detected from large-scale or small-scale studies, while the exact S-nitrosylation
sites were still not experimentally determined. Successfully, we predicted 371 (~76%)
of these targets with at lease one potential S-nitrosylation site. These prediction results
might be a useful reservoir for further experimental verification. Finally, the online
service and local packages of GPS-SNO 1.0 were implemented in Java SE and freely
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available at: http://sno.biocuckoo.org/ .

['es GPSSNO 1.0

File Tools Help

Predicted Sites

Fosition Peptide Score Cutoff Cluster
Enter sequence(s) in FASTA format
Threshold Console
3 High @® Medium O Low C an | Example | Clear Submit

GPS-SNO 1.0 User Interface
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Download & Installation

The GPS-SNO 1.0 was implemented in Java SE, 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://sno.biocuckoo.org/prediction.php. 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-SNO 1.0

Welcome to the GPS-SND 1.0 Setup
Wizard

This %ill install GPS-5HD 1.0 on your computer.

Tt iz recommended that you close all other
applicationz before continuing.

Click Wext to continme, or Cancel to exit Setup.

"= Setup - GPS-SNO 1.0

Select Destination Directory -W
- -)
4

Where should GPS-3H0 1.0 be installed?

Select the folder where you would like GPS-SHD 1.0 to be installed, then
cliclk Hext.

Deztination directory
C:\Frogram FilesWGPS-SHD Browse. ..

Fequired dizk =pace: T5. 8 ME
Free disk space: 8,315 MB

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

Where should Setup place the program’ s shorteuts?

Select the Start Menu folder in which you would like Setup to create the
program’ s shortents, then click Next.

Group—based Prediction System|

ACD Systems LI
installdj 5
Macromedia 3
Microsoft Dffice

MtraEdit

WinEAR LI
A TSl A A R nen

MCreate shorteuts for all users

[[] Don' t create a Start Menu folder

| < Back | Hext > | Cancel |

Installing

Please walt while Setup installs GP5-SHD 1.0 on your computer.

Extracting files. ..
rt. jar

1

Cancel

Setup - GPS-SNO 1.0 e |

Completing the GPS-SNO 1.0 Setup
Wizard

Setup has finiszhed installing GP5-SHO 1.0 on your
computer. The application may be launched by
selecting the installed icons.

Click Finish to exit Setup.

E Create a desktop icen

# Bun GPS-SHOD 1.0

Finish

Finally, please click on the Finish button to complete the setup program.
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Prediction of S-nitrosylation Sites

1. A single protein sequence in FASTA format

The following steps show you how to use the GPS-SNO 1.0 to predict S-nitrosylation
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-SNO 1.0

[ GPS-SNO 1.0

File Tools Help

Predicted Sites
Fosition Feptide Score Cutoff Cluster

TEnter sequence(s) in FASTA format

=Example (Human Protein-glutamine gamma-glutamyltransferase, P21380)
MAEELYLERCDLELETMGROHHTADLCRERLYWRRGQPFWLTLHFEGRNYEASYDELTF SWWTGPAPS QEAGTKARFFLROAVEEGDWTATW D GRALD
CTLELALTTPANAPIGLYRLELEASTGYQGEEFYLGHFILLF NAWCPADAVYLDSEEERQEYVVLT QQGF Y QG SAKFIKMNIPYWINF G QFEDGILDICLILLDYM
PEFLENAGRDCERRSSPWYVGRWYS GMYNCNDDAGYLLGRWDNNYGD GYSPMEWI GEVDILRRWRNHG CORVIY G QCYYF AMACTWLRCLGIPT
FAYTIYSAHD QREMLLIEYFRMEF GEIQG DRSEMMNFHCWYESWMTRPDLOP GYEGWRALDPTROEKSEGTYCCGPYPYRAIKEGDLSTKYDARF
FAEYVHADWYDWIQQDDGSYHKSINRSLIVGLKISTKSYGROEREDITHTYKYPEGSSEEREAFTRANHLMNKLAEKEETGMAMRIRYVG QSMMNMESDF DY
FAHITHMTAEEYYCRLLLCARTYSYMGILGPECGTRYLLMLNLEPF SEKSYPLCILYEKYRDCLTESMLIKVRALLYEPYINSYLLAERDLYLENFEIKIRILG
EPKGKRKLWAEYSLANPLPYALEG CTFTYE GAGLTEE QKTYEIPDPWEAGEEYKYRMDLLP LHMGLHKLWWNFESDRLEAVKGFRMNVIGPA

Threshold Console

1 High @® Medium ) Low < an | 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.

['es GPS-SNO 1.0

File Tools Help

Predicted Sites
Fosition Feptide Score Cutoff Cluster

Enter sequence(s) in FASTA format

=Exampla (Human Protein-glutamine gamma-glutarmyltransfarase, P21920)
MAEELYLERCDLELETHGRDOHHTAD LCREKLWVYRRGOPFWLTLHFEGRMNYEASYDELTF SV TGPAPSOEAGTHKARFPLEDAVEEGDWTATWD QD
CTLELOLTTRAMARIGLYRLELEASTGYQGESFYLGHFILLF MAWCPADAVYLDSEEERQEY VLT QQOGF Y QGSAKFIKMNIPWINF G QFEDGILDICLILLDYMN,
FlFLKMAGRDCESRRESSPWVWYGRWYS GRMYMCHNDD QGVLLGREWDMNMNYGD GWEF MEVI GEVDILRRWRKMNHG CORVENY GQCWYF AMVACTYLRCLGIFT
FWTRY N SAHD QRS MLLIEYFRMEF GEIQGDRSEMWNFHCWYESWMTRPDLOF SYEGWQALDPTRPOEKSEGTYCCGPYPYRAIKEGDLSTKYDAPF
FAEVRADWYDWIQGDDGSVHESINRELNMGLEISTKEYGRDEREDITHTYKYPEGSSEEREAFTRANHLMNKLAEKEETGMAMRIRYG SMINMGSDF DY
FAHITHMNTAEEYVCRLLLCARTWEYNGILGPEC GTRYLLMLMLEPF SEKEYPLCILYERYRDCLTESMLIKVRALLYEPYIMNSYLLAERDLYLEMPEIKIRILG
EFKORRKLVAEYSLAONPLPYALEGCTFTYE GAGLTEEQKTVEIPDPYEAGEEYKVRMDLLF LHMGLHELWWMNFESDELKAVIGFRMNYIGPA

Threshold Console

© High @® Medium O Low O an | Example | Clear | Submit |

(3) Click on the Submit button, then the predicted S-nitrosylation sites will be shown.

l'=s GPS-SNO 1.0
File Tools Help

Predicted Sites

Position Peptide Score Cutoff Cluster
10 EELVLERCDLELETN 31.023 30.508 Cluster A
v DHHTADLCREELWVVE 2363 1.653 Cluster B
93 TVVDOODCTLSLOLT 3224 30.508 Cluster A
143 ILLFHAWCPADAVYL 1.667 1.653 Cluster B
230 VWS GMVNCNDDOGVL 2 1.653 Cluster B
336 EMIWNF HCWVE ST 33.527 30508 Cluster A
370 EESEGTYCCGPVEVR 1.655 1.653 Cluster B
505 NTAEEYVCRLLLCAR 30.961 30508 Cluster A
524 NGILGPECGTEYLLN 2671 2239 Cluster
620 LEVALEGCTF TVEGA 2741 2239 Cluster

Enter sequence(s) in FASTA format

=Exampla (Human Protein-glutamine gamma-glutarmyltransfarase, P21920)
MAEELYLERCDLELETHGRDOHHTAD LCREKLWVYRRGOPFWLTLHFEGRMNYEASYDELTF SV TGPAPSOEAGTHKARFPLEDAVEEGDWTATWD QD
CTLELOLTTRAMARIGLYRLELEASTGYQGESFYLGHFILLF MAWCPADAVYLDSEEERQEY VLT QQOGF Y QGSAKFIKMNIPWINF G QFEDGILDICLILLDYMN,
FlFLKMAGRDCESRRESSPWVWYGRWYS GRMYMCHNDD QGVLLGREWDMNMNYGD GWEF MEVI GEVDILRRWRKMNHG CORVENY GQCWYF AMVACTYLRCLGIFT
FWTRY N SAHD QRS MLLIEYFRMEF GEIQGDRSEMWNFHCWYESWMTRPDLOF SYEGWQALDPTRPOEKSEGTYCCGPYPYRAIKEGDLSTKYDAPF
FAEVRADWYDWIQGDDGSVHESINRELNMGLEISTKEYGRDEREDITHTYKYPEGSSEEREAFTRANHLMNKLAEKEETGMAMRIRYG SMINMGSDF DY
FAHITHMNTAEEYVCRLLLCARTWEYNGILGPEC GTRYLLMLMLEPF SEKEYPLCILYERYRDCLTESMLIKVRALLYEPYIMNSYLLAERDLYLEMPEIKIRILG
EFKORRKLAEYSLAONPLPYALEGCTFTYE GAGLTEEQKTVEIPDPYEAGEEYKVRMDLLF LHMGLHELWWMNFESD LKAV GFRMNYIGPA

Threshold Console

) High (@) Medium ) Low AN | Example Clear Submit
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(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 Result” to export the prediction results into a tab-delimited
text file.
(s GPS-SNO 1.0

File Tools Help

Predicted Sites

Position Peptide Score Cutoff Cluster
10 EELVLERCDLELETHN 31.023 30.408 Cluster A
27 DHHTADLCREELVVE 2363 1.653 Cluster B
98 TVVDOODCTLELOLT 32.24 30.508 Cluster A
143 ILLFNAWCPADAVYL 1.667 1.653 Cluster B
230 VVSGMVNCNDDQGVL Select All 1.653 Cluster B
336 EMIWNFHCWWESTMT Copy Selected 20508 Cluster A
aro EESEGTYCCEEVEVE Export Result 1.653 Cluster B
505 NTAEEYVCRLLLCAR Visualize 30.508 Cluster A
524 NGILGPECGTEYLLN 2671 2,238 Cluster G
620 LEVALEGCTFTVEGA 2751 2.2349 Cluster C

Enter sequence(s) in FASTA format

=Example (Human Protein-glutamine gamma-glutamyliransterase, P21930)
MAEELYLERCOLELETHNGRDOHHTADLC REKLWWRRGQFFWLTLHFEGRMYEASYDSLTF SWVTGPAP SQEAGTKARFPLRDAVEEGDWTATWWDQQD
CTLSLALTTRPAMARIGLYRLSLEASTGYRGS SFYLGHFILLFMAWCPADAYYLDSEEER QEYVLTRQAGFIYQGESAKF IKNIPYWINF G QFEDGILDIC LILLEWM)
FPEFLEKNAGROCERRESSPYYWYGRWVYSGMYNCNDDAGYLLGRWDNNYGD GYS PMSWIGSVDILRRWKNHG CORVIN G QYWY AAVAC TWLRCLGIPT
R THYNSAHD QNS MLLIEYF RMEF GEIQGDKSEMWNFHCWYESWMTRFDLOP GYEGWOALDPTPQEKSEGTYC CGPVPYRAIKEGDLSTKYDARF
FAEWVMADWVDWIDQDDGEVHKSINRSLIVGLKISTHKSYGRODEREDITHTYKYPEG SSEEREAF TRANHLMKLAEKEETG MAMRIRYG QSMMNMGSDFDY
FAHITHNTAEEYYCRLLLCARTYSYMGILGPECGTKYLLNLMNLERFSEKSYFLCILYEKYROCLTESMLIKVRALLYEPYINSYLLAERDLYLENFPEIKIRILG
EF KOKRKLVAEYSLONPLPYALEGCTFTYEGAGLTEEQKTVEIPDPYEAGEEVIVREMOLLPLHMGLHKLWVYINFESDKLEAVKGFRMYIIGRA

Threshold Console

) High ® Medium ) Low AN | Example | Clear | Submit |

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

File | Tools Help

Export Result | ctil-E

Exit %It— Fa
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If you choose the Visualize function, the given protein and its predicted sites will be
visualized with DOG (Domain Graph, Version 1.0), an illustrator of protein domain
structures.

= D0G 1.0

File Edit Tools Help

Canvas Component List
Protein (687)
Mote (Example (P21980))
Site (10,C10)
Site (27,0279)
Site (98,C98)
Site (143,C143)
Site (230,C230)
Site (336,C336)

Example (P21980) i e

Site (505,C505)

C10 Co8 €230 C370 Cc524 Site (524,C524)

\ \ \ Site (620,C620)

ca7 C143 C336 C505 Ce20

Console

Protein | ‘ Domain | ‘ Site | ‘ Note

10
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2. Multiple protein sequences in FASTA format

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

A. Input the sequences into text form directly. (Num. of Seq < 1,000)

If the number of total protein sequences is not greater than 1,000, you can just use
“Ctrl+C & Ctrl+Vv” (Windows & Linux/Unix) or “Command+C & Command+V”
(Mac) to copy and paste your sequences into the text form of GPS-SNO 1.0 for
prediction.

[ GPS-SNO 1.0

File Tools Help
Predicted Sites
Position | Peptide | Score | Cutoff | Cluster
PP31946
96 | EAFLODICNDVLELL | 306 | 2.239 | Cluster &
Q04917
ar EKELETVCHDVLSLL 3.248 2238 Cluster G
112 DEFLIENCNDFQYES 261 2239 Cluster G
194 QNAPEQACLLAKQAF 33.977 30.508 Cluster A
PFP61981
a7 EKELEAVCODVLSLL 249189 2238 Cluster C
194 OHNAPEQACHLAKETAF 33.822 30.5808 Cluster A
pPP27348
24 RYDDMATCMEAVTEQ 4135 1.653 Cluster B
94 EZELRIICTTVLELL 2477 2238 Cluster C
237 SDEAGEECDAAEGAR 3262 2239 Cluster

nter sequence(s) in

[ »

=F31946

WTh DS ELYEKAKLAE QAERYDDMAAAMEAYVTEQGHELSMEERNLLEVAY KN GARRSSWRYVISSIEQKTERMEKK O GMGKEYRERIEAELADIC

MOWLELLDKYLIPMATGPESKVFYLKMKGDYF RYLESEVASGDMKETTYSMNE Q@AY GEAFEISKKEMGPTHRIRLGLALMF SWFYYEILMSPEKACELAK | =
AFDEASELDTLMEESYHDSTLMALLRDMNLTLAWTSENGGDE GDAGEGEMN

=C04917

MGDREGLLORARLAEQAERYDDMASAMICATELNEPLEMNEDRMLLEVAYIMNWGARRSSWRYISSIEQKTMAD GMEKKLEKVKAYREKIEKELETY

CHODWVLSLLDKFLIKMCMDFOYESKYE Y LEMIKGD Y RY LAEVAS GEKKNEVVEASEAAYKEAFEISKEQMOPTHRIRLGLALMNF SYFYYEIQNAPEQACL

LAKQAFDDAIKELDTLMNED SYRDSTUMALLREDNLTUWTSDAGDEEAGEGH

[4]

Threshold Console

) High ) Medium ) Low Al | Example Clear Submit

B. Use Batch Predictor tool.

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

Tools | Help

? Batch Predictor ,ctl-B
Domain Graph %tn-b

The following steps show you how to use it:

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

11
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>proteinl
XXXXX XX XXX XXX
XXXXXXXX

>protein2

XXX XX KX XXX XKXXXXX ...
>protein3
XXXXX XX XX XXX

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.

@ Batch Predictor E'
Sequence File List

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

s Batch Predictor

quence File List
&E: ||jFASTASeq ‘v| E
[} cefas
[} pMfas
[} HS.fas
[ sCfas Removel | AddFile
SMHE:  [CEfas” DMfas” HSfas" "SCfas” |
s R ~]

Resuit Export Folder | = ]
Threshold Console
() High & Medium ) Low Al Clear | Submit

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

ws Batch Predictor
Sequence File List

Remove All Remove Add File
Result File List
Resuit Export Folder | =
Threshold Console
) High ® Medium ) Low 1Al | Clear | Submit |

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

s Batch Predictor

Sequence File List
CE.fas

DM fas ws BRI X
HS.fas

SC.fas 1R : ‘U Predict Results ‘,‘

Result File L
ML :  [CiPredictResults |
SRR - |Fomer M
Resuit Export Foider | =3
Threshold Console
) High @® Medium ) Low ) Al | Clear | Submit

13



GPS-SNO Manual

(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 Folder, and the name of result files will be shown in the
Prediction File List.

w: Batch Predictor
Sequence File List

CE.fas
DM .fas
HS.fas
SC.fas

Remove All Remaove Add File

Result File List

C:\Predict Results\CE.ccd.fas
C:\Predict Results\DM.ccd.fas
C:\Predict Results\HS.ccd.fas
C:\Predict Results\5SC.ccd.fas

Resuit Export Folder |C\Predict Results [ > |

Threshold Console

) High ® Medium ) Low oAl | Clear | Submit

14
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Release Note

1. Oct. 27th, 2009, the online service and the local stand-alone packages of
GPS-SNO 1.0 were released.
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