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Typical approach:
• Digestion and quantification of signature peptide by LC-MS/MS

LC-MS of proteins

LC-MS

Protein extraction Digestion

Peptide extraction
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Digestion: a necessary evil…

Salmon calcitonin in human plasma

CSNLSTCVLG KLSQELHKLQ TYPRTNTGSG TP

Signature peptide T1: [1-11]

LC-MS/MS (m/z 561.9 > 204.0)

Impact of digestion
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0% plasma digest
LLOQ~0.2 ng/mL

1% plasma digest
LLOQ~1 ng/mL

5% plasma digest
LLOQ~2 ng/mL

Impact of digestion
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10% plasma digest
LLOQ~5 ng/mL

20% plasma digest
LLOQ~10 ng/mL

50% plasma digest
LLOQ~20 ng/mL

100-fold loss in sensitivity

Impact of digestion
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Extreme complexity of plasma digest:

After trypsin digestion (signature) peptides are often between 7 and 20 
amino acids long

Tripeptides: 17x18x2=612 theoretical possibilities
Tetrapeptides: 17x18x18x2=11,016 theoretical possibilities
Pentapeptides: 198,288 theoretical possibilities
Hexapeptides: 3,569,184 theoretical possibilities
Heptapeptides: 64,245,312 theoretical possibilities
Octapeptides: 1,156,415,616 theoretical possibilities

Impact of digestion
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Extreme complexity of plasma digest:
612 tripeptides

255 305 355 405 455 505 555

380 385 390 395 400

Mass (Da)

Mass (Da)

Impact of digestion
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392.1000 392.1500 392.2000 392.2500 392.3000

Extreme complexity of plasma digest:
10 tripeptides sampled at mass 392.2 (unit mass resolution, window 0.7 Da)

21 tripeptides sampled at mass 392.2, including 13C-isotopes of M-1 / M-2

ASP-CYS-ARG
CYS-ASP-ARG

MET-ASP-LYS
ASP-MET-LYS

MET-SER-ARG
SER-MET-ARG

ALA-PHE-ARG
PHE-ALA-ARG

VAL-PHE-LYS
PHE-VAL-LYS

392.1000 392.1500 392.2000 392.2500 392.3000

Mass (Da)

Impact of digestion

ASP-CYS-ARG
CYS-ASP-ARG

MET-ASP-LYS
ASP-MET-LYS

MET-SER-ARG
SER-MET-ARG

ALA-PHE-ARG
PHE-ALA-ARG

VAL-PHE-LYS
PHE-VAL-LYS

ASN-CYS-ARG
CYS-ASN-ARG

MET-ASN-LYS
ASN-MET-LYS

ASP-GLU-LYS
GLU-ASP-LYS

LEU-MET-LYS
MET-LEU-LYS
ILE-MET-LYS
MET-ILE-LYS

PHE-PRO-LYS

Mass (Da)
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300 400 500 600 700

Extreme complexity of plasma digest:
11,016 tetrapeptides

Mass (Da)

Mass (Da)

Impact of digestion

500 505 510 515 520

Mass (Da)
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Extreme complexity of plasma digest:
117 tetrapeptides sampled at mass 509.2 (unit mass resolution, window 0.7 Da)

40 tetrapeptides sampled at mass 509.20 (window 0.05 Da)

509 509.05 509.1 509.15 509.2 509.25 509.3 509.35 509.4

Mass (Da)

Impact of high-resolution MS

509.15 509.17 509.19 509.21 509.23

Mass (Da)
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Extreme complexity of plasma digest:
117 tetrapeptides sampled at mass 509.2 (unit mass resolution, window 0.7 Da)

6 (isobaric) tetrapeptides sampled at mass 509.200 (window 0.005 Da)

509 509.05 509.1 509.15 509.2 509.25 509.3 509.35 509.4

509.195 509.197 509.199 509.201 509.203

Mass (Da)

Impact of high-resolution MS

Mass (Da)

CYS-MET-GLU-LYS
CYS-GLU-MET-LYS
MET-CYS-GLU-LYS
MET-GLU-CYS-LYS
GLU-CYS-MET-LYS
GLU-MET-CYS-LYS
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High-resolution MS

Can HR-MS be used to overcome the selectivity and 
sensitivity limitations associated with digestion?
• reduce interference of peptides after digestion

• quantify intact proteins without digestion

HR-MS MS/MS
Selectivity narrow mass extraction 

window (<20 ppm)
fragmentation

Resolving power 10,000-200,000 <3,000
Main use qualitative quantitative
Sensitivity low ng/mL sub ng/mL
Accuracy and precision within 15/20% within 15/20%
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High-resolution MS - digested

Digested protein analysis

recombinant human growth hormone (somatropin) in rabbit plasma (22.1 
kDa)

FPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFEEAYIPKEQKYSFLQNPQ
TSLCFSESIPTPSNREETQQKSNLELLRISLLLIQSWLEPVQFLRSVFAN
SLVYGASDSNVYDLLKDLEEGIQTLMGRLEDGSPRTGQIFKQTYSKFD
TNSHNDDALLKNYGLLYCFRKDMDKVETFLRIVQCRSVEGSCGF

Signature peptide T2: [9-16]
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High-resolution MS - digested

Sample preparation
• Protein precipitation: 50 μL plasma + 300 μL acetonitrile

• Pellet digestion with trypsin at pH 8 and 37ºC for 3 hours (400 μL)

LC-MS
• C18 column (100x2.1 mm, 1.7 μm particles, 300Å pores) at 60ºC

• Linear gradient: 5% propanol in 0.1% formic acid (A) and acetonitrile 
(B), 0-30% B in 15 min at 0.4 mL/min

• Q-TOF MS in MRM mode
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High-resolution MS - digested

extraction window:
0.5 Da

0.1 μg/mL

extraction window:
0.05 Da

extraction window:
0.005 Da

m/z precursor: 490.3
m/z product: 719.3470
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High-resolution MS - digested

Product spectrum
signature peptide
m/z 719.3470

Product spectrum
interference
m/z 719.4047

extraction window:
0.5 Da

Co-extraction of 
interfering peptide

3.0 μg/mL
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High-resolution MS - digested

Product spectrum
signature peptide
m/z 719.3470

Product spectrum
interference
m/z 719.4047

extraction window:
0.05 Da

No co-extraction of 
interfering peptide

3.0 μg/mL
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High-resolution MS - digested

extraction window: 0.005 Da
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High-resolution MS - intact

Intact protein analysis
Proprietary biopharmaceutical (5.4 kDa) in plasma

MS 
spectrum3+

4+

5+

6+

7+

8+

9+

10+
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High-resolution MS - intact

isotope pattern 9+ ionExtraction window:
0.5 Da
(~12% of ions)

Extraction window: 
0.05 Da
(~2.5% of ions)

Extraction window: 
0.005 Da
(~2% of ions)
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High-resolution MS - intact

Sample preparation
• Protein precipitation: 50 μL plasma + 200 μL acetonitrile

• Evaporate and re-dissolve supernatant 

LC-MS
• C18 column (100x2.1 mm, 1.7 μm particles, 300Å pores) at 60ºC

• Linear gradient: 5% propanol in 0.1% formic acid (A) and acetonitrile 
(B), 0-30% B in 15 min at 0.4 mL/min

• Q-TOF MS in MS1 mode
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High-resolution MS - intact

extraction window:
0.5 Da

1.5 μg/mL

extraction window:
0.05 Da

extraction window:
0.005 Da

m/z: 594.7937 (9+,
most intense isotope)
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3+

4+

5+

6+

7+

8+

9+

10+

Improving sensitivity
• By summing the responses of several charge states and/or isotopes

High-resolution MS - intact
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High-resolution MS - intact

1 ion: 9+, 
most intense isotope

1.5 μg/mL

4 ions: 6+, 7+, 8+, 9+,
most intense isotope

12 ions: 6+, 7+, 8+, 9+,
3 most intense isotopes

extraction window:
0.005 Da

20-fold increase in signal
3-fold increase in S/N
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High-resolution MS - intact

Larger proteins:
Increasingly difficult to measure with HR-MS:
• Dilution of signal intensity over more and more ions (charge states / 

isotope peaks)

9+10+
11+12+

13+

14+

15+

17+
16+

18+

19+

20+

somatropin (rhGH), 22.1 kDa
>12 charge states

>20 isotope peaks
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High-resolution MS - intact

Possible approaches:
• Summing of multiple ions

Lysozyme (14.3 kDa) in plasma

Ten ions of most abdundant charge state, LLOQ: 0.5 µg/mL

Ruan et al, Anal. Chem. 2011, 83, 8937-8944.

• Deconvolution of multiply charged raw data to corresponding neutral 
spectrum

SILuLiteMab (146 kDa) in plasma

LLOQ: 1 µg/mL

Jian et al, Bioanalysis 8 (2016) 1679-1691.
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Conclusions

• High-resolution MS can be an alternative to MS/MS for quantification 
of proteins

• After digestion, HR-MS (in MRM mode) may improve selectivity by 
reduction of the mass extraction window of the product ion without 
sacrificing sensitivity

• Intact (small) proteins that do not readily fragment can be quantified by 
HR-MS using a narrow mass window 

• To increase sensitivity, summing of different isotope peaks / charge 
states is a possibility
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