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Next generation of labeling reagents for
quantitative and multiplexing immunoassays
by the use of LA-ICP-MS

S. Kanje,a A. J. Herrmann,b,c S. Hobera and L. Mueller*b

Immuno imaging by the use of Laser Ablation Inductively Coupled

Mass Spectrometry (LA-ICP-MS) is a growing research field in life

sciences such as biology and biomedicine. Various element label-

ing strategies for antibodies have been developed for the appli-

cation of multiplex immunoassays analyzed by the use of

LA-ICP-MS. High multiplexing capabilities, a wide linear dynamic

range and the possibility of absolute quantification are the main

advantages of ICP-MS. But in the context of immuno imaging by

the use of LA-ICP-MS, quantification of analytes is limited due to

non-controllable antibody labeling chemistry. In the presented

proof-of-principle a novel antibody labeling technique has been

investigated which results in a controlled labeling degree. A small

affinity protein based on the C2 domain of protein G was modified

with conventional metal coded tags (MeCAT) after introducing a

cysteine into the C-terminus of the protein. The modified C2

domain photo-crosslinks to the Fc or Fab region of the IgG and

allows specific and covalent labeling of antibodies for multiplex

immunoassay analysis by the use of LA-ICP-MS. In combination

with a house-made calibration membrane the amount of labeled

antibody–antigen complexes in a multiplex western blot immuno-

assay was determined by LA-ICP-MS.

1 Introduction

In recent years Laser Ablation Inductively Coupled Plasma
Mass Spectrometry (LA-ICP-MS) has been investigated success-
fully for immuno imaging of biological, biochemical and clini-
cal samples.1–4 The idea to develop multiplexing immuno-
assays for ICP-MS detection is based on the simplicity of the
“mass fingerprints” in comparison to the data evaluation of

multiple fluorescence immunoassays, which are limited by
spectral overlap and saturation effects. The combination of
immunoassays with ICP-MS is based on the modification of
antibodies with artificial element labels. Similar to fluo-
rescence colors, these antibodies are labeled by metals such as
lanthanides and act as an indicator for the target protein
(antigen) in the biological sample. In addition to the multi-
plexing capability and the high linear dynamic range of nine
orders of magnitude, the possibility of quantification is also a
main advantage of LA-ICP-MS compared to other imaging
techniques using home-made matrix matched standards.5–10

Because of actual instrumental improvements11 and fast data
acquisition,12 LA-ICP-MS stands now on the center stage for
novel research in bio medicine and life sciences. Giesen et al.
showed for the first time the simultaneous imaging of 32 pro-
teins and protein modifications at subcellular resolution by
the use of LA-ICP-TOF-MS (CyTOF).13

Common labeling reagents for LA-ICP-MS immuno imaging
are bifunctional ligands. They offer a reactive group, which
binds to amino groups in the antibody present on lysines and
the N-terminus or to thiols present on cysteine residues, and a
metal chelate complex allowing the detection via ICP-MS.
Often lanthanides are used as the central metal, because of
their low natural background and their similar physical pro-
perties. The labeling with bifunctional ligands is efficient, but
suffers from non-specificity, since all free and available amine/
cysteine groups have the possibility to react. This drawback
may lead to uncontrolled levels and locations of the labels.
Hence, the modified molecules might behave differently and,
possibly, the binding site of the antibody can also be
affected.14 Additionally, in order to label cysteines, antibodies
need to be partially reduced to create free thiol groups that are
able to react (Fig. 1a). The complexity of the metal labeled anti-
body prevents the development of a quantification concept,
because a calculation of an exact labeling degree, which is a
prerequisite for the determination of the amount of antibody
molecules in the sample, is not possible.15 In summary only
the artificially introduced amount of metal/element of the
selected label could be determined by LA-ICP-MS.6,8 With
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regard to novel biomedical and bioanalytical questions it is of
high interest to know how many antibody molecules bind to
their antigens. This would allow estimation about the reactivity
and efficiency of the antibody to its antigen and – due to the
multiplexing capabilities of LA-ICP-MS – the comparison of
the expression profiles of one target protein compared to
another protein in the same sample in absolute numbers.

In the presented investigation we have used a novel labeling
strategy for quantitative immuno imaging by the use of
LA-ICP-MS which results in one label per antibody molecule as
shown in Fig. 1. Recently small antibody binding domains
derived from proteins A and G have been modified with benzo-
phenone groups in order to be able to covalently and site
specifically label antibodies.14,16,17 The C2 domain from strep-
tococcal protein G has affinity for both the IgG Fc fragment in
the region between the CH2 and CH3 domains18 as well as the
constant part (CH1) of the heavy chain on the Fab domain.19

By introducing the unnatural amino acid BPA (p-benzoyl-
phenylalanine) to the C2 domain close to its binding site to IgG,
one domain that can label antibodies covalently at the Fc frag-
ment (C2Fc)

17 and one domain that can label IgG at the Fab
fragment (C2Fab)

20 have been developed. As the C2 domain
doesn’t contain any natural cysteines, a cysteine can easily be

introduced into the protein domain and be used for peptide
modification via maleimide chemistry. Taking advantage of
such a cysteine, the C2 domain, and consequently any antibody,
can be labeled with e.g. a MeCAT (metal coded tag) containing a
chelated lanthanide metal. Any antibody can then, regardless of
stabilizers in its buffer and without any pre-treatment, be
labeled using the C2 domain by simply mixing the domains and
subjecting them to far-UV light of 365 nm (Fig. 1b and c). The
unconjugated C2 is washed away and the labeled antibody is
ready to be used for detection in an experiment.

The applicability of the C2 peptide for quantitative
LA-ICP-MS based immune imaging is demonstrated on a
multiplex western blot assay using monoclonal antibodies
derived from the Human Protein Atlas project.

2 Methods
2.1 Design of the C2 peptide

2.1.1 Fc labeling C2 domain. The lysine in the Avi-tag of
the C2 domain described by Kanje et al.17 was mutated to a
cysteine using in vitro mutagenesis with a mismatch primer.

Fig. 1 Strategies for labeling of antibodies with MeCAT (pink star). The antibody structure based on two heavy chains (green) and two light chains
(blue) connected via disulfide bridges. (a) Labeling of antibodies using maleimide chemistry requires reduction of the antibody and leads to uncon-
trolled labeling amount and location. (b, c) The labeling strategy presented in this paper is based on a modified C2 domain containing a cysteine that
can be conjugated to MeCAT and the unnatural amino acid BPA that can photo-crosslink to nearby amino acids upon UV irradiation. Two different
domain label antibodies site specifically either in the region between the CH2 and CH3 domains on the Fc fragment (C2Fc) (b), or on the CH1
domain of the Fab fragment (C2Fab) (c).
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The protein was produced and purified as described by Kanje
et al.17

2.1.2 Fab-labeling domain. The C2 domain used for label-
ing of IgG on the Fab domain was produced as described in
the publication of Kanje and von Witting.20

2.2 Antibody labeling

2.2.1 Fab and Fc labeling via C2 peptide. C2 domain, Fc or
Fab labeling, containing a cysteine, was labeled with MeCAT
by reducing the protein with 3× molar excess TCEP at 50 °C for
30 min. 5× molar excess of MeCAT (66.67 nmol) diluted in
10 µl dH2O was added to the reduced sample and 100 mM
HEPES (pH 7) was added as reaction buffer. The reaction was
incubated at 37 °C for 2 h. Buffer exchange to 1× PBS (150 mM
NaCl, 10 mM phosphate, pH 7.4) was performed on an Illustra
Nap-5 column (GE healthcare) according to instructions.
Successful conjugation was verified with MALDI-TOF-MS on a
MALDI-TOF LT3 plus (SAI) or a 4800 MALDI TOF/TOF Analyzer
(Applied Biosystems).

Antibodies were labeled with the MeCAT-conjugated C2
domains and washed as described by Kanje et al.17

To determine the concentration and degree of labeling the
washed antibodies were run on an SDS-PAGE as described by
Kanje et al.17 next to antibodies of known concentration. The
concentration of the antibodies was determined using the
ImageJ software, comparing the intensity of the light chain of
the labeled antibody to the light chain of antibodies with
known concentrations.

For the initial experiments Anti-Actin (A14 Sigma Aldrich,
Taufkirchen, Germany), Anti-CYP1A1 (A3), Anti-CYP3A1 (A15),
Anti-CYP2B1/2B2 (A16) and Anti-CYP2E1 (A17), (all CYP anti-
bodies were purchased from Abcam, Cambridge, United
Kingdom) were labeled on the Fc fragment.

For the multiplex western blot experiments Anti-ARG1
(AMAb90545), Anti-CS (AMAb91005), Anti-SLC27A5 (AMAb90575),
Anti-STAT3 (AMAb90776), Anti-SDHB (AMAb90708) and Anti-
NAPRT1 (AMAb90725) (all from Atlas Antibodies) were labeled on
the constant part of the Fab fragment.

2.2.2 Cysteine labeling by the use of MeCAT

Direct antibody labeling with MeCAT was performed in accord-
ance with the publication of Waentig et al.21

2.3 Western blot assay

Liver tissue lysate was prepared as described by Älgenäs et al.
2014.22 Pre-stained marker (PageRuler™ Plus (Pierce)) and a
total amount of 15 µg protein from the liver lysate suspended
in reducing buffer (20 mM Tris, 1 mM EDTA, 88 mM SDS,
720 mM β-mercaptoethanol, 17% glycerol) and heated at 95 °C
for 5 min, were loaded on an Any kD™ Mini-
PROTEAN®TGX™ gel (Bio-Rad) and run in 1× TGS buffer
(25 mM Tris, 192 mM glycine, 0.1% SDS, pH 8.3, Bio-Rad) at
4 °C, 200 V, 30 min. The SDS-PAGE was transferred to an
Immune-Blot PVDF membrane (0.45 µm, Bio-Rad) that had
been activated with methanol, at 40 V, 90 min, 4 °C in 1× TG
(25 mM Tris, 192 mM glycine, pH 8.3, Bio-Rad). The mem-

brane was blocked for 1 h at room temperature (RT) or over-
night at 4 °C with blocking buffer (5% milk powder w/v, 0.5%
Tween20 v/v). The blocked membrane was incubated for
1 hour at room temperature with the labeled antibody (2–5
µg ml−1) diluted in blocking buffer. The membrane was sub-
sequently washed 4 × 5 min with 1× PBST (1× PBS, 0.1% Tween
20 v/v) and dried before analysis with LA-ICP-MS. For second-
ary antibody detection the membrane was incubated with the
goat-anti-mouse-HRP antibody (Dako) diluted 1 : 8000 in block-
ing buffer for 1 h at RT. The membrane was washed as
described above. The blot was developed using the
Immobilon™ western chemiluminescent HRP substrate
(Millipore) in a ChemiDoc™ XRS+ imaging system (Bio-Rad).

2.4 Calibration membrane

A matrix matched calibration series was prepared by spotting a
mixture of ICP-MS lanthanide standard solutions (CertiPUR,
Merck Millipore, Darmstadt, Germany) onto a blot membrane
(Whatman® GmbH, 0.45 μm,) by the use of a conventional
microarray system (Bio Odyssey Calligrapher Mini Arrayer, Bio-
Rad) and a solid pin (946NS3 solid microarray printing pin,
Arrayit Corporation). First a validation of the arrayer system
was performed. The reproducibility of the spotting process was
checked on different days and the delivered volume of the pin
was determined (0.61 nL ± 0.14 nL). To determine the deli-
vered volume an empty blot membrane was printed with
10 grids (a grid consist of 4 × 4 spots). These generated grids
were cut out; the membrane pieces thus obtained were dis-
solved in concentrated HNO3, diluted with dest. H2O and
measured against a standard calibration series with ICP-MS.
Furthermore the relative standard deviation for the printed
spots was analyzed by LA-ICP-MS and is less than 10%.

For calculation of the amount of lanthanides in the sample,
both the printed membrane with the calibration series of lantha-
nides as well as the western blot membrane were continuously
ablated line by line and measured with exactly the same settings.

2.5 LA-ICP-MS

For detection a commercial LA system (NWR213, ESI,
Portland, USA) was coupled to an ICP sector field mass
spectrometer (Element XR, Thermo Fisher Scientific,
Germany). The ICP MS was synchronized with the LA unit in
an external triggering mode. Membranes were fixed on a
sample holder and inserted into the two volume cell (New
Wave 213). The aerosol was transported by helium at a flow
rate of 1 L min−1, and argon was added at a typical flow rate of
0.5 L min−1 before the ICP torch. The ICP was tuned daily for
maximum ion intensity, keeping the oxide ratio (ThO/Th)
below 5% using a microscopic glass slide as the control stan-
dard for ablation. The western blot membranes were ablated
continuously in line scans (laser spot, 250 µm; scan speed,
250 µm s−1; repetition frequency, 20 Hz; energy, 1 J cm−1). The
LA-ICP-MS data files were imported to the program Origin 7
(Originlab Corporations, Northampton, USA) where 2D inten-
sity profiles can be generated by transforming the scan time
into a micrometer scale. The measured peak areas of each
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intensity profile were then processed with Excel (Microsoft,
Redmond, USA). Finally, by the use of the calibration data the
peak area of the lanthanide in the sample can be converted
into the amount of lanthanide [pg] in the sample. For anti-
bodies with a tagging degree of one tag per antibody the deter-
mined amount of lanthanide [fmol] is similar to the amount
of antibody [fmol].

3 Results and discussion
3.1 Optimization of antibody labeling with C2 peptide

To investigate the feasibility of the labeling technique based
on C2 in LA-ICP-MS analyses, labeling of monoclonal mouse
antibodies was performed on their Fc domain by using C2Fc.

17

While labeling with this particular domain works very well on
human IgG (almost two labels per antibody), the labeling
efficiency for mouse antibodies was not as satisfactory (1 out
of 5 antibody molecules were labeled). Still the western blots
analyzed by LA-ICP-MS showed adequate performance charac-
teristics as described in section 3.2. Protein G – on which the
C2 peptide was based – has different affinities to IgG from
different species. The affinity to the Fc-part of mouse IgG1 is
very low, the Fab binding is rather good and can therefore be
efficiently used for crosslinking.17,20 To further optimize the
C2-binder for labeling, a novel C2-domain was developed. This
domain is an obligate Fab-binder that shows a higher prefer-
ence for mouse IgG1, C2Fab.

20 The C2Fab domain yields on
average one peptide domain, i.e. label, per antibody for mouse
IgG1 (Fig. 2) and is therefore more suitable to use when using
mouse antibodies for detection in an assay.

3.2 Comparison of labeling techniques

After optimization of the antibody labeling on the Fc domain
by C2Fc its performance characteristics were investigated in a
western blot immunoassay. The results were compared to the
performance characteristics of the same antibody labeled with
MeCAT on free cysteine residues.21

All target analytes could be identified in a liver lysate run
on a SDS-PAGE and transferred to a membrane. Monoclonal
anti-CYP1A1 (mouse IgG) was selected as the model antibody
due to consolidated knowledge from other projects.6,21 The
MeCAT and C2 peptide modified antibody samples were
applied in two identical western blot immunoassays analyzed
by LA-ICP-MS and the results are summarized in Table 1. On
the one hand the signal intensities for the MeCAT labeled IgG
were higher than for the C2 modified one by a factor of 50. But
on the other hand the discrepancy between the signal-to-noise
ratios of both methods is not that large (factor of 1.3) which is
the result of a higher background signal in the case of the
MeCAT labeled IgG. The lowest occupied detection limits
(LOD) for both labeling methods lie in the lower pmol range
and represent the minimum amount of CYP1A1 antigen
detectable in a western blot immunoassay based on LA-ICP-MS
analysis. The MeCAT labeling results in a LOD of 0.05 pmol
which is only a factor of two lower than for the C2 labeled anti-
body (0.12 pmol). The reason for the discrepancy is due to the
different labeling reactions. MeCAT labeling of cysteine resi-
dues after partial reduction of the antibody leads to a mixture
of labeling degrees between zero and eight and to a non-
controlled fragmentation of antibody molecules. Nevertheless
intact antibodies reacting in the immunoassay might have a
higher labeling degree or antibody fragments still show reactiv-
ity to its antigen, but might also produce background noise by
unspecific binding. Hence, labeling chemistry is quite
complex and hindered an adequate quantification and under-
standing of the immune reaction.15 On the other side the C2
peptide leads to a slightly higher detection limit but allows a
controlled and robust labeling of antibodies for quantitative
immunoassay. The antibody used in this experiment was
labeled with the C2Fc domain, which is suboptimal for label-
ing of mouse IgG, resulting in the labeling of on average one
out of five antibody molecules.

Fig. 2 Example of labeling of mouse monoclonal antibodies on the Fab
fragment using C2Fab coupled to different lanthanides. To determine
concentration and degree of labeling the washed antibodies were run
on an SDS-PAGE as described in section 2.2.1. Unlabeled antibodies
(0.25, 0.5, 1 and 2 µg) were loaded as a concentration control. Samples
1–6 show different monoclonal antibodies labeled with different lantha-
nides site specifically on the heavy chain via the C2Fab labeling domain.
Successful labeling results in an additional band above the heavy chain
from the added weight from the C2Fab-MeCAT. The concentration of the
antibodies can be determined using the ImageJ software, comparing
the intensity of the light chain of the labeled antibody to the light chain
of antibodies with known concentrations. Crosslinking is shown to take
place around 50% of the heavy chains, meaning on average one label
per antibody.

Table 1 Performance characteristics of the selected labels in a western
blot immunoassay. Anti-CYP1A1 was labeled with MeCAT-Tm or C2Fc-
MeCAT-Tm and used in two identical western blots analyzed by
LA-ICP-MS. The protein lysates applied contained 3.8 µg CYP1A1 per
lane.6 This information was used for calculating the detection limit for
the selected antigen (LOD, 3σ). The background signal was calculated
from the standard deviation of a 2 mm area at the beginning of laser
ablation measurement of the western blot membrane where no antigen
was expected

Tag Peak area S/N ratio LOD [pmol]

MeCAT-Tm 2.08 × 106 245.99 0.05
C2Fc-MeCAT-Tm 4.17 × 104 187.23 0.12

Analyst Communication

This journal is © The Royal Society of Chemistry 2016 Analyst, 2016, 141, 6374–6380 | 6377

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
O

kt
ob

er
 2

01
6.

 D
ow

nl
oa

de
d 

on
 2

9/
01

/2
02

6 
2:

13
:1

6 
PG

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c6an01878e


In a second step additional CYP antibodies and anti-Actin
were labeled with different lanthanides via the C2Fc peptide.
Multiplex and single western blots were prepared under the
same conditions and analyzed by LA-ICP-MS. The results were
comparable with other studies already published in the litera-
ture achieving LODs in the lower pmol range.6 As expected the
same protein bands were detected in single and multiplex
experiments and no cross reactions could be observed (results
not shown).

3.3 Quantitative and multiplexing western blot assay
analyzed by LA-ICP-MS

For quantitative imaging a multiplex western blot immuno-
assay with six different monoclonal mouse antibodies (Anti-
ARG1, Anti-CS, Anti-SLC27A5, Anti-STAT3, Anti-SDHB, and
Anti-NAPRT1) labeled with the MeCAT modified C2Fab domain
on the constant part of the Fab fragment was performed as
described in section 2.2. All antibodies detect proteins present
in a liver lysate run on a SDS-PAGE and transferred to a mem-
brane before detection with the lanthanide labeled antibodies.
A dilution series of a mixture of ICP-MS lanthanide standard
solutions of known concentration was spotted with a microar-
ray spotter onto a blot membrane. For quantification the cali-
bration series as well as the sample membrane were ablated
and analyzed with exactly the same settings. Fig. 3 shows the
resulting 2D intensity profiles of one multiplex western blot
after quasi simultaneous detection of six selected lanthanide
isotopes.

Four of the six intensity profiles in Fig. 3 show distinct
protein bands belonging to anti-SDHB(Tm), anti-NAPRT1(Tb),
anti-ARG1(Lu) and anti-CS(Pr). For these antibodies the
amount of labeled antibody connected to its antigen could be
quantified via the calibration membrane. Linear regression
factors (R2) better than 0.99 were calculated for the membrane
calibration containing the lanthanides selected as antibody

labels. The limit of quantification (LOQ) was determined and
range between 0.004 pg (169Tm – lowest) and 0.0022 pg (153Eu
– highest). Using the calibration data the peak area of the
lanthanide signal according to the protein band can be con-
verted into femtomole of lanthanide. Due to the fact that the
labeling degree is one for C2Fab modified antibodies the molar
amount of antibody reacted to the target antigen is the same
as the molar amount of the detected lanthanide. The amounts
of labeled antibody–antigen complexes in the analyzed
multiplex western blot assay lie between 31.7 fmol (Lu)
and 3.39 fmol (Tm). We identified ten times more anti-
ARG1(Lu) than anti-NAPRT1 (Tb) and anti-SDHB(Tm).
Anti-CS (Pr) lies in between with 7.94 fmol. In the case of
anti-SLC27A5(Er), quantification was not possible due to a peak
area (495 equates to 0.0015 pg Er) which was lower than the
LOQ of 0.0017 pg.

Subsequently we want to comment on the empty profile in
Fig. 3. All labeled antibodies were initially tested against the
liver lysate one by one using secondary antibody detection
(goat anti-mouse-HRP) in order to verify that they were still
functional after labeling. All six antibodies used provided a
single band of the expected size, however the developing time
in order to get a sufficient signal differed for the different anti-
bodies (from ten seconds to several minutes).

When not all antibodies provided signal in the LA-ICP-MS
experiment a multiplex western blot with secondary antibody
detection was set up. With all antibodies added to one mem-
brane at the same concentration and detected with a second-
ary antibody, only four antibody signals that were detected in
LA-ICP-MS could be seen (see Fig. 4). The two antibodies that
could not be detected (Anti-CS(Pr), Anti-STAT3(Eu)) in a multi-
plex western blot with the secondary antibody were run in a
new triplex western blot together with the antibody that gave a
very weak signal in the sixplex western blot (Anti-SLC27A5(Er)).
These three antibodies could then all be detected, where the

Fig. 3 2D intensity profiles of one multiplex western blot membrane analyzed simultaneously with LA-ICP-MS after incubation with a mix of six
different antibodies (Anti-ARG1(Lu), Anti-CS(Pr), Anti-SLC27A5(Er), Anti-STAT3(Eu), Anti-SDHB(Tm) and Anti-NAPRT1(Tb)) labeled with MeCAT
modified C2Fab domains on the constant part of the Fab fragment. The distribution of the molar amount of the artificial introduced isotopes is given
in cps/pixel. The table summarized the quantitative data determined peak areas belonging to the band of the antibody–antigen complex. The deter-
mined amount of lanthanide (Ln) is identical to the number of labeled antibody–antigen complexes if the labeling degree of the antibody to C2-
peptide is 1 : 1; n.d., not detected; n.c. not calculated, as the peak area is lower than limit of quantification (LOQ = 9σ).
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antibody that gave a weak signal in the sixplex blot showed the
strongest signal in the triplex blot compared to the other two
that were not detectable when running all six antibodies at
once. Antibodies will have different affinities for their targets,
and in a crude liver lysate the different target proteins will be
present at different concentrations. Therefore in the case of
HRP detection an antibody that works in a singleplex set up
might not work in a multiplex set up together with an antibody
that may have a stronger affinity for its target, or a target
present in a much higher concentration, which may cause the
signal from the weaker antibody to drown out. Detection with
a HRP coupled secondary antibody gives an increased signal
over time. However if one signal is very strong it may quench
the signal from a weaker antibody. In the case of the metal-
labeled antibodies no signal amplification can be made. As
the multiplex experiment using the secondary anti-IgG anti-
body confirmed the pattern of detectability from the
LA-ICP-MS it is believed that this is caused by the reasons
mentioned above. The reason for the singleplex blots giving a
signal using secondary antibody detection but not in
LA-ICP-MS is believed to be a combination of weaker antibody/
lower target concentration and the fact that there is no signal
amplification in LA-ICP-MS. Further the label selection might
also play a role. The lanthanide erbium contains nine isotopes
and we selected 166Er with an abundance of 33% for
LA-ICP-MS analysis. This is probably the reason why the inten-
sities are lower for Er compared to the monoisotopic lantha-
nides thulium, terbium, praseodymium and also 175Lu
(97.4%). The same reason is valid for 153Eu with an abundance
of 52%. All C2 labeled antibodies were also tested in single

immunoassays analyzed by LA-ICP-MS and the results were in
accordance with the multiplex experiments discussed here.
The experimental data presented in Fig. 3 are a quite good
example where the high dynamic range associated with
ICP-MS was cut by the limits of the sample preparation.
A better detection by LA-ICP-MS could be achieved by labeling
the C2 domain with multiple metals.

4 Conclusion

A novel quantitative labeling concept for immuno imaging
with LA-ICP-MS was developed which results in one label per
antibody. This allows not only the quantification of the
amount of introduced lanthanide ions into the sample but
also enables the quantification of the molar amount of the
antibody which is bound to the target protein. This is achieved
with a labeling technique based on the use of small antibody
binding domains, C2Fc and C2Fab, which are modified with
metal coded tags (MeCAT). Antibodies can then be labeled
with these modified C2 domains by mixing and subjecting
them to far-UV light of 365 nm. A further highlight of this
elegant labeling methodology is that any antibody can be
specifically labeled, regardless of stabilizers in its buffer and
without any pre-treatment. The applicability of six C2 tagged
antibodies was demonstrated in a LA-ICP-MS based multiplex
western blot immunoassay and in a chemiluminescence
experiment. Quantification of the labeled antibody–antigen
complexes was possible by the use of a calibration membrane
and amounts between 30 and 3.0 fmol per protein band were
determined. This labeling technique was compared to estab-
lished cysteine labeling of antibodies and leads to similar per-
formance characteristics e.g. S/N ratio and LODs in the femto-
mole range. In future the performance characteristics have to
be improved to also address the quantitative analysis of low
abundant proteins and immuno imaging where a high lateral
resolution of the laser equipment is needed e.g. analysis of
tissue microarrays. One idea is the use of non-dispersive label
complexing many lanthanide ions for signal enhancement.23
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