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Abstract

The incapacity to generate a sufficient number of mAbs to conduct large-scale analyses
remains one of the most serious timitations in the field of functional genomics. Current
methods of mAb production are very labour intensive and disappointingly low through-
put, with a per capita production level of about 20 antigens per year. Here we present
a modified hybridoma production method incorporating a novel screening assay which
can be scaled up to generate antibodies in sufficient quantities for proteomics-scale
analysis. Our method circumvents previous obstacles to increasing the throughput
tevel of mAb production, in two ways. First, by immunizing a single mouse with mul-
tiple target antigens, we dramatically reduce the number of tissue culture operations
normally necessary for performing multipte fusions simultaneously using only one anti-
gen per animal. This minimises tissue culture operations and results in hybridomas
that secrete antibodies specifically recognizing each of the target antigens. Second,
we developed a novel antigen microarray assay (HybriChip) to screen supernatants
generated by large-scale production. In this assay, an antigen chip is generated by
coating an aminosilane treated slide with a single target antigen. Hybridoma culture
supernatants from a fusion are consolidated and spotted as a microarray onto the
antigen chip. After probing with a suitable fluorescently labeiled secondary antibody,
positive hybridomas are identified in a microarray scanner. The isotype of the bound
antibody can be concomitantly determined by probing the antigen chip with mixtures of
isotype-specific secondary antibodies, such as Cy5 -conjugated anti-mouse IgM and
Cy3-conjugated antimouse pan-lgG (recognizing all mouse IgG isotypes). Different
antigen chips can simultaneously be spotted in parallel with the same hybridoma cul-
ture supernatants, aliowing rapid automaied assay of multiple antibodies against many

target antigens.
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1 INTRODUCTION

1 Introduction

1.1 Proteomics
1.1.1 Conventional proteomic analysis tools

When the journal Science published, in 1995, the first paper describing the use of
chemically modified glass slides to immobilse several different species of cDNAs {Schena
et al., 1995), a new era began for biological research. While DNA microarrays were
becoming common iools in genomic research, for example aimed at the study of differ-
ential gene expression, the field of proteomics had no such high-throughput analysis
tools for the study of proteins at a global level. However, the combination of two dimen-
sional ge! electrophoresis (2D PAGE), mass spectrometry {(MS) and yeast-two-hybrid
{(Y2H) approaches for the study of protein-protein interactions and protein profiling,
together with other novel methods for the isolation and analysis of native protein com-
plexes, such as the Tandem Affinity Purification (TAP) (Rigaut et al., 1999), had demon-
strated the impact of proteoomic analyses in the post-genomic era (Naaby-Hansen
et al., 2001).

2D PAGE is being extensively used as a primary tool for the separation and visualiza-
tion of cellular protein pools. Carrying out a double separation of a pool of proteins by
first a separation (in the horizontal dimension) based on isoelectric focussing, followed
by a standard SDS-PAGE (O’Farrell et al., 1977), 2D PAGE allows for the separation of
thousands of proteins. This technique allows for comparative proteomic experiments
such as studying variations of protein levels in "healthy” and "diseased” tissues. This
can be done using double-labelling systems, such as for isotope-coded affinity tags
{I-CAT), or a Cy3/Cy5 combination of fluorophores for the two samples to be analysed
(Gygi et al., 1999, 2000; Naaby-Hansen et al., 2001), or by direct superimposition of
the 2D PAGE profiles. However, 2D PAGE can not be defined as a "user friendly” tech-
nigue since it is time consuming, non-trivial to carry out, not 100% reproducible, and is

not truly compatible for insoluble or low-abundant proteins.

F. De Masi 14 9606101




1 INTRODUCTION

Mass spectrometry has been widely used for the identification of proteins and for the
study of protein-protein interactions. Starting from the 1980s and, more significantly
during the 1990s, MS has become a crucial tool in biological research and is used in
a wide range of applications, from protein/peptide sequencing (MS/MS) to the iden-
tification of single protein species in heterogenecus samples . Pricr to the MS anal-
ysis, the proteins are usually cleaved using endoproteases, such as trypsin, to ob-
tain peptides. These resulting fragments are electrically charged and brought to a
gaseous phase by the mass spectrometer. Charged peptides are direcied to a detec-
tor via an electric field and their time of flight (TOF) is this measured. Peptides with
a lower mass-over-charge ratio (m/z) will travel faster than peptides with higher m/z,
thus allowing for an identification cof the mass of each single peptide when correlated
to standard calibration peptides. Other detection methods that use the charge, or other
physical properties of the peptides to determine the m/z value of each protein frag-
ment are available and the combination of different methods in single MS machines
allow for the design and execution of a great variety of experiments. The identifica-
tion of proteins is done by analysing either sets of detected peptide masses (pep-
tide fingerprint) and/or from partial sequence information, using bioinformatics tools
and databases, such as MASCOT/MOWSE (attp://www.matrixscience.con/)(Yates,

1998; Godovac-Zimmermann and Brown, 2001; Mann et al., 2001).

The coupling of techniques such as 2D PAGE and protein separation methods (like
the TAP strategy and/or HPLC systems), has facilitated significant advances in the
field of proteomic analysis. For example, it has been possible to isolate and identify
large complexes and protein networks and to identify novel or differentially regulated
proteins (Gavin et al., 2002). However, even though such advances have aliowed for
an increased throughput in proteomics, the currently available techniques are difficult
to implement, since they require highly specialised researchers. Therefore, fast, cheap
and efficient techniques, which could facilitate a high-throughput protein analysis are

needed as alternatives to the current available analysis tools.

F. De Masi 15 9606101
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1 INTRODUCTION

1.1.2 Protein microarrays

The concept of "protein microarray”, and more precisely "antibody microarray”, was first
introduced by Roger Ekins when he proposed the idea of miniaturizing ligand binding
assays to enable a "[...] simultaneous ultrasensitive measurement of many analytes
in the same sample [...]" (Ekins, 1998). This report presented a precise description
of how an antibody microarray would be generated and analysed, laying the building

foundations for this novel technology.

Ekin's theories, combined with the poiential impact that protein arrays could have in
the fields of bio- and pharmacological research, lead several 1abs in the development
of protein microarrays. Initially, proteins were arrayed onto membranes, or microtiter
plate-based assays were developped to generate low-density protein arrays (Cabhill,
2001). These developments allowed researches to perform large scale protein screens
(usually around 4-500 proieins at a time) in a single-step procedure (Joos et al., 2000;
de Wildt et al., 2000; Lueking et al., 1999). The possibility of using glass slides for
arraying proteins was being heavily considered. However, the common belief was
that proteins were not compatible with a DNA microarray equivalent because of their

assumed instability and degradation if attached on a glass slide.

This view predominated until September 2000, when the journal Science published
the first report of a functional protein microarray, in which small sels of proteins were
attached and detected on a dry solid support (MacBeath and Schreiber, 2000). The
authors presented several experiments where antibodies, antigens or substrates were
attached to glass slides. The interactions of the immobilized samples with their binding
partners were detected using a straiegy similar to the one used for DNA microarrays.
Soon after, Haab and coworkers (Stanford, USA) showed that, simiiarly to DNA mi-
crearrays, arrays of 115 immobilized antigens or antibodies could be made to specifi-

cally detect their cognate ligands in heterogeneous solutions {Haab et al., 2001).

Taken together, these reports opened the field of using microarrays for proteomic

projects. From that point, an increasing number of possibilities have emerged for the

. De Masi 16 9606101
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1 INTRODUCTION

use of microarrays, including diagnostic applications, antibody screening and protein-
protein interactions (Zhu et al., 2001). Figure 1 gives an overview of the currently
reported applications of protein microarrays. Dependent on the biological questions
to be addressed, microarrays can present immobilized molecules such as antibodies,
peptides, carbohydrates or small molecules. The applications, advantages and disad-

vantages of the different types of microarray approaches are summarised in Table 1

(Zhu et al., 2003).

Protein Probe

Ei' 57 éi _!g g i :5’ 53 ig
skl 3R % i 3k |f 4 5
LR

Figure 1. Applications for protein microarrays.

Ligands, such as proteins, peptides, antibodies, antigens, allergens and small molecules
are immobilized in high density on modified surfaces to form functional and analytical pro-
tein microarrays. These protein microarrays can also be used for various kinds of bio-

chemical analyses.
Reprinted, with permission, from the Annual Review of Biochemistry, Volume 72 (© 2003 by Annual Reviews

(www.annualreviews.org)

F. De Masi 17 9606101



http://www.annualreviews.org

Aelqy Ansiwayo
{ELOJBLILIOD [BUUADU B Ui S21128]0U 40} 19400 O}
ndyBnory saciduw 6} Aressaosu 'sAesse oua u|

Ayamsuss ybiy
pUB UORAWINSUTD SINDPIOW [RWS WNLWILIPY

Busjuoud Luoyioads swAzus AUsn0osip
Brup ‘SLOJSEIBIL SIN0RIOW [[2LUIS-LSI0LS

feire smosiow LS

INTRODUCTION

7

sw.o} eand g s3jnosjow
s1InAyoqied annbor a1 4BNO] isAeLE CNIA U

SUBAD JB|NOS|0W PajeIpaud
-3jeIpAYOUED ADNIS OF ABM SALISUSS MaU Y

2su0dsal uoRoduI-JUR pue UokiuBoaal
JBIND3|0 POBIPSLU-IRIDALOGIED

Azie qeIpAyogsen

sfesse oa Ut ‘a1eduqE] 0; sasuadxy

sodoyds

Auaps 01 fem premiolybieis oue BANSUAS

AsIRQ0sIp
Brup pue uajoBIoIUl MRESONS-OWAZUS

Aehie splded

sAessE oA u|

Buiusaios yobiey dnsp pue Bnip
mndybnoap-ybiy pue sueoud o ssitsae
leonusyootg BuizAeue Jop sjenusiod 1esin

SUQIEDYIPOW feuONBSUBRL-SOd
pue Lioacos|p Bnip se (e SB sucnorRIel:
slexsqns-awAzus ‘ajnoalow |[eus-Liaioid
‘pidi-uiaz00d ustoad-uispoud Ba ‘assaniq

Aesre uizjoud [Buaiouny

uosoal
-ap wiejod saEluenbDIL oS 'SSIPOqUUE J|qR|IBAR

Haswdo

-|8Asp Bnip pue JSyiEewWoIg Ul Jeusiod 1eoib

sonsoubelp

B2 "uoieelsp waold ‘Bulmod waioid

j0 Amenb pue Aluenb ay) A poroisas AuBiH  HoIdwNsuod S|AWBS MmO PUE SAIRSUSS AJOA feue Apoguy
sanl)isod ssie) Anusp sisjawel
O} pley 'SUONSBISN YBBAL JO tUSISUR) SSiW Aeyy  -ed a(diinw aAjcAUl JBY] SUONOBIS;UI OAIA Uf saxapdwod ugslaid Buoassig] Sw/EnbEe] fuuisy
SN2|oNU ayl ul Ajensn sfe suonoeIaIL uatoud SUGIIIBISIL}
SUONORISIUI SUDIRUOD LONORISIU| JOAO |OQUGD ON  [B3ABI Ol ONBWSISAS pue ndybnoiyi-ydin YNG-WSI0.d ‘sucidrIsl uiejosd-uislolg PugAY-0Mm] 1538\
abejueapesiq abejueapy uonedddy yoeolddy _

9606101

18

Reprinted, with permission, from the Annual Review of Biochemistry, Voiume 72 € 2003 by Annual Raviews

Table 1. Comparison of different technologies for interaction proteomics
www.annualreviews.org)

F De Masi



http://www.annualreviews.org

1 INTRODUCTION

1.1.3 Advantages of protein microarrays

Compared to other protein analysis tools, protein microarrays present several advan-
tages. First of all, the possibility of immobilizing several thousands of molecules in de-
fined areas of a small solid support allows for the design of complex experiments that
would have been unrealistic to carry out using conventional methods. This facilitates
large scale protecmics experiments where extensive libraries of proteins are simullane-
ously probed in one single experiment. This advantage was demonstrated by Snyder’s
group (Yale, USA), which identified nove! calmodulin and phospholipid binding proteins
using a microarray containing an almost complete yeast proteome (Zhu et al., 2001).
The idea behind these two experiments was to express and purify the whole yeast pro-
teome, immobilise each protein on a modified microscope glass slide and probe this
array with labeiled calmodulin and phospholipids. This group used an identical strategy
to analyse the properties and substrates of several kinases (Zhu et al., 2000). In this
experiment, phosphorylation by the kinases were detected by adding 32+ATP into the
kinase reaction buffers and detecting the incorporation of radioactive phosphate into
the immobilized substrates using a phosphoimager. Since the microarrays contained
4800 proteins in duplicate, such experiments could not have been performed using

conventional methods.

Another important advantage of protein microarrays is the ow amounis of reagents
and sample required for the production of reliable data. It has been shown that immo-
bilized antigens and antibodies can be accurately detected via their specific interaction
parthers at concenirations as low as 1.6 and 0.34 pg.mi~!, respectively (Haab et al.,
2001). Microarray spotters are able to dispense minute volumes of reagents per spot
(in the range of hundreds of picoliters) and an entire microarray can be hybridized with
a total volume as low as 25 ul. Therefore, the absolute amounts of sample required
to carry out a microarray experiment are very low. This particular property of protein
microarrays is crucial, especially in experiments aimed at studying low abundance or

difficult-to-produce proteins.
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1 INTRODUCTION

Protein microarrays allow for multiplexed experiments, where multiple samples are
analysed simultaneously. Similarly to DNA microarrays, where it is possible to anal-
yse in a genome wide manner the patterns of gene expression, protein microarrays
can be used 1o analyse variations in cellular protein composition. This can be done by
differentially labelling sets of samples derived from tissues grown under different condi-
tions or fram different cellular compartments. These differentially labelled samples can
then be studied in parallel, and the microarray is analysed under different wavelengths,
specific for each label used. This approach could prave essential in the study of cellular
ovents following treatment of tissues with specific stimuli or under different pathological
conditions. However, such a comparative analysis is still hampered by the lack of suit-
able hardware. The conventional tools used to produce and analyse protein nticroar-
rays are usually those designed for DNA microarray experiments, where usually only
two fiuorophores (Cy3 and Cy5) are used. Fortunately, "new-generation” multi-laser
and multi-filter scanners (for example the LS400 from Tecan and the GenePix4200 se-
ries from Axon Instruments) are offering the possibility to detect several fluorophores
in single experiments, because of the incorporation of mulliple excitation lasers and

emission filters.

The use of protein microarrays as diagnostic tools, especially in the fields of cancer and
immune diseases, is an example of applications benefitting from of all of the advanta-
geous features of protein microarrays as outlined above. The immobilization of several
antibodies specific against defined disease markers, has allowed for a one-pass profil-
ing of tissue samples with a high sensitivity and specificity, showing that the sensitivity
and multiplexing nature of protein microarrays can be successfully applied for the de-
tection of diseases (Paweietz et al., 2001; Robinson et al., 2002; Joos st al., 2000;
Lin et al., 2003; MacBeath, 2002). A significant feature, from a clinical point of view, is
that diagnostic microarrays require very low sample amounts (a few microliters of blood
are usually sufficient), whereby the physical and psychological stress on patients to be

diagnosed can be dramatically reduced.
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1.1.4 Disadvantages of protein microarrays

One of the major bottlenecks in the use of protein microarrays in global protein analy-
sis is the availability of samples. Whether it is proteins, peptides, antibocdies or small
chemical compounds, the availability of ready-to-use molecules is a major problem.
For example, the majority of the commercially available reagents are not compatible
with protein microarray applications: purified proteins often come already bound to
beads, coupled with detection reagenis or diluted in specific buffers. Alternatives to
commercially available products are self-produced samples. However, self production
of proteins/peptides/antibodies is a long and tedious process that usually requires spe-
cialised staff, working full-time on such projects. Difficulties in obtaining the required
samples for microarray applications is a serious limiting factor for large scale proteomic
projects. As an example, Snyder's group (Yale, USA)} spent between 4 and 5 years to
clone, express and purify the yeast proteome (Snyder, personal communication). The
problems involved in obtaining the required number of samples leads to increasing dif-
ficulties in the design and implementation of large scale microarray projects. Under
the guidance of the Human Proteome Organisation {(http://www.hupo.org) and other
Societies, several consortia are now being established in order to overcome these lim-

itations.

The stability and activity of the attached molecules is an inherent issue of concerns
when using protein microarrays, since the conditions for an attached protein to remain
nalive might differ from those of its neighboring samples. Fortunately, it appears that
proteins are able to maintain a good level of folding even after drying on the slide
(MacBeath personal communication and my personal observations). However, the
activity of proteins is more difficult to maintain, since the experimental conditions in
protein microarrays applications are far from being physiological {immobilized molecule
on a dry glass surface). In addition, due to the high density, the heavy miniaturization
and the low sample amounts of the array, it is not pessible to analyse the state of each

immobilized sample.
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A major disadvantage of protein microarrays is the inability to identify the proteins cap-
tured by immobilized interaction partners from a mixture of unknown molecules. Thus,
protein microarray analyses are still limited to known samples and events. Itis for in-
stance impossible to identify interaction partners of immobilized proteins and peptides
within a cell lysate. For this to be possible, the porting of MS technology to microar-
rays is required. One such technology is currently availabie. Ciphergen has produced
the ProteinChip/SELDI-TOF system, which is based of an array of 8 spoited samples.
Following binding of interaction partners, this array directly serves as a platform for
ionization in the SELDI-TOF, allowing for the bound analyles to be identified. This
technology has been very useful for protein profiling in cancer, but it still limited to a
few samples per experiment (Fung et al., 2001; Petricoin et al., 2002). There is a cur-
rent drive into developing novel protein microarrays, which can be directly coupled to

MAL.DI-MS (Scrivener et al., 2003), but this field is still in an exploratory phase.

1.1.5 Labelling and detection straiegies in protein microarrays analysis

Cne major aspect for the successful application of protein microarrays is the strategy
adopted to detect an interaction between an immobilized unit and its interaction part-
ner. This is done by the labelling of the hybridisation probe with fluorophores or other
signal emitting compounds. Because of the varied properties of proteins and of their
interactions, different iabelling and detection strategies have been designed. The four

most used strategies are discussed in this chapter (Fig 2).

First, detection based on the direct labelling of the probe is a very common strategy.
This requires the prior attachment of labelling reagents, such as fluorophores or ra-
dioactive compounds, to the probe (Fig 2 A). This method allows for the direct de-
tection of the bound probe to its immobilized interaction partner (Haab et al., 2001;
MacBeath and Schreiber, 2000; Martin et al., 2003). In case of the probe being a
purified molecule, this method can, in addition, generate semi-quantitative read-outs.

However, this does not apply when complex mixtures of proteins are labelled, since
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each probe in the mixture presents different biochemical properties, resulting in differ-
ent numbers of labelling moieties per probe. Therefore, uniess each molecule in the
solution is individually analysed, it would be impossible to quantify the levels of each
component within the mixture, thus making a quantitative, or semiguantitative, analysis
impossible. Detection strategies based on direct labelling of the probe present some
potentiai drawbacks, since the labelling reaction is done at the level of single amino-
acids. For example, there is an intrinsic risk of incorporating a label molecule into the
protein's binding domain, or catalytic region, reducing the interaction’s affinity with the

immobilized sample.

A second widely used method is indirect labelling of the interacting protein pair. This
strategy is similar to a Western blot procedure in which the probe, bound to its immo-
bilized interaction partner, is detected by a specific antibody labelled with a detection
reagent (HRP, fluorophore, etc) (Fig. 2 B). In this experimental setup, no labelling
reagents can interfere with the binding reaction. It requires, however, the availability of

highly specific antibcdies.

A third strategy, the "sandwich assay”, is often applied for the specific detection of target
proteins (Fig. 2 C). In this method, an array of antibodies is hybridised with an antigen
and this antibady-antigen interaction is detected by a labelied second antibody, which
is specific for a different epitope of the antigen. This approach requires the availability
of two high affinity antibodies that are specific for different epitopes in the antigaen. This
system is widely used in diagnostics such as cytokine profiling, since this field benefits
from the availability of such specific antibody pairs {Huang et al., 2001; MacBeath,
2002).

A fourth detection method, which combines several of the advantages of the previous
methods is shown in figure 2 D. {n this set-up, the screening probe is presented as a
fusion protein, for example coupled to a biotin molecule. After the binding reaction is
achieved, a labelled streptavidin molecule is then allowed to bind the biotin associated
with the hybridisation probe. This strategy allows for a highly specific detection (since

the biotin-avidin interaction is highly specific and strong) and has been used to identify
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the interactions of calmodulin against the complete yeast proteome (Chaiet and Wolf,
1964; Zhu et al., 2001). It has also been applied in the study of cytokines (Lin et al.,
2003). The fusion of light emitting proteins such as GFP to the probe, has also been
used as a detection system in cell microarray experiments (Ziauddin and Sabatini,
2001).

Other methods for the labelling and detection of probes have been proposed, but seem
to be limited to highly specific applications. It has been proposed, for example, to label
proteins with Europium chelates that can be detected using specific scanners (Scorilas
et al., 2000). Also, novel reagents have been developed to detect phosphorylated sub-
strates in microarray based kinase assays. For example, a fluorescent Pro-Q Diamond
phosphosensor dye technology has been developed by Molecular Probes (USA). This
dye allows for the specific labelling of phosphorylated proteins, thus eliminating the

requirement of +*? and +33-ATP from kinase experiments (Martin et al., 2003).

* L §F 4

Y mAb specific to epitope 1 *{: Fluophore

- Streptavidin
f mAb specific to epitope 2  ——  giotin

Figure 2. Detection approaches in protein microarrays
A - Direct detection

B - Indirect detection

C - Sandwich assay

D - Affinity detection
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Detection strategies for the analysis of protein inferactions is fundamental in all fields
of the life sciences, including biomedical research and proteomics. There is therefore
a high requirement for specific, high affinity detection reagents. Monoclonal antibodies
are particularly valuable reagents for these experiments. Since their first description
in 1975 (Kdhler and Milstein, 1975), monaoclonal antibodies have proven ic be very

powerful reagents for the detection of proteins.

1.2 Monoclonal Antibodies

The technique for the production of monoclonal antibody secreting hybridomas (Kdh-
ler and Milstein, 1975), has provided the life-sciences community with a revolution-
ary tool for the characterization, localization and manipulation of proteins and protein-
complexes. With the advent of functional genoemics and protecmics, the need for de-
tection reagents, such as monoclonal antibodies, has spectacularly increased. Un-
fortunately, conventional monoclonal antibody production methods have failed to keep
up with such a demand, and the lack of monoclonal antibodies is now a significant
bottleneck in all fields of biomedical research. The protocols used to generate mono-
clonal antibodies have hardly been modified since their first publication, 29 years ago.

Monagclonal anfibody production is comprised of three distinct steps:

1. Immunization of (usually) a mouse with an antigen

2. Cell culture: somatic fusion of harvested splenocytes from the donor animal to a
myeloma cell-line using the fusogen polyethylene glycol (PEG) and subsequent

tissue culture

3. Screening of the preduced culture supernatants against the target protein. Posi-
tive clones are then subject to rounds of subcloning at limiting dilution to ensure

monoclonality.
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The main limiting factors in this procedure are the cell culture steps and the screen-
ing of the hybridoma library generated at each fusion. Cell culture routines, including
the fusion step, are extremely time consuming and require a lot of handling and are
prone to human errar. Generally, one person can generate highly spegcific, high-affinity
monocional antibodies against 25 - 30 antigens per year. The conventional screen-
ing of the hybridoma libraries is generally performed by ELISA. This method is not
a highly efficient screening platform, since it is time consuming and requires a lot of
handiing and reagents. In order to screen large libraries, containing thousands of sam-
ples, extensive automation is required to perform such a high scale range of ELISA
screens. Thus, conventional mongcional antibodies production methods are not suit-

able for high-throughput applications.

It has been recently stated that " ...Antlbodies are the most prominent capture
molecules used to identify targets. Owing to the labour intensive nature of
monoclonal antibody production, however, the development of other alternatives
has become cruclal...” (Templin et al., 2002}. Qther techniques which are truly high-
throughput in their approach, such as phage-display, suffer from qualitative limitations,
most notably low binding affinity. Antibodies generated by phage-display often require
further molecular engineering to produce multi-use reagents, and are therefore not
currently amenable to high throughput approaches (Irving et al., 1996; D’'Msllo and
Howard, 2001; Gram et al., 1992). Alternatively, novel detection reagents have been
developed and implemented in current research, such as aptamers, recombinant anti-
bodies and affibodies (Ronnmark et al., 2002a; Nord et al., 2001; Gunneriusson et al.,
1999; Hansson et al., 1999; Ekiund et al., 2002; Brody et al., 1999; Bock et al., 1992;
Knappik et al., 2000; Rénnmark et al., 2002b). However, these alternatives present

limitations in the form of long selection processes and molecular engineering.

The establishment of ameliorated and more efficient protocols for the generation and
screening of monoclonal antibodies is an important requirement in current research,
and would allow for the generation of more complex collections of monaclonal antibod-

ies. This would bring a new level of biomedical research, allowing for the establishment
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of large scale proteomics projects.

1.3 Aims of project
1.3.1 Establishing a protein chip platform

At the beginning of this PhD project, protein microarray technology was a novelty, as
only two papers reporiing the use of protein microarrays on glass surfaces had been
published (MacBeath and Schreiber, 2000; Haab et al., 2001). The first part of this
project was aimed at establishing protocols and procedures that would allow the pro-
duction of functional and reliable protein microarrays. The main factors that had to be

established in order to obtain such a platform were:

¢ Substrate chemisiry: which chemical modifications of the glass slide were most

suitable for the attachment of proteins?

» Spotting conditions: which physical parameters should be used to successfully

array sets of proteins?

o Labelling and detection strategies: which sirategies would be more suitable for

the applications we wanted to design?

The initial aim was o establish these basic required conditions for the generation of
functional protein microarrays. Having done this, the following goal was to design
novel hiological applications using protein microarrays, demonstrating the impact of

this technology in proteomic research.

1.3.2 Development of a high-throughput screening method for the detection of

monaoclonal antibodies

Concurrently with the beginning of this PhD project, the EMBL had established a Mon-

oclonal Antibodies Core Facility (MACF). This facility was set up to mest the increasing
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need for the establishment of novel and more efficient protocols for the production and
screening of monoclonal antibodies, in order ta accelerate the setup of large scale

proteomics projects.

The initial strategy of this facility was to test the possibility of implementing multiplex-
ing immunizations (ie, the simultaneous injection of several unrelated antigens into
a single mouse), automated fusion and cell culture procedures and, as a screening
technology, an automated EILISA procedure, using a dedicated custom built robotic so-
lution. However, this screening approach was early on found to be complicated and
not economically viable. Therefore, the MACF needed to develop a novel screening
method that would allow for an increased throughput and lower costs, compared to the

planned automated ELISA platfarm.

Together with the MACF, 1 sought to devise a novel hybridoma screening approach
using protein microarrays. The aim was to develop a rapid, efficient and cost effective

way to screen thousands of hybridomas for specificity, within a single experiment.

1.3.3 Development of a protein microarray-specific analysis software

After having established the protein microarray platform and designed a novel mono-
clonal antibodies screening platform, it became clear that the available chip analysis
software available was not satisfactory for the analysis of protein microarrays. Because
of the short history of protein microarrays, all data analysis involving this technology
is currently performed using software developed for the analysis of DNA microarrays.
Such software packages are optimised for DNA microarrays experiments, and focus
on statistical analyses of gene expression patterns, whereas only a few of the present
features by these applications are useful for protein microarrays. Therefore, a third
aim of this project was o write an analysis software, which specifically analyses those

parameters needed for protein microarrays.

The specific goal was to create an analysis software that would allow for:
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e Creation of unigue sample names to each sample in the array

+ Mapping of the coordinates of each sample from its location in the cell culture

plates
« Retrieval of meaningful data from the chip analysis
¢ Normalization of the data
¢ Analysis of the data and identification of positive samples
o Cross-experiment filtering (removal of false positives and cross reactive species)

¢ Popuiation of a LIMS database (Laboratory Information Management Systems),

where all data relative to each experiment is stored
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2 List of abbreviations

2.1 Buffers and Chemicals

e PBS: Phosphate Bufiered Saline

PBS-T: Phosphate Buffered Saline - Tween20

TPBS: PBS, 0.1% TritonX100

BRB80: Brinkley BR buffer 1980

PFA: Paraformaidehyde

GA: Glutaraldehyde

AH: Azaserine Hypoxanthine

HCF: Hybridoma Cloning Factor

2.2 Terminology

o mADb(s): Monoclonal antibody(ies)

e HS(s): Hybridoma supernatant{s)
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3 Materials and Methods

3.1 Materials

3.1.1 Chemicals

poly-i-Lysine (P8920); Casein (C3400); BSA (A3803); Sodium Azide (S8032),
Ribi (M6536), Azaserine Hypoxanthine (A9666), OP| media supplement (05003),
p-nitropheny! phosphate (N7653): Sigma Aldrich

Cy3-Cy5 (PA25001), ECL (RPN2209): Amersham

SuperSignal West Femto Maximum sensitivity substrate (34095): Pierce

e Alum (77161T): Pierce

Immuneasy (303101}: Qiagen

FBS (SH30070.03}: Hyclone

Hybridoma Cloning Factor (ECO1021N): Euroclone

3.1.2 Microarray Slides

GoldSeal (3010): Gold Seal Products

Standard Glass Slides: Menzel-Glaser

FAST (10484182); CAST (10484181): Schleicher & Schuel

HydroGel (6050017): Perkin Elmer

SuperAmine (SMM); SuperAldehyde (SMA): Telechem Array-it
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e Codelink (300011-4PK): Amersham
» PicoSlides (PS-ITC-20): PicoRapid

e eSurf (MA0110): Lifel.ineLab

3.1.3 Antibodles

o o-Tubulin Clone DM1A (T9026); Protein A Clone SPA-27 (P2921); FLAG M1
(F3040): Sigma Aldrich

o 1xBe(sc-7275); 1kBa (H4) (sc-1643); 15Ba {C15) (s¢-203); Mip1ar (sc-1381); GST
(sG-138); Fractalkine {s¢-7226); His-Tag (sc-8036); p52 (sc-7386); p65 (sc-372);
p53 (sc-6243); kB (sc-9130): Santa Cruz Biotechnologies

+ Cy3-conjugated goat anti-mouse IgG (115-165-164); Cy5-conjugated goat anti-
mouse IgM (115-175-020), Alkaline Phosphatase goat anti-mouse 1gG-+IigM (115-

055-044): Jackson Immuno Research

3.1.4 Purified Proteins

1kBe{sc-4328 WB); c-Rel (sc-4030); p52 (sc-4095); H1 (s¢c-8030): Santa Cruz

Biotechnologies

Protein A (539203): Calbiochem

Protein G (P5170); Human IgG (12511): Sigma Aldrich

All antigens received from internal and external research laboratories
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3.1.5 Consumables

¢ Micro Bio-Spin Chromatography Columns: BioRad

e Microcon 10 Centrifugal Filter Units: Millipore

3.1.6 Robots and electronic equipment

o Spotters: GMS416 (Affimetrix); Omnigrid (GeneMachines) ; MicroGrid (Apogent-

Discoveries)

« Scanners: GMS8418 (Affimetrix); GenePix 4.1 (Axon Genomics); 1.5400 (Tecan});

Biomolex (Biomolex); Magellan (Tecan)
¢ Robots: Biomek FX (Beckman); TECAN Custom Setup

» Others: Lab-on-a-Chip (Agilent)

3.1.7 Buffers

e Cleaning Buffer A: 35 g NaOH, 140 mi H20, 210 ml 96% Ethanol
¢ poly-L-lysine solution: 25 ml poly-L-lysine, 280 ml ddH20, 25 m! PBS

« BRB80: As much as 8¢ mM of K-PIPES (pH 6.8), 1 mM MgCI, and 1 mM EGTA,
titrated to pH 6.8 with KOH.

» HM20: DMEM, 20% FBS, Gentamycin, L-Glutamine
¢ Hybridoma Selection Medium: HM20, 10% HCF, 2% AH, 1% OPI

¢ Hybridoma Growth Medium: HM20, 10% HCF
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3.1.8 Blocking Solutions

e 3% Skimmed Milk in PBS-T (0.1%)

» 3% Skimmed Milk, 0.02% Sodium Azide in PBS-T (0.1%)

1% BSA in PBS

3% BSA in PBS

2.5% Gasein in PBS
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3.2 Methods - initial experiments
3.2.1 Poly-L-Lysine coating

Poly-L-lysine coating of slides was performed according to the Stanford protocol (http:

//cmgn. gtanford . edu/pbrown/protocols/1_slides.html).

Gold Seal slides were cleaned in Cleaning Buffer A overnight, with constant shaking.
Slides were rinsed in ddH, O to remove traces of ethanol and NaOH. Clean slides were
then incubated in the poly-L-lysine solution for 2 hours, at RT. After a further round of
washes, the coated slides were cenirifuged at 650 rpm for 5’ lo remove traces of liquid
and then baked at 45°C for 10",

3.2.2 Aminosilane coating: EMBL protocol

Protocols and guidelines for the production of EMBLs aminosilane proprietary slides
can be obtained from the patent application "Immobilisierung und Markierung von

Biopolymeren® (DE10016073A1, publication date: March 1st, 2001).

The following protocols ("Preparation and spotting of baits”, "labelling of probes” and
"hybridization”} were obtained from previously published data (MacBeath and Schreiber,
2000; Haab et al., 2001).

3.2.3 Preparation and spotting of baits

All samples o be spotied were transferred into a glycerol free PBS solution using
BioRad BioSpin P6 columns. Samples were spotted either manually (0.2 ul) using
a Gilson pipette or robotically, using a microarrayer. The location of the spots was
marked on the back of the slide using a diamond pencil, since once dried, the spots
tend to become invisible. Dried chips were stored at 4°C in a sealed box. Before usage

of the spotted arrays, these were quickly rinsed in a 3% skimmed milk in PBS-T(0.1%)
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solution to remove unbound material. After this washing step, the slides were blocked
in any of the blocking solutions (see 3.1.8) by incubation at RT for 90°. Excessive
blocking solution was removed by washing the slides 3 x 1" in PBS and leaving the

slides in fresh PBS until application of the probe solution.

3.2.4 Labelling of probes

Homo- or heterogenous protein solutions were prepared in 0.1 M sodium carbonate
buffer pH 8.0. Cy3 and Cy5 powders were brought in solution, each in 0.1 M sodium
carbonate pH 8.0. Protein and dye solutions were mixed together in order to obtain a
final mix containing 0.2 - 2 mg.ml~of protein and a final dye concentration of 100 - 300
M. This mix was allowed to react in dark for 45° at RT, and was quenched by addition
of a tenth volume of 1 .M Tris pH 8.0 (500 fold molar excess of quencher). The mix was
brought to a volume of 0.5 ml with PBS, loaded into a microconcentrator spin column
(Amicon Microcon 10} with a 10 kDa MWGC and the volume was reduced to ~ 10 ul by
centrifugation (~20°, 15000 rpm in an Eppendorf bench centrifuge).

The dye was blocked with the addition of 25 pl of a 3% skimmed milk solution in PBS
(60" at RT) and the volume was brought up to 0.5 ml with PBS. The blocked sample
was loaded into a fresh Microcon 10 cariridge and concentraied to 10 pl. The sample
was brought up to 25 pl with PBS and filtered by centrifugation in a 0.45 um spin filter
{Millipore) at 2000 rpm in an Eppendorf bench centrifuge. After filtration, the sample

was ready for hybridization.

3.2.5 Hybridization

The washed slides were removed from the PBS bath and the excess liquid was shaken
off. Without allowing the array to dry, we applied 25 ul of the dye labeled protein
solution to the surface of the array. The slide was then covered with a coverslip to
ensure uniformity of the probe solution and to minimize evaporation. Covered slides

were stored in a humid chamber at RT for 60’ (or ON at 4°C). After this incubation, the
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coverslip and the protein solution were removed by genily dipping the slides in PBS,
and the slides were washed 2 x 5" in PBS-T (0.1%), 2 X 5" in PBS and 2’ x §' in ddH,0

at BT. The slides were then spun dry and scanned using a microarray laser scanner.

3.3 Methods - HybriChips

Immunizations, cell cuiture and ELISAs were performed by Alan Sawyer, Pieranna

Chiarella and Heike Wilhelm of the Monoclonal Antibodies Core Facility at the EMBL..

All immunizations were performed using 20 pg of antigen for the ptimary injection,

followed by boosts of 10 ;g each.

3.3.1  Immunlzation protocols

3.3.1.1 Alum protocol Antigens were mixed 1:1 with Alum adjuvant in combination
with the oligonucieotide CpGDNA (10 nmols/mouse). Samples were mixed at RT for
30 minutes and then injected half intraperitoneal and half subcutaneous (2 subcut).
Last boost (pre-fusion boost) has to be done at least 3 weeks after the previous boost.
Animals were boosted every three weeks and bled 10 days after the boost. Blood
was collecied in separator tubes and spun down at 3000 rpm for 4 minutes in order to
isolate the serum. Serum was then tested against the target antigen by ELISA in serial
dilutions {1:500, 1:2500, 1:10000 and 1:50000)

3.3.1.2 Ribl Injection protocol Mice were injected every 3 weeks with the antigen
mixed 1:1 with Ribi adjuvant. Half of the sample was injected subcutaneous and half
intraperitoneal. 10 days after the boost, blood was collected in separator tubes and
spun down at 3000 rpm for 4 minutes in order to isolate the blood serum. Serum was
then tested against the antigen by ELISA in serial dilutions (1:500, 1:2500, 1:10000
and 1:50000)
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3.3.1.3 Details of Ribi adjuvant This adjuvant (MPL+TDM} is a stable oil-in-water
emulsion which can be used as an aliernative to the classical Freund's water-in-oil
emulsion. It has been proven to be a powerful immunostimutant (Thompson et al.,
1998; Ryll et al., 2001). MPL: Monophosphoryl LipidA (highly refined non-toxic LipidA
isolated from re-mutants of Salmonella minnesota) TDM: synthetic Trehalose Dicoryno-
mycolate (analogous of trehalose dymicolate from the cord factor of Mycobacterium

fuberculosis).

3.3.1.4 Immuneasy injection protocol Antigens were mixed with a certain amount
of Immuneasy adjuvant {Qiagen) according to the manufacturer’s instruction, mixed at
RT for 5-10 minutes and then injected with a 2 weeks interval. Half of the sample was
injected subcutaneous and half intramuscular. The animal serum was collected 10
days after the boost and tested against the antigen by ELISA in serial dilutions (1:500,
1:2500, 1:10000 and 1:50000). The last boost {pre-fusion boost) has to be done two to
eight weeks after the previous injection. The short protocol we used in the 80 Antigens

trial consisted of 1 injection and 1 boost which coincides with the pre-fusion boost.

3.3.1.5 Detalls of Immuneasy adjuvant and importance of using CoGDNA Im-
muneasy Mouse adjuvant contains CpGDNA, short oligonucleotides that contain un-
methylated cytosine-guanine dinucleotides within a certain base context. The mam-
malian immune system has evolved to recognize these sequences, which are found
naturally in bacterial DNA, as a sign of infection. Exposure to CpGDNA results in very
rapid and strong immune activation and, when applied with an antigen, CpGDNA pro-
duces high titers of antigen specific antibodies. Since Immuneasy mouse adjuvant
induces high antibody titers in a short period of time, boosting can be performed ear-
lier than with other adjuvants. The amount of CpoGDNA used in the preparation of the

samples is unknown.
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3.3.2 Fusion protocols

All steps were performed under sterile or aseptic conditions in a faminar flow hood.
Spleens were rendered into single-cell suspensions by mechanical disruption between
two frosted-end glass microscope slides. The suspensions were filtered into 50ml bar-
coded conical-bottomed tubes (BD Falcon) through 70 m nylon cell strainers (BD Fal-
con) and transferred to the robotic system. Separately, SP2 myeloma fusion partners
(ATGC) were culiured for five days prior to fusion in HM20 (DMEM, 20% Defined fetal
bovine serum (Hyclone Defined}, 10mM L-Glutamine, 50 M Gentamicin) and on the
day of the fusion were transferred {0 HM20/HCF/2xOP! (HM20 containing 10% Hy-
bridoma Cloning Factor (Origen) and 2%Q0OPI ¢loning supplement (Sigmay}) for at least
one hour at 37°C in a 5% CO2 incubator. The tubes were centrifuged at 100 g for 10’ at
RT and the cells were resuspended in 5 ml Red Cell Lysis Buifer (Sigma) for 9 minutes
at RT. HM20 was added to reach a finai volume 50ml and again centrifuged for 10 min
at RT with no brake. The supernatant solutions were aspirated to waste and the cells
resuspended in DMEM preheated to 37°C. Cells were washed twice more by steps of
centrifugation and resuspension. 80 ul of cell suspension were robotically pipetied to
1.5 mf microcentrifuge tubes and counted using a haemacytometer counting chamber.
Simultaneously the SP2 cells were washed three times in a similar fashion and a sim-
ilar aliquot (50 pl} was removed to a 1.5 ml fube for haemocytometric counting. SP2
myelomas and spleen cells were mixed at a ratio of 1:5 (8P2:Spleen) and again cen-
trifuged at 100 g for 10 min with no brake. The supernatants were entirely aspirated to
waste and Polyethyleneglycol 1500 in 50% HEPES (PEG: Roche Molecular Biochem-
icals) pre-heated to 37°C was robotically pipetted smoothly and progressively over 1
min with rotation at 450 rpm on a Te-shake shaker (Tecan AG) o ensure even mixing.
The cell/PEG mixtures were incubated for 1 min at 37°C with gentle agitation. 1 ml
of DMEM was similarly added over 1 min at 37°C with similar agitation. The mixture
was incubated for 1 min at 37°C with gentle agitation. A further 1 ml of DMEM was

robotically added over 1 min at 37°C with gentle agitation and incubated similarly for
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a further minute. 7 ml of HM20 were robotically added over 3 min at 37°C with gentle
agitation. The tubes were then spun at 90 ¢ for 5’ with brake. The supernatant was as-
pirated to waste and the pellet manually resuspended in 20 ml of HM20/HCF/OPI/AH
(HM20/HCF/OPI plus 10% Azaserine Hypoxanthine {Sigma)). The conical tubes were
again placed on the robot workdeck and the post-fusion cell slurry was aspirated by
each of the 8 wide-bore pipette tips of the liquid handling arm of the robot. 200 pl of
the cell slurry was then pipetted into each wel! of a 96-well deep well plaie (Greiner
Masterblock). The deep-well plate was then robotically transferred to a TeMo 96-well
pipetting robot integrated onto the Genesis work-deck and used as a source plate
o plate out into the 20 sterile 96-well tissue culture plates. The post-fusion mixiure
was then robotically plated out into 20 X 96-well sterile plates (Nunc) sourced from a
carousel attached and integrated to the robot at 100 pl/well and robotically transferred

to an integrated 37°C incubator with 10% CO, through the integrated airlock.

3.3.3 Cell culture

On the third day after the fusion, cells were robotically transported from the incubator
to the work deck and a further 100 ul HM20/HCF/OPI/AH was robotically added. On
day 7 the plates were once again similarly transported from incubator to work deck and
200 ulwell of the culture supernatants was aspirated to waste and replaced with 150 pl
fresh HM20/HCF. On day 11 the plates were again robotically transported to the work
deck and 40 p of supernatant was collected from each well (Temo head: Tecan Inc.)
and transferred to 384-well plates (Greiner) supplied to the workdeck by a carousel

plate stacker (Tecan Inc).

3.3.4 Enzyme-Linked Immunoadsorbent Assay (ELISA)

96 well plates were coated with 4 pg/ml of antigen and incubated overnight at 4°C.
Plates were washed in PBS-T and blocked with 3% BSA in PBS for 1 hour at RT.
50 ul of hybridoma supernatant was added to each well and incubated for 1 hour at

RT. After 4 washes in PBS-T, plates were incubated for 1 hour at RT with alkaline
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phosphatase conjugated anti-mouse secondary antibody, diluted 1:5000 in PBS. Plates
were washed in PBST and incubated with p-nitrophenyl phosphate for 10-15 min at
RT. Reaction was stopped by adding 50 ul of 2 M NaOH and the optical density was

spectrophotometricily determined at 405 nm.

3.3.5 HybriChip preparation

Aminosilane modified microscope slides (EMBL, Heidelberg) were homogeneously
coated with 5 ug of antigen in 50 pl PBS using a 24x60 mm coverslip. Slides were
incubated in a humid chamber at RT for 60 minutes, the coverslip removed and sub-
jected to three five-minuie washes in PBS. Slides were blocked in a 3% BSA solution
in PBS for 60 minutes at RT. After five, 5 minute washes in PBS, the slides were dried

by centrifugation.

Hybridoma supernatants were spotted onto the slides using a MicroGrid || 600 arrayer
(ApogentDiscaveries, UK}, using 32 MicroSpot 2500 pins in an 8x4 array {ApogentDis-
coveries, UK). Humidity and temperature are maintained at 40% and 24°C respectively.
Slides were then left to incubate in the arrayer for a further 60 minutes. The microar-
rays were washed five times 5 min in PBS and ihcubated with 40 gl of a mix of Cy3-
conjugated goat anti-mouse IgG and Cy5-conjugated goat anti-mouse IgM (Jackson
Immunoresearch, West Grove, PA) both diluted 1:1000 in 3% BSA-10% Glycerol (60
minutes, RT, humid chamber). Microarrays were then washed twice for 5 min in PBS-T,
twice 5 min in PBS and finally rinsed in ddH;O. Microarrays were dried by centrifuga-
tion and scanned in an LS400 Scanner (Tecan, Austria), using 633 and 543 nm lasers

respectively for Cy5 and Cy3 excitation and 670 and 590 nm emission filters.

3.3.6 HybriChip analysis

Image analysis was performed using the GenePix Pro 4.1 software package (Axon
Instruments, USA). Spots for which the diameter is not included in a fork of 80 - 150

pm or of bad quality (scratches, heavy background, dust, etc) were ignored. For each
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remaining sample, we retrieved the median of the medians of the intensities of each
group of replicates (MR). Each value was then normatlised against the median value
of all the MR of the chip [MR/(median of total MR)]. Samples showing a normalised
value inferior to 2 were considered negative. Values between 2 and 20 were consid-
ered putative positives, while all samples having a normalised value equal or over 20
were considered posilives. Data analysis was performed using a proprietary software

application, HyCAT (Hybridoma Chip Analysis Tool).

3.3.7 Immunofiuorescence

Coverslip preparation 12 mm glass coverslips were soaked in a 60:40 ({volvol)
Ethanol-HCI solution for 60" and extensively washed with ddH,O. Clean coverslips
were then incubated in a water solution containing 0.1 mg.ml=* poly-L-lysine (70 kDa
or higher) for at least 2 hours. After washing and drying, the coverslips were sterilised
under UV light.

Treatment of cells The prepared coverslips were overlayed with 10¢ X117 cells
(Xenopus laevis). The cells were allowed to recover and atiach to the coverslips

overnight. Fixation of the cells was done using two methods:

1. Paraformaldehyde: Coverslips were placed into a 12 well plate and overlayed
with 1 ml of filtered 4% PFA, 0.1% GA, 0.5% TritonX100 in 1x BRB8O, for 15 to
20 minutes. The fixation solution was gently removed by aspiration and replaced
with a PBS solution containing 1 mg.mi~! NaBH, . Samples were left in this

solution for 10 minutes.

2. Methanol: Coverslips were dipped into a methanol container at -20°C for 10"

Immunostaining After fixation of the cells, the coverslips were allowed to equifibrate
in TPBS. The samples were incubated for 20 minutes with a mixture of undiluted hy-

bridoma supernatants and an anti-aTubulin polyclonal antibody (1:200 in TPBS) and
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washed twice with TPBS. The cells were subsequently incubated with a mixture of anti-
mouse IgG and anti-rabbit 1gG, respectively coupled to Alexa468 and Alexa588 fiuo-
rophores at 1:1000 dilution in TPBS. After washing with TPBS, the DNA was stained

with 5 zg.ml * Hoechst dye in TPBS and the coverslips were mounted in Mowiol.

Image acquisition and analysis Samples analysis was carried out on a Zeiss Axio-
scope fluorescence microscope. Image acquisitions were carried out using Image Sis

F-View digital camera controlied by Analysis software.
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4 Results

4.1 Establishment of a protein chip platform

When the project was initiated, only twe reports of protein microarrays on glass sup-
ports had been published (MacBeath and Schreiber, 2000; Haab et al., 2001). There-
fore, because of the novelty of this technology, all aspects regarding the production and
generation of protein microarrays had to be established ab inftio, starting from EMBL’s
extensive knowledge and experience in DNA microarrays and from the mentioned pa-

pers from Macbeath and Haab.

4.1.1 Determination of a functional surface chemistry for protein microarrays

The first aspect that had to be investigated was the determination of the appropriate
surface chemistry {substrate), to be used for an efficient attachment of proteins to a
glass slide. In Haab's report, 115 proteins were successfully attached and detected
onto poly-L-lysine coated microscope slides. it seemed then, that this substrate would
allow for a specific immobilization of an extensive range of proteins, thus being a "pro-
teome wide” substrate. We decided to test this soiution and try to reproduce some of
the published observations. Two different substrates were tested in parallel: poly-L-
lysine and a proprietary modified aminosilane chemistry, which is currently used in our
laboratory for the production of DNA microarrays (EMBL surface chemistry). These
very first experiments were carried using the well characterized 1gG-ProteinG (Bjdrck

and Kronvall, 1984) and IgG-Protein A interactions (Forsgren and Sjoquist, 1969).

Human 1gG was manually spotted onto both chemically modified slides. The microar-
rays were hybridised with a solution containing Cy3 tabelled Protein A and Cy5 labelled
protein G. The slides were scanned using both 635 and 533 nm lasers (Cy5 and Cy3

respectively). Figure 3 shows that while no signal was abtained by the poly-L-lysine
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(left image), both Protein A and Protein G were able to bind to the immobilized higG
on the EMBL chemistry slides. It appeared that the spotted higG was not retained
onto the poly-L-lysine slide, thus was washed off during the array processing. From
this observation, it was decided to base all further experiments on the EMBL surface

chemistry.

Figure 3. Surface chemistry analysis: poly-L-lysine vs EMBL chemistry

A - Poly-L-lysine coated slide: no signals can be detected after hybridisation and scanning
of the slide

B - Aminosilane coated slide: processed exactly as the poly-L-lysine, this chemistry ap-
pears to allow for the attachement and detection of proteins on the glass surface

4.1.2 Can immobilized proteins be detected by specific interaction partners in

a microarray experiment?

Having established that the EMBL surface chemistry allowed for the attachment of
higG, we wanted test the detection specificity of the arrays. We prepared a chip con-
taining a set of different antibodies specific for proteins or expression tags and where
Protein A and Protein G were used as negative controls. The layout of this manually

spotted chip can be seen in Table 2.
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His His GST GST 1xB3 kB3 IxBa 1xBa Fractalkine | Fractalkine

His His GST GST 1kBg3 1kBj3 IkBa kB Fractalkine | Fractalkine
ProtG | ProtG | FLAG | FLAG | ProtA | ProtA | IkBa-H4 | IkBa-H4 Mip1a Mipia
ProtG | ProtG | FLAG | FLAG | ProtA | ProtA | IsBa-H4 | IkBa-H4 Mip1a Mip1a

Table 2. Layout of the antibody microarray

All samples were spotted manually, where each spot contained 100 ng of sample. All im-
mobilised samples are antibodies raised against the stated protein or expression tag. Pro-
tein G (ProtG) and Protein A (ProtA) are the full length proteins, and are used as negative
controls. |xBa-H4 is an antibody specific for the N-terminus of |xBa

In order to determine the specificity of our system, we hybridised this chip using a so-
lution containing two sets of differentially labeled antigens (Cy3 and Cy5). The first
set, labeled with Cy5, contained proteins that included an expression tag (His, GST,
FLAG) or a post-translational modification (biotinylation). The second set (Cy3) con-
tained some of these same proteins, expressed without tags. Table 3 shows the exact

contents of these mixtures.

Protein contents of the

hybridisation solution Labelling Reagent

Fractalkine Cy3
IxBa

IxB#3 ‘
Mip'lu
GST-1kBa(1-54) Cy5
GST-MAP3K2
GST-MAP3K3
FLAG-Mip1«
FLAG-Fractalkine
Biotin-1kBa
His-1xBa

Table 3. Hybridisation solution for the antibody microarray
Cy3 labelled proteins and Cy5 labelled tagged proteins were pooled into a single hybridis-
ation solution. Each set contained a total of 20 ng of sample

Figure 4 shows a graphical description of the expected results (table) together with the
obtained results (image). From the scanned image, we can appreciate that the negative

controls did not show any signal. This was the expected result since Protein A and
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protein G could only bind to IgG molecules, which were not present in the hybridisation
solution. We could also observe a positive detection of the anti-FLAG, anti-lxBa-H4,
IxBg and anti-GST antibodies. However, the anti-FLAG antibody also showed to have
some degree of unspecific binding, since it appears that Cy3 labelled sample was able
to interact with that antibody. There is no signal for the anti-Fractalkine, anti-Mip1a and
anti-lkBa antibodies, while the signals are very low for the anti-His sample. Considering
that these antibodies were never tested on a microarray format, we could not speculate

any further on these results, other than saying that there is some level of specificity in

detection.
His | His | GST | GST | IxB3 | IsB IxBo IxBo Fractalkine | Fractalkine
| - = e
His l His GST GST kB3 IxBj3 IkBa IxBao Fractalkine Fractalkine
ProtG I ProtG | FLAG | FLAG | ProtA | ProtA | IxBa-H4 | IxBa-H4 Mip1cx Mip1a
ProtG | ProtG | FLAG | FLAG | ProtA | ProtA | IxBa-H4 | IxBa-Hd Mip1a Mip1a

Figure 4. Manually spotted antibody microarray
Pictorial result of the antibody microarray. The top table gives an overview of the expected
results

Following this experiment, a "reverse” microarray was generated. The antigens previ-
ously contained in the hybridisation solution were spotted onto an EMBL slide (Table
4), and their specific antibodies were used for hybridisation (Table 5). Differently from
the antibody chip, Protein A and Protein G were here used as positive controls. A

phage protein, T4E7, was used as negative control.
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MAP3K2-GST | Frac-FLAG IkBa-His GST-IkBa-NT | T4E7 | Mipla | Frac
MAP3K2-GST | Frac-FLAG IkBa-his GST-IkBa-NT | T4E7 | Mip1a | Frac
MAP3K3-GST | Protein A | Mipla-FLAG | |sBa-Biotin | T4E7 | |kBa | IkBg
MAP3K3-GST | Protein G | Mip1a-FLAG | |xBa-Biotin | T4E7 | |kBa | IkBg3

Table 4. Layout of the antigen microarray

All samples were spotted manually, where each spot contained 100 ng of sample. Protein
G (ProtG) and Protein A (ProtA) are used as negative controls (binding of IgG molecules).
T4E7 is a X-resolvase from T4 phages, here used as a negative control. All samples were
hand-spotted in 0.2 il drops containing 100 ng of sample

Antibody contents of the

hybridisation solution Antibody type Labelling Reagent
FLAG Monoclonal Cy3

GST Monoclonal

His Monoclonal

lkBo-H4 Monoclonal Cy5

1B Polyclonal

1xBj3 Polyclonal

Fractalkine Polyclonal

Mip1a Polyclonal

Table 5. Hybridisation solution for the antigen microarray
Cy3 labelled antibodies and Cy5 labelled antibodiéswere pooled into a single hybridisa-
tion solution. Each set contained a total of 20 ng of sample

Figure 5 shows a graphical description of the expected results (table) together with the
obtained results (image). Both positive controls, Protein A and Protein G had been
detected by the IgG molecules contained in the hybridisation solution. The negative
control T4E7 seemed to generate a positive signal on one of its locations. However,
this could have been caused by the background signal present on that area of the
slide. A clear positive signal from the anti GST, Fractalkine, and |xBa antibodies was
also observed. Of the immobilized samples that should have shown a double recogni-
tion (Fractalkine-FLAG, Mip1a-FLAG, |1kBa-His and GST-IkBa-NT), only GST-IxkBa-NT
shows the expected signal (yellow). As for the negative controls, the "top” area of this

chip presented some background on the Cy3 channel, therefore we can not postulate
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whether the orange signal detected for the two upper spots for FLAG-Fractalkine and
His-lkBa were due to the correct binding of the anti-FLAG and anti-His antibodies.
Furthermore, we can see that the anti-Mip1a antibody did not recognise its antigen. A
very weak signal is seen from the un-tagged form of I1xBa, while no signal is seen for

its biotinylated form.

We could conclude that these two experiments showed that proteins immobilized onto
an aminosilane coated glass slide could be specifically detected by their interaction
partners. However, some of the samples could not be detected and a little cross-
reactivity was detected. This could have been caused by the unprecise spotting proce-

dure and/or by the instability of certain proteins under these experimental conditions.

MAP3K2-GST : T4E7 | Mipia [ Frac
MAP3K2-GST T4E7 | Mipia | Frac
MAP3K3-GST IxBa-Biotin T4E7 | |1kBa kB3
MAP3K3-GST IxBa-Biotin | T4E7 | 1kBa | IxBj3

Figure 5. Manually spotted antigen microarray
Pictorial result of the antibody microarray. The top table gives an overview of the expected
results

4.1.3 Upscaling of the system

All initial experiments were performed by manually spotting the proteins onto the glass
slides and, as mentioned, this technique does not allow for a precise deposition of the
sample. It was decided to reproduce the previous experiments using a robotic spotter.

Other than having qualitative advantages, the use of such a robot would allow us to
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create titered arrays where different conditions, such as sample concentration and vol-
ume deposited on each spot, could be tested simultaneously. It is necessary to stress
how the spotting hardware and protocols play a major role for the quality of the results
to be expected. Using tow quality spotting pins and non-optimal climatic conditions
{air humidity < 36% or >50%; temperature < 30°C) could lead to loss of sample func-
tionality. These initial experiments were carried on an old GMS417 spotter, mounted
with a pin-and-ring printing head. Depending on pin straightness, fluid viscosity and cli-
matic conditions, more or less sample will be uploaded/printed thus leading to potential

josses or increases of spot intensities.

A new antigen chip was produced, where the same antigens used for the prior exper-
iments would be immobilized onto the slide at different concenirations (0.1 and 0.05
mg.ml™!). Additionally, each sample was spotted in three distinct sets, where the pin
dispensing the solution would hit the same location 1, 3 and 5 fimes. The aim of this
tayout was to determine the optimal spotting conditions in terms of sample amounts.

Table 6 illustrates the layout of this chip setup.
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1 hil 1 hit
3hits 3hits 0.1 mg/ml
5hits 5hits
1 hit 1 hit
3 hits 3 hits 0.05 mg/ml
5 hits 5 hits

Table 6. Layout of the robotically spotted antigen microarray
Samples were spotted at decreasing concentrations (0.1 and 0.05 mg.mi~ 1 and with in-
creasing volumes (1x 3x 5x the normal spot volume onte each spot)

The chip was hybridised with 40 ;g of differentially labelled antibodies (Cy3: anti-GST,
anti-p53, anti-Fractalkine, anti-lxBa-H4; Cy5: anti-l«Br, anti-HisTag, anti-Mip1«, anti-

B3, anti-FLLAG). Similarly, we produced an antibody array, where the antibodies were
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spotted at different concentrations (0.5, 0.25, 0.1, 0.05 and 0.01 mg.ml~!) and number
of hits (1, 3 and 5} (Table 7). The chip was hybridized with 40 ul of a sclution containing
labelled tagged and non-tagged antigens (Cy3 and Cy5 respectively). Furthermors,
Protein G and Protein A were also added to the Cy3 and Cy5 mixtures, as conirols for

the immobilized higG and ant-Protein A antibody.

Figure 6 shows the scanned imaged of the antigen microarray. As expected, both
Protein A and Protein G did detect and bind the 1gG antibodies. The resulis for the de-
tection of the immobilized antigens showed a good overall specificity. However, some
expected interaction were only detected under precise spotting conditions, such as the
GST-1kBa-NT interaction with the anti-GST (or anti-lxBa-NT) antibody which was only
seen when more than 0.25 ug of antigen was immobilized onto the slide (3 x 0.1 and
5 x 0.05 mg.ml~*). On the other hand, some specific interactions were seen when
the amounts of antigen were superior to 0.5 pg (Mipta and 1kBe). Some of the pre-
dicted interactions were however not detected. For example, 1kBa and His-lkBashould
have been detected by antibodies present in both labelled solutions, thus generating
a yellow signal. However, we can only soe a red signal being generated. This could
be caused by an improper presentation of the immobilised eptiope for the monocional
anti-lxBr-H4 anitbody (Cy3 labelled). Alternatively, that particular monoclonal might
not be compatible with such an assay format. The first cause can be used as an expla-
nation for the lack of signa! gensrated from the anti-FLAG antibody, since this particular
reagent failed to generate results in the previous "hand-spotted” antigen microarrays.
When immobilised onte the array (Figure 4 and 7), this antibody seems to be able to
detect FLAG containing profeins, suggesting that the problem is arising from the spot-
ted antigens. Finally, as previously mentionned, some of the missing signals might be

caused by non-optimal spotting conditions, thus unavailability of immobilised samples.
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Figure 6. GMS spotted antigen microarray
Pictorial result of the antigen microarray. The top table gives an overview of the expected

results

Figure 7, shows the scanned imaged of the antibody microarray. The immobilized higG
showed a positive binding to both Protein A and Protein G (yellow signal) and the anti