INDEX

A
ACEtylation......coueuiiiiiiiiiii e 29
AdENOVIIUS....cveeveeereereereereeeeeeree et e 13,285
Affinity tags
biotinylation peptide.........ccecvveiruiucuiriinnnreiiniicenenes 36
FLAG
SSENP2....oie e 231,275
) 11 TR 107,113,115,121
SSUMO...iiiieeies e 20f, 34,57, 89, 126,
173f,233
C-terminal tag...... 227f
expression levels in yeast........coocveevcurincinnae 101
fusions to YFP and ECFP... 260f
stable transfection in cell lines.......coccceveuruennens 20f
use for recombinant protein
EXPIESSION. ..ceeveeiieriie e 306f
-SUMO-PLA,.....
-SUMO-RanBP2
~SUMO-UIpL...iiivie i
“Uba2 e
“UDBCY ettt
use under denaturing conditions
81f
MBP,
“MBD et 212f
Problems Using tags.......ceuevcussereeemreeeeemreeeneneeenens 188
3-Amino-triazole (3-AT)....cccoceeeeer verererernes 108, 109, 111
APOPLOSIS...cvriurriaciae e 289, 298, 303
Aprotinin, see Protease inhibitors
APYIASC..cvniiiiiiit s 245,249

Arginine
CONVErSion to Proline......cccvieueriiueiecmriecuireecnrenenenes 29
isotope-labeled.........ccoovi v 20f, 25
StOCK SOIULION. ..viuveveuiieteereeieteicte et eeas 22
AOSTavteeeeeteeee ettt aeaes 5,6

purification, see SUMO activating enzyme
AP21967, see Rapamycin analog
AXAM?2, see SENP2

Biotinylation peptide, see Affinity tags
Benzamidine, see Protease inhibitors

Bradford reagent, see Protein concentration

measurements
Bsal.oicc s 315
Budding yeast, see Saccharomyces cerevisiae
C
C-terminal hydrolase, see SUMO proteases
SR T 23,27,37, 41
CDNA BBEAYocoroseeeeeeeces e 53,110, 118, 229
CFPiiiiicii s 250, 265
excitation and emiSSiON........ccvevverververververvennenns 242, 245,
249, 257,262,270
PLOPEILIES. cevvuviiereiecncrenerereenenee e 250, 265
“RanGAPTL. ..o 257,259
“SUMO ... 242f
Chemical shift, sse NMR experiments
CMV Promoter......cucuiviniieiiies cevicnersneisecsessiesesnsenns 24
Complete™, see Protease inhibitors
CoOntaAmMINANTS. c..cuveceeeeeeeeeerereecneeeereeese st seeserenenens 29
Contrast2, see Mass spectrometry software
Coomassie blue staining solution ...........c.ccceevvivincne 53,204
CHBP..o s 8
Cyan fluorescent protein, see CFP
Cyanogen bromide cleavage .........ocoeoeueuereurrvmnmnerccecnee 127
CytoKinesis. .....ceueueeiucueuemeiiiiiririiiceeeeeeesenseeeaees 12,83
D
DKoo 10,12
Denaturing conditions, see Lysis
Desalting columns........cocueeiiiciieinininiiiinenn 53,170
Directional cloning.........ccveecuevereveerinerereenerenereereeenenenns 308
DNase L. 169,229, 307,316

319



320 SUMO ProtocoLs
Index

Doxycycling......oeveieereieininiiieiicccnnnens 287,294,299
DTASelect2, see Mass spectrometry software

E1, see SUMO activating enzyme
E2, see SUMO conjugating enzyme

E2-25K it e 202
PUrfication.....vcuceciccicicicie e ..205f
purification of the sumoylated form.... .207f
in Vitro sumoylation........cceueuviceeiniiiininieiiienne 206f

E3, see SUMO ligases

ECFP, see CFP

Endopeptidase, see Lys-C endoprotease

Escherichia coli,
lysis,

native,
BugBuster™ ..o 126
emulsion fleX.......ccooeverevecvecreennnnne. 192,194,195
freeze-thaw.......ccceeeeveeeniieenie s 193, 205, 246
LYSOZYMC. ..ot e 56
SONICATION. cuveveveererereresreneenns .135,172,217, 258,
298, 300, 310
SONICAtion/lySOZYME. ...cuvvecreeererererres e 232
denaturing,
Uittt ere e re st sa e saeneanene 125
preparation of competent cells.........cccoeuiiiiiiininns 213f
transformMation........eeeeeereereereereeeeeereenenes 216, 220, 308f

use for production of SUMO-modified target proteins,
see Sumoylation in E. coli

F

Felix, see NMR software

FKBP, see Rapamycin binding proteins
Fluorescence resonance energy transfer, see FRET

5-Fluoroorotic acid (5-FOA)......ccocevvvveeeeeeee e 101, 108,
111f
FPLC...ome s 169, 204, 229, 244
FRB, see Rapamycin binding proteins
FRET ..ot e 241f, 253f
use for desumoylation assays, see SUMO protease
assays
use for sumoylation assays, see Sumoylation assays
FUD2.ce s 5
G
GaAm .o s

stable inducible expression

transient expression
purification,

as GST-tagged protein ..

as His-tagged protein ........ccocvuviviviciiiniciicnnnns

Gel filtration........ccoceeevvcennnnes

Genome Stability............. 10f

Glu-C protease......cuuuiininnieiiriiinenisencsssessessesaens 47

Glutathione......... 57,190, 195, 289
effect on Ulpl activitye...ooceeveeveecccrcineieieieeeneecenes 313

Glutathione S Transferase, see Affinity tags

Glutathione Sepharose..........ccocuevrviiriiinnes 53, 56,195, 203,

213,289

GST, see Affinity tags

Gradient Zels......ocvvereeeceeerirerieceeerenenene e 30

H

HADDOCK, see NMR experiments

HDAGCS. oottt 5,8, 10,285

Heat ShoCK ..ot e 13

Heterodimerization by rapamycin, see Rapamycin
High-throughput analysis,
FRET assays.......cccocviuvuniueunies veerenne 241,253, 256,267
reporter-based assays........ccvvuceriiieiii v 2691, 280
His-tag, see Affinity tags
Histone deacetylases, see HDACs

HPLC oo eerereeseenneeenennnnn 23, 37, 41, 46, 127

HSFL i s 12
HSQC, see NMR experiments
HUSS. oo s 5

Hydrolase, see SUMO proteases

|

IA, see Protease inhibitors

TCAT .t sttt aeaeaen 28
TKB Ok vttt 12

IMAG, see Ni-NTA affinity chromatography
Imidazole,
stock solution
USE.evererveeeneevesvenaeas 22,38,57,89,101, 124, 169, 1891,
229, 256, 289, 305, 307, 312, 316
effect on Ulpl aCtivitye...oveeeeeueereccecrernerereneneneereenes 315
Immobilized metal affinity chromatography, see Ni-NTA

affinity chromatography

Immunofluorescence microscopy........cevvvevvviseseceuinnans 160
In vitro expression cloning, see IVEC

Inclusion bodies.......ceeueeeereeveeens ceeereereereereeeeeens 310,312
Insolubility of proteins........cecevecececuerens cenenene 221, 310, 316
International Protein Index (IPI)......c.cooeveveveverecverrnnnee. 28

Todoacetamide, see Protease inhibitors

Ton trap, see Mass spectrometry instruments

IPTG,

influence on protein eXpression.........ccoeeveeeriiees e 220

..52,124,169,
189, 203, 213, 229, 244, 256, 289, 307

USC.vovererieeiesecaesessese e sseeaenenaes 54,126,171, 192, 205,
217,232, 246, 258, 297, 309

stock solution

Isoelectric point,

influence of sumoylation.........cocveevviiciviinininininns 209
Isopropyl B-D-1-thiogalactopyranoside, see IPTG
Isotope labeling, see SILAC



Keratin.....ccoooiviiiiiiiiiiicicccce 29
Kinetic assays,

SUMO conjugation, see Sumoylation
SUMO deconjugation, see SUMO Proteases
Kinetic parameters,

Calculation.....c.cueeeeereeeeeeeeees e 178,185, 235,
238,275
L
Leupeptin, see Protease inhibitors
Luciferase assay.........ccooeveverereccmerernenereneeeenenens 143, 148f
Lys-C endoprotease..........cccoccueuviririncnccncnenen 23,27,37,40
Lysine,
isotope-labeled........ccocuiiiiiiiiiiiniiie 22,30f
5toCk SOIULION....uceiviieiicic 22
Lysis,

of bacterial cells, see Escherichia coli

of mammalian cells,

denaturing,
guanidine 26f
SDS buffer....c.cueiniririeieiint et 72
NATIVE...vveveerererererereeseeseseseseseseseesesens 145,159, 292f
of yeast cells, see Saccharomyces cerevisiae
Lysozyme,
StOCK SOIUION....vivieeieeieeieeieie ettt 52,244
USCunenrenrerverenmereeesesseeneeneeneeeenseneesensen 56,169,198, 205,
229, 246
M
Mascot, see Mass spectrometry software
Mass SPECLIOMELTY.....vrrvrrrereees coeeerereneneneeeereenes 20f, 33f
comparison to the two-hybrid system..........cccco...... 117
INSTIUMENTS. c.veveveeveeeeereeeeees cveveeseeseeseeseeseeseeseeseas 37,45
software and algorithms,
CONtLASE2.ecuvieeevieeeeeeereee et et er e enes 37,43
DTASELECt2..cvivieeeeieteeeeeee e 37,43
IMASCOt.viurinreriereetecreete et 23,28, 45
MSQUANT ..ttt 23,28
Pep_probe......cccciiiiii e 45
RawXtract. .coeeeeeenieinieei e 37
SEQUEST ..ot e 37,43
SpectrumMilL......coviviiiiiiiiie 23

purification of the sumoylated form

sumoylation in E. ¢ofi........cceuvueuce.

MeioSiS.uecereeeeereieeereeeenns ..6,11
Methylation. ..o e 29
IMIMIS2 Tt 5,811

Mobility shift by sumoylation, see Sumoylation
MSQuant, see Mass spectrometry software
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MudPI T e 35f
Multidimensional protein identification technology,
see MudPIT
N
N-ethylmaleimide, see Protease inhibitors
NEM, see Protease inhibitors
Nfil, see Siz2
NFKB...ooi e 12
Nib1, see Ulpl
Ni-NTA affinity chromatography..........cccccceeueueee. 34f, 451,
86f, 126f, 213f, 233f, 2651, 273f, 291f,
307f
Ni-NTA resin,
CAPACIY . ereeeneiecic s 45£,101
NMR ..ot e 122f
ASSIZIUTICN . oo e 132
chemical shift,
1Ndex (CSI) v ettt 133f
SENSILIVILY.ovruivevetcecece et 131,136
CONNECHIVILY.vrurerirerereninreteres seetetesesese e se e senes 132
eXChANGE TALES.....vveiviiniiiii e 130f
experiments,
HADDOCK.......eieiet s 132
HSQC...... 125,128,134
NOESY. 125,131,132
TALOS.....ooiiieeienesee e 134
TOCSY .ot e 125, 130f
TROSY ..o 125,128
software,
FeliX..oooiiiiiiiiis v 129
NMRVIEW.....ocvuiiriiiiiiinns e 129
SPECLIOMELET....evvvvvrriiecsceceere st ssesesereseanes 125
TUDES. c.veeeeeeeie e eteetees cveeieeteere e e e e e eareeree e 125,134
NMRView, see NMR software
NOESY, see NMR experiments
Nse2, see Mms21
Nuclear Magnetic Resonance, see NMR
Nup358, see RanBP2
o)
Orbitrap, see Mass spectrometry instruments
Oxidation of Proteins........cccovureeirierniinireensiceeiieens 185

Oxidative stress

P
POt 65f
SUMO fusion to the C-terminal domain................ 174f
13 S 5,8,12
PCNA......... ....11,83f
PUIFICAtION. .o e 175¢

Pep_probe, see Mass spectrometry software
Pepstatin, see Protease inhibitors
Phenylmethylsulfonyl fluoride, see Protease inhibitors
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Index
Phosphorylation.........ccocvvieniniiiiniiiinins 7,12,29
PIAS proteins.... ...5,8,10,12
PLA oo 270f

substrate... 270,272,279
Pl s 5
13| 10, 12, 202, 285
PMSE, see Protease inhibitors
Pmt3, see SUMO
Poly-SUMO chains, see SUMO chains
Ponceau staining..........ccceeveieeeie e 192,195,

288,292,298
Protease inhibitors,

AProtinin....ccuceecuricieiiies e 1891, 203f, 244f, 287, 289

benzamidine......c.oveeveueeriririererenree s 256

Complete™......ooiiureeinics e 156, 256

iodoacetamide (TA).....ccoveiirirrevenne 23,27,37, 40, 46,

272, 278, 279
LEUPEPHIL et e 1891, 203f,
244f, 287,289
N-ethylmaleimide (NEM)......ccocceuveerrincernnnncnes 45,143,
150, 272, 276f, 279f
PEPStAtINL i e 1891, 203f, 244f
phenylmethylsulfonyl fluoride (PMSF)........... 124,169,
203, 229, 256, 287, 289, 307
Protein assay reagent, see Protein concentration
measurements
Protein concentration measurements
comparison to a standard...........ccceuveeennee 179, 198, 298
Bradford reagent..........cooceciiiiiiiiiiiiiiininnes 53,57,170,
172,192, 194f, 276, 291, 296

fluorescent Proteins........oceueeevvicurecviiiseieeinienenne 258f

SYPRO-Ruby staining.......ccceveeeeeeces ceerereueurnnenene 236
Protein assay reagent see Bradford reagent
Proteomics......cuecveeieeieriieiiet ettt 191, 33f

Q

Quantification of Western blot signals
Quantitative proteomics, see Proteomics

R
Rapamycin,
analog AP21967.......cccovvvneneeee e 154f, 163
binding proteins,
FK506 binding protein (FKBP).........cccceecuneee 154f
FKBP-rapamycin-associated protein (FRB) ........ 154
induced heterodimerization...........cocceveueis ceiennas 153f
Rabbit reticulocyte lysate.......cceviirviiiiicniiiciiiennnes 52
Rad31..ei e 5
Rad52. ..o 11
RanBP2.......ccoooiiiiiiiiiiiccn 5,8,168,202,209
PULfICAtION. ..t 176f, 195
AULOSUMOYIAtION. ..t 198
RanGAPTL......cooi 154,202

... 234,259
use in desumoylation assays...........cccceveveerees cevenees 259

in vitro sumoylation...

RawXtract, see Mass spectrometry

REPIOSIL..eviiiiiiecccicteeieeee e 23
...286, 287, 293, 299
.12

Retroviral infection.

RNF4.... .12

RSUME.....cciiiiiiiiis e 5,8

S

Saccharomyces CerevisiAe. . nnnnununmnmnnrnriierererniinanans 5,47, 81
gene replacement..........ooueiiiiniiiiiiiinn 101
lysis methods........cocvviiiiiiininiiiiiicnes 38,45, 88
trANSEOIMATION. cueveevreveeereeeeereaes cereereereeessesneerenns 86f, 99

Saccharomyces genome database, see SGD

Sael, see Aosl

Sae2, see Uba2

SBM, see SUMO interaction motif

Schizosaccharomyces pombe..............ueuceeeeevevneiesisisiniicnnnnne. 5

SCX resin ..34,37,41f

SENPs, see SUMO proteases

SENPL..cooiiiiiiiiccs e 5,9,226f, 255,271
purification, see SUMO proteases

SENP2...coooiiiiiiiiicie i 5,9, 226f, 255,271
purification, see SUMO proteases

SENPS ..o e 5,9,255

SENPS ..o 5,9,226f,255

SENPSG....ovviiiiciicicicis e 5,9,228,255

SENP7...oiiiiciiiiiiis e 5,9,255

SEPHnS...cieiiiieiiii s 12, 82f

SGDiiiiiiiiiic s 43

SZST ittt 11

Shigemi tube, see NMR tubes

SILAC .ttt 19

Silica capillary......ccoeuiviniiiiis i 23,28, 37, 40f

SIM, see SUMO interaction motif

Smt3, see SUMO
SMT3IP1, see SENP3
SMT3IP2, see SENP2
Smt4, see Ulp2

SSP1, see SENP6
SSP3, see SENP3
Stable isotope labeling, see SILAC

Streptavidin resin.....ocvivieiriniciiiiniiiiiceins 36, 38, 43, 46
SUMO,

ACCEPLOT SILES..overerrrrreneecnenens 29, 35f,47,83,118,144

mapping by mass spectrometry..........cceueeveeeee 43f



ACHIVALING ENZYIME...rvrvvirireiiiiiis erereresesesssesseees 5,6
purification.... 541 1711, 191f
AMC fUSIONS..c..vveeiiieicieren e 270

attachment sites, see acceptor sites

chains......ccooviiinniii
preparation

conjugating enzyme, see Ubc9

FOLAINE. vttt 303f

fusion technology, see SUMO linear fusions

interaction motif (SIM).....ccccoovvvevereeennn 11f, 107, 202
identification by NMR.........cccoooooii s 122f
INUEANTS. ..ot s 115
OIIENTALION. coueievereeiiercietenc s 123
PULFICAtION. ¢ttt 124,126

1SOfOTINS. c.vevveevereereereerees verveverereneas 4,5,21,118, 149,

168,226,271

isopeptidases, see SUMO proteases
labeling with fluorescent dyes.........ccovueueuiuiuns e
LLZASES.cvvviiiininctcret s

Jinear fUSIONS.....eeveerrverereeerereereseesesesesesessenas

use for enhanced protein production
maturation, see SUMO proteases
orthologs, see isoforms
paralogs, see isoforms

precursor,
PULFICATION. ¢ttt 232f

processing enzymes, see SUMO proteases

PIOTEASES...cuvviniceieieeiienes e 5,9, 28,226,253f,272
ACHIVILY 1N EXLIACTS.cucuiiiviiiieiiiiieies s 69,150

in vitro assays,
gel-based C-terminal hydrolase

ASSAYS.veverrmmrereereeaere seemeeneans 2341, 256
Effects of NEM and
iodoacetamide.........ccceueuriririncn cennee 278f
FRET-based assays,
isopeptidase assay.......cccoeerricunnee 249f, 259
depolymerization assay..........ccccceuvvunnn 259f

quantification of substrate
cleavage........coceeuvuverrine veeneee

steady-state kinetics,
reporter-based C-terminal hydrolase
assays..

model SUDSErAtes. .....c.covveeveuiuiriririririeieeceeieene

OVETEXPIESSION. cuueeeererrerereres seemeaeane
purification of catalytic
domains.......cceeeeerieenieeeeenne 2311, 271
purification.........ccoeevvireenns 54f, 126, 173f, 194f, 233f
SEADILIEY.cvvvii 303
substrates,
1dentification......ccceeveeueeeereereeeereeererenne 191, 34f,
51f, 63f, 81f
target proteins, see SUMO substrates
ThIOESTET. . euvetecieetieti et ettt et 6,7
PLEPArALIONL. . ceceeiuieiirciicinceiceeieene i 178f

truncated, see SUMOAGG
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SUMO 4.ttt et 4f, 226
SUMOAGG.... .114-116
SUMOSEAL ..ot ettt 304
Sumoylation,
CONSENSUS MOt ccviivieeieieieieieeieieieieane 7,54, 82, 83,
118, 149, 168, 203
I E COMniiiiiiiiiiiiiiies et 211f
in vitro assays,
SINGLE TUMMOVET. ... 178f
PH ttration.....ccccviiiiiiiice 179f
E3-dependent.........cccoevviiiiiiiiiiiiiiine 197
E3-independent........cccccvieiiiiiiiiiiiiiiiiine 197
effect of Gaml....ccooviviiieiiininine e 299
FRET-based conjugation assay..........ccccceeeeuenenes 245¢
mobility shift......cccevvvniniis v 75,97f,116
PIEPATALIVE. ..oveveereiitercnens wevevcsceeeeeseseeeeas 203f, 242f
SuPr-2, see SENP1
SUSP1, see SENP6
Synaptonemal compleX........ccvuruiiviiriiinininicneiieiins 11
T
TALOS, see NMR experiments
Tags, see Affinity tags
TEV protease.........cocvuvicuriieriinecisiinrnenns 203, 205f, 312
Thrombin.....ccuccveevieieeieeees e eeeene 169,173,
229,232,234
TOCSY, see NMR experiments
Topoisomerase IL........cccooccueivicini v 11
Transcription,
ACHIVATION. teeeeteerreeeieiiiiiiies rrreeeeeeeeeeeesssnnnnennnes 13,289
regulation by SUMO........ccccooviivis e 10, 141f
TEPOIET SYSTEIM.uvueiuiirrreiiitenneeesesesesenesesssenenenenes 148
TEPIESSION. c..eiuiiiirrcnciiiees s 10
Transfection,
calcium phosphate method........c.oooeiiiii i 290
efHICIENCY.. i s 69, 298f
Lipofectamine/PLUS method..........ccccovuunenee. 71f, 159
polyethyleneimine (PEI)
method .. 70f
Transformation,
of E. coli, see Escherichia coli
of yeast cells, see Saccharomyces cerevisiae
TROSY, see NMR experiments
TEYPSIN. e e 21, 23f, 271, 34,
37, 40, 44, 46f
Two hybrid system, see Yeast two hybrid system
V)
U2 ettt 5,6
purification, see SUMO activating enzyme
UDBET.e ittt ettt 5,6£9
fusion-dependent sumoylation, see UFDS
mutant K153R, .o 172
purification, ... 54f, 172f, 193f
UDCT®, oo eeeee et e e e e ete e st e e saeeeraeesaeeesaaeennae s 11
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Ull1, see Sizl

5,9,59,254f
catalytic domain........cccoceecrciiiiiiiiiinns 169,271

enzymatic properties.. .60, 313, 315
PULHICALION. ..t e 54f
B 113,118
use for cleavage of fusion proteins.......... 1751, 184, 233,
304, 314f

167 N 5,9,11, 113, 118, 254f

w

Western blotting,
discontinuous buffer system..........ccccevvvirincrnrnncnnes 100
of free SUMO......coiiiiiiviiiniiiiiiicciciceecccaes 30
of large SUMO conjugates..........ccocvueueriues vevnenee 77,98
quantification of blot signals..........cccc.c... 75,100, 184f

SEMI=dIVeu e s 73f, 87

Yellow fluorescent protein, sec YEP
Yeast, see Saccharomyces cerevisiae or Schizosaccharomyces

pombe
Yeast two-hybrid system.........cccovvviiiiiiiiiiiiiins
comparison to mass spectrometry..
VECTOTS.ceveieiaiiicnesisersessscsssssess s sssss s sssssesens
YFP,
concentration measurement by UV absorption........ 258f
CIMISSION. veeveeveeeeeeeierieete sereenteseeseesreseeseene 247,262,268
PIOPEITIES. cuvveviiisisiisisies sttt 265
“RanGAPTL. ..ot e 242f
“SUMO ... e 256
Y4
ZAP3eiiiiii e 5,8,11
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