Index

a

AAA proteins independent of the 20S
proteasome (APIS) complex 175

actin 8

AcYRLNVS 63

AdaAhx;L;VS 62

aggressome 10f.

— presenting antigen 11

alanyl-alanyl-phenylalanyl chloromethyl ketone

(AAFcmk) 65
Alzheimer’s disease 2ff.
aminopeptidase
—1(API) 34
- F1,F2, F3 197
amyotrophic lateral sclerosis 2

anaphase promoting complex (APC) E3 ligase

80, 165
anti-chaperone function 13

- ring complex (ARC) 114f,, 190

autoimmune polyendocrinopathy-candidiasis-

ectodermal dystrophy (APECED) 84
autoimmune regulator (AIRE) gene 84
autophagic bodies 32ff.

— mitochondria 38

— phenylmethyl sulfonyl fluoride (PMSF)
autophagolysosome 31
autophagosome 31ff.

— formation  40f.

autophagy 31ff.

— defective mutants  34ff.

— degradation of organelles 38
— genetic dissection 34

— membrane 39

— molecular dissection 31ff.

— monitoring method  39f.

— multicellular organisms 47

antigen-processing pathway 102f., 135ff., 186 - nitrogen-starvation condition 32ff.

APG (see autophagy protein ATG)

apolipoprotein B100 (apoB) 9

apoptotic regulation 129ff.

o-L-arabinanase 199

ataxin-1 2

ATP binding 4ff., 238

— domain (AAA motif) 223ff.

— pocket 7

ATP hydrolysis  4ff., 228ff.

ATPase 114ff., 137, 189, 223fT.

— domain 3ff.

—sequences 223ff.

— subunits (Rpt 1-6) (see also regulatory
particle) 137

— V-type proton-translocating 32

ATPase associated with a variety of cellular
activities (AAA ATPase) 17, 114, 138, 158,

188fT., 223fT.
— archaeal 189f.
— bacterial 189f., 223

— physiological role 47

— Saccharomyces cerevisiae 32

— specific PI3 kinase complex 45

autophagy protein (ATG) 34ff.

— Atgl protein kinase complex 44f.

— Atg5 46, 254

— Atg6 (Vps30) 45

— Atg7 activating enzyme (E1) 42

— Atg8 lipidation system  43ff., 254fT.

— Atg10 conjugating enzyme (E2) 42

— Atg12 protein conjugation system 40ff.,
2541t

— Atgl4  45fF.

~ Atgl6 46

— function 40ff.

— higher eukaryotes  46f.

— marker for autophagy 47

— nomenclature 35

— protein 42

— site of Atg protein functioning 45

Protein Degradation, Vol. 2: The Ubiquitin-Proteasome System.

Edited by R. J. Mayer, A. Ciechanover, M. Rechsteiner

Copyright © 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

ISBN: 3-527-31130-0

279



280

Index

b

bacterial intein-like domain (BIL) 254

BAG-1 related proteins (BAG-2 BAG-6) 17
- BAG-2 17

— BAG-3 (CAIR-1; Bis) 17

— BAG-4 (SODD) 17

- BAG-5 17

— BAG-6 (Scythe, BAT3) 17
Bcl-2-associated athanogene 1 (BAG-1) 5ff.,

149, 172f.
— ubiquitin-like domain 17
Boc-LRR-AMC 57
Burkitt's lymphoma 64
butabindide 65

c

calnexin 65

calreticulin 65

cancer therapy 7, 54

carboxyl terminus of Hsc70-interacting protein

(CHIP) 4fF, 149, 172
caspase inhibitor 65
Cbl 80
cell survival 36, 54
chaperone 1ff.,

— activity 8

— assembly of proteasome 160

— chaperone-binding domain 13

— co-chaperone 3

— heat shock protein 3

— protein degradation 9ff.

— protein quality control  8ff.

chaperone-proteasome cooperation 1ff.

chaperonin 8

— nonnative protein 8

- ring structure 8

— TriC-CCT complex 8

ciliate polyprotein 254

Clp proteases (A, P, X, and Y)
2351,

co-chaperone 3ff.

— domain architecture 5

— tetratricopeptide repeat (TPR) domain 13

Cod protease 192

COP9 signalosome 176

CP (see 20S proteasome)

aB-crystallin - 7

CUE domain 259

Cut8 175

cyclic peptides 60

cyclin-dependent kinase (cdk) inhibitor p27
80

cyclophilin 6

cysteine proteinase family 43

183fF, 216fF,

cystic fibrosis 10

— transmembrane conductance regulator
(CFTR) 10ff.

— regulatory R-domain 10

cytoplasm-to-vacuole targeting (Cvt) pathway
34

cytotoxic T lymphocytes (CTLs) 135
d

DAUP/ZnF-UBP/PAZ domain 259
Ddil 171f., 260

degenerative disorders 2ff.

— therapeutic target 20

dendritic cell aggresome-like structures
(DALIS) 11

deposit formation 19

deubiquitinating enzymes (DUBs)
165, 251

deubiquitination  66fF., 138, 162

dipeptidyl peptidase IV (DPP IV/CD26)

DNA

—repair 104, 129ff., 161ff., 251fF.

— replication  270f.

Dphl 171

Dsk2 170

dynein 10f.

51, 149,

199

e

E1 enzymes (see ubiquitin-activating enzymes)

E2 enzymes (see ubiquitin-conjugating
enzymes)

E3 ligases (see ubiquitin ligases)

E4 enzymes 160ff.

E1-E2 couple 257

Ebola virus 263

Ecm29 144, 160

eIF3e/Int6/YING 175

elF3i/Suml 175

endocytosis  262ff.

epidermal growth factor (EGF) receptor
262

eponomicin 60

epoxomicin 59

ER-associated degradation (ERAD)
227

ErbB2 11f.

ESCRT complex I, IT, IIT  263f.

extracellular signal-regulated kinases (ERKSs)
82f.

f

F-box protein 15, 80
fibril growth 9
FtsH protease family 191, 216ft., 235

173,



g
GABARAP 46

Gag protein 264

GAT domain 259

gate (see also proteasome channel gating)
2311t

— closed state  117ff.

— GATE16 46

— open state  99f., 119ft., 231f.

— symmetry mismatch mechanism of gate
opening 98

— traffic through gated channel 121ff.

glucocorticoid hormone receptor  6fF.

N-glycanase (PNGase) 51ff.

O-GlcNac transferase (OGT) 54

O-GlcNacase 54

O-GlcNAcylation 54

N-glycosylated substrate 52

glycosylation

— glycosylated proteins 65

— N-linked 65

GroEL 8

h

HEAT/ARM repeat proteins 104, 143

HEAT-like repeat motif 160

heat shock factor-1 (HSF1) 15

heat shock proteins (Hsps) 1ff.

— chaperonin 3

— Hsp70 family 1ff.

— Hsp90 family 1ff.

HECT (homologous to E6-AP C-terminus)
domain 80, 251

herpesvirus-associated ubiquitin-specific
protease (HAUSP) 252

heterophagy 31

histone

-H2B 269

— H3 methylation 269

— deacetylase 6 (HDAC6) 10

HIV-1 263f.

homeostasis 32

hPLICI and 2 (Dsk2, Dph1) 170f., 260

Hrs 262

HslU (ClpY) (see also Clp protease) 192,
216ft., 235f.

HslV (ClpQ) (see also Clp protease) 192,
216fF,, 235f.

Hsp27 7ff.

Hsp40 6ff.

— co-chaperone 4

— protection against polyQ expression 8f.

Hsp60 8

Hsp70 3ff., 173

Index

—activity 9

— ADP-bound/ATP-bound conformation 4

— ATPase domain 3f,, 18

— BAG-domain 16

- binding protein 1 (HspBP1) 18

— carboxyl terminus of Hsc70-interacting
protein (CHIP) 4ff., 149

— EEVD motif 13ff., 149

- folding activity 5

— functional domain 3

— interacting protein (Hip) 5ff.

— nonnative polypeptide substrate 3

— peptide-binding domain  3f.

— polyQ-induced neurotoxicity 8

— TPR-dependent interaction 13f.

Hsp70/Hsp90-organizing protein (Hop) 6

Hsp90 1ff., 148

— ATPase activity 5

— cell death/cell proliferation 7

— family 1ff.

— inhibitor 7

— regulation of signal transduction network 6

— steroid hormone receptor 6
human cytomegalovirus (HCMV) 65
huntingtin gene 2

Huntington's disease 2, 234

hybrid proteasome 102f., 142f.
o/p-hydrolases 197

i

immune system 53, 103, 124, 129
immunoproteasome  53ff., 134ff.
—assembly 103, 146f.

- B1i (LMP2) 53fF, 130ff, 147

— B2i (LMP7) 53, 130ff, 147

— p5i (MECL1) 53fF, 130fF, 147
interferon

-y (»IFN) 53, 102f, 124, 135fF.

— y inducible aminopeptidase (ERAP1) 194
— stimulated gene product of 15kDa (ISG15)

252ft.

interleukin-1 82

interphotoreceptor retinol-binding protein
(IRBP) 196

Jj

] proteins (see co-chaperones of the Hsp40
family)

Jak-STAT pathway 253

JAMM

— domain (Jab1/Pad1/MPN) 166

— family metalloprotease (Pad1l, POH-1,
Rpnll) 53ff.

cJun NH2-terminal kinase (JNK) 82

281



282

Index

k
KIAA10 164

I

lactacystin  59ff.

clasto-lactacystin-g-lactone (omuralide) 59

LAM/LALRL/V motif (see also UIM (ubiquitin
interacting motif)) 169

LAMAL motif 170

LC3 46f.

leucine-rich repeat-like (LRR-like repeat)
260

leukemia-associated protein (LAP) domain
80f.

lipidation 46

Lon protease family 190, 216ft., 235

lysosome 31

lytic compartment

171,

32ff.

m
macroautophagy 31
major histocompatibility complex (MHC)

class I
— molecules 65, 103ff., 135ff.
— mediated antigen presentation 54, 144, 161
membrane protein 227
- fusion 173
— nucleotide-binding domain (NBD1) 10
— trafficking  261f.
MEK kinase 1 (MEKK1)
— protein kinase 79ff.
— ubiquitin protein ligase 79ff.
MG132 58
mHR23B (Rad23) 65, 139, 170ff.
microautophagy 38
micropexophagy 38
microtubule-binding protein tau 14
mitogen-activated protein (MAP) kinases

80f.
MoaD  256ff.
MoeB 258
MOCS2A-MOCS3 (MoaD-MoeB) pathway 258
modulator complex 140f.
molecular chaperone 1ff.
— active complex 3
— neurodegenerative disease 3
— cellular function 3
molecular probes 51ff.
— cell permeability 63
multiple myeloma 54ff.
multiubiquitin binding 169
multivesicular bodies (MVBs)
— pathway 263
mycobacterial disease 52

80f.

53, 262f.

n

N-end rule pathway 163

No-acetylation 146

Nedd8 ultimate buster (Nub1)

neurodegenerative disease 2f.

neurotoxicity 2

nitrogen starvation 39

NLVS (4-hydroxy-5-iodo-3-nitrophenylacetyl-
Leu-Leu-leucinal-vinyl sulfone) 62ff., 194

Nobl 148

non-ATPase subunits (Rpnl - Rpn15) (see also
regulatory particle) 137

N-terminal nucleophile (Ntn) hydrolase
activity 130, 185, 220f.

nuclear pore complex (NPC)

nucleotide exchange 4f.

— factor 17

NZF domain 259

173

264

o

oligosaccharyl transferase 65

ornithine decarboxylase (ODC) inhibitory
protein 143

ovarian tumor domain (OTU)-containing
cysteine proteases 66

p

p23  6ff.

p38 82

p47/Shp1/Ubx3 173f.

p53 252

p73% 265

PA26 92f., 114ff.

PA26-proteasome complex 95ff., 116T.

- binding 97f.

— gate opening  98f.

PA28/11S regulator/REG  93ff., 114ff., 141fT.,
161, 186f.

— antigen presentation 102f.

— homologue-specific inserts 96

— o, B, y homologues  94fT., 132ff.

— KEKE motif 96

— structure  94f.

PA200/Blm3p/Blm10 104f., 121, 132ff., 161
PA700/19S cap complex/regulatory particle
(RP)/regulatory complex (RC)/MW?700
S6fF, 89fF, 114ff., 137ff., 187£., 222, 260

— base/lid structure 188

— proteasome-activating nucleotidase (PAN)
222

— subunits  65f., 188

— translocation into the proteolytic chamber
56

- unfolding of protein 56



Padl 166ft.

PAN-protease complex (see also proteasome-
activating nucleotidase) 215fF.

—archaeal 224ff.

— mediated protein degradation mechanism
228ft.

Parkin 2, 19, 139, 164

Parkinson'’s disease  2ff.

peptide-( N-acetyl-f-p-glucosaminyl)-asparagine — small molecule inhibitor

amidase (PNG) 65
peptide aldehydes 57ff.
peptide boronates  60f.
peptide epoxyketones 59f.
peptide hydrolysis 161
peptide vinyl sulfones
peroxisome 38
phospholipid modification 43
phosphorylation/dephosphorylation 54
PI31 132ff.
plant homeodomain (PHD) domain 80f.
POH-1/Rpnll 166
polyglutamine (polyQ)

— containing protein 165, 234

— expansion disease 2ff.

POMP/proteassemblin (see proteasome
maturation factor)

pre-autophagosomal structure (PAS)

progesterone receptor 6

proliferating cell nuclear antigen (PCNA)
270f.

prolyl oligopeptidase (POP) 197ff.

promyelocytic leukaemia (PML) protein 267

— nuclear bodies 267

propeptides 145

protease

— bacterial ATP-dependent 215ff.

— eubacterial ATP-dependent 235f.

— mitochondrial 223

— self-compartmentalizing 137, 183f.

proteasome 53ff., 111ff., 129ff., 157, 259fT.

— accessory subunit 52, 65

— active site 113

—assembly 145ff., 160

— 19S cap particle (see also PA700) 54T

— caspase-like activity (Z, 1) 55, 130ff.

— catalytic core subunit 52

— channel gating (see also gate)

— chymotryptic activity (X, f5)
130ff.

— dissociation 124

— function 55fF, 144

— interacting protein 157, 174ff.

— localization 55

— maturation factor Umpl

61T

45f.

1141,
55fF., 101f,

143fF, 160

Index

—nuclear 104

— peptidase activity 101fF.

— peptidyl-glutamyl peptide hydrolytic (PGPH,
Z,p1) 55, 101f, 130

—portal 111fF.

- regulatory complex 121

- regulator of the holoenzyme

— shuttling protein  169ff.

160f.

S51ff.

— steady-state protein level 52

— stroke 54

— structure 55

— substrate specificity 55, 135

— tryptic activity (Y, b2) 55, 101, 135f.

—tuberculosis (Mycobacterium tuberculosis) 52ff.

20S proteasome (CP) 53ff, 89fF., 111ff,
130fF, 158fF,, 189, 220f.

—archaeal 217ff.

— active site 101

- e-annulus (ring) 90ff., 123fF., 144, 158, 185

— p-annulus (ring) 130, 158, 185

— architecture  89ff., 137, 185, 220f.

—assembly 123, 185

— ATP-independent activator 121

— barrel structure azf8,8,0; 114, 185
— catalytic machine 130ff.

— gate 90ff.,186

— mechanism 90ff., 221

— non-ubiquitinated proteins 111ff.

— o subunit («1-a7) 90ff., 113fF., 130fF.

— YDR motif 118f.

— f subunit (f1-47)
145, 218

—sequence 218ff.

- regulatory factors 136ff.

— ring structure (e1-7)f1-7Ba-7%a-7) 55
130, 185

26S proteasome 53ff., 111ff., 137f., 1471F.,
175, 187, 215

— base/lid structure 158

— 208 core particle (CP) 113ff.

— molecular organization 137f., 158f.

— 198 regulatory particle (RP) 113f., 188

proteasome activators (PA) 92ff.

— activation loop  95ff.

— asymmetric/symmetric 122

— biochemical mechanism 98ff.

—non-ATPase 114

proteasome inhibitor

— dansylated 63

— viability of cells 54

proteasome-activating nucleotidase (PAN)
complex 100, 114fF., 184fF, 215fF., 231fF.

—archaeal 222ff.

53fF., 90ff,, 113fF., 130ft.,

51, 144

283



284

Index

protein

— hydrolysis 101

— lipid linkage 43

— nonnative conformation 1ff.

— protein conjugation 268

— quality control 52, 129

—rescue 123

—sorting 263

— translocation 232ff.

— triage  11f.

— unfolding 228ff.

protein degradation 2ff., 19, 92f., 114fF., 141,
184, 228fF.

— aberrant folding 53, 183

— chaperone-assisted  16ff.

— ER-membrane protein 10

— non-ubiquitinated proteins

— ubiquitin mediated 173f.

protein folding 3ff.

— chaperone-assisted  16ff.

protein kinases

— feedback mechanism 80

- function 82

protein misfolding 1ff.

— accumulation and aggregation of misfolded
proteins 2f.

proteolysis 51, 111ff., 183ft., 227, 238

— ATP-dependent 185

— chamber 119, 185

— intracellular 54

— metabolic energy 227f.

— proteosomal 51ff., 134

—regulation 111fF., 183

proteosomal activity probes 62

proteotoxicity

— stress-dependent 15

PS341 (Velcade, Bortezombib) 54ff.

puromycin-sensitive aminopeptidase (PSA)
194

1144t

r

Rad5 270

Rad6 270

Rad18 270

Rad23 139, 170fF, 260

Rafl 11,82

RanBP2/Nup358 264

Ran GTPase-activating protein (RanGAP1)
264

rapamycin  39ff.

receptor tyrosine kinase 262

REG (see PA28)

regulatory particle (RP)/regulatory complex
(RC) (see also PA700) 158

— non-ATPase (Rpn)

- Rpn10/Pusl 169fF.
— triple ATPases (Rpt) 17, 54, 13711
rhodanese homology domain (RHD)
Rhp23 171

RING finger 2

— domain 13

— ubiquitin ligase 19, 80, 251
RING/PHD domain 81ff.

RNA

— polymerase II 174

- virus budding 263

17, 1371f,, 188

258

s

118 regulator (see PA28)

19S complex (see PA700)

S1/Rpn2 (see also PA700 and regulatory
particle) 188

S2/Rpn1 (see also PA700 and regulatory
particle) 188

S5a/Rpnl0 (see also regulatory particle)

salinosporamide A 59

SCF (Skp1, cullin, and F-box) 80

Sec genes 37

second region of homology (SRH)

sequestration 37ff.

— substrate selectivity 37

serine/threonine protein kinase 36ft., 79

Siah (1and 2) 19

signal transduction 129, 251ff.

small heat shock protein (sHsp) 7ff.

small neutral amino acid-preferring (SNAAP)
activity 130

small ubiquitin-related modifier (SUMO)
2544T.

- binding motif 264f.

— induced conformational change 266

— ligation specificity 267

Smt3 265

SNARE molecule 37

spinocerebellar ataxia (SCA1 - SCA7)

Srs2 DNA helicase 271

STAM 262

streptozotocin (STZ) 54

stress  3ff,, 82, 117ff., 137, 183

— protein damage 3

— oxidative 56, 183

substrate-recognition enzyme (E3) (see
ubiquitin ligases)

Suc-LLVY-AMC (7-amino-4-methylcoumarin)
57

sulfurtransferase  256ff.

SUMO (see small ubiquitin-related modifier)

sumoylation 264ff.

259

223

2ff, 234



superoxide dismutase-1 2
synphilin 19
a-synuclein  9ff., 165

t

tail-specific protease (Tsp) 196

tetrahedral aminopeptidase (TET)

thimet oligopeptidase (TOP) 193

ThisS 256

thrombin 82

thymine-DNA glycosylase (TDG)

TMC-95A, B, Cand D 60

Tor kinase 39

transcription  174f., 267

translation 174f.

translesion synthesis (TLS) polymerase 270

transporter associated with antigen processing
(TAP) 105

B-TrCP/HOS F-box protein 80

tricorn protease 184ff.

— domain topology 199f.

— PDZ domain 199f.

tripeptidyl peptidase II (TPPII)

tumor necrosis factor (TNF) 82

tyrosine kinase 79

200f.

266fT.

64f., 184fF.

u
UBA-UBL proteins  169ff., 257ff.
Ubc4 162

Ubc4/5 family 11ff.

— E2 enzymes 11

Ubc13-Mms2 270

ubiquitin (Ub) 111, 129, 149, 249fF., 264fF.

— activating enzymes (E1 enzymes) 42, 80,
129, 162, 250fF.

— associated (UBA) domain 139, 170ff., 259

— attachment dynamics 251f.
- binding domain 261
- binding protein (UBP) 259

— biochemical function 249

—chain 251

— conjugate adaptor protein 260

— conjugated substrate 52, 66

— conjugating enzymes (Ubc, E2 enzymes)
11fF, 42, 80, 129, 162, 251fF.

— conjugation machinery 12, 79, 250ff.

— fusion degradation (UFD) pathway 163ff.

— interacting motif (UIM) 83, 139, 169, 259ff.

— like conjugation system 42, 249ff.

— like modification 43

—like (UBL) protein 42, 139fF., 16Gff., 249fF.

— modification 53, 66

— multiple ubiquitin chain 52, 171

— non-removable 163

Index

— origin of the ubiquitin system 255

— polyubiquitin chain 17, 55, 129

— polyubiquitin receptor 140, 259fF.

— proteasome system (UPS) 1ff., 31, 51, 64,
84,129

— proteasome-mediated degradation pathway
79f,, 114

— recognition 56, 187

- regulatory X (UBX) domain 173

— related modifier-1 (Urm1) 257

—removal 68, 251

— specific metalloprotease 55

— specific processing proteases (UBPs)

— specific thiol protease 53

— targeting of modified protein 53, 187,
255

— unusual Ubl conjugation pathway 254

— vinyl sulphone (UbVS) 167

ubiquitin carboxy-terminal hydrolases (UCHs)
66

- UCH2 169

— UCH37 67, 149, 167f.

ubiquitin domain protein (UDP) 16

— recognition 17

ubiquitin ligases (E3 ligases)
129, 149, 163f,, 251

— chaperone-associated 14

— CHIP 13ff, 149

— enzymatic HECT (homologous to E6-AP
C-terminus) domain 80, 251

— RING finger-containing 2, 80ff., 251

— SCFSKP2 8o

— SCF/TeP 80

— substrate recognition component 15

— substrate specificity 255fF.

ubiquitin-specific proteases (USPs)

— activity 67

— reactive probes 67

- USP14 67, 167

ubiquitination 159ft., 249

— autoubiquitination 83

— MEKK1-mediated 83

— monoubiquitination 270

— polyubiquitination 53, 80ff., 117, 261ff.

- regulating kinase activity 83

— specificity 255

UDbl conjugation  254fT.

— cross-regulation 270

— negative regulation 269

— positive regulation 270

UBL containing proteins

U-box domain  13f.

Ubp6 168

UEV domain 259

149

19, 66, SOfF.,

55, 66fT.

172

285



286

Index

UFD2 172

Umpl (see proteasome maturation factor)
unfoldase activity 228

Urm1-Uba4 pathway 257

UsS2 65

US11 65

14

VAT (see VCP)

vaccinia virus A40R early protein 269

vacuolar protein-sorting (Vps)

— pathway  36fT.

— protein 45

vacuole 32

valosin-containing protein (VCP)/p97/cdc48
173f., 190, 227

VCP-like ATPase from Thermoplasma
acidophilum (VAT) 190, 227
vimentin 10

w

Walker A motif 189, 223
Walker B motif 223
WD-repeat protein 46

Y
YU102 60

z

Z-LLESNA 57

ZVAD(OMe)fmk (benzyloxycarbonyl-valine-
alanine-aspartic fluoromethyl ketone) 65



