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Introduction

of Low-Abundance Proteins

Reubsaet', Trine Gronhaug Halvorsen'

This paper presents a protocol with detailed descriptions for efficient sample cleanup
of low-abundance proteins from dried samples. This is performed using bead-based
proteolysis prior to proteotypic peptide affinity-capture and liquid chromatography
tandem mass spectrometry (LC-MS/MS) determination. The procedure can be
applied to both conventional dried samples using paper cards (e.g., dried blood
spots [DBSs] and dried serum spots [DSSs]), as well as samples collected with
newer sampling methods such as volumetric absorptive microsampling (VAMS). In
addition to describing this procedure, the preparation of both trypsin beads and
antibody-coated beads is presented in a step-by-step manner in this work. The
advantages of the presented procedure are time-efficient proteolysis using beads
and selective robust cleanup using peptide affinity-capture. The current procedure
describes the determination of the low-abundance small-cell lung cancer (SCLC)
biomarker, progastrin-releasing peptide (ProGRP), in dried serum (both DSSs and
VAMS). Detailed procedures for bead preparation make it easier to implement the
workflow in new applications or other laboratories. It is demonstrated that the results
may be dependent on the sampling material; for the present project, higher signal

intensities were seen for samples collected using VAMS compared to DSSs.

Microsampling has been around for more than 100 years
since Ivar Bang described glucose monitoring from DBSs
in 1913". After Guthrie and Susi introduced DBSs in 1963
for the determination of phenylalanine in newborns?, the
technique has become increasingly widespread. The first
reports of DBSs for the sampling and storage of proteins

were made in the early 1970s%4, and a decade later, in

the 1980s, we found the first report of mass spectrometry
(MS) for the determination of proteins from DBSs®. Despite
this early introduction, it was not until after the turn of the
century that MS determination of proteins from DBSs and

other microsampling techniques became more widespread.

In a clinical context, it is of interest to determine proteins in the

diagnosis and follow-up of diseases, as well as for treatment
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monitoring and doping purposes. This targeted determination
of protein analytes by MS from small amounts of dried
samples is still challenging, and often requires extensive

sample preparation prior to analysis.

Targeted quantitative determination of proteins by MS is
commonly performed by applying the bottom-up approach,
digesting the proteins to peptides prior to analysis. This
procedure produces a myriad of peptides, which makes direct
analysis of the digested biological sample challenging. A
way of circumventing this is to apply a selective affinity
cleanup step upfront of MS analysis either before or after
the digestion6’7'8. In this way, the protein of interest (or its
proteotypic peptide, if the affinity capture step is performed
after the digestion) is selectively isolated from the sample

matrix prior to analysis, providing lower detection limits®.

Microsampling using DBS cards has certain advantages
compared to conventional blood samples, including low
sample volume, less invasive sampling, and increased
storage stability. However, the sample matrix is different and
can introduce other challenges in the analysis (e.g., dried
vs. liquid sample matrix and capillary blood vs. serum or
plasma)m' . Another challenge that is observed with DBSs
is the so-called hematocrit effect, where the blood hematocrit
affects the sample volume further processed for analysis, and
hence introduces interindividual variability in the analysis12.
Newer microsampling units, such as VAMS introduced in

201413, address this issue by collecting a fixed volume of

blood instead of a blood drop.

This protocol describes a setup for the analysis of low-
abundance biomarkers from dried microsamples. After
elution, the dried sample is digested and, subsequently, the
proteotypic peptide is isolated by peptide affinity capture. The
model analyte is the SCLC biomarker ProGRP. As ProGRP

cannot be determined reliably from whole blood, serum was
used as the sample matrix. Representative results from both

DSSs and serum samples collected using VAMS are shown.

Protocol

Serum from healthy blood donors was used for the
preparation of standard solutions. The use of serum from
healthy blood donors was performed in strict accordance
with Norwegian law. Informed consent was obtained from
all subjects. Serum samples were analyzed using methods
in accordance with relevant guidelines and regulations. The
protocol described is a modified version of the method

described in previous work 4

. An overview of the composition
of buffers and solutions and how to prepare them can
be found in Supplemental Table S1, while the Table of
Materials contains materials, equipment, and reagents used

in this protocol.

1. Preparation of antibody-coated magnetic beads

1. Calculate the amount of antibody necessary to prepare
the desired number of beads. Use 1 mg of antibody per
50 mg of magnetic beads.
NOTE: Typically, 20 uL of a 20 mg/mL bead suspension
is used per sample in subsequent experiments (see step

5.1).

2. Calculate the antibody volume necessary to prepare the
desired number of beads.
NOTE: The antibody volume is dependent on antibody
concentration and needs to be calculated for each

antibody.

3. Transfer the desired volume of antibody solution to
a 5 mL low-protein-binding microcentrifuge tube. As

an example, if the antibody solution contains 1 mg/
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mL antibody, use 0.4 mL to prepare 1.0 mL of bead
suspension (20 mg beads/mL with 1 mg antibody/50 mg
beads).

NOTE: The antibodies should be in an amine-free buffer.
Use low-protein-binding microcentrifuge tubes for all
solutions containing proteins to avoid analyte loss due to

adsorption.

Add a small magnetic stirring bar to the antibody solution
and adjust the pH to 2.5 under continuous stirring. Use a
pH meter with a micro electrode to measure the pH and
adjust the pH by stepwise addition of defined volumes
of 1.0 M HCI (start by adding 10 uL portions of 1.0 M
HCI and reduce the volume as the pH approaches 2.5).
Record the total volume of 1.0 M HCI necessary to adjust

the pH to 2.5.

Remove the micro electrode and incubate the acidified
antibody on ice on a magnetic stirrer for 1 h.

NOTE: Acid treatment of the antibody is performed to
promote the correct orientation of the antibodies on the
bead. The concentration of HCI may be reduced to 0.5
M or 0.2 M HCI, depending on the buffer concentration

in the antibody solution.

Neutralize the antibody solution. Use a pH meter with a
micro electrode to measure the pH and adjust the pH
to 7 by stepwise addition of defined volumes of 1.0 M
NaOH (start with a 10 pL portion and reduce the volume
as the pH approaches 7). Record the total volume of 1.0
M NaOH added.

NOTE: The concentration of NaOH should be the same
as the HCI concentration used in step 1.4. NaOH is highly
corrosive; use protective equipment, including gloves

and appropriate eye protection.

Calculate the desired volume of tosyl activated magnetic
beads to be used.

NOTE: Typically, it is recommended to use 20 mg beads/
mL when performing small-scale coupling. A minimum of

5 mg of beads should be used.

Mix the magnetic bead suspension thoroughly on a
vortex mixer and withdraw a volume containing the
desired amount of bead suspension. As an example, to
prepare 1 mL of bead suspension, withdraw a volume
containing 20 mg of beads (667 pL if the concentration

of beads is 30 mg/mL).

Place the bead suspension on a magnetic rack for 1
min and remove the supernatant. Wash the beads 2x
with equal volume of Type 1 H20O (667 uL if a 30 mg/
mL bead solution is used to prepare 1 mL of 20 mg/mL
antibody-coated beads). Mix using a vortex mixer after
each addition of wash solution and place on the magnetic

rack for 1 min prior to removing the supernatant.

10. Add the following to the magnetic beads: acid-treated

antibody, 0.5 M borate buffer (pH 9.5) (1/5 of total volume
as the final concentration should be 0.1 M; this equals 0.2
mL to prepare 1 mL of bead suspension), and coupling
buffer for antibody coupling (to prepare 1 mL of antibody-
coated magnetic beads, the volume of coupling buffer
should equal 1 mL - volume of acid treated antibody - 0.2
mL borate buffer). Mix using a vortex mixer.

NOTE: The volume of acid-treated antibody equals the
volume of antibody solution (0.4 mL in preparation of
1 mL of bead suspension using a 1 mg/mL antibody
solution) + the volume of 1.0 M HCI used to adjust the
pH to 2.5 + the volume of 1.0 M NaOH used to adjust the
pHto 7).
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NOTE: The composition of 0.5 M borate buffer (pH 9.5)
and coupling buffer for antibody coupling can be found in

Supplemental Table S1.

11. Rotate at ambient temperature overnight using an 5.

end-over-end sample mixer, preferably with reciprocal

rotation and vibration.

12. Centrifuge for 10 min at 239 x g. Place the tube on the 6.

magnet for 2 min and remove the supernatant.

13. Wash the beads 2 x 2 h and once overnight by rotating in
storage buffer for antibody beads at ambient temperature
using an end-over-end sample mixer. Use the same
volume as the total volume in step 1.10. Place the tube

on the magnet for 1 min and remove the supernatant

between each wash. 7.

NOTE: The composition of storage buffer for antibody

beads can be found in Supplemental Table S1.

14. Store in the desired buffer (e.g., the same buffer as in
step 1.13) using the desired stock concentration of beads

(typically 20 mg/mL). Store in the fridge.

2. Preparation of 2 mL of trypsin immobilized
beads (20 mg/mL beads)

1. Add 20 mL of 1 mM HCI to 2 mL of NHS-activated

agarose beads to wash the beads.

2. Mix and centrifuge at 2,655 x g for 5 min. Remove the

supernatant.

NOTE: The composition of coupling buffer for trypsin
coupling can be found in Supplemental Table S1. Store

the buffer in the fridge.

Incubate for 25 min at 22 °C and 1,100 rpm using a
temperature-controlled mixer. Centrifuge at 2,655 x g for

5 min. Remove the supernatant.

Add 2 mL of modification buffer for the preparation of
trypsin beads and incubate for 20 min at 22 °C and 1,100
rem using a temperature-controlled mixer. Centrifuge at
2,655 x g for 5 min. Remove the supernatant.

NOTE: The composition of the modification buffer for
the preparation of trypsin beads can be found in

Supplemental Table S1. Store the buffer in the fridge.

Add 10 mL of blocking buffer for the preparation of trypsin
beads and incubate for 10 min at 22 °C and 1,100
rom using a temperature-controlled mixer. Centrifuge at
2,655 x g for 5 min. Remove the supernatant.

NOTE: The composition of blocking buffer for the
preparation of trypsin beads can be found in

Supplemental Table S1. Store the buffer in the fridge.

Add 2 mL of storage buffer, mix using a vortex mixer, and
store in the fridge until use.

NOTE: The composition of storage buffer for trypsin
beads can be found in Supplemental Table S1. Store

the buffer in the fridge.

3. DSS/VAMS sampling and subsequent
3. Add 20 mL of 0.1 M phosphate buffer (pH 7.8). Mixusing ~ eXtraction of dried serum

a vortex mixer and centrifuge at 2,655 x g for 5 min.
Remove the supernatant.

NOTE: The composition of 0.1 M phosphate buffer (pH
7.8) can be found in Supplemental Table S1.

4. Add 2 mL of 20 mg/mL trypsin (dissolved in cold coupling

buffer for trypsin coupling).

Prepare standards by spiking the serum with ProGRP (or
the protein of interest) at the appropriate level. Keep the
spiking volume < 1% of the total volume.

NOTE: Here, a stock solution of 295 ug/mL ProGRP
in water was used for the preparation of spiked serum

standards.
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2. Mix the standards on a vortex mixer.

3. Apply 10 L of serum (spiked standards) onto DBS cards
or allow 10 pL of serum to be collected by VAMS (10 pL)
using the manufacturer's guidelines. For DSS, make sure

that the spot is within the dotted circle.

4. Allow to air dry at ambient temperature for at least 2 h.

(not beads) to a new 2.0 mL low-protein-binding

microcentrifuge tube.

Add 25 uL of 14 ng/mL internal standard (IS) solution
containing the stable isotope-labeled (SIL) peptide
ALGNQQPSWDSEDSSNF[K_'3Cg_"°No] in 100 mM

ABC solution.

5. Cut out the whole spot and transfer it to a 2 mL 5. Capture of proteotypic ProGRP peptide using

low-protein-binding microcentrifuge tube or remove the
VAMS from the holder and place it in a 2 mL low-protein-

binding microcentrifuge tube.

6. Add 1,000 uL of 100 mM ammonium bicarbonate (ABC)
solution. Extract the dried serum from the spot/VAMS
for 1 h at 22 °C using a temperature-controlled mixer at

1,000 rpm.

7. Transfer the extract to a new 1.5 mL low-protein-binding

microcentrifuge tube for tryptic proteolysis.

4. Digestion of DSS/VAMS extracts

1. Use 30 pL of trypsin beads (as prepared in section 2)
per sample. Transfer a volume containing trypsin beads
for all samples to a new 1.5 mL low-protein-binding
microcentrifuge tube, centrifuge at 2,655 x g for 5 min,

and remove the supernatant.

2. Wash the trypsin beads 2x with 1 mL of cold 50 mM

ABC, before resuspending in the same volume that was

pipetted out. Centrifuge at 2,655 x gfor 5 minand remove 3.

the supernatant between steps.

3. Add 30 pL of washed trypsin beads to each DSS/VAMS

extract to initiate digestion.

4. Incubate for 2 h at 37 °C and 1,000 rpm using a
temperature-controlled mixer or similar. Centrifuge at

2,655 x g for 5 min and transfer the supernatant

antibody-coated magnetic beads

Use 20 pL of antibody coated beads (20 mg/mL as
prepared in section 1) per extraction. Transfer all
antibody-coated beads to a new 1.5 mL low-protein-
binding microcentrifuge tube, place on the magnet for 1

min, and remove the storage buffer.

Wash the magnetic antibody-coated beads with 1 mL
of phosphate-buffered saline (PBS), pH 7.4, containing
0.05% polysorbate 20, and 2 x 1 mL of PBS before
resuspending in the same volume that was pipetted out.
Mix on a vortex mixer and place on the magnet for 1 min
between buffer exchanges.

NOTE: PBS contains 137 mM NaCl, 2.7 mM KCI, 8 mM
NagHPO4, and 1.8 mM KH2PO4. It is recommended to
prepare the solution at a 10x concentration for increased
stability. For the composition of 100 mL of 10x PBS, see
Supplemental Table S1. Dilution of the 10x PBS 10x will
achieve a pH of ~7.4.

Add 20 pL of washed magnetic bead suspension to
each low-protein-binding microcentrifuge tube containing
a digested DSS/VAMS extract and IS. Perform
immunoextraction for 1 h using an end-over-end sample

mixer at ambient temperature.

Wash the magnetic beads using the following solutions:

500 pL of PBS with 0.05% (v/v) polysorbate 20, 400 yL
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of PBS, 300 pL of 10 mM Tris HCI (pH 7.4), and 300 pL
of 100 mM ABC.

1. After the addition of each wash solution, remove the
low-protein-binding microcentrifuge tube with beads
and wash solution from the magnet rack and invert
carefully until homogeneous. Then, place the low-
protein-binding microcentrifuge tube on the magnet
for 30 s, invert for 30 s, and place on the magnet for

1 min. Remove the wash solution.

2. Spin down the remaining suspension using a
microcentrifuge. Place on the magnet for 1 min and

remove the remaining wash solution.

Add 15 pL of 2% (v/v) formic acid in Type 1 H20 to

each sample and incubate for 5 min at 22 °C and 1,000
rom using a temperature-controlled mixer, or similar,
to elute the captured peptides. Place on the magnet
for 1 min and transfer the eluate to a new 1.5 mL
low-protein-binding microcentrifuge tube. Repeat once
and transfer the second eluate to the same low-protein-

binding microcentrifuge tube as the first eluate.

Add 20 pL of 100 mM ABC to each eluate (total volume
of 50 uL).

Centrifuge (microcentrifuge) and transfer 40 pL of the
eluate to micro inserts for high-performance liquid

chromatography (HPLC) vials.

6. Analysis by LC-MS/MS

Use a micro LC triple quadrupole MS with electrospray

ionization for high robustness.

Prepare the LC-MS/MS system for the analysis by
purging the pumps with mobile phase A (20 mM FA in
H20 and MeCN, 95:5 v/v) and B (20 mM FA in H20 and

MeCN, 5:95 v/v).

10.

Insert the analytical column (C18, 50 mm x 1 mm inner

diameter [ID], 3 um particles).

Continue to prepare the instrument for analysis by
following the start-up procedures for the specific

instrument.

In the instrument software, set the column oven

temperature to 25 °C and the flow rate to 50 pL/min

(100% mobile phase A).

Equilibrate the column with mobile phase A for at least

15 min.
Place the samples in the autosampler.

Prepare the instrument method for analysis

of the ProGRP-specific, tryptic

ALGNQQPSWDSEDSSNFK, and its IS.

peptide

NOTE: Several method parameters are instrument-
specific and must be optimized on the specific instrument
used. Details of the method parameters used here are

described in steps 6.9 to 6.11.

For the gradient program in LC, use the following
settings: flow rate: 50 pL/min; from time 0.0 to 3.0 min:
100% mobile phase A; from time 3.0 to 18.0 min: run a
linear gradient from 0% to 50% mobile phase B; from time
18.0 to 18.1 min: increase mobile phase B from 50% to
100%; from time 18.1 to 20.0 min: 100% mobile phase
B; from time 20.0 to 20.1 min: decrease mobile phase
B from 100% to 0%; from time 20.1 to 30 min: 100%
mobile phase A to re-equilibrate the column (use at least

10 column volumes).

For MS/MS settings, run MS/MS in positive mode using
instrument settings that ensure efficient ionization. To
follow this protocol, use a spray voltage of +4,000 V,

a heated capillary temperature of 270 °C, nitrogen as
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sheet gas (5 arbitrary units), and argon (2 mTorr) for
collision-induced dissociation (CID) fragmentation. If the
instrument allows, direct the LC flow to waste the first 2
min (0-2 min) and the last 1 min (29-30 min) of the run,

instead of into the MS.

11. Use selected reaction monitoring (SRM) transitions for
(A) the signature peptide (ALGNQQPSWDSEDSSNFK):
1,005.45—913.3, 1,005.45—1,028.3, and

1,005.45—1,398.5, and (B) the IS SIL

peptide  (ALGNQQPSWDSEDSSNF[K_'3Cg_19N2)):

1,009.45—921.3, 1,009.45—1,036.3, and
1,009.45—1,406.5. Use optimized collision energy (35 V

in this protocol) for all monitored transitions.

12. Prepare a sequence containing the samples to be run
using the software available for your LC-MS/MS system.
Set the injection volume to 10 L.
NOTE: Make sure to add blank samples and quality

control samples as needed.

13. Press "Run sequence" in the instrument software to start

the sequence.

14. Monitor the peak area of the affinity-captured, ProGRP-
specific, tryptic peptide ALGNQQPSWDSEDSSNFK,
and its IS SIL peptide.

NOTE: Selection and confirmation of the signature

ALGNQQPSWDSEDSSNFK,

peptide, is described

elsewhere'4.

Representative Results

An overview of the analytical workflow using both DSS
sampling and VAMS is shown in Figure 1. Except for the
differences in sampling method, the procedures are identical.
Images of the serum sampled using the two sampling

methods can be seen in Figure 2.

Both sampling forms (VAMS and DSS) are suitable for the
sampling of ProGRP-containing serum. This can be seen
from Figure 3 where MS chromatograms of the proteotypic
peptide and the IS SIL peptide from DSS and VAMS sampling
are shown. In addition, the MS chromatogram after the
analysis of a control sample consisting of 10 pL of spiked
liquid serum sample processed in the same manner as the
dried samples is included. The latter was diluted in the same
volume as the volume of the DSS/VAMS extraction solution,
subjected to digestion using trypsin beads and cleaned up

using peptide affinity capture.

Comparing VAMS and DSS sampling (Figure 4), VAMS
provides a higher proteotypic peptide/IS area ratio than DSS.
This indicates that there might be a loss of the target protein
ProGRP to the paper used for DSS (pure cellulose). When
comparing to a control sample, where the serum is not dried
prior to further processing and analysis (Figure 4), it is shown
that VAMS provides similar area ratios as the control sample
(two-tailed t-test, p< 0.65), indicating no loss to the sampling
material, while DSS provides a significantly lower area ratio
(two-tailed t-test, p< 0.005), indicating loss to the sampling

material.

A brief evaluation was performed using VAMS. Linearity
was shown from 10 to 1,000 ng/mL (R2 = 0.9996), with a
limit of detection (LOD, S/N = 3) of 6.7 ng/mL. The LOD is
considered satisfactory as the analysis was performed on a
rather old triple quadrupole (2008) with a 1 mm ID column.
The repeatability of all levels with an S/N > 10 was also
considered satisfactory with an RSD between 7% and 17%

(n = 3), using IS correction.

Affinity capture can be performed both before and after the
digestion step by either capturing the protein of interest or its

proteotypic peptide. The current procedure describes peptide
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affinity capture. An advantage of this approach compared to
protein capture is that only the peptide of interest is captured,
and an even more efficient sample cleanup is achieved.
This is illustrated in Figure 5, showing a more complex full

scan chromatogram with more noise after protein capture

compared after peptide capture. The samples analyzed in
Figure 5 are not sampled using DSS sampling or VAMS;
however, serum is also the sample matrix, and affinity capture
is performed using the same antibody used for peptide

capture in the described procedure.

Dried serum spots (DSS)

"
\\

v

/e8®0 /D

Punch aut sample spot
gh-ix o ransfer VAMS t and —
£ acd axiraction schent

S
Q%\ \v Sample digestion

\ =

VAMS

e
o=t
Peptide afinity cheanup using antibody- Separation and
coated magnetic beads datection by LC-MS/MS

Figure 1: Overview of the analytical workflow using both DSS and VAMS sampling. Abbreviations: DSS = dried serum

spot; VAMS = volumetric absorptive microsampling; LC-MS/MS = liquid chromatography-tandem mass spectrometry. Please

click here to view a larger version of this figure.

Figure 2: Images of serum sampled using different methods. (A) DBS cellulose card and (B) VAMS. Abbreviations: DBS

= dried blood spot; VAMS = volumetric absorptive microsampling. Please click here to view a larger version of this figure.
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Figure 3: Representative MS chromatograms of the proteotypic peptide and the IS SIL peptide after DSS and VAMS
sampling, as well as for a spiked serum sample added directly into the extraction solution. The MS chromatograms
shows 10 pL serum samples spiked with 1.5 ug/mL of ProGRP and applied to (A) VAMS, (B) the cellulose sampling card
(for DSS), or (C) directly to the extraction buffer (control sample). Twenty-five microliters of 14 ng/mL IS SIL peptide added
to all samples prior to peptide affinity capture. Abbreviations: DSS = dried serum spot; VAMS = volumetric absorptive
microsampling; MS = mass spectrometry; ProGRP = progastrin-releasing peptide; IS = internal standard; SIL = stable

isotope-labeled. Please click here to view a larger version of this figure.
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=
o

Area ratio
ALGNQQPSWDSEDSSNFK/IS
o = ] [¥8] Y (9] [=)] et | 0o w

Serum collected Serum collected Control sample
using VAMS using DSS (serum)

Figure 4: Representative results of the ALGNQQPSWDSEDSSNFKI/IS area ratio for serum samples spiked with
ProGRP and applied (10 pyL) to VAMS, DSS, or directly to extraction solution (control sample). Concentration of
ProGRP is 1.5 pyg/mL, n = 4 for each condition; 25 pL of 14 ng/mL IS SIL peptide is added to all samples prior to peptide
affinity capture. *indicates that the area ratio is significantly different from samples applied to VAMS (two-tailed t-test,

p< 0.005). Error bars are + standard deviation. Abbreviations: DSS = dried serum spot; VAMS = volumetric absorptive
microsampling; ProGRP = progastrin-releasing peptide; IS = internal standard; SIL = stable isotope-labeled. Please click

here to view a larger version of this figure.

Copyright © 2023 JoVE Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported jove.com January 2023 -191- e64473 - Page 10 of 14
License


https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/64473/64473fig04large.jpg
https://www.jove.com/files/ftp_upload/64473/64473fig04large.jpg

jove

Relative Abundance

100 3
= 1]

80 3

60 3
50 3

40 3

!

30

20

ALGNCQQPSWDSEDSSNFK

7 uw SEE

e = 4.2E6
/ 7
a0
a0
40
an
0

- - .
alons

M

60
L

100 ALGNQQOPSWDSEDSSNFK
o 1.2E5
a0
an

L AR B A I A " Y T M M

A0

45 50 55 60 a0 85

Time (min)

Figure 5: Comparison of base peak chromatograms (full scan Orbitrap analysis) after intact protein extraction

(blue) and proteotypic epitope peptide extraction (red). Extracted ion chromatograms of the proteotypic epitope peptide

(ALGNQQPSWDSEDSSNFK, m/z 1005.45) are shown on the right. Serum spiked with 150 ng mL™" ProGRP was used as

the sample. This figure is reprinted from Levernees et al.'. Please click here to view a larger version of this figure.

Supplemental Table S1: An overview of the composition
of buffers and solutions and how to prepare them. Please

click here to download this File.

Discussion

The described protocol contains information about how
to conduct several important steps in the analysis of
low-abundance biomarkers from dried microsamples (DSS
and VAMS), including the preparation of trypsin beads
and antibody-coated magnetic beads. Based on previous
experience, we always treat the antibody with acid prior
to bead immobilization to improve the orientation of the

antibodies®.

One of the critical steps in this procedure is the selection of the
most suitable microsampling format. First, one must consider

if the analyte in question can be determined from whole blood,

or if the concentration is influenced by the blood cells and
has to be determined in serum or plasma (as for the model

analyte, ProGRP).

Both paper- and polymer-based approaches have
advantages and limitations; for ProGRP, VAMS provides
a clear advantage with respect to analyte recovery after
extraction from the sampler. This can, however, probably be
optimized using a different extraction solution for the DSS
samples. Nevertheless, this potential interaction between the
analyte and the sampling material is important to take into
account as it might result in increased analytical variation
and higher detection limits. As the IS used is an SIL peptide
and first added after the digestion, IS corrects for the steps

following digestion (e.g., affinity extraction and LC-MS/MS
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analysis). IS correction is not possible for extraction from

DSS/VAMS and the digestion step.

Two types of beads are used in the procedure: trypsin beads
for digestion after extraction of the serum sample from the
sampler, and antibody-coated magnetic beads for capture of
the proteotypic peptide after digestion. A major reason for
using trypsin beads, in addition to speeding up the digestion,
is to minimize residual trypsin activity in the sample during
affinity capture. This is important to avoid tryptic proteolysis

of the mAb during affinity capture.

Agarose beads were used for preparation of the trypsin
beads, while magnetic beads were used for preparation of the
antibody-coated beads. Agarose beads are less expensive
than magnetic beads but have a limitation that separation
of the beads from the solution requires centrifugation. This
makes the separation of beads and supernatant less efficient
than when using magnetic beads. In addition, automation
of the workflow is difficult using agarose beads. However,
magnetic NHS-activated beads are available and can be used
for a more streamlined and automatable sample preparation

workflow.

Microsampling is an important trend in the bioanalysis of
both drugs and biomarkers. One challenge with the current
approach is the limited amount of sample volume (10 pL),
which may be of particular importance in the determination
of very-low-abundance analytes such as ProGRP (pg/mL-low
ng/mL level). However, this challenge may be circumvented
using state-of-the-art analytical equipment. For these low-
abundance analytes, the choice of sample preparation is
crucial, and selective sample cleanup through antibody-
based affinity capture is most often needed. As peptide
capture has been shown to provide cleaner extracts and

lower detection limits than protein capture (using the same

antibody)14, the present method focuses on this approach
in combination with microsampling. Another advantage of
the peptide capture approach is that the IS SIL peptide also

corrects for the affinity capture step.

In this work, an antibody targeting a protein was used for
peptide capture. This is an advantage as the availability
of off-the-shelf antibodies targeting proteins are higher
than off-the-shelf antibodies targeting proteotypic peptides.
However, for an anti-protein antibody to efficiently capture
a proteotypic peptide, the epitope needs to be intact after
protein digestion. In addition, for many antibodies, the exact
epitope is not known, making the search for an anti-
protein antibody tedious. This limits the number of available
anti-protein antibodies applicable for peptide capture. The
described procedure is demonstrated using serum as the
matrix and ProGRP as the target analyte. The procedure
is intended to be applicable to other matrixes and other
target analytes. Instead of using a commercially available
anti-protein antibody for the affinity capture of the proteotypic
peptide, it is possible to also use custom-made, anti-
peptide antibodies. The cleanup efficiency of peptide capture
compared to protein capture is illustrated in Figure 5. By
exchanging the agarose beads used for the preparation of
trypsin beads with magnetic beads, the procedure should also
be compatible with robotic sample preparation work stations

on the market.
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