
Franz H. Grus
S. C. Joachim
Norbert Pfeiffer

Department of Ophthalmology,
University of Mainz,
Mainz, Germany

Analysis of complex autoantibody repertoires by
surface-enhanced laser desorption/ionization-time
of flight mass spectrometry

Normal sera contain a large number of naturally occurring autoantibodies which can
mask important disease-associated ones. Western blotting has evolved as the most
important tool to demonstrate autoantibodies in autoimmune diseases, because of its
ability to simultaneous screening for a wide spectrum of different antigens. In previous
studies we have shown the diagnostic potential of the analysis of autoantibodies in
autoimmune diseases by means of multivariate statistics and artificial neural networks.
However, the Western blotting procedure remains very time-consuming and is also lim-
ited in sensitivity. Therefore, we used an on-chip approach for the analysis of autoanti-
bodies. This ProteinChip system uses ProteinChip arrays and SELDI-TOF MS (surface-
enhanced laser desorption/ionization-time of flight mass spectrometry) technology for
capturing, detection, and analysis of proteins without labelling or without the need of
chemical modification. The microscale design of the arrays allows the analysis of very
small quantities of proteins. In the present study, we used arrays with biologically acti-
vated surfaces that permit antibody capture studies. Protein-A-Chips were incubated
with sera of patients (n = 12). After washing, the chips were incubated with a complex
solution of autoantigens and subsequently washed again. If the Protein-A bound auto-
antibodies recognized their antigens, these proteins could be separated by their molec-
ular masses and were to be detected by mass spectrometry. Previous studies using
monoclonal antibodies have demonstrated that the detection limit is in the attomole
level. Furthermore, all sera were analyzed by conventional Western blotting for direct
comparison. In the present study, we have shown complex on-chip antibody-antigen
reactions. At higher molecular weights (�30 kDa) the detection sensitivity of this on-
chip method was comparable to conventional Western blotting. At lower molecular
mass, the Western blot technique is easily exceeded by the on-chip method. Consider-
ing that this on-chip procedure is quite easy to use, is much less time-consuming than
Western blotting, and is much more sensitive at least in the low molecular weight range,
the SELDI-TOF technology is a very promising approach for the screening of autoanti-
bodies in autoimmune diseases. Due to its versatility, this on-chip technology could
allow the large-scale screening for complex autoantibody distributions for diagnostic
purposes and early detection of autoimmune diseases might be possible.
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1 Introduction

Western blotting has surfaced as a powerful tool for
detecting specific autoantibodies in autoimmune dis-
eases. Complicating the straightforward identification of

pathogenically relevant antigens, however, is that normal
sera contain large amounts of natural antibodies which
manifest themselves in complex staining patterns [1, 2].
Thus, it can complicate the differentiation of disease-
associated autoantibodies from the complex background
of “autoimmune noise” (i.e. naturally occurring autoanti-
bodies).

Therefore, we recently developed a new technique where
the antigen-antibody reactions were analyzed by Western
blotting followed by digital image analysis [3–5]. Based
on the densitographs of each Western blot, multivariate
statistical techniques and artificial neural networks were
used to detect differences in the distribution of antibodies
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against autoantigens. Recently, this technique has been
successfully used in myasthenia gravis, Graves’ disease
and experimental uveitis [6–10]. These techniques attempt
to differentiate between healthy people and autoimmune
patients, considering the whole complex antibody pattern
of each patient. After recognizing these patterns from
known samples, it can be calculated to which clinical group
the autoantibody pattern of an unknown patient reveals the
highest similarity. However, the Western blotting technique
is very time-consuming and limited in sensitivity.

We therefore used an on-chip approach for the analysis
of autoantibodies. Surface-enhanced laser desorption/
ionization-time of flight mass spectrometry (SELDI-TOF
MS; Ciphergen, Fremont, CA, USA) [11] separates pro-
teins on different solid-phase chromatographic surfaces
(ProteinChip) and the proteins are subsequently ionized
and detected by TOF-MS (time of flight-mass spectrom-
etry). The ProteinChip technology is able to analyze pro-
tein profiles from a variety of complex biological materi-
als, e.g., serum, blood, tears, plasma, urine and cell
lysates. This fast novel technology requires far less mate-
rial compared to conventional 1- or 2-DE, and has a
higher reproducibility. In the low mass range, proteins
can be analyzed in the femtomole range. The search for
biomarkers using SELDI-TOF can directly be used for
diagnosis for diseases, e.g., prostate, ovarian and blad-
dercarcinoma [12–16]. Furthermore, the ProteinChip tech-
nology can be used for many more purposes than protein
profiling. Depending on the chromatographic surfaces
used in the approach, many different separations of the
protein mixture become possible. Additionally, antibody
capture studies can be performed. Using activated biolog-
ical surfaces, antibodies can be bound to the surface.

If the antibody bound to the chip surface recognizes their
antigens (proteins), then these proteins can be separated
by their molecular mass and can be detected by TOF-MS.
Using purified monoclonal antibodies, it could be de-
monstrated that detection limits can be at the attomole
level [17].

In previous studies ProteinChip surfaces have only been
used to detect purified monoclonal antibodies. In the pre-
sent study, we attempt to detect and analyze complex
mixtures of natural autoantibodies in human sera by
means of SELDI-TOF and compare the results to those
obtained by conventional Western blotting.

2 Materials and methods

Blood samples were taken from volunteers and centri-
fuged at 1000 g for 10 min. The serum was stored at
�23�C for later examination. Ocular antigens were pre-

pared and homogenized in sample buffer (1 M Tris,
pH 7.5; 10% SDS; DTT) and centrifuged at 15 000 rmp
for 1 h. The samples were cooked and centrifuged several
times afterwards. The pellet was discarded and the
supernatant was stored for later analysis.

2.1 Western blotting

The antigen extracts were used for 13.5% SDS-PAGE
using MultiGel-Long (Biometra, Goettingen, Germany).
After electrophoresis the gels were transferred onto nitro-
cellulose membrane Protran BA 83 (Schleicher and
Schuell, Dassel, Germany) by using a Semi-Dry Blotter
(Biometra) for 1 h. The blots were blocked with buffer
(5% non-fast dried milk in PBS for 1 h. The nitrocellulose
was cut into strips and one strip per patient was used.
The strips were incubated overnight with patients’ sera
(1:25 dilution, 1000 �L per strip). After washing the strips
with TBS, they were incubated with secondary antibody:
peroxidase-conjugated Immuno Pure goat antihuman IgG
(H+L) (diluted 1:500, Pierce, Rockford, IL, USA) for 1 h.
After several washing steps the bands were developed
by 0.05% 4-chloro-naphthol (Sigma, Munich, Germany)
with 0.015% hydrogen peroxide in 20% methanol in TBS
for 20 min. Molecular weights were estimated for each
band based on the distance migrated for ten known mo-
lecular weight standards (BenchMark, Invitrogen, Karls-
ruhe, Germany). Digital image analysis and evaluation of
Western blots was performed by BioDocAnalyze (Bio-
metra), which created densitometry data of the blots
showing the grey-intensity values versus relative mobility
(Rf) values.

2.2 On-chip method

In this experiment ProteinChip arrays were used for
detection of antigen-antibody reactions. Analysis was
performed by means of SELDI-TOF MS technology
(Ciphergen Biosystems, Freemont, CA, USA). We chose
a carbonyl diimidazole PS10 chip (Ciphergen Biosystems)
with eight spots (A to H).

At first each spot on this PS10 chip was incubated with
2 �L of Protein A in a moist chamber at room temperature
for 1 h. Then the spots were blocked with deactivation
buffer (0.5 M ethanolamine in PBS, pH 8.0). During the
next step washing buffer (0.5 Triton X-100 in PBS) was
applied twice. The spots were washed with PBS after-
wards. Six microliters of antibody solution, consisting of
0.5 �L patient’s sera in PBS (also containing 0.05% Triton
X-100), were applied. The last spot (H) served as control
spot and was only incubated with PBS (no serum). The



Proteomics 2003, 3, 957–961 Analysis of autoantibody repertoires by SELDI-TOF 959

chips were incubated in a moist chamber for one addi-
tional hour. Three microliters of bovine optic nerve super-
natant were used as antigen and the arrays were incu-
bated for another hour in a humified chamber. The whole
chip was washed twice in a falcon tube containing wash-
ing buffer (0.5% Triton X-100 in PBS) and put on a rocking
platform for 5 min. After another washing step with nano-
pure water (Roth, Karlsruhe, Germany) 0.7 �L sinapinic
acid matrix (SPA) were applied on each spot, the chip
was then air-dried and measured by the SELDI-TOF
instrument (Fig. 1).

Figure 1. Western Blot: Ocular antigens were used for
13.5% SDS-PAGE). After electrophoresis the gel was
transferred onto a nitrocellulose membrane by Western
blotting and incubated overnight with patients’ sera. After
incubation with the secondary antibody (goat anti-human
IgG (H+L), the bands were visualized by staining with
4-chloro-1-naphthol for 20 min. For each lane, a densito-
graph was created by digital image analysis. SELDI-TOF:
We used a carbonyl diimidazole PS10 Chip with eight
spots for this analysis. At first each spot on this PS10
Chip was incubated with Protein A in a moist chamber
for 1 h. Then the spots were blocked with deactivation
buffer, washing buffer, and PBS. The antibody (patient
sera in PBS) was applied and chips were incubated in a
moist chamber for 1 h. Ocular antigens were applied and
chips were incubated for another hour. After several
washing steps the matrix (sinapinic acid) was applied
and the chips air-dried.

3 Results

As in previous studies, we found complex autoantibody
repertoires by means of Western blotting even in the sera
of healthy subjects. Figure 2 demonstrates a photograph
of a complex banding pattern and the corresponding
densitographic data created by BioDocAnalyze. Further-
more, we showed very complex on-chip autoantibody-
antigen reactions. Figure 3 shows the antigen-antibody

Figure 2. Right panel: Densitograph of a Western blot.
Scanner units (U) are plotted vs. Rf values (relative mobil-
ity); left panel: photograph of a Western blot.

Figure 3. SELDI-TOF measurements of antigen-antibody
reactions of some patients, as described in Fig. 1. In all
patients’ lanes, complex antibody repertoires could be
detected. The bottom lane served as control (no antibody
applied on the chip).
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Figure 4. Comparison of anti-
body-antigen reactions by
SELDI-TOF and antigen-anti-
body Western blot procedures
for two different patients (A
and B). For each patient, the
profiles are shown in the left
graphs from 0–100 kDa and in
the right one from 0–25 kDa.

reactions detected by SELDI-TOF for seven different
patients in the range 0–100 kDa. One lane served as con-
trol (no sera applied on the chip, only antigen mixture) and
resulted in no or very small peaks. At higher molecular
mass (�30 kDa) the detection sensitivity of this on-chip
method was comparable to conventional Western blot-
ting. At lower molecular mass, the Western blot technique
is easily exceeded by the on-chip method (Fig. 4).

4 Discussion

SELDI-TOF MS is a very novel and promising approach
combining chromatography and mass spectrometry.
Although it is possible to identify proteins by digestion
and conventional MALDI-TOF, the main application of
this proteinchip technology is the screening for potential
biomarkers, e.g., to be used in the early diagnosis of
disease. Furthermore, this technique allows study of bio-
molecular interactions and post-translational modifica-
tions on-chip, e.g., for phosphorylation site mapping and
glycoprotein characterization directly in the array [17].

Many proteomics studies in ophthalmology have been
hampered by the need for large amounts of sample
needed for the analysis by means of traditional 2-DE
of proteins. Depending on the tissue or body fluid (e.g.
tears), the available volume per sample is extremely lim-
ited. Thus, methods are needed that can be used with
such small amounts of sample. Therefore, ProteinChip
SELDI-TOF MS is a very promising tool in protein profil-
ing, because previous studies have shown that it is very

sensitive and can even be used to analyze a mixture of
just a few cells (approx. 500 cells are needed [18, 19]).
Furthermore, traditional 2-DE is very time-consuming
and expensive, and the reliability of this method depends
largely on the experience of the investigator. The intra-
and inter-investigator reliability of the electrophoretical
method is often very disappointing.

In this study, we attempted to use SELDI-TOF MS to ana-
lyze complex autoantibody repertoires and compare
them to conventional Western blots. We have found com-
plex patterns in both SELDI-TOF analysis and Western
blots. Surprisingly, we detected a comparable number of
peaks in SELDI-TOF and Western blots at higher molecu-
lar mass. At lower molecular mass (�30 kDa) the sensitiv-
ity of SELDI-TOF far exceeded Western blotting. Further-
more, the different volumes needed for the analysis have
to be considered: in Western blotting 25–50 �L of sera
were used; in SELDI-TOF just 0.5 �L were sufficient to
perform the autoantibody measurements.

Additionally, this new approach offers several more
advantages compared to traditional Western-blotting
such as ease-of-use, strong time-saving, and excellent
reproducibility.

The Western blot procedure takes at least 2–3 d to get
the results as shown above. Using SELDI-TOF, one can
obtain results within approx. 2–3 h. Most of this time is
due to the separation on the chip and subsequent wash-
ing procedures; the measurement itself is done in approx.
10 min/8 samples.
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5 Concluding remarks

However, these investigations represent a pilot study on
a new technology and method. The results have to be
confirmed in further studies using a larger sample size.
Furthermore, the method could perhaps be enhanced by
using bioactivated chip surfaces without Protein A, be-
cause subsequently the antibodies themselves will not
show up on the mass spectrum. We have shown that the
SELDI-TOF procedure is easy to use, much less time-
consuming than conventional procedures, much more re-
producible and sensitive at least in the low molecular
weight range. Thus, ProteinChip technology is a very
promising approach for the analysis of autoantibody
repertoires in autoimmune diseases. Considering the
ease-of-use and the very short time taken to perform the
analysis, SELDI-TOF could allow large-scale screening
for autoantibodies for diagnostic purposes.
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