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The rapid detection and identification of bio-
markers of disease and toxicity is critical for 
modern drug discovery.  In this paper we high 
collision energy thus both precursor and frag-
ment ions can be acquired simultaneously under 
exact mass conditions.  The precursor illustrate 
the use of a new novel approach to the acquisi-
tion of MS data.  LC/MS data was collected 
with alternating low and  high collision energy 
thus both precursor and product ions were col-
lected simultaneously under exact mass condi-
tions. The precursor and fragment ions were 
linked using retention time and the mass defect.  
The data produced was processed using 2D 
peak integration and multivariate statistics to 
identify ion of interest and the structures were  
identified by exact mass and fragmentation pat-
terns. 

 
One of the major scientific challenges of the 21st century will 
be determining the relationship between the human genome 
and disease risk.  Understanding the relationship between the 
genome, the proteome and the expressed endogenous me-
tabolites requires the development of ever more powerful ana-
lytical chemistry techniques and data interpretation tools.  In 
the Metabonomics arena, this task is normally carried out by 
LC/MS with exact mass analysis and multivariate statistical 
analysis. 
   
Ions of interest identified by the multivariate analysis are subse-
quently reanalyzed by using LC/MS/MS for structural ID.  This  
involves the reanalysis of several samples in order to obtain all 
of the necessary structural information for the compounds of 
interest.  Traditionally, mass spectrometers lacked the MS/MS 
duty cycle required to collect product ion scan information for 
thousands of metabolite ions simultaneously. 
  
 

  
In this poster; however, we will describe how the application 
of the simultaneous acquisition of both precursor and product 
ion by LC retention time and the application of mass defi-
ciency filters has been applied to this task.  The use of this ap-
proach removes the need for time consuming reanalysis of 
valuable samples to obtain MS and MS/MS data.  An added 
benefit is that both the precursor and product ion information 
is obtained with exact mass. 

Animal Studies 
Urine samples were collected from male obese fa/fa Zucker 
rats and control rats (BABU, Alderley Park) aged 4 and 20 
weeks. The animals were housed in polypropylene cages 
and allowed free access to water and food. Animals were 
maintained at room temperature with artificial 12 h dark/12 
h light cycles. Samples were stored at -20°C.  Prior to analy-
sis the samples were centrifuged at 13,000 rpm and a 100 
µL aliquot of the supernatant was diluted 1:4 with distilled 
water and transferred to a total recovery auto-sampler vial 
for analysis by UPLC-MS.  
 
Chromatography Conditions 
System:  ACQUITY UPLC™  with PDA detector 
Column:  ACQUITY UPC™ BEH 2.1 x 100 mm  

 1.7 µm C18 
Mobile Phase:   A = 0.1% formic acid,  
  B = 95%acetonitrile, 0.1% formic acid. 
Gradient:  0-0.5 min 100% A, 0.5-4 mins 0-20% B,  

 4-8 min 0-100% B, 8-9 min 100%B,  
 9.1 min 100% A 

Flow Rate:  500 µL/min 
Injection Volume:  2 µL 
Column Temp:  40 ºC 

 
Mass Spectrometry Conditions 
Instrument:  Q Tof micro™  
Mode:  Positive ion electrospray 
Range:  100-850 m/z 
Collection Mode:  Centroid 
Cone Voltage:  30 V 
Capillary Voltage:  3200 V 
Collision Energy  5 eV or 25 eV 
Desolvation Gas:  200L/hr @ 200ºC 
Cone Gas:  0 L/hr, cone temperature = 120 ºC 
Acquisition Rate:  0.1 Sec with 0.05 interscan delay 
LockSpray:  leucine-enkephalin  (m/z 556.2771)  

 300 fmol/µL In 50/50 MeOH/H2O  
 @ flow rate 30 µL/min, frequency 5 s 

Scans to Average:  10 

 
 

Chromatography 
The Zucker rat urines showed a slight difference in their chro-
matographic profile on week 4 compared to the control ani-
mal urine however by week 20 this difference is quite 
marked, Figure 1. 
 
 
Figure 1: TIC of Control and Zucker Rat Urine on Week 4 
  & Week 20 
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We can see from this data that the urinary profile of the 
Zucker rats becomes increasingly complex on week 20 
whereas the control animals urine changes to a lesser de-
gree.  The MS data generated two separate channels of 
data, one at low collision energy and one at high collision 
energy.  These two separate sets of data were processed in-
dependently (Figure 2) and then combined (Figure 3) by PCA 
using MarkerLynx™ application manager.  We can see in 
Figure 2 that the Zucker and control animals are clearly sepa-
rated, with the early Zucker rats clustering with the control 
animals and then moving further away from the control rats 
with increasing age.  The ions identified as contributing sig-
nificantly to the variance in the data are highlighted in Table 
1.  For comparison purposes the low collision energy ions of 
interest were subjected to analysis by conventional MS/MS.  
The data in Table 1 shows that the resulting MS/MS ions 
were in fact the ions that contributed most in the high collision 
energy MS PCA analysis. 

Figure 2:  Principal Components Analysis Scores & Loadings 
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5.06

155.15
4.13

199.23
3.71

375.38
4.06

487.47
4.87

447.40
6.65

637.92
6.71

588.09
5.93

560.04
6.84

638.57
5.18

615.07
5.87

535.85
6.55

476.98
3.25

455.42
2.32

150.14
6.42

402.44
6.87

245.29
2.55

260.31
5.07

296.29
6.40

591.19
6.70

600.49
9.91

255.32
3.19

288.33
4.44

157.20
2.26

145.12
4.27

568.54
5.34

314.32
3.80

394.42
6.12

621.55
3.92

201.21
4.63

373.38
2.57

402.41
3.50

503.50
2.29

136.12
7.67

562.60
2.44

152.12
6.17

417.43

7.69
281.24
7.69

299.25
7.41

237.24
8.39

331.37
1.50

336.98
6.44

157.18
4.79

575.60
3.57

510.47
6.09

616.51
5.83

552.49
6.08

567.44
4.69

559.58
5.95

561.49
5.38

120.14
4.96

487.94
5.51

540.53
6.47

640.62
8.24

221.18
6.62

611.53
3.33

460.40
4.88

299.27
5.62

316.32
4.43

401.46
2.02

347.38
3.54

460.46
4.22

622.08
5.79

577.57
5.92

215.22
5.32

502.54
5.56

200.19
4.06

187.17
4.75

245.22
6.70

616.59
6.06

632.54
5.54

561.53
5.69

604.57
6.87

554.54
5.68

437.39
5.57

502.98
5.02

472.49
2.03

227.20
7.66

213.26

9.61
300.32
4.04

243.43
6.74

632.58
5.82

547.56
5.35

402.34
5.24

500.57
4.44

635.61
6.23

598.24
5.27

604.58
4.94

385.37
3.75

409.39
5.89

230.23
3.52

171.19
6.91

279.27

8.99
391.44
4.58

433.42
6.49

455.44
5.51

605.54
3.52

366.38
10.25
550.60
4.92

217.19
10.24
339.34
3.25

182.16
10.11
243.43
6.79

294.31

7.12
445.36
7.42

173.206.49
328.36
3.97

450.47
4.34

545.56
3.67

359.40
5.93

479.48
4.28

620.62
2.47

179.16
6.49

618.62
6.08

342.34
5.63

601.51
4.35

508.47
4.45

576.52
4.87

476.47
3.34

227.24
5.70

601.57
10.11
568.58
7.32

231.27
3.35

260.31
6.04

618.62
6.04

566.52
6.22

243.23
4.94

608.56
2.54

140.12
6.69

558.56
5.27

446.41
5.12

369.37
4.04

357.33
9.95

301.33

7.44
354.37
1.54

212.94
8.39

313.351.78
132.14
3.48

243.44
8.29

293.33
6.70

476.42
7.83

515.48
3.79

532.52
5.29

621.58
6.32

219.21
4.16

458.94
5.18

500.47
5.54

306.28
4.22

417.43
4.26

149.13
5.56

229.23
4.63

488.46
5.14

574.60
6.26

480.93
6.50

618.56

8.11
331.32
8.58

301.19
3.64

244.27
6.93

132.16
7.37

219.23
7.65

171.18
8.45

255.18
6.23

595.57
8.21

121.12
9.13

275.29
5.83

615.61
6.86

580.07
6.13

585.19
6.17

205.18
4.05

323.33
9.54

319.37
4.65

543.54
7.65

279.29
7.16

419.41
3.10

315.30
7.46

550.55
6.27

435.93
6.14

615.07
6.54

329.30
8.11

324.21
6.47

575.55
10.26
128.02
6.54

502.48
4.42

215.22
3.40

556.50
7.07

187.23
3.90

387.35
2.37

169.11
6.30

640.57
5.69

522.55
6.17

598.57
6.27

594.57
3.68

424.41
8.94

331.32
6.50

549.04
5.56

533.50
5.33

551.51
5.31

247.23
6.00

460.46

8.71
253.29
4.04

593.83
4.15

294.20
6.48

559.04
5.76

513.50
4.11

570.01
6.98

233.25
7.62

233.27
3.03

331.37
5.27

338.17
3.91

362.31
6.92

189.21

8.06
286.20
10.33
371.24
7.26

328.348.06
287.20
9.11

313.30
3.63

155.145.61
456.51
5.56

365.34
6.45

510.47
3.02

259.28
7.90

643.59
5.51

120.13
4.79

636.61
7.17

600.55
5.18

391.35
3.22

173.21
4.44

569.54
3.09

359.39
3.22

303.28
5.79

378.32
9.29

315.33
2.32

258.26
5.57

445.41
3.54

547.54
8.24

170.13

7.87
265.28
10.39
434.415.86
518.50

5.54
165.13
5.83

391.40
2.33

446.41
6.75

574.58
8.62

273.17
6.49

477.12
1.68

203.14
6.24

565.54
3.73

600.51
7.07

531.04
5.16

615.57
4.50

486.50
6.31

464.46
6.52

433.43
1.71

213.17
3.89

373.45
2.93

332.28
5.50

244.26
2.89

389.37
6.70

330.34
3.92

458.43
4.96

358.33
9.29

172.24

7.87
247.266.74
588.56
6.66

473.47
6.86

518.47
7.49

607.58
9.85

309.46
3.99

200.21
4.19

631.63
5.51

522.48

9.94
285.28
9.11

332.32
8.74

281.23
8.63

175.22
5.97

187.18
9.86

303.34
4.72

415.42
7.48

152.14
3.65

160.15
7.54

515.58
8.67

243.43
2.58

401.39
2.47

197.18
9.49

558.66
6.89

488.46
6.95

590.56
4.43

373.38
3.77

312.30
4.51

132.16
5.91

284.32
3.61

232.23
10.24
551.61
7.17

624.12
6.24

596.08
6.52

518.48
9.11

443.43
5.46

338.27
2.57

173.16
3.82

561.57
5.55

610.59
2.08

246.23
5.09

127.10
3.34

218.21
1.73

621.52
3.08

253.22

7.42
255.25
6.59

472.96
4.67

247.22
10.23
503.52
5.76

587.58
5.12

402.33

7.16
338.376.57
543.56

7.11
427.34
10.15
281.17
6.67

120.14
7.01

588.09
5.58

559.59
4.74

581.52
2.54

167.16
4.45

347.37
5.56

593.83
4.58

187.23
5.57

389.84
6.33

590.52

9.04
345.31
6.68

564.02
7.90

222.23
3.35

152.13

7.77
355.26
9.55

329.35
6.02

447.28
5.54

175.16
9.62

282.42
10.36
372.24
8.39

289.33
5.24

127.10
1.90

172.18
6.01

327.34

4.26
298.27
8.39

349.38
4.50

359.24
8.10

163.11
6.09

435.93
10.18
361.43
4.67

141.16
7.15

642.59
10.36
407.51
9.67

522.58
4.17

145.14
5.67

616.59
2.93

402.31
5.67

230.23
8.75

299.26
6.94

237.23
3.92

451.44
3.06

518.52
3.98

585.47
5.76

588.57
3.03

475.46
6.46

273.18
4.12

279.28
5.20

422.44
9.24

351.37
10.12
502.51
3.32

417.46
7.16

384.26
9.61

399.42
8.74

263.22
4.31

233.23
4.07

247.21
4.60

212.18
5.33

183.18

9.12
265.17
8.57

331.21
7.27

243.44
3.93

320.17
5.11

195.16
3.27

484.45
5.52

137.12
5.90

165.17
10.27
572.62
6.28

595.08
4.26

268.28
7.24

496.55
6.38

371.39
4.81

605.58
8.91

329.34
9.15

331.37
3.90

175.19
5.18

211.20
6.70

636.64
4.24

576.49
4.03

515.51
5.92

210.19
4.14

189.21
5.47

469.43
5.52

263.20
3.13

376.38
7.89

243.38
6.84

619.11
7.77

539.54
7.38

342.34
3.76

275.18
3.37

488.51
7.35

514.56
3.95

383.37
4.57

586.63

3.35
170.15
6.34

144.14
9.31

355.40
7.40

273.20
7.60

271.17
6.57

145.09
8.53

340.394.37
563.53

3.32
259.28
5.86

148.11
9.74

402.52
4.15

127.10
5.07

626.08
6.39

600.52
8.92

425.49
3.10

269.24
9.59

259.24
3.59

254.25
8.80

347.37
6.57

325.20
1.77

163.18
4.89

143.18

3.53
184.15
5.54

259.31
8.96

271.38
3.09

228.19
3.06

157.08
10.34
357.21
1.56

214.94
6.32

563.58
1.94

145.17
9.74

270.38
8.54

373.39
8.47

389.41
1.42

233.08
1.65

347.27
7.64

211.22
6.03

182.16
5.98

589.54
7.34

383.42

6.57
177.13
4.72

155.14
3.67

236.19
6.85

616.61
8.66

371.39
7.63

356.39
9.29

373.41
8.44

412.32
5.12

247.22
7.66

239.18
4.38

189.17
2.58

209.14
5.96

202.20
4.22

192.17
1.90

277.21
8.54

355.39
6.74

247.19
7.68

263.22
4.14

303.19
7.62

133.16
3.58

174.22
3.77

273.29
2.86

243.22

4.75
197.17
8.09

258.20
7.67

170.18
5.50

488.49
6.71

280.27
3.22

253.24
6.06

482.94
4.12

619.59
3.53

148.11
7.56

151.15
7.24

329.36
5.08

640.58
7.93

345.32
6.57

151.15
1.65

235.07
7.64

295.23
9.98

327.19
9.27

225.20
8.12

593.83

9.33
311.39
7.36

189.18
7.43

267.24
5.58

417.42
3.12

202.20
3.69

456.38
9.22

521.53
9.36

399.43
6.86

159.12
2.30

230.22
3.07

334.26
7.36

519.49
4.84

554.53
7.90

324.22
5.56

559.01
6.28

248.23
7.68

282.25
7.47

289.24
3.97

615.56
5.88

486.54
4.02

158.22
6.57

415.43
5.99

499.46
1.26

131.04
7.82

235.22
7.10

211.23
4.15

189.17
1.55

593.84

6.80
301.33
1.53

196.96
6.91

215.20
7.62

322.21
5.78

478.48
9.89

163.11
7.22

252.26
8.77

231.23
7.72

354.37
3.47

198.17
10.30
270.40

6.95
149.16
7.61

193.23
7.15

152.09
9.22

244.33
5.56

185.15
4.89

492.51
6.31

185.17
7.50

161.18
7.36

145.10
7.36

186.14
8.68

361.36
3.77

158.22
8.31

302.41
7.06

174.13
9.35

254.37
6.94

255.17
8.08

329.34
4.33

167.17
6.52

223.19
6.84

503.53
6.46

165.16
7.34

356.39
8.98

242.36
6.10

594.57
6.35

409.36
7.42

120.10
7.89

244.39
4.71

179.15
5.54

181.14
1.95

144.17
6.35

218.19
8.16

171.17

4.52
165.13
2.33

229.229.93
301.27
1.49

122.98
7.35

177.14
5.85

214.24
2.30

194.17
6.07

464.45
5.08

604.56
9.58

175.07
2.36

124.14

7.77
176.19
10.25
524.57
1.80

179.08
7.91

315.22
6.37

227.24
4.88

174.17
6.69

148.17
2.27

139.07
8.86

183.18
6.78

593.61
6.72

618.07
7.37

175.16
8.89

463.47
6.71

459.48
8.22

219.22
9.31

250.17
10.35
243.43
5.84

231.27
2.93

169.11
4.19

257.27
3.76

294.31
6.99

624.61
7.12

225.23
3.86

174.23
5.67

153.14
4.52

137.12
3.11

343.31
5.59

214.23
6.09

301.17
5.30

318.29
3.28

187.19
8.98

243.37
7.77

134.16
7.83

237.28
2.10

274.22
6.87

283.18
1.65

309.30
6.62

407.43
5.56

305.23
10.35
228.33
3.26

294.27
6.16

613.13
5.23

216.10
7.85

146.13
8.31

214.23
2.45

225.18
10.35
593.84
6.92

225.21
6.94

209.23
9.93

568.57
1.65

253.09
6.66

258.32
5.52

373.39
9.03

285.41
8.07

347.36
3.49

230.25
4.65

185.20
6.65

546.53
6.90

184.23
6.54

632.58
6.86

319.33
7.11

151.17
6.50

170.13
7.32

325.24
2.46

123.11
5.70

511.49
7.86

289.22
3.12

205.14
5.51

302.23
4.45

253.23
10.32
141.03
2.02

381.24
3.25

199.19
7.08

620.55
4.49

232.25
5.54

176.14
6.91

631.89
9.36

256.41
4.65

227.24
7.87

267.21
7.78

163.11
4.49

279.25
6.63

356.37
1.64

122.98
5.04

641.08
10.24
496.54
7.12

286.31
8.13

274.19
7.56

297.28
4.72

138.16
6.99

624.11
1.75

243.20
6.48

477.98
6.91

133.16
8.64

324.24
6.67

554.53
3.73

509.46
5.57

547.54

9.35
253.36
4.01

440.39
3.13

328.28
7.96

283.24
3.21

139.06
10.09
241.26
8.92

343.44
5.54

148.11
6.08

377.31
8.13

231.23
9.81

304.44
8.46

347.37
1.87

274.21
3.33

205.14
3.04

175.10
10.22
375.37
8.42

299.26
3.65

166.15
7.11

148.11
2.55

261.19

1.53
206.98
8.30

301.41
6.97

146.13
10.12
214.31
7.12

132.16
3.55

145.12
7.87

130.12
7.18

448.28
4.52

308.32
6.70

580.56
3.08

248.25
7.35

263.22
8.30

340.39
2.88

202.21
2.17

140.13
5.16

282.22
6.17

327.22
4.50

376.28
7.34

515.57
1.29

320.99
5.51

210.20
5.72

559.53
6.29

555.54
8.36

248.23
8.15

267.30
5.56

513.49
5.35

540.52
5.60

191.14
7.32

297.23
2.03

365.26
7.56

245.19
1.92

171.16
7.38

383.28
6.87

531.03
8.86

360.43
1.65

148.07
4.49

155.14
5.37

640.58
4.32

183.18
4.02

294.29
8.45

281.24
6.48

486.99
9.84

297.38
10.32
184.15
6.16

346.28
3.52

446.46
2.96

314.26
4.45

138.15
6.69

635.64

7.14
175.22
9.31

249.17
1.92

143.14
5.58

163.13
3.08

130.11
6.29

402.41
6.75

458.49
7.10

637.62
1.49

309.30
6.19

485.48
5.68

516.54
7.11

133.16
3.47

203.17
9.63

284.44
3.04

193.12
6.22

483.14
9.30

158.23
4.68

151.19
6.19

535.01
8.10

209.21

6.78
162.13
6.33

377.30
5.57

144.12
1.44

239.01
2.07

156.15
6.82

480.48
6.61

546.19
6.00

217.18
4.12

168.11
3.10

141.13
9.13

243.39
8.10

313.34
4.64

326.17
6.03

598.23
6.30

605.58
7.13

122.09
7.26

249.17
8.45

312.35
4.93

616.61
2.17

153.13
7.51

148.11
4.29

173.14
8.24

218.21

4.51
183.15
6.75

172.12
8.86

359.43
4.43

257.26
2.15

194.17
10.37
155.06
3.51

283.24
2.26

229.25
6.50

473.46
6.64

432.28
7.29

295.21
3.30

217.21
7.87

251.29
8.01

331.35
6.44

261.23
10.03
372.26
1.71

229.22
9.33

329.35
5.41

203.17
8.09

349.38
2.38

242.18

4.68
279.25
3.93

245.25
3.84

279.27
3.12

312.24
5.64

217.15
6.26

188.21
4.83

216.09
7.51

146.12
6.41

172.11
6.18

413.21
6.27

549.02
4.58

393.34
3.31

246.27
4.88

177.14
9.88

223.15
2.89

334.25
8.81

275.25
4.88

158.15

7.47
162.16
9.61

421.41
8.90

240.34
1.30

217.06
7.10

123.10
3.10

170.14
5.24

305.23
6.56

182.21
6.78

132.16
2.86

285.27
6.95

236.18
6.94

290.28
5.27

163.13
1.66

381.24
5.64

286.28
4.19

137.12
2.71

139.07
3.30

139.11
4.76

210.19
7.47

237.28
5.72

327.33
3.68

327.28
6.22

482.81
6.64

256.18
7.61

345.24
8.18

229.22
5.14

413.32

1.95
243.20
6.72

192.18
6.24

415.42
2.50

175.09
8.26

272.18
1.74

203.24
2.78

175.10
7.05

192.18
5.34

197.17
6.78

619.07
7.36

335.16
7.88

219.22
5.24

176.14
1.89

325.24
5.72

182.16
6.95

618.58
3.34

286.22

7.61
175.22
7.46

197.21
1.88

141.13
6.66

237.23
1.57

260.19
9.09

496.54
4.43

231.16
2.17

186.16
6.57

631.91
1.59

204.02
3.46

182.21
10.23
309.33
6.55

480.47
5.25

259.31
7.76

303.26
7.77

283.23
3.37

254.25
6.52

488.51
5.36

180.15
2.14

241.22
3.26

261.21
6.24
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Figure 3:  Principal Components Analysis Scores and  
  Loadings Plot of Low and High Collision Energy 
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Table 1: Summary of Linked Low and High Energy Ions 

Major Marker ions from 
low collision energy data 

Fragment ions from LC/
MS/MS analysis 

Major Marker ions from 
high collision energy data 

297.16 132.08 132.08 
190.05 162.06, 144.04 144.06 
206.06 178.08,160.09, 132.07 178.08, 160.09, 132.06 
674.83 144.97 160.05 

In the loadings plot we can see not only the molecular ions but 
also the fragment ions clearly identified.  In order to link the 
related precursor ion to the corresponding product ions we 
can use not only the ions retention times but also the mass de-
ficiency.  Thus if we look at the  m/z = 206.131ion, the pro-
posed related fragment ions are 178.127, and 161.110, 
each of these ions has a mass defect within 20mDa of the pre-
cursor ion.  Thus we can use this information to identify/
confirm linked precursor and product ions in the analysis of 
the whole data set without the need to resort to time consum-
ing MS/MS analysis.   
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• UPLC / MS combined with PCA was able to 

clearly distinguish between control and 
diseased (Zucker) animals. 

• MS and MS/MS data acquired in the same 
run, no need for time consuming reanaly-
sis of precious samples. 

• Both precursor and product ions acquired 
with exact mass. 

• Precursor and product ion data was linked 
by use of retention time and mass defect. 

• From the data it was possible to visualize 
age related changes in the Zucker over the 
20 week period. 

Figure 4:  LC/MS xanthurate and biochemical pathway of 
  tryptophan 
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