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Accelerator mass spectrometry, 278
Acetebutol, 8
Acetophenone, 7, 9
N -Acetylgalactosamine, 365, 397, 437
N -Acetylglucosamine, 365, 397, 400, 437
N -Acetylneuraminic acid, 365, 397
Acylglycerols, 423

analysis of, 430
Adenine, 454
Adenosine, 454
Affinity chromatography, 161

coupling of with MS, 181
Aminopeptidase M
Atmospheric pressure chemical ionization, 46

for coupling LC with MS, 171
Atmospheric pressure-MALDI, 43
Atmospheric pressure photoionization, 47

for coupling LC with MS, 171
Atomic mass, 9
Average mass, 9

Bacterial identification, see Microorganisms
Benzonase, 458
Bile acids, 426

analysis of, 440
Biomarkers of disease, 314, 514, 515
Blackbody-induced radiative dissociation,

126

Calf spleen phosphodiesterase, 458, 472
Calibration, see Quantitative analysis
Calibration ions, 201, 551–554
Calorimetric detector, 106
Capillary electrophoresis, 175

coupling of with MS, 174, 177
principles of, 175

Capillary electrophoresis/mass spectrometry,
174–181

Capillary electrochromatography, 177
Capillary gel electrophoresis, 176
Capillary isoelectric focusing, 173, 176
Capillary isotachophoresis, 177
Carbohydrates, see Oligosaccharides
Carboxypeptidase Y, 324
Cardiolipin, 426, 435
Ceramide, 426
CFG nomenclature for oligosaccharides, 399
Charge-exchange ionization, 128
Charge inversion reaction, 128
Charge-permutation reactions, 128, 253
Charge-remote fragmentation, 223, 429
Charge site-initiated fragmentation, 222
Charge-state distribution, 380
Chemical cross-linking, 391
Chemical ionization, 20–26

atmospheric pressure-CI, 46
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Chemical ionization (Continued)
charge exchange, 24
negative-ion, 25
reagent ions for, 23

Chemotaxonomy, see Microorganisms
Choline, 425
Chromatofocusing, 297
Chromatography properties, 155

capacity factor, 156
plate height and plate number, 157
selectivity factor, 156

α-Cleavage, 220, 245
Clinical mass spectrometry, 513–517

biomarkers of disease, 514, 515
genetic disorders, 514
hemoglobin variants, 515

Collision-induced dissociation, 50, 124, 253
for analysis of oligosaccharides, 412, 414,

415
for disulfide-containing proteins, 350
for sequencing oligonucleotides, 469
for identification of phosphopeptides, 361
for sequencing peptides, 326

Collision ionization, 128
Combinatorial libraries, 520–525
Complementary base-pairs, 456
Complex Carbohydrate Structure Database, 405
Coupling of CE with MS, 177

via CF-FAB interface, 180
via ESI interface, 177
via MALDI, 180

Coupling of GC with MS, 159
Coupling of ICP with MS, 269
Coupling of LC with MS, 163

via APCI interface, 171
via APPI interface, 171
via CF-FAB interface, 165
via EI, 165
via ESI interface, 168
via MALDI, 172
via moving-belt interface, 164
via particle-beam interface, 167
via thermospray interface, 166

Cycloalkanes, 228, 240
Cyclobutane, 228, 229
Cyclobutylamine, 228
Cyclodecane, 229
Cyclohexanone, 229, 231

EI spectrum of, 232
Cyclohexene, 228

EI spectrum of, 229
Cycloreversion reaction, 228

Cytosine, 454
Cytidine, 454

Database search and proteomics, 308
databases, list of (table), 309

Data-dependent acquisition, 154, 302, 445
Data system, 7
Desorption-ESI (DESI), 55
Desorption/ionization on silicon (DIOS), 43
Detectors, 7, 103–108

calorimetric, 106
electron multiplier, 104
Faraday cup,103
focal-plane, 107
multichannel array, 108
multichannel plate, 107
photomultiplier, 105
postacceleration, 105

2D-gel electrophoresis, 296, 310
Diels-Alder reaction, 228
Differentiation of isomeric structures, 232
Diketene, 228
Disulfide bonds in proteins, 298, 345–352

identification of, 348
using CID, 350
using ECD, 350
using FAB, 348

DNA, 290, 453
Double-hydrogen rearrangement, 226
Direct analysis in real time (DART), 56
Direct insertion probe, 19

Eicosanoids, 427
analysis of, 441

Electron-capture dissociation, 127
for sequencing peptides, 324
for disulfide-containing proteins, 350
for identification of phosphopeptides, 362
for analysis of glycoproteins, 369

Electron ionization, 17–20
advantages, 20
for coupling GC with MS, 160
for coupling LC with MS, 165
for inorganic compounds, 263
ionization efficiency, 18
ion source (figure) 18
limitations, 20
sample introduction, 19

Electron-transfer dissociation, 128, 324
for identification of phosphopeptides, 362

Electron-transfer reaction, 128
Electrospray ionization, 10, 48–54

desorption-ESI (DESI), 55
for acylglycerols, 432
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for bacterial identification, 511
for combinatorial libraries, 522, 524
for coupling LC with MS, 168
for conformational analysis, 380
for fatty acids, 429
for glycolipids, 437
for HDX, 386
for lipidomics, 442
for mass measurement of macromolecules, 50
for oligonucleotides, 459, 467, 469
for phospholipids, 433
for quantitative measurements, 493
mechanism of, 52
nanoelectrospray, 54

Endo-β-N -acetyl-glucosaminidase F, for
deglycosylation of proteins, 402

Endo-β-N -acetyl-glucosaminidase H, for
deglycosylation of proteins, 298, 402

Endonuclaeases, 458
Energy-resolved mass spectrometry, 132
Enzyme kinetics, 501

monitoring of, 504–507
Enzyme-substrate complex, 501
Ethyl butanoate, EI spectrum of, 244
Exonucleases, 458
Extracted ion chromatogram, 154

Faraday cup detector, 103
Fast atom bombardment, 32–35

for acylglycerols, 432
for disulfide-containing proteins, 348
for fatty acids, 429
for phospholipids, 433
for glycolipids, 437
for sequencing peptides, 322
matrices for, 33

Fast-flow LC, 162
Fatty acids, 423

analysis of, 428
charge-remote fragmentation in, 429
derivatization of, 430

Field desorption, 29
of crude oil distillate, 30

Field-ion spectrometry, 102
Field ionization, 28
Field ionization kinetics, 254
Focal-plane detectors, 107
Forensic mass spectrometry, 517–520

analysis of controlled substances, 518
analysis of explosives, 519
analysis of glass and paints, 519
in bioterror defense, 520

Fourier-transform ion-cyclotron resonance mass
spectrometers, 94–98

performance characteristics, 98
principle of, 95
tandem mass spectrometry with, 138

Fragment ions, list of, 217
Fragmentation processes, 216

of alcohols, 240
of aldehydes and ketones, 242
of carboxylic acids, 242
of cyclic compounds, 227
of cycloalkanes, 229
of esters, 243
of ethers, 241
of halogen-containing compounds, 246
of hydrocarbons, 238
of nitrogen-containing compounds, 244
of sulfur-containing compounds, 246

Free-flow electrophoresis, 295

D-Galactose, 365, 397
Gamma-hydrogen rearrangement, 223. See also

McLafferty rearrangement
Gangliosides, 426

analysis of, 439
Gas chromatography, 158

coupling of with MS, 159
principles of, 158

Gas chromatography/mass spectrometry,
158–161

Genomics, 292, 453
Glow discharge ionization, 16, 267
Glycerophosphocholine, 425, 433, 517
Glycerophosphoethanolamine, 425, 433
Glycerophosphoglycerol, 425
Glycerophosphoinositol, 425
Glycerophosphoserine, 425
Glycerophospholipids, 425
Glycolipids, 425

analysis of, 436
Glycomes, 397
Glycomic, 397
Glycoproteins, 364–370

analysis of, 366
analysis of via ECD, 369
analysis of via ladder sequencing, 369
analysis of via marker ions, 368
analysis of via peptide mapping, 368
analysis of via precursor-ion scan, 368
analysis of via tandem MS, 369
release of glycans, 402

N -Glycosidase F, see PNGase F
Glycosphingolipids, 401, 437, 439
N -Glycosylation, 365, 400
O-Glycosylation, 365, 400
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Guanine, 454
Guanosine, 454

Hanes-Woolf plot, 502
Heat-of-formation, 251
Hemoglobin variants, 515
Hydrogen/deuterium exchange, 383–390
Hyphenated separation techniques, 151

benefits of, 152
GC/MS, 158
LC/MS, 161

Hybrid tandem mass spectrometers, 138–143
LIT-oa-TOF, 140
magnetic sector-oa-TOF, 140
quadrupole-oa-TOF, 139
quadrupole-FT-ICR, 140
LTQ-FT-ICR, 141
LTQ-orbitrap, 142

Imaging mass spectrometry, 507–510
with MALDI, 507, 509
with SIMS, 507, 508

Immobilized metal ion affinity chromatography,
355

Immonium ions, 319, 328
Immunodepletion columns, 295
Inductive (i)-cleavage, 222
Inductively coupled plasma mass spectrometry,

16, 268
laser ablation-ICPMS, 273
spectral interferences, 271

Inhibitors, of enzymes, 503
Infrared multiphoton dissociation, 126

for identification of phosphopeptides, 363
for sequencing oligonucleotides, 467

Inlet system, 6
In-source CID, 50

for analysis of oligosaccharides, 414
for sequencing oligonucleotides, 467
for sequencing peptides, 322
for identification of phosphopeptides, 358

Ion activation and dissociation, 123
blackbody-induced radiative dissociation, 126
collision-induced dissociation, 124
electron-capture dissociation, 127
infrared multiphoton dissociation, 126
photodissociation, 126
surface-induced dissociation, 125
sustained off-resonance irradiation (SORI),

138
Ion-extraction chromatogram, 154
Ion mobility mass spectrometers, 101–103

for protein conformational analysis, 391
Ion source, 6, 16

Ion-source decay MALDI
for sequencing oligonucleotides, 467
for sequencing peptides, 323
for disulfide-containing proteins, 349, 351

Ionization
electrospray ionization, 48–54
fast atom bombardment, 32
field ionization, 28
field desorption, 29
for gas-phase molecules, 17
for condensed-phase molecules, 29, 45
glow discharge ionization, 267
laser desorption/ionization, 35
matrix-assisted laser desorption/ionization,

35–44
metastable atom bombardment, 28
modes of, 15
plasma desorption, 30
spark-source ionization, 265
thermal ionization, 264
thermospray, 45
why required, 15

Isoelectric focusing, 296
Isotope dilution mass spectrometry, 280
Isotopic abundances, 204, 543
Isotopic contributions of carbon atoms, 208
Isotopic masses, 9, 203, 543
Isotopic peaks, 203
Isotope ratio mass spectrometry, 275
IUPAC nomenclature for oligosaccharides,

399

[Ketene+ž + ketene] cycloadduct, 122
Kinetic-energy release, 252

Ladder sequencing
for sequencing peptides, 325
for analysis of glycoproteins, 369

Laser ablation-ICPMS, 273
Laser desorption/ionization, 35, 263
Leukotrienes, 427, 441
Lineweaver-Burk plot, 502
Linked-field scans, 130
Lipidomes, 442
Lipidomes, shotgun, 444
Lipids, 423–447
Liquid chromatography, 161

adsorption chromatography, 161
affinity chromatography, 161
coupling of with MS, 163
fast-flow LC, 162
ion-exchange chromatography, 161
partition chromatography, 161
principles of, 161
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size-exclusion chromatography, 161
ultra-performance LC, 163

Liquid chromatography/mass spectrometry,
161–174

coupling of LC with MS, 163
multi-dimensional LC/MS, 173

Liquid secondary-ion mass spectrometry, see
FAB

Magnetic sector mass spectrometers, 70–75
double-focusing, 73, 129
electrostatic analyzer, 73
linked scans in, 131
Mattauch-Herzog geometry, 73
Nier-Johnson instrument, 74
performance characteristics, 74
principle of, 70
tandem mass spectrometry with, 129

Manhattan Project, 4
D-Mannose, 365, 397
MASCOT, 309
Mass-analyzed ion kinetic energy spectroscopy,

131
Mass analyzers, 6, 70–103

desirable features, 67
FT-ICR, 94
ion mobility, 101
magnetic sector, 70
orbitrap, 99
quadrupole, 75
quadrupole ion trap, 86
quadrupole linear ion trap, 92
rectilinear ion trap, 94
time-of-flight, 80

Mass calibration standards, 201, 511
Mass chromatogram, 154
Mass spectrometry

history, 3
desirable features, 5
basic components, 6
basic principles, 5
general applications, 11

Mass-to-charge ratio, 10, 17
Material-enhanced MALDI, 45
Matrix-assisted laser desorption/ionization,

35–44, 509
atmospheric pressure-MALDI, 43
for bacterial identification, 511
for combinatorial libraries, 522, 524
for conformational analysis, 380
for coupling LC with MS, 172
for disulfide-containing proteins, 349, 351
for imaging mass spectrometry, 509
for oligonucleotides, 461, 467, 474

for quantitative measurements, 493
for virus analysis, 513
material-enhanced MALDI, 45
matrices for, 38, 39 (table)
mechanism of ion formation, 37
of low-mass compounds, 42
sample preparation for, 41

Mattauch-Herzog geometry instrument, 73, 266
Maxam-Gilbert DNA sequencing, 474
McLafferty rearrangement, 223, 233, 235, 236,

242, 243, 245
“McLafferty + 1” rearrangement, 226, 243. See

also Double-hydrogen rearrangement
Metabolomics, 292, 517
Metastable atom bombardment, 28
Metastable ions, 8, 249, 250, 252
3-Methyl-2-butanone, 232

EI spectrum of, 233
3-methyl-2-pentanone, 233

EI spectrum of, 234
4-methyl-2-pentanone, 233

EI spectrum of, 234
5-Methyltridecane, EI spectrum of 239
Miceller electrokinetic chromatography, 176,

181
Michaelis-Menten theory, 501
Microorganisms, 511–513

analysis of viruses, 513
bacterial identification, 511
chemotaxonomy, 511

Molecular formula
from accurate mass, 201
from isotopic peaks, 203, 208

Molecular ion, 7, 17
Molecular mass, 9, 17

measurement, 198
measurement of glycoproteins, 366
measurement of oligonucleotides, 459
measurement of proteins, 297
measurement via ESI, 51, 200
measurement via MALDI, 200
measurement via peak-matching, 200

Multichannel array detector, 108
Multichannel plate detector, 107
Multi-dimensional LC/MS, 173

separation of proteins, 297
Multiphoton ionization, 27

resonance-enhanced, 27
Multiple-reaction monitoring, 123, 487
Multiply charged ions, 10, 50
Multistage MS/MS, 90, 120, 137, 412

NaBH4-NaOH mixture for release of glycans,
402
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Nanoelectrospray, 54
Negative ions, 17, 25, 48, 57
Neutralization-reionization mass spectrometry,

128
Neutral losses, list of, 212
Neutral-loss scan, 123

for identification of phosphopeptides, 360
Nitrogen rule, 211, 215
Nominal mass, 9
Normal phase HPLC, 162
Nozzle-skimmer (NS) dissociation, 50, 467
Nuclease P 1, 458
Nucleosides, 454, 457
Nucleotides, 453, 457

Oligonucleotides, 453–476
base composition of, 463
cleavage of, 458
fragmentation behavior of, 465
molecular mass determination, 459

via ESI-MS, 459
via MALDI-MS, 461

nomenclature of CID ions, 465
Oligonucleotides, sequencing of, 464–476

gas-phase techniques, 465
via CID, 469
via in-source CID, 467
via ion-ion reactions, 470
via ion-source decay, 467
via IRMPD, 467
via post-source decay, 468

solution-phase techniques, 471
via chemical cleavage, 472
via ladder sequencing, 472
via Maxam-Gilbert protocol, 474
via Sanger method, 474

Oligosaccharides, 366, 397–417
anomeric center, 398
CFG nomenclature, 399
Complex Carbohydrate Structure Database,

405
composition analysis by GC/MS, 403
composition analysis by mass measurement,

403
derivatization of, 402
derivatizing agents (table), 404
exoglycosidase degradation, 407
fragment ion nomenclature, 408
identification by precursor-ion scan, 403
IUPAC nomenclature, 399
linkage analysis by GC/MS, 403
linkage analysis by CID, 415

Oligosaccharides, structure determination
by CID-MS, 414

by in-source CID, 414
by post-source decay 412
by sequential digestion, 406
by tandem MS, 408
via fragmentation of negative ions, 412

Orbitrap mass spectrometers, 99–101
Ortho-effect, 226, 235
Ortho rearrangement, 226
Overpressured-layer chromatography, 184

Peak matching mode, 199
Peak parking, 155
Pee Dee Belemnite standard, 276
3-Pentanone, 232

EI spectrum of, 233
Peptide mass fingerprinting, see Peptide mass

mapping
Peptide mass mapping, 298, 305, 358, 368
Peptides, 316–330

fragmentation rules, 317
fragmentation nomenclature, 317
sequence determination, 316, 322

guidelines for, 327
via CID, 326
via, ECD, 324
via FAB, 322
via in-source CID, 322
via ion-source dissociation MALDI, 323
via ladder sequencing, 324
via post-source dissociation MALDI, 323

4-Phenylcyclohexene, 228
Phosphatidylcholine, see

Glycerophosphocholine
Phosphatidylethanolamine, see

Glycerophosphoethanolamine
Phosphatidylglycerol, see

Glycerophosphoglycerol
Phosphatidylinositol, see

Glycerophosphoinositol
Phosphatidylserine, see Glycerophosphoserine
Phosphoglycerides, see Glycerophospholipids
Phosphodiesterase I , 458
Phospholipids, 425

analysis of, 433
direct tissue analysis of, 436

Phosphopeptides
fractionation of, 355

via IMAC, 182, 356
via chemical-tagging, 357
via antibodies, 357

identification of, 358
via peptide mass mapping, 358
via in-source CID, 358
via precursor-ion scan, 358
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via neutral-loss scan, 360
via CID, 361
via post-source decay, 362
via ECD and ETD, 362
via IRMPD, 363

phosphatase treatment, 358
Phosphoproteins, 352–364

analysis of, 353
via 32[P] labeling, 353
mass spectrometry protocol, 354

cleavage of, 355
Phosphoproteomics, see Phosphoproteins
Photodissociation, 126
Photoionization, 26–28

atmospheric pressure-PI, 47
Photomultiplier, 105
Piperidine, 230, 245

EI spectrum of, 230
Planar chromatography/mass spectrometry, 183
Plasma desorption, 30
Plasmaspray ionization, 45
PNGase F, for deglycosylation proteins, 298,

368, 369, 402
Polymerase chain reaction, 316, 459, 474, 515
Postacceleration detector, 105
Post-source decay, 133

for analysis of oligosaccharides, 412
for phosphopeptides, 362
for sequencing oligonucleotides, 468
for sequencing peptides, 323

Posttranslational modifications of proteins, 290,
343–370

selected examples (table), 344
Precursor-ion scan, 122

for identification of phosphopeptides, 123,
358

for analysis of glycoproteins, 368
for identification of oligosaccharides, 403

Product-ion scan, 122
Prostaglandins, 427, 441
Proteins, 289–316

chromatofocusing of, 297
deglycosylation of, 298,
2D-gel electrophoresis of, 296
de novo sequencing, 316
folding-unfolding dynamics of, 385
free-flow electrophoresis of, 295
higher-order structures of, 290, 379–392
mass measurement of, 297
peptide mass mapping of, 298
purification of, 295
reduction–alkylation of, 299
sequence determination, 292

general protocol, 294

via cDNA sequencing, 293
via Edman sequencing, 293

subcellular fractionation of, 295
Proteins, biomarker discovery, 314
Proteins, cleavage of

of gel-separated proteins, 301
reagents for (table), 300
with N -Chloro- and N -bromosuccinimide,

300
with cyanogen bromide, 300
with proteolytic agents, 301

Proteins, conformational analysis of, 379–392
charge-state distribution for, 380
chemical cross-linking, for, 391
folding-unfolding dynamics, 385
hydrogen/deuterium exchange for, 383

via CID, 390
via continuous-labeling technique, 387
via fragmentation MS, 389
via pulse-labeling technique, 388
via time-resolved ESI-MS, 387

Proteome analysis, see Proteomics
Proteomics, 292, 303–314

bottom-up, 304
database search and 308
quantitative, 310
shotgun, 307
top-down, 304
via accurate mass tags, 306
via MudPIT approach, 307, 315
via peptide mass fingerprinting, 305, 307
via peptide sequence tags, 306, 307

Pulse-labeling technique, 388
Pyrimidine, 454
Purine, 454

Quadrupole mass spectrometers, 75–80
performance characteristics, 79
principle of, 76
rf-only, 80
tandem mass spectrometry with, 132

Quadrupole ion trap (QIT) mass spectrometers,
86–92

external ion injection, 91
mass-selective instability mode, 89
mass-selective stability mode, 90
resonance ion ejection, 90
performance characteristics, 79
principle of, 87
tandem mass spectrometry with, 136

Quadrupole linear ion trap (LIT) mass
spectrometers, 86–92

Quantitative analysis 485–497
calibration methods, 488
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Quantitative analysis (Continued)
external standard method, 488
internal standard method, 488
standard addition method, 489

validation procedures, 491
via GC/MS, 493
via LC/MS, 493
via LC/MS/MS, 494
via MALDI-MS, 494
via microchip-based ESI, 494

Quantitative proteomics, 310–314
via AQUA approach, 314
via 2D gel electrophoresis, 310
via 2D-DIGE, 310
via ICAT, 311
via 18O-water labeling approach, 312
via SILAC approach, 313
via label-free approach, 313
via iTRAQ reagents, 312

Quasi-equilibrium theory, 124, 247

Radical cation, 15, 17, 24, 27, 33, 48
Radical site-initiated fragmentation,

220
in alkenes, 221
in aromatic compounds, 221
in ethers, 221
in ketones, 221
in alcohols, 221
in amines, 221

RDX, 519
Rearrangement reactions, 223, 248

double-hydrogen rearrangement, 226
hydrogen rearrangement, 225
McLafferty rearrangement, 223
ortho rearrangement, 226

Reconstructed ion chromatogram, 154
Rectilinear ion trap, 94
Resolution, 67, 68
Resolving power, 68
Resonance electron capture, 25
Resonance ionization mass spectrometry, 16,

274
Retro-Diels–Alder reaction, 228, 235

in cyclohexene, 228
in 4-phenylcyclohexene, 228
in 1- and 2-tetralols, 235

Reverse phase HPLC, 162
Ribonomics, 453
Rings plus double bonds, 214, 215
RNA, 453
Rnase T 1, 458
Rnase U2, 458
RRKM, 124, 247

Saha-Langmuir equation, 265
Sample introduction, 19
Sanger DNA sequencing, 474
Satellite ions, 8
SDS-PAGE, 294, 296, 298, 366
Secondary-ion mass spectrometry, 31, 263

for imaging mass spectrometry, 508
Selected-ion monitoring, 486, 487, 505, 518

chromatogram, 154
Selected-reaction monitoring, 123, 314, 358,

486, 487, 518
SEQUEST, 309
Shotgun lipidomics, 444
Shotgun proteomics, 307
Sigma-bond (σ) cleavage, 219
Simple bond-cleavage reactions, 219
Snake venom phosphodiesterase, 458, 472
SMOW standard, 276
Spark-source ionization, 16, 265
Sphingomyelins, 426, 517
Sphingosine, 425
Steroids, 426

analysis of, 440
Stevenson’s rule, 219, 220
Stored waveform inverse Fourier transform

(SWIFT), 97
Structurally diagnostic fragment ions, 216, 235,

218 (table)
Supercritical-fluid chromatography/mass

spectrometry, 183
Surface-enhanced laser desorption/ionization,

44,
Surface-induced dissociation, 125
Sustained off-resonance irradiation (SORI),

138

Tandem mass spectrometry, 119
charge-permutation reactions, 128
instruments, 129
ion activation, 123
linked-field scans, 130
multiple-reaction monitoring, 123
multistage MS, 120
neutral-loss scan, 123
precursor-ion scan, 122
principles of, 119
product-ion scan, 122
scan modes, 121
selected-reaction monitoring, 123

Tetradecane, EI spectrum of 239
Tetrahydopyran, 230
Thermal ionization, 16, 264
Thermospray, 45–46

for coupling LC with MS, 166
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Thymidine, 454
Thymine, 454
Thin-layer chromatography/MS, 183
Thomson, 10
Thromboxanes, 427
Time-of-flight (TOF) mass spectrometers,

80–86
coupling LC with, 171
delayed extraction, 83
orthogonal acceleration TOF, 85
performance characteristics, 86
post-source decay, 133
principle of, 81
reflectron TOF, 84

tandem mass spectrometry with, 133
time-lag focusing, 83

Total ion current (TIC) chromatogram, 154
Transcriptomics, 292, 453
Translational-energy spectroscopy, 130
Triacylglycerols, 425, 517

Unified atomic mass unit, 9
Uracil, 455

Vacuum system, 7
Viruses, see Microorganisms

Western blotting, 297




