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AAA ATPases, trafficking proteostasis network function,
301-303
ACEl1, 282, 284, 286
Acetylation proteostasis system (APS), 295-296
Alg proteins, 251-253, 255
Aminoglycerophospholipid
cardiolipin synthesis link with transport, 118—115
mitochondrial synthesis, 111-114
Anfinsen cage, 293
Anfinsen compartment, 293, 303—304
APS. See Acetylation proteostasis system
Arfl, 176, 287, 314-315, 319
ATF6
origins, 26
unfolded protein response initiation
metazoans, 12—13
yeast, 5
Ayrlp, 114

Betl, 272
Bet3, 271-272
Bet5, 271
B cell. See also Insulin
CHOP role in stressed cell dysfunction, 23-25
homeostasis failure in endoplasmic reticulum-stressed
cell, 23-25
PERK cytoprotection, 21
translational control, 20—21
unfolded protein response pathophysiology, 21-23
BiP, 240, 303, 314
chaperone function, 67
expression regulation, 5
Irel binding, 5-7, 11
Bre5, 316
Brefeldin A, 136

Calnexin, 70

Calnexin cycle, proteomics, 181-183

Calreticulin, 70

Carboxypeptidase Y (CPY), unfolded protein response,
8,10

Cardiolipin

link between synthesis and aminoglycerophospholipid
transport, 118—-115
mitochondrial synthesis, 114—115

CATCHR complex, 317

Cdc48, 54-55

Ceramide transport protein (CERT), 104, 195, 199, 211,
215,217

CERT. See Ceramide transport protein

CFTR. See Cystic fibrosis transmembrane conductance
regulator

CHO2, 114

Cholera toxin (CT), endoplasmic reticulum utilization
during entry, 148

Cholesterol, synthesis, 194, 196

CHOB endoplasmic reticulum-stressed cell dysfunction,
23-25
Climp63, 95-96, 186
Coat, tether, and fusion system (CTF), proteostasis, 291—
292, 295, 298
COG complex, 304
COPI, 103, 136-137, 176, 185-186, 216, 270, 287, 298,
314-319
cage structure of coats, 285—286
vesicle formation at Golgi, 314-316
COPII, 49, 103, 136, 144, 287, 300, 313, 315, 318
cage structure of coats, 284—286
cytoskeletal-mediated cargo transport, 270
directionality of endoplasmic reticulum—Golgi traffic,
272-273
endoplasmic reticulum-derived vesicle generation,
266-269
endoplasmic reticulum Golgi intermediate
compartment, 269-270
fusion of vesicles, 272
nuclear pore complex scaffold comparison,
283-288
prospects for study, 274
vesicle tethering of vesicles, 271-272
CPY. See Carboxypeptidase Y
CT. See Cholera toxin
CTE See Coat, tether, and fusion system
Cyclophilin B (CypB), 70-71
CypB. See Cyclophilin B
Cystic fibrosis transmembrane conductance regulator
(CFTR), 48, 300-301
Cytomegalovirus. See Human cytomegalovirus

Dengue virus, endoplasmic reticulum’s role in replication
and assembly, 149, 151-152
Derlin-1, endoplasmic reticulum-associated
degradation dislocation role, 35, 39—-40
Dislocon. See Endoplasmic reticulum-associated
degradation
Disulfide bond
formation overview in mammals, 81-83
oxidative pathway
ER oxidase 1, 83—84
formylglycine-generating enzyme, 86
glutathione peroxidase, 85
peroxiredoxin IV, 84—-85
quiescin sulfhydryl oxidase, 86
vitamin K epoxide reductase, 85—-86
proline isomerization during formation, 71
prospects for study, 90
protein disulfide isomerase. See Protein disulfide
isomerase
reduction in endoplasmic reticulum-associated
degradation dislocation, 3
reductive pathway, 88—89
DnakK, 71
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Doal0, 50, 52—53

Dolichol
cycle in lipid-linked oligosaccharide synthesis, 253—254
lipid carrier in protein glycosylation, 249—250

DP1, endoplasmic reticulum stabilization, 94—95

Dpml, 251

DSL1 complex, 317

EB1, 97
EDEMs
endoplasmic reticulum-associated degradation
substrate recognition, 33—34
signal sequence cleavage of EDEM1, 64
elF2a
CHOP role in stressed cell dysfunction, 23-25
dephosphorylation, 19-20
PERK phosphorylation, 18—19
Endoplasmic reticulum (ER)
assembly, 98—100
COPII-mediated vesicle transfer. See COPII
domain stabilization by membrane-shaping proteins,
93-96
lipid transport. See Mitochondria; Nonvesicular lipid
transport; specific lipids
mitochondria-associated membrane. See Mitochondria
mitosis dynamics, 96—98
organelle membrane contacts
endosome, 104
Golgi, 103-104
mitochondria, 102—103
peroxisome, 104—105
plasma membrane, 100—102
protein folding. See Protein folding; Proteostasis
protein translocation. See Protein translocation, rough
endoplasmic reticulum
proteomics. See Proteomics, endoplasmic reticulum
tail-anchored membrane protein insertion. See GET
pathway
unfolded protein response. See Unfolded protein
response
virus interactions. See specific viruses
Endoplasmic reticulum-associated degradation (ERAD)

overview
mammals, 31-32
yeast, 47—-48

substrate dislocation in mammals
adaptors linking recognition to dislocation
Erlins, 36
Insigs, 36
SELIL, 34-35
viral-encoded adaptors, 36—37
dislocon identification, 37
disulfide bond reduction, 38
drivers, 38
Fbx/Fbs proteins for capture of dislocated
glycoproteins in cytoplasm, 36
lipid droplet role, 37-38
protein unfolding role, 37
rhomboid role, 38—40
substrate recognition in mammals
glycoprotein folding sensing by N-glycans, 33
mannose-specific lectins, 33—34
substrate types, 32—33
ubiquitination and degradation in mammals
E3 ligases
cooperativity, 40—41
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types, 40
VCP/p97 recruitment, 41
yeast
E3 ligases in substrate processing, 49—50
early steps, 48—49
substrate retrotranslocation, 52—55
substrate selection, 50—52
ubiquitination and degradation, 55
Endoplasmic reticulum Golgi intermediate compartment
(ERGIC), 269-270
Endoplasmic reticulum-mitochondria encounter structure
(ERMES), 117, 123, 195
Endosome, endoplasmic reticulum interactions, 104
ER. See Endoplasmic reticulum
ERAD. See Endoplasmic reticulum-associated degradation
Erd2, 314
ERdj3, 67
ERdj4, 67
ERdj5, 38, 67
ERdj6, 67
ERFAD, 89
ERGIC. See Endoplasmic reticulum Golgi intermediate
compartment
ERGIC-53, 269, 300
Erlins, endoplasmic reticulum-associated degradation
role, 36
ERMES. See Endoplasmic reticulum-mitochondria
encounter structure
Erol, 83-84
ERp46, 85

FAPP2, 211

Fbx/Fbs proteins, endoplasmic reticulum-associated
degradation role, 36, 40

FGE. See Formylglycine-generating enzyme

FHV. See Flock House virus

FK506, 71

FKBPs, 71

Flock House virus (FHV), endoplasmic reticulum role in
replication and assembly, 148149

Folding. See Protein folding; Proteostasis

Formylglycine-generating enzyme (FGE), disulfide bond
formation role, 86

FOXO1, 25

FtsY, 238

GADD34, 24
GAT1, 270
GBF1, 314
Gesl, 315
Gemlp, 117
GET pathway
components, 224
Get3
membrane recruitment of complexes,
227-228
tail-anchored membrane protein
recognition, 226—227
release, 228—229
membrane insertion, 229-230
modeling, 230-231
overview, 223-224
protein capture, 224-226
Get proteins. See GET pathway
Glo3, 315-316
Glucosidase II, 68
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Glutathione peroxidase (Gpx), disulfide bond formation
role, 85
Glycosylation, N-linked glycosylation
dolichol as lipid carrier, 249-250
glycan structure, 250
lipid-linked oligosaccharide synthesis
dolichol cycle, 253-254
endoplasmic reticulum lumenal phase, 253
initial steps, 252—253
overview, 250—252
oligosaccharyltransferase
cotranslational versus posttranslational
modification, 256—-257
lipid-linked oligosaccharide donor substrate,
255
polypeptide acceptor substrates, 255—256
structures, 254—255
subunit functions, 257-258
overview, 65—66, 249
prospects for study, 258
GoAS, 319
GoES, 319
Golgi apparatus
COPII-mediated vesicle transfer. See COPII
endoplasmic reticulum
comparison, 176
interactions, 103—104
proteomics
calnexin cycle, 181-183
endoplasmic reticulum—Golgi functional
interrelationship, 179, 181
hierarchical clustering, 179—180
organelle isolation and mass spectrometry, 176—177
peptide matching, 177-178
prospects, 186—187
protein classification, 182—185
protein correlation profiling, 185-186
quantitative proteomics, 178—179
retrograde trafficking to endoplasmic reticulum
overview, 313-314
prospects for study, 319
short-distance transport, 318—-319
vesicle formation at Golgi
COPI-independent transport carriers,
316-317
COPI vesicles, 314—316
vesicle targeting and fusion with endoplasmic reti-
culum, 317
gp78/AMFR, 40
Gpx. See Glutathione peroxidase
GRPY%4, 67-68
Guided-entry of tail-anchored membrane protein insertion.
See GET pathway

HACI, mRNA, 4, 6-7

HCMV. See Human cytomegalovirus

HCV. See Hepatitis C virus

HDAC. See Histone deacetylase

Healthspan, proteostasis, 293

Heat shock proteins, trafficking proteostasis network inte-
gration, 301

Heat shock response (HSR), 293

Hepatitis C virus (HCV), endoplasmic reticulum role in
replication and assembly, 150—152

Histone deacetylase (HDAC), 296

HIV. See Human immunodeficiency virus
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HMG-CoA reductase, endoplasmic reticulum-associated
degradation, 36, 48, 323

Hrdl, 40, 49-50, 52-55

Hrd3, 53

HSF1, 5

Hsp70. See also BiP; Kar2p

family members, 48, 67

HSR. See Heat shock response

HTM]1, 182

Human cytomegalovirus (HCMV), endoplasmic reticulum
in immune evasion, 154

Human immunodeficiency virus (HIV), endoplasmic reticu-
lum role in replication and assembly, 148—149

Insigs, endoplasmic reticulum-associated degradation
role, 36
Insulin. See also 3 cell
peripheral tissue stress and resistance, 25—26
processing, 17-18
Irel, 182
BiP binding, 5-7, 11
Jun N-terminal kinase activation, 25
unfolded protein binding
biochemical evidence, 7—10
mechanism, 10
oligomerization induction, 10—11
structural evidence, 7-9
unfolded protein response initiation
metazoans, 11—-12
yeast, 2—7

JNK. See Jun amino-terminal kinase
Jun amino-terminal kinase (JNK), Irel in activation, 25

Kar2p, 67, 243, 314

KDS. See 3-Ketodihydrosphingosine

Kennedy pathway, 113

3-Ketodihydrosphingosine (KDS),
194-195

Lcb3, 215

LD. See Lipid droplet

Leptin, peripheral tissue stress and resistance,
25-26

Lipid droplet (LD), endoplasmic reticulum-associated
degradation dislocation role, 37—38

Lipid transport. See Mitochondria; Nonvesicular lipid
transport; specific lipids

Lipid-linked oligosaccharide. See Glycosylation, N-linked
glycosylation

LPEAT?2, 113

Mannose-6-phosphate receptor homology (MRH) domain,
33
Mannosidase I, 179
Marinesco—Sjégren syndrome, 67
Mass spectrometry. See Proteomics
Messenger RNA (mRNA), targeting to rough endoplasmic
reticulum, 236—-237
MFN2, 103
MINOS, 117-118, 123
Mitochondria
aminoglycerophospholipid synthesis, 111-114
cardiolipin
link between synthesis and aminoglycerophospho-
lipid transport, 118—115
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Mitochondria (Continued)
synthesis, 114115
endoplasmic reticulum
interactions, 102-103
mitochondria-associated membrane, 109-110, 123,
193
phosphatidylglycerol synthesis, 114—115
phosphatidylinositol synthesis, 115
phospholipids
classes, 110—111
import, 119
transport between endoplasmic reticulum
and mitochondria, 115-118
sphingolipids
mitochondrial incorporation, 122
synthesis, 119-120
sterols
import, 120—122
localization, 119
MRH domain. See Mannose-6-phosphate receptor hom-
ology domain
mRNA. See Messenger RNA

Ndcl, 287-288
NE. See Nuclear envelope
Nic96 complex, 281
N-linked glycosylation. See Glycosylation, N-linked
glycosylation
Nonvesicular lipid transport
lipid transfer proteins
lipid complex, 198
principles of lipid transport, 198—199
overview, 194-195, 197—-198
phospholipids, 201-202
prospects for study, 202
sphingolipids, 199-201
sterols, 199-201
NPC. See Nuclear pore complex
NSE 303
Nuclear envelope (NE), structure, 279—-280
Nuclear pore complex (NPC)
prospects for study, 288
scaffold
components, 281-283
vesicle coat protein complex comparison, 283—288
structure, 280—281
Nup proteins, 281-283, 287

Oligosaccharyltransferase (OST), 65, 68

cotranslational versus posttranslational modification,
256-257

lipid-linked oligosaccharide donor substrate, 255
Ost proteins, 254—258
polypeptide acceptor substrates, 255—256
structures, 254—255
subunit functions, 257-258

OPI3, 114

Orm proteins, 212-213, 217-218

0S-9, 34-35, 38

OSBP. See Oxysterol-binding protein

Osh proteins, 101, 200—201

OST. See Oligosaccharyltransferase

Oxysterol-binding protein (OSBP), 192, 200-201

pl15, 271, 301
PC. See Phosphatidylcholine
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PCP. See Protein correlation profiling
PDI. See Protein disulfide isomerase
PE. See Phosphatidylethanolamine
PERK
{3-cell cytoprotection, 21
elF2a as substrate and translational repression, 18—19
origins, 26
subcellular localization, 19
unfolded protein response initiation
metazoans, 11-12
yeast, 4
Peroxiredoxin IV (PrxIV), disulfide bond formation role,
84-85
Peroxisome
biogenesis disorders, 131-132
de novo biogenesis in wild-type cells, 138—139
endoplasmic reticulum in biogenesis
overview, 132—134
peroxisomal membrane proteins
insertion into endoplasmic reticulum,
134-135
migration from endoplasmic reticulum,
136—137
preperoxisomal vesicles in maturation, 137—-138
prospects for study, 139—140
endoplasmic reticulum interactions, 104—105
protein trafficking, 132
Pex3p, 134, 136, 140
Pex6p, 136, 138
Pex7p, 136
Pex10p, 137
Pex13p, 137
Pex14p, 137
Pex15p, 135-136
Pex16p, 134, 137, 140
PG. See Phosphatidylglycerol
PGGM complex, 301
Phosphatidylcholine (PC)
mitochondrial import, 115
synthesis in endoplasmic reticulum, 192
transport between endoplasmic reticulum and
mitochondria, 115-118
Phosphatidylethanolamine (PE)
synthesis in endoplasmic reticulum, 192—193
transport between endoplasmic reticulum and
mitochondria, 115-118
Phosphatidylglycerol (PG), mitochondrial synthesis, 114—
115
Phosphatidylinositol (PI)
mitochondria
import, 115
synthesis, 115
nonvesicular lipid transport, 201-202
synthesis in endoplasmic reticulum, 193-194
Phosphatidylserine decarboxylase (PSD), 113
Phospohatidylserine (PS)
synthesis in endoplasmic reticulum, 193
transport between endoplasmic reticulum and
mitochondria, 115-118
Phospholipase D (PLD), 198
PL See Phosphatidylinositol
PKA. See Protein kinase A
Pkh kinases, 217
Plasma membrane, endoplasmic reticulum interactions,
100-102
PLD. See Phospholipase D
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Pngl, 55
Polyomavirus (Py), endoplasmic reticulum utilization
during entry, 144—148, 155
Pom34, 287-288
Pom152, 287-288
PP1R15, elF2a dephosphorylation, 19—20
PPI. See Prolyl peptidyl isomerase
Prion protein (PrP), 64
Prolyl peptidyl isomerase (PPI), 70-71
Proteasome. See Ubiquitination
Protein correlation profiling (PCP), endoplasmic
reticulum—Golgi proteomics, 185—-186
Protein disulfide isomerase (PDI), 70, 83, 87—88
Protein folding. See also Proteostasis
chaperones
carbohydrate-binding chaperones, 68—69
classical chaperones, 66—68
co-translational versus posttranslational folding, 65
folding enzymes
overview, 69—70
oxidoreductases, 70
prolyl peptidyl isomerase, 70—-71
protein disulfide isomerase, 70
secretory cargo perspective, 71-74
unfolded protein response. See Unfolded protein
response
Protein kinase A (PKA), 120—121
Protein translocation, rough endoplasmic reticulum
prospects for study, 243—244
ribosome and messenger RNA targeting to rough
endoplasmic reticulum, 236—237
ribosome—nascent chain complex
delivery to translocation channel, 237-238
transfer to Sec61 complex, 239-240
Sec62/Sec63 complex
cotranslational translocation role, 243
posttranslational translocation role, 242—243
signal hypothesis, 236
signal recognition particle—signal recognition particle
receptor targeting pathway, 238—-239
translocation channels
ribosome-binding sites, 239
structures, 240—242
Proteomics
endoplasmic reticulum
protein complex identification, 165
protein function studies, 166—167
proteome defining, 163—165
systematics overview, 161-163
Golgi apparatus—endoplasmic reticulum proteomics
calnexin cycle, 181-183
endoplasmic reticulum—Golgi functional
interrelationship, 179, 181
hierarchical clustering, 179-180
organelle isolation and mass spectrometry, 176—177
peptide matching, 177-178
prospects, 186—187
protein classification, 182—185
protein correlation profiling, 185-186
quantitative proteomics, 178—179
Proteostasis
Anfinsen compartments, 293, 303—304
biology
overview, 294—296
trafficking biology overlap and integration, 296,
304-305
coat, tether, and fusion system, 291-292, 295
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proteostasis network, 297
TRaCKS, 294, 298-300
trafficking proteostasis network, 292, 294, 296—303
ubiquitin proteasome system in cargo-specific TRaCKS
biology, 300—301
PrP. See Prion protein
PrxIV. See Peroxiredoxin IV
PS. See Phospohatidylserine
PSD. See Phosphatidylserine decarboxylase
Py. See Polyomavirus

QSOX. See Quiescin sulfhydryl oxidase
Quiescin sulfhydryl oxidase (QSOX), disulfide bond
formation role, 86

Rabl, 271, 317

Rabé, 316

Ran, 279

Rftlp, 252

Rhomboid, endoplasmic reticulum-associated degradation
dislocation role, 38—40

Ribosome, targeting to rough endoplasmic reticulum,
236-237

Rotavirus, endoplasmic reticulum role in replication and
assembly, 152—154

Rough endoplasmic reticulum. See Protein translocation,
rough endoplasmic reticulum

Rtn, endoplasmic reticulum stabilization, 94—95

Rubella virus, endoplasmic reticulum role in replication and
assembly, 148—149

Sacl, 100
Sarl, 136, 266—267, 314
Secl2, 266
Secl3, 283
Sec13/Sec31 complex, 266—267
Secl6, 137
Sec23/Sec24 complex, 266267, 271
Sec24, 267
Sec59, 250
Sec61, 53—-54, 135, 223, 239-240
Sec62/Sec63 complex
cotranslational translocation role, 243
posttranslational translocation role, 242—243
Sec62p, 135
Sec63p, 135
SecA, 241
SecE, 241
Secy, 239, 241
SecYEB, 240-241
SecYEG, 241-242
Sed5, 272
Sehl, 281-282, 284
SEL1L, endoplasmic reticulum-associated degradation role,
34-35
Semliki Forest virus, endoplasmic reticulum role in repli-
cation and assembly, 148—149
SGA. See Synthetic genetic array
Sgt2, 224, 230
Shiga toxin (ST), endoplasmic reticulum utilization during
entry, 148
Signal recognition particle (SRP)
ribosome and messenger RNA targeting to rough
endoplasmic reticulum, 236—237
ribosome—nascent chain complex delivery to
translocation channel, 237-238
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Signal recognition particle (SRP) (Continued)
signal recognition particle—signal recognition particle
receptor targeting pathway, 238—239
Signal sequence, cleavage, 64—65
Sly1, 272
SNAREs, 272, 301, 303, 313, 315, 317, 319
Sphingolipids
functional overview, 207 -208
mitochondrial incorporation, 122
modes of action, 208—209
nonvesicular lipid transport, 199-200
regulation of homeostasis
prospects for study, 218-219
sensing of sphingolipids, 215-218
synthesis, 212-214
transport and turnover, 215
structures, 208
synthesis, 119-120, 194—195, 209-211
turnover and degradation, 211
SPOTS complex, 213
SRa, ribosome—nascent chain complex delivery to trans-
location channel, 237-238
SREBP. See Sterol response element binding protein
SRP. See Signal recognition particle
SRP54, ribosome—nascent chain complex delivery to
translocation channel, 237-238
ST. See Shiga toxin
StAR. See Steroidogenic acute regulatory protein
START, 192, 200
Steroidogenic acute regulatory protein (StAR), 120, 200
Sterol response element binding protein (SREBP), 12, 26
Sterols
mitochondria
import, 120—122
localization, 119
nonvesicular lipid transport, 200—201
STIM1, 96-99, 102
STIM2, 102
Synthetic genetic array (SGA), endoplasmic reticulum
studies, 167-168
Systematics, endoplasmic reticulum. See also Proteomics
chemical interaction maps, 168—169
genetic interaction maps, 167-168
overview, 161-163
prospects, 170
stress signaling studies, 165—166

Tail-anchored membrane proteins. See GET pathway

TANGOI, 267-268

TFG-1, 269

TPN. See Trafficking proteostasis network

TRaCKS, 294, 298-300

Trafficking proteostasis network (TPN), 292, 294, 296—303

Translocation channel. See Protein translocation, rough
endoplasmic reticulum

TRAPP, 270-273

Trs23, 271

Trs31, 271

UBAC2, endoplasmic reticulum-associated degradation
dislocation role, 39—-40
Ubc7, 55
Ubdx1, 300
Ubiquitination
E2 ligases in yeast endoplasmic reticulum-associated
degradation, 55
E3 ligases in endoplasmic reticulum-associated
degradation
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mammals
cooperativity, 40—41
types, 40
yeast, 4950
ubiquitin proteasome system in cargo-specific TRaCKS
biology, 300—301
Ubx2, 54
UBXDS, 39-40
Ugol, 118
UGT1, 69
Unfolded protein response (UPR)
{3-cell pathophysiology, 21-23
BiP
expression regulation, 5
Irel binding, 5-7, 11
cellular effects, 2
equilibrium model of activation, 10—11
Irel binding to unfolded proteins
biochemical evidence, 7—10
mechanism, 10
oligomerization induction, 10-11
structural evidence, 7—9
peripheral tissue stress and leptin and insulin resistance,
25-26
signaling pathway elucidation, 165—166
stress sensors in initiation

ATF6
metazoans, 12—13
yeast, 5
ITrel
metazoans, 11-12
yeast, 2—7
PERK
metazoans, 11-12
yeast, 4
prospects for study, 13
Upb3, 316
UPR. See Unfolded protein response
Upslp, 119
Usalp, 50
Usol, 271

Vaccinia virus (VV), endoplasmic reticulum role in repli-
cation and assembly, 149.155
Valosin-containing protein. See VCP/p97 complex
VAP-A, 104
VCP/p97 complex
endoplasmic reticulum-associated degradation
dislocation role, 36, 38
recruitment, 41
proteostasis, 302
Vitamin K epoxide reductase (VKOR), disulfide bond for-
mation role, 85—-86
VKOR. See Vitamin K epoxide reductase
VV. See Vaccinia virus

Wolcott—Rallison syndrome, 18

XBPI, mRNA, 4, 25
XTP3-B, 34-35, 38

Yod1, 41

Yop1, endoplasmic reticulum stabilization, 94—95
Yos9, 53

Ypkl, 217, 271-272, 317
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