
Peptide Stats Thermo 
Interface

PNNL Ion Funnel 
Interface

NWAPGEPNNR Conc.  (fmol/uL) 0.5 0
% CV 14.3 17.1

DSLLELSPVER Conc.  (fmol/uL) 0.5 0.5
% CV 13.3 16.1

EAAVQSGAGDYLLGIK Conc.  (fmol/uL) 5 1
% CV 25.4 13.9

GVVSIFGVASR Conc.  (fmol/uL) 0.5 0
% CV 16.6 13.4

NGELVIHEK Conc.  (fmol/uL) 5 0.5
% CV 13.1 6.37

LSEPAELTDAVK Conc.  (fmol/uL) 5 0.1
% CV 2.1 16.4

VDNEELLPK Conc.  (fmol/uL) 5 0.5
% CV 10.3 8.6

GYGIQIEQIR Conc.  (fmol/uL) 5 0
% CV 8.4 17.8

HGLSNSIYVFVR Conc.  (fmol/uL) 5 0.5
% CV 4.4 4.88

YVSELHLTR Conc.  (fmol/uL) 0.1 0
% CV 17.1 4.02

TSAYFNFAFK Conc.  (fmol/uL) 5 1
% CV 6.7 10

GYSIFSYATK Conc.  (fmol/uL) 0 0
% CV 16.6 7.25

*

Table 1. Summary of MRM results with the original Thermo 
and the PNNL ion funnel interfaces.
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Detecting proteins at low ng/mL level in human plasma without fractionation
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• With the new interface, detection of low 
ng/mL range of proteins in human and mouse 
plasma can be achieved without fractionation

• In general, significantly improved limit of 
detection with the ion funnel interface.

• More reproducible measurements at lower 
levels with enhanced signal provided by the 
ion funnel interface
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Fig. 4. LC-MRM/MS analysis of bovine beta-lactoglobulin (IDALNENK) 
spiked in non-depleted mouse plasma using the ion funnel interface.

Fig. 5. LC-MRM/MS detection of bovine proteins spiked in non-depleted 
mouse plasma at 4 ng/mL level (with the blank as comparator) using the ion 
funnel interface. 

* The lowest detectable concentration in the 10-point calibration curve; 0 fmol/µL 
represents blank without the spiked in peptides, i.e., endogenous level plus 
residual signal from the 13C channel.

45
8.

74
→

68
8.

36
45

8.
74

→
80

3.
39

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.51
AA: 13519033

RT: 29.49
AA: 10141802

8

8

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.75
AA: 115120503

RT: 29.75
AA: 88556166

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.42
AA: 6166771

RT: 29.41
AA: 4828304

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.36
AA: 1133171

RT: 29.38
AA: 761123

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.36
AA: 140194

28.07

RT: 29.38
AA: 167965

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.67
AA: 48176

28.32

RT: 29.68
AA: 120685 30.72

N
m
S
[
8
G
0

N
m
S
[
8
G
0

45
8.

74
→

68
8.

36
45

8.
74

→
80

3.
39

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.51
AA: 13519033

RT: 29.49
AA: 10141802

8

8

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.75
AA: 115120503

RT: 29.75
AA: 88556166

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.42
AA: 6166771

RT: 29.41
AA: 4828304

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.36
AA: 1133171

RT: 29.38
AA: 761123

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.36
AA: 140194

28.07

RT: 29.38
AA: 167965

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.67
AA: 48176

28.32

RT: 29.68
AA: 120685 30.72

N
m
S
[
8
G
0

N
m
S
[
8
G
0

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.51
AA: 13519033

RT: 29.49
AA: 10141802

8

8

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.75
AA: 115120503

RT: 29.75
AA: 88556166

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.42
AA: 6166771

RT: 29.41
AA: 4828304

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.36
AA: 1133171

RT: 29.38
AA: 761123

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

RT: 29.36
AA: 140194

28.07

RT: 29.38
AA: 167965

28 29 30 3
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

Re
la

tiv
e 

A
bu

nd
an

ce

RT: 29.67
AA: 48176

28.32

RT: 29.68
AA: 120685 30.72

N
m
S
[
8
G
0

N
m
S
[
8
G
0

Fig. 3. Increased MS intensity using ion funnel: 1) TSQ SRM peak areas 
for selected standard peptides spiked into mouse plasma (left panel); 
2) LC-MS/MS analysis of Shewanella oneidensis digest (right panels).

Fig. 7. LC-MRM/MS analysis of GYGIQIEQIR (ADAM17) spiked in 
depleted human plasma. Left panel: limit of detection (LOD) using the 
Thermo interface; middle panel: detection of the same concentration 
using the ion funnel interface; right panel: new LOD (*0 fmol/µL, 
representing blank without the spiked in peptide, i.e., endogenous 
level plus residual signal from the 13C channel) using the ion funnel 
interface.  See Figure 8 (center panels) for GYGIQIEQIR calibration 
curves.

Fig. 8. LC-MRM/MS calibration curves (log scale) for selected 
peptides, comparing experimental data obtained without (left panels) 
and with (right panels) ion funnels. Blue squares represent the 
experimental data; red squares are the calculated 12C/13C ratios (as 
references). The LODs are indicated with arrows. Note, 0 fmol/µL 
represents blank without the spiked in peptides (i.e., endogenous 
level plus residual signal from the 13C channel).

Fig. 6. Calibration curve for human fibroblast growth factor 4 
(FGF4; GVVSIFGVASR) using the ion funnel interface. Note, 0 
fmol/µL represents blank without the spiked in peptides (i.e., 
endogenous level plus residual signal from the 13C channel).
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Methods 

Fig. 1. A ThermoFisher TSQ Ultra triple quadrupole mass 
spectrometer modified in-house with a multi-inlet interface 
incorporating dual electrodynamic ion funnels.

Fig. 2. Flow chart for preparing the depleted human plasma 
samples with 12 spiked in synthetic peptides for a 10-point 
calibration curve. 
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acid to original plasma volume
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• Tryptic peptides of bovine beta-lactoglobulin and carbonic 
anhydrase were spiked into mouse plasma at 4~40,000 ng/mL 
levels without depletion.

• LC:  75 µm x 65 cm column (3 µm; C18); 100-min gradient; 
500 nL/min

• MRM: 20 ms dwell time; unit resolution in Q1 and Q3 
(0.7 FWHM)

1

Overview

Introduction

• The research presented here demonstrates 
significantly improved multiple reaction 
monitoring (MRM) performance using an in-
house modified ThermoFisher TSQ 
instrument equipped with a novel high 
efficiency ESI interface incorporating a 
PNNL-designed dual electrodynamic ion 
funnel1.

• The modified MS/MS instrumental platform 
has significantly increased our ability to 
detect low abundant proteins in complex 
biological matrices.

• Notably, the enhanced MS/MS instrumental 
platform has achieved the consistent 
detection of proteins present at low ng/mL 
levels in non-fractionated blood plasma.

Time (min)

Product ion 
chromatogram

Q1

Triple Quadrupole MS

Detector
LC-ESI

Q2 Q3

Precursor 
ion 

selection

Product 
ion 

selection

Selected reaction monitoring (SRM)

• Identification and accurate quantification of low 
abundant proteins and peptides in complex biological 
samples (e.g., plasma and serum) remain challenged 
by the limited sensitivity, dynamic range, and 
quantitative precision afforded by routine “global”
survey strategies.

• Targeted LC-MS/MS, e.g., MRM, is increasingly being 
used in hypothesis-driven quantitative proteomics 
studies, e.g., biomarker verification.

• Sensitive and selective detection of specific peptides 
is achieved by isolating and monitoring both parent 
and fragment ions (see below).

• MRM detection of human plasma proteins at µg/mL2

and 12 - 40 ng/mL3 without fractionation has been 
recently reported.
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