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T: FTMS + p ESI sid=150.00  Full ms [500.0000-10000.0000]
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slow heating CID of 26+ in Q2 

dipolar excitation in Q2 in argon gas pulse: 
RF=422kHz (q=0.15), ω=28.3KHz, Vampl=4500V, 15ms 

slow heating CID fragments high mass fragment ions &  
charged reduced precursor species 

R=140,000 

Trastuzumab (HERCEPTIN)  
H2O:Methanol (50:50), 10-5M 

low microflow ESI 
1uL/min 

Native ESI 

25scans 
5uscans 

125 spectra 

Peak Intensity=6x103 
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20200114_Herceptin-(H2O-Meth)_test 3 01/14/20 17:15:24

RT: 0.00 - 5.67

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

Time (min)

0

20

40

60

80

100
R

e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

3

32

26 36 5510 3429 397 50 604741 43 622314 1917

NL:

2.15E7

TIC  MS 

20200114_

Herceptin-

(H2O-

Meth)_test 

3

20200114_Herceptin-(H2O-Meth)_test 3 #34-64 RT: 2.92-5.50 AV: 31 NL: 7.23E3

T: FTMS + p ESI sid=150.00  Full ms [1000.0000-10000.0000]
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WP2 – Implementation of Activation Techniques Collision Induced Dissociation 

dipolar excitation in Q2 in argon gas pulse: 
RF=366kHz (q=0.2), ω=33.0KHz, Vampl=4500V, 7ms 

R=280,000 

Trastuzumab (HERCEPTIN)  
H2O:Methanol (50:50), 10-5M 

low microflow ESI 
1uL/min 

Native ESI 30scans - 5uscans 

Peak Intensity=7x103 

Broadband Excitation Window slow heating CID fragments 

~23,400 amu 

broadband excitation in Q2 in argon gas pulse: 
RF=366kHz, ω=15-33KHz, δω=500Hz, Vampl=1300V, 10ms 
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20200121_Her_100mM_5uM_cid 3 01/21/20 13:02:05

RT: 0.00 - 8.29
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20200121_Her_100mM_5uM_cid 3 #14-146 RT: 0.46-6.92 AV: 133 NL: 3.30E3

T: FTMS + p NSI sid=150.00  Full ms [300.0000-10000.0000]
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20200121_Her_100mM_5uM_cid 3 01/21/20 13:02:05

RT: 0.00 - 8.29
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CID of isolated 27+ charge state 
Low MS resolution settings (17,500) 

Injection time 250ms 
~140 scans / 5uscans 

WP2 – Implementation of Activation Techniques Collision Induced Dissociation 

Trastuzumab (HERCEPTIN)  
5uM in 100mM Am Ac 

Static nESI 

Native ESI 

high mass sub-unit? fragments 
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20200113_Herceptin-(H2O-ACN-FA)_test 3 01/13/20 17:16:29

RT: 2.46 - 3.61
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T: FTMS + p ESI SIM ms [500.0000-8000.0000]
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20200113_Herceptin-(H2O-ACN-FA)_test 3 #64-75 RT: 2.75-3.13 AV: 12 NL: 2.28E5
T: FTMS + p ESI SIM ms [500.0000-8000.0000]
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20200113_Herceptin-(H2O-ACN-FA)_test #71-96 RT: 1.55-2.14 AV: 26 NL: 2.16E5
T: FTMS + p ESI Full ms [500.0000-8000.0000]
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Trastuzumab (HERCEPTIN)   
H2O:ACN (50:50) & 0.1% FA, 10-5M 

low microflow ESI 
1uL/min 

QMF Isolation 
δm=2725-2775 

WP2 – Implementation of Activation Techniques Collision Induced Dissociation 

25scans 
5uscans 

125 spectra 

Peak Intensity=2.1x105 

50ms injection time 
10.5M charges 

49+ 

53+ 

56+ 

54+ 

Denatured ESI 

R=17,500 
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20200113_Herceptin-(H2O-ACN-FA)_test 3 01/13/20 17:16:29

RT: 4.26 - 6.01
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20200113_Herceptin-(H2O-ACN-FA)_test 3 #105-139 RT: 4.25-5.72 AV: 35 SB: 5 4.51-4.68 NL: 5.09E3
T: FTMS + p ESI SIM ms [500.0000-8000.0000]
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WP2 – Implementation of Activation Techniques Collision Induced Dissociation 

slow heating CID of 54+ in Q2 

dipolar excitation in Q2 in argon gas pulse: 
RF=608.53kHz (q=0.15), ω=40kHz, Vexc=4500V , 25ms 

slow heating CID fragments charged reduced precursor ions (proton loss) 
& high mass fragments  

R=140,000 

Trastuzumab (HERCEPTIN)   
H2O:ACN (50:50) & 0.1% FA, 10-5M 

low microflow ESI 
1uL/min 

Denatured ESI 

34scans 
5uscans 

170 spectra 

Peak Intensity=5x103 

precursor 
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20200113_Herceptin-(H2O-ACN-FA)_test 3 01/13/20 17:16:29

RT: 8.13 - 9.07
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20200113_Herceptin-(H2O-ACN-FA)_test 3 #200-215 RT: 8.38-9.03 AV: 16 NL: 1.95E4
T: FTMS + p ESI Full ms2 2750.0000@hcd15.00 [400.0000-8000.0000]
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HCD 
(NCE = 15eV) 

WP2 – Implementation of Activation Techniques Higher-Energy CID 

Trastuzumab (HERCEPTIN)  
H2O:CAN:FA (50:50:0.1), 10-5M 

low microflow ESI 
1uL/min 

Denatured ESI 

R=140,000 
precursor 



Electron Capture :  [M+3H]3+ + es
-         [M+3H]2+•     

Electron Ionization :   [M+3H]3+ + ef
-         [M+3H]4+• + es

-  + ef
-  

20190423_ECD of 3H 3+_E1scan_150ms_58...

RT: 0.00 - 17.87
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20190423_ECD of 3H 3+_E1scan_150ms_584KHz #184-208 RT:

T: FTMS + p ESI SIM ms [150.0000-3000.0000]
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RT: 0.00 - 17.87
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20190423_ECD of 3H 3+_E1scan_150ms_584KHz #375 RT: 14.96 AV:

T: FTMS + p ESI SIM ms [150.0000-3000.0000]
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Insulin Chain B 

Electron-based Dissociation WP2 – Implementation of Activation Techniques 
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Electron Capture & Hot Electron Capture Dissociation WP2 – Implementation of Activation Techniques 



C:\Users\...\ubiquitin - water test 8 12/22/16 11:17:49

RT: 0.00 - 9.32
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ubiquitin - water test 8 #54-70 RT: 2.38-3.12 AV: 17 NL: 4.49E5
T: FTMS + p ESI SIM ms [150.0000-2000.0000]
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Isolation of charge state 31+ 
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WP2 – Implementation of Activation Techniques 

Electron Induced Dissociation of Native Species 
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WP2 – Implementation of Activation Techniques Electron Induced Dissociation 
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electron capture electron ionization 
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WP2 – Implementation of Activation Techniques ECnoD 
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WP2 – Implementation of Activation Techniques ECnoD & Broadband CID 
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WP2 – Implementation of Activation Techniques ECnoD & Broadband CID 

25ms Electron Capture Dissociation (1eV electron energy) 

10ms Broadband Excitation (RF=600kHz, ω = 15-40 kHz, δω=500Hz, gain=2500mV) 

Trastuzumab (HERCEPTIN)  
H2O:CAN:FA (50:50:0.1), 10-5M 

low microflow ESI 
1uL/min 

Denatured ESI 



electron activation 

isolation  & 
slow heating CID MS3 

MS2 

MS 

Efficient generation of radical ions by 
 

electron meta-ionization 

WP2 – Implementation of Activation Techniques Multiple-Stage Tandem Mass Spectrometry 
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WP2 – Implementation of Activation Techniques Multiple-Stage Tandem Mass Spectrometry 
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-3H● -2H● -H● 0 +H● 

b (mMass) b● b' 

y● y' 

a (mMass) 

z (mMass) z● z' 

c c● c' (mMass) 

a (mMass) a● a' 

x (mMass) x● 

z▪ z (mMass) z● 

c● c' (mMass) 

b◊ b▪ b (mMass) b● b' 

y y● y' 

z▪ z (mMass) z● z' 

c c● c' (mMass) 

Primary fragment types, complementarity and H atom rearrangements 

ECD of 
[M+nH]n+

  

MS3 CID of  
[M+nH](n+x)+● 

  

CID of [M+nH]n+ 
  

MS3 ECD of  
[M+nH](n+1)+●  

complementary fragments observed 

c‘ + z● = c● + z● + H● 

? 

Experiment type
 

Precursor mass  

c‘ + z▪ = c● + z● - H● 

secondary 
losses  b + y‘ = b● + y● 

 
 

[M+(n+1)H]n+● 
  

[M+(n+1)H]n+● 
  

[M+nH](n+1)+● 
  

[M+nH]n+ 
  

[M+nH]n+ or  [M+nH]n+● ●
  

c‘ + z = c● + z● 

y‘ + b▪ = y● + b = y● + b● - H● 

[M+nH](n+2)+● 
  

y‘ + b◊
 = y + b = y● + b● - 2H● 



Accelerated Manual Processing Software for Deep Data Analysis 



dV 

WP2 – Implementation of Activation Techniques High Energy Collision Induced Dissociation in the Omnitrap 

20191203_ubi_8+_omniHCD_3 12/03/19 15:09:30
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0 1 2 3 4 5 6 7 8 9 10

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

88

3.12

1071.58

37

1.31

1071.58

10

0.35

1071.58

76

2.69

1071.58

291

10.30

1071.58

231

8.17

1071.58

94

3.33

1071.58

155

5.48

1071.58

70

2.48

1071.58

120

4.25

1071.58

220

7.78

1071.58

240

8.49

1071.46

188

6.65

1071.58

263

9.31

1071.46

278

9.84

1071.59

254

8.99

1071.59

18

0.63

909.84

61

2.16

630.32

135

4.78

187.14

111

3.93

187.14

159

5.63

187.14

183

6.47

187.14

206

7.29

187.14

NL:

7.37E7

Base Peak  

MS 

20191203_

ubi_8+

_omniHCD

_3

20191203_ubi_8+_omniHCD_3 #243-261 RT: 8.60-9.24 AV: 19 NL: 1.81E6

T: FTMS + p NSI SIM ms [150.0000-3000.0000]

200 400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

909.843

z=3

1049.604

z=2

1141.874

z=4

1184.401

z=4
1307.110

z=5

661.408

z=2
260.107

z=1
373.191

z=1 948.185

z=3
494.189

z=1
1510.808

z=1
856.406

z=1

725.929

z=2

1836.964

z=1

1329.315

z=5
1968.050

z=1

1667.936

z=1

20191203_ubi_8+_omniHCD_3 12/03/19 15:09:30

RT: 0.00 - 10.44

0 1 2 3 4 5 6 7 8 9 10

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

88

3.12

1071.58

37

1.31

1071.58

10

0.35

1071.58

76

2.69

1071.58

291

10.30

1071.58

231

8.17

1071.58

94

3.33

1071.58

155

5.48

1071.58

70

2.48

1071.58

120

4.25

1071.58

220

7.78

1071.58

240

8.49

1071.46

188

6.65

1071.58

263

9.31

1071.46

278

9.84

1071.59

254

8.99

1071.59

18

0.63

909.84

61

2.16

630.32

135

4.78

187.14

111

3.93

187.14

159

5.63

187.14

183

6.47

187.14

206

7.29

187.14

NL:

7.37E7

Base Peak  

MS 

20191203_

ubi_8+

_omniHCD

_3

20191203_ubi_8+_omniHCD_3 #101-115 RT: 3.58-4.07 AV: 15 NL: 4.61E5

T: FTMS + p NSI SIM ms [150.0000-3000.0000]

200 400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

187.145

z=1

630.323

z=1
243.081

z=1

300.120

z=1
373.192

z=1

1049.605

z=2

494.190

z=1

753.475

z=1

661.409

z=2

866.560

z=1

612.312

z=1

1510.810

z=1
1304.785

z=1
1148.572

z=1
1836.966

z=1
1642.860

z=?

20191203_ubi_8+_omniHCD_2 12/03/19 14:29:55

RT: 0.00 - 7.60

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

175

6.43

1071.58
35

1.46

1071.58
123

4.59

1071.58

171

6.29

1071.58

117

4.37

1071.58

127

4.73

1071.58

204

7.45

1071.58

152

5.61

1071.58

182

6.68

1071.58

39

1.61

1071.59 67

2.60

1071.59

147

5.44

1071.46104

3.91

1071.59

4

0.16

1071.59
81

3.10

1071.59

13

0.54

1071.59

23

0.96

1071.59

57

2.24

1071.46

94

3.56

1071.59

NL:

5.85E7

Base Peak  

MS 

20191203_

ubi_8+

_omniHCD

_2

20191203_ubi_8+_omniHCD_2 #130-147 RT: 4.83-5.44 AV: 18 NL: 2.68E7

T: FTMS + p NSI SIM ms [150.0000-2500.0000]

200 400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

1071.464

z=8

1089.420

z=6
999.148

z=5

20191203_ubi_8+_omniHCD_3 12/03/19 15:09:30

RT: 0.00 - 10.44

0 1 2 3 4 5 6 7 8 9 10

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

88

3.12

1071.58

37

1.31

1071.58

10

0.35

1071.58

76

2.69

1071.58

291

10.30

1071.58

231

8.17

1071.58

94

3.33

1071.58

155

5.48

1071.58

70

2.48

1071.58

120

4.25

1071.58

220

7.78

1071.58

240

8.49

1071.46

188

6.65

1071.58

263

9.31

1071.46

278

9.84

1071.59

254

8.99

1071.59

18

0.63

909.84

61

2.16

630.32

135

4.78

187.14

111

3.93

187.14

159

5.63

187.14

183

6.47

187.14

206

7.29

187.14

NL:

7.37E7

Base Peak  

MS 

20191203_

ubi_8+

_omniHCD

_3

20191203_ubi_8+_omniHCD_3 #191-210 RT: 6.76-7.43 AV: 20 NL: 9.91E4

T: FTMS + p NSI SIM ms [150.0000-3000.0000]

200 400 600 800 1000 1200 1400 1600 1800 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

187.145

z=1

205.098

z=1

260.107

z=1

1224.529

z=7

383.157

z=1 630.322

z=1
448.184

z=?
1071.465

z=8

25eV 

35eV 

50eV 

70eV 

ubiquitin  
[M+8H]8+ 



WP2 – Implementation of Activation Techniques Ion Accumulation in MS3 Mode 
internal loop 

20191108_ubi_5+_q2 to q5 to q2 to q8 ... 11/08/19 17:58:30
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WP2 – Implementation of Activation Techniques VUV Photo-dissociation 
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