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Abstract

Antibodies microarrays are among the novel classapidly emerging proteomic technologies
that will allow us to efficiently perform specifidiagnosis and proteome analysis. Recombinant
antibody fragments are especially suited for thgpraach but their stability is often a limiting
factor. Camelids produce functional antibodies d@waf light chains (HCAbs) of which the
single N-terminal domain is fully capable of antigaginding. When produced as an independent
domain, these so-called single domain antibodynfixgs (sdAbs) have several advantages for
biotechnological applications thanks to their umigproperties of size (15 kDa), stability,
solubility, and expression yield. These featuresutthallow sdAbs to outperform other antibody
formats in a number of applications, notably astuwa&pmolecule for antibody arrays. In this
study, we have produced antibody microarrays udiregt and oriented immobilization of sdAbs
produced in crude bacterial lysates to generateoffmbprinciple of a high-throughput
compatible array design. Several sdAb immobilizatistrategies have been explored.
Immobilization of in vivo biotinylated sdAbs by éict spotting of bacterial lysate on streptavidin
and sandwich detection was developed to achievha bansitivity and specificity, whereas
immobilization of “multi-tagged” sdAbs via anti-tagntibodies and direct labeled sample
detection strategy was optimized for the designhigh-density antibody arrays for high-

throughput proteomics and identification of potahtiiomarkers.



Introduction

The basic concept of microarray technology wasat@tl by the model of Ekins [1, 2] stating that
“microspot” of elements should be able to detecaly@nrs with a higher sensitivity than
conventional immunoassays. On this basis, DNA naigcey rapidly became the first application
of this model and several well established apprescre now available to monitor mRNA
abundance from small amount of materials. Howetlgs, approach is biased by the lack of
relation between mRNA and proteins abundance, anibi sufficient to understand complex
cellular networks. Considerable effort are beindamntaken to develop a comparable technology
for the analysis of protein levels, modificatiomzlanteractions. The development of methods for
the global analysis of the protein of the cell il & its early stage. Currently, the dominant
technology for profiling of protein expression wotdimensional (2D) gel electrophoresis [3].
This procedure is time-consuming and expensiverepobducibility is often an issue. There is a
challenge to replace gels with alternative methotigprotein expression analysis, including
microarrays. Three types of protein microarrays @rgently used: analytical, functional and
reverse phase microarrays [4]. Analytical microgsrare typically used to profile a complex
mixture of proteins in order to measure bindingnéfes, specificities and protein expression
levels. In this technique, monoclonal antibodiesderived formats such as Fab (Fragment
Antigen Binding), scFv (single chain variable Fragnt) but also aptamers and affibodies [5] are
arrayed on a support and the array is probed wighrodein solution. Antibody microarrays,
pioneered by MacBeath and Schreiber [6] and Haadl Ef], are the most common analytical
microarray. This type of microarray will provide memeans to perform differential protein
expression profiling of healthy vs. diseased samplbey are expected to play a key role within

disease diagnostics, biomarkers discovery and thggt identification. The ability to monitor



multiple protein interactions in parallel has madyantages such as saving of time, cost, sample
consumption, especially if assays are miniaturizddst array-based strategies use sandwich
assays that can be highly sensitive and specifit,tliis design is not compatible with high-
density array. A complementary technology is ldieeded detection, affording high level of

multiplexing and high density, at the expense efcdrity and sensitivity [8].

To perform global proteome analysis, high demanilsbe placed upon the choice of catcher
proteins. The specificity of the probes is alsaifical feature since analytes must be specifically
detected in heterogeneous mixtures containing rtttae 10 000 different irrelevant proteins.
Currently, mainly low-density antibody microarraysn planar substrate or on bead) have
successfully been designed and developed [9-13tohtrast to nucleic acids, antibodies and
proteins in general are chemically and structunadlych more complex, heterogeneous, and often
unpredictable regarding their interaction profil@herefore, it is difficult to define general
protein detection and immobilization strategies tth@ not discriminate between proteins. It is
well accepted that oriented immobilization stragésgimprove array performances [14-16] but
most described strategies involve multiple stemduding purification and are not compatible

with high-throughput array generation.

Recombinant antibody libraries such as scFv or palviding numerous probes based on
a single scaffold with similar biological propesjewill display significant advantages. But,
recombinant antibody formats such as scFv are aftestable [17] and produced with a poor
yield. In 1993, Hamers-Casterman et al [18] discegtdhat serum of camels, dromedaries and
[lamas contain a unique type of antibodies devditight chains. Camelids produce functional
antibodies devoid of light chains (HCAbs) and CHimain, of which the single N-terminal

domain is fully capable of antigen binding. Wheaytlare recombinantly produced, these single



domain antibody fragments (sdAbs) have several rddgas for biotechnological applications
thanks to their unique properties of size (15 kBggbility even without disulfide bond formation
[19], solubility, and expression yield [20]. Thefsatures should lead to a number of applications
where sdAb should outperform other antibody formatdéably as capture molecule for antibody

arrays.

In this study, we have generated proof-of-principleseveral immobilization strategies of sdAbs
contained in crude bacterial lysates, namely imiiggtion of in vivo biotinylated sdAbs by

direct spotting of bacterial lysate on streptavidin multi-tagged sdAbs on anti-tag antibodies.
By use of these immobilization strategies, we camgaifferent detection methods, either by
sandwich or label-based detection. These methdow #éhe specific and sensitive detection of
subnanomolar antigen concentration without usigmadi amplification in model systems with

pure antigen as well as crude patient sera.



M aterials and methods

Proteins and serum sample

Anti-HIV-1 Nef sdAb (manuscript in preparation af#l]) and anti-CEA sdAb [22] were
selected from immunized sdAb libraries. pET vecstere used to produce in vivo biotinylated
sdAbs. All sdAbs produced in this vector carry @e@ninal hig-tag, with or without Avita§"
(GLNDIFEAQKIEWHE) upstream. To generate plasmidsling for sdAb-avita§”-hiss, sdAb-
tags was first amplified from pET-sdAbaNefshis using primers  birA6hrev
(TCAGCAAGCTTAGGATCCGTGATGATGATGGTGGTGTTCGTGCCATTCGATITTCTGAGCCTCGAAGATGTCGTTCAGACCTGCGG
CCGCTGAGGAGACAG and seqT7TaaTAcGACcTCACTATAGGG). Purified PCR product were digested with
Ncol and BamHI and followed by gel purification ahghation into vector pET-sdAbaNef -Qis
which had been previously digested with the saragicdon enzymes.

pJF55 vector was used for the production of sdAised to c-myc tag. All sdAbs produced in
this vector contain one, three, or no C-terminat#tag (EQKLISEEDL) followed by a hidag.
Vector pJF55-trimyc-his was generated by overlapping PCR using primersytior
(ACCGTCTCCTCAGCGGCCGCAGAACAGAAACTGATCTCTGAAGAGGACCT@ACGGTGAGCAGAAGCTCATTTCCGAG@ and
trimycrev
(CGCCAAAACAGAAGCTTTTAGTTGAGGTCCTCTTCGCTGATCAATTTTTG'II'CGCCATTCAAATCTTCCTCGGAAATGAGCTTCTG

c). Then, the purified PCR product was digested Wittl and Hindlll, gel-purified and cloned
into vector pJFsdAb-cmyc-histhat had been digested with the correspondingricgsh
enzymes. All constructs were verified by nucleosdguencing.

Patient sera were kindly provided by Pr. J.H. Coligniversité de Reims Champagne-Ardenne,
Reims). Concentration of soluble CEA in patientasearied between 150 and 750 ng/ml while

CEA negative sera have a concentration of CEA Idven 5 ng/ml.



Invitro Biotinylation
The in vitro biotinylation of protein was performedasing Ez-link micro NMHS-PEO4-

biotinylation kit (Perbio science) following theca@mmendation of the manufacturer.

Labeling with Alexa488
The labeling of Nef with Alexa488 was performedngsiAlexa Fluor 488 Microscale Protein
Labeling kit (Invitrogen) following the recommenatat of the manufacturer to obtain a degree of

labeling (DOL) of Nef of around 3 Alexa per moleeul

Production and purification of sdAbs

Vectors pET and pJF containing different sdAbs viexasformed in BI21DE3 and DHbstrain
respectively. Cells containing the plasmid wereculated in 10 ml of 2YT medium
(bactotryptone 16 g/l, yeast extract 10 g/l, NaGlBM) supplemented with ampiciline (100
pg/ml) and glucose (2%). Cells were grown over high37 °C (250 rpm). Then cells were
diluted to obtain an O of 0.1 in 400 ml of 2YT medium supplemented withpacillin (100
pHg/ml) and cultures were grown until the géreached 0.5, when sdAb expression was induced
by the addition of 0.1 mM IPTG (isopropyl-h-D-thelgctopyranoside) at 30°C (250 rpm) for 20
h. For in vivo biotinylated sdAbs, bacteria weretansformed with pBir vector (Avidity,
Colorado) and the culture medium was supplemeniéd ehloramphenicol (50 pg/mL) during
production. Fifty uM biotin was added during theuation.

Cells were harvested by centrifugation at 4000 rfan 10 min at 4°C. For periplasmic
purification, the cell pellet was suspended in 4 ofilcold TES buffer (0.2 m Tris/ HCI, pH 8.0;

0.5 mM EDTA; 0.5 M sucrose), and 160 pL lysozym@ (hg/mL) in TES buffer was added.
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Cells were subjected to osmotic shock by the amldibf 16 mL of cold TES diluted 1/2 with cold
H,O. After 30 min of incubation on ice, the suspensi@s centrifuged at 4000 rpm for 40 min at
4°C. The supernatant was incubated with 150 pL BNE&D mg/mL) and MgGIl(5 mM final)

for 30 min at room temperature. The solution wadydied against 50 mM sodium acetate pH
7.0, 0.1 M NacCl, for 16 h at 4°C.

For cytoplasmic purification, cell pellet was frozéuring 20 min at -80°C and lysed by 20 ml of
bugbuster (Novagen) during 20 min with low shaking.

All sdAbs were purified by affinity chromatograployp Talod™ metal affinity resin (Clontech).
Bound molecules were eluted with 250 mM imidazal&] proteins were concentrated in PBS by
ultrafiltration with Amicon Ultra 5000 MWCO (Millipre, Billerica, MA, USA) and stored at -
20°C. Their degree of purity was evaluated by SB&P analysis and protein concentration
(average of 5 mg/ml) was determined spectrophotocady using a protein assay kit (Bio-Rad

Laboratories, Hercules, CA, USA).

Production of sdAb-containing crude bacterial lysates

Vectors pET and pJF containing different sdAbs wwexesformed in BL21DE3 and DHbstrain
respectively. Transformed cells were inoculate@6nwell plates containing 150 pl/well of 2YT
medium supplemented with ampicillin (100 pg/mL).lI€evere grown until Oy, reached 0,5
and incubated 3 hours at 37°C after induction u€irigmM IPTG. For in vivo biotinylated
sdAbs, bacteria were co-transformed with pBir veettd the culture medium was supplemented
with chloramphenicol (50 pg/mL) during productionda50 pM of biotin was added during
induction. After production, plates were centrifdgg 1700 rpm during 10 min and pellets were

lysed with 30 pul of bugbuster during 20 min withvlshaking. Plates were stored at — 20°C.



Cdll lines
MC38-CEA and MC38 [23] are a kind gift of A. PelegrCells lines were cultured in DMEM
complemented with 10% (v/v) fetal calf serum at@7A a humidified atmosphere and with 5%

CO,. MC38-CEA culture medium was additionally compleneel with 0.5 mg/ml of geneticin.

Flow cytometry analysis

Experiments were performed on ice with rocking ¥ BSA PBS. Typically, 2x10cells
resuspended in 50 pl were distributed in 96-weltrotiter plate, and incubated for 1 h with
various concentrations (500 to 0.00005 nM) of &HA sdAb produced in the cytoplasm or
periplasm of bacteria. After washing, binders wedetected with anti-hismAb (Novagen)
(1:2000). Washed cells were labeled with FITC cgajed anti-mouse antibody (Jackson) (1:60).
Fluorescence was measured using a FACSC&lc(Becton and Dickinson) and results were
analysed with the cellqué¥t software. Negative (secondary antibody only) auatwere carried

out.

ELISA and dlide assay

Activity of cytoplasmic and periplasmic sdAbs

Streptavidin plates (Thermo scientific) were blatkéath 5% milk-PBS (MPBS) for two hours at

RT. Fifty pl/well of biotinylated Nef at 5 nM in 29PBS were incubated overnight at 4°C.
Wells were washed and incubated for 1h at RT wihyb of 2% MPBS containing various

concentrations (500 to 0.00005 nM) of anti-Nef sg#&bduced in the cytoplasm or periplasm of
bacteria . After three washes with PBS, plates vimzebated with 9E10 mAb (against c-myc)
(santa cruz biotechnology) (1 pg/ml) in 2% MPBS doe hour at RT. Following three washes

with PBS, a goat anti-mouse HRP-conjugated mAbk&lar) (0.16 pg/ml in 2% MPBS) was
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incubated for one hour at RT. After three washe$BS, bound secondary antibodies were

detected using ABTS. Coloration was followed at A%

Immobilization of sdAbs biotinylated

Streptavidin plates (Thermo scientific), streptavitheads (invitrogen), or nitrocellulose slide
(Sciencetec) coated with streptavidin overnighd’a (10 pg/ml) were blocked with 5% MPBS
for two hours at RT. SdAbs were diluted in 50 uL266 MPBS and incubated overnight at 4°C
in streptavidin plate and in plate containing be&tAbs contain in bacterial lysate diluted ¥ in
2% MPBS were spotted and slides were dried for looer at RT. Wells and slides were
incubated with sample (Nef or serum) in 2% MPBS boars at RT. After three washes with
PBS, plates and slides were incubated with prinaatibody (anti-Nef mouse mAb (kinf gift of
Y. Collette, Marseille) 1:3000 or anti-CEA 35A7 doady 2 pg/ml, (kind gift of A. Pelegrin,
Montpellier) in 2% MPBS for one hour at RT. Followi three washes with PBS, a goat anti-
mouse HRP (Jackson) (0.16 pg/ml) or Alexa488-caated) mAb for bead assay or Alexa680-
conjugated mADb for slide assay (Invitrogen) (4 piyAvas incubated in 2% MPBS for one hour
at RT. After three washes in PBS, plate with HRftlad mAb was colorimetrically detected at
405 nm using ABTS substrate (Sigma), plate withxaléabeled mAb was detected on Tristar
reader (Berthold technologies) and slides with Al&abeled mAb were read on Odyssey infrared

imaging system (Licor).

Immobilization of trimyc-tagged sdAbs
Protein G beads or epoxy beads (Invitrogen), socélulose slides (Sciencetec) were incubated
with 9E10 mAb (anti c-myc mAb, Santa-Cruz, sc-4D)u@/ml in PBS) 1h at RT for protein G

beads, 48h at 4°C for epoxy beads, ON at 4°C fdesland blocked with 5% MPBS for two

10



hours at RT. SdAbs, either pure or contained imerpacterial lysate were diluted in 2% MPBS
and incubated for 1h at RT in plate with containepds. SdAbs contain in bacterial lysate
diluted ¥4 in 2% MPBS were spotted and slides weyeode hour at RT. After three washes with
PBS, plates and slides were incubated with bictitegl Nef in 2% MPBS for one hours at RT.
After 3 washes with PBS, plates were incubated WiRP-conjugated streptavidin (Jackson) (1
pg/ml) and slides with Alexa680-conjugated strejoliav (Invitrogen) (4 pg/ml). Following 3

washes in PBS, ABTS substrate (sigma) was addeglates and color development was
followed at 405 nm and slides with Alexa labelegestavidin were read on Odyssey infrared

imaging system (Licor).
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Results
1. Domain antibodies can be efficiently expressed in E. coli cytoplasm

Libraries of recombinant antibody fragments ardch source of capture reagents. However,
because they require disulfide bond formation, nragiments such as Fab or scFv fragments are
produced in the periplasmic space of E. coli, ailiakg environment favoring a correct folding
of these fragments. In contrast, single domainbadies are characterized by a very high
solubility and stability that should allow themftdd properly in reducing environments such as
the E. coli cytoplasm. To check this hypothesisy twodel sdAbs (targeting Nef from HIV-1
[21] or human carcinoembryonic antigen (CEA) [2&Bre produced in E. coli fused or not to a
signal sequence, and purified from the periplasariccytoplasmic extract, respectively, and
purified by metal affinity chromatography. As forost sdAbs, high production yields (10-30
mg.L") were obtained. Gel filtration analysis showedntloaly monomer format was produced
(data not shown). Both versions of anti-CEA sdAb=ravshown to perform similarly by flow
cytometry on MC38-CEA cells, a murine colon carameocell line transfected with human CEA
cDNA [23] (Fig. 1A) and similar results were obtachwith both versions of the anti-Nef sdAb
by ELISA (Fig. 1B), demonstrating that sdAbs canefffeciently produced in an active form in

the cytoplasm of E. coli.
2. Oriented sdAb immobilization

Beside its efficiency, cytoplasmic sdAb productiumther offers the possibility to biotinylate
sdAbs in vivo using a C-terminal fusion with a Ihiao acids tag (avitag) recognized by the E
coli BirA enzyme. The resulting molecules possesingle biotin molecule coupled to a single

lysine present on the avitag, which allows a neaatent and oriented immobilization through
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binding to streptavidin. In contrast, in vitro bigtlation can lead to inactivation of the protein
and does not allow oriented immobilization. To tés$ hypothesis, the anti-Nef sdAb was fused
to the avitag, biotinylated in vivo and purifiedorrcomparison, the anti-Nef sdAb was purified
and biotinylated in vitro using a primary amine plwog strategy. Biotinylation efficiency was
checked by incubation over streptavidin beads.dJ@686 of in vivo biotinylated sdAbs and 80%
of in vitro biotinylated sdAbs could be captured deads, demonstrating an efficient
biotinylation (data not shown). As shown in Fig.,2RAe in vivo biotinylated sdAb had to be
diluted tenfold compared to the chemically biotatgld version to yield similar results,
suggesting that in vivo biotinylation preserves #utivity of the sdAb and allows an optimal

orientation.

However, this strategy precludes the use of theptdvidin:biotin system for detection of bound
molecules, a useful strategy for high throughpyirapches. As an alternative, we decided to
immobilize sdAbs via interaction between a c-terthic-myc tag (EQKLISEEDLN) and mAb
9E10, a commercially available murine 1gG bindimgthis peptidic sequence. Three tandem
repetitions of the tag (named trimyc tag) were dilsed to the sdAb C-terminus to increase the
apparent affinity of the tagged molecule by avidiffect. As demonstrated by ELISA, (Fig. 2B),
mAb 9E10 bound to protein G beads led to a muctebstiAb immobilization, leading in turn to
a much higher capture efficiency of the model anigrhe sdAb bearing the trimyc tag could be
diluted by three orders of magnitude compared ®rtiolecule bearing a single c-myc tag to

yield similar signals.

3. Useof crudelysates containing sdAbs

13



The highly efficiencies reached by these immobiiara strategies allow the use of very low
concentration of capture sdAbs. We reasoned tleaptiiented immobilization could be used as a
built-in purification procedure, allowing the useg crude bacterial lysates. Indeed as
demonstrated in Fig. 3, as low as 50 nL of a ciysate containing the in vivo biotinylated anti-
Nef sdAb yielded the same signal intensity as Imkgo6f the same purified sdAb on a bead
assay, suggesting that a regular microplate sdadyation (30 uL) could be used to generate up

to 600 measures.

4. Assay Sengitivity

To determine the sensitivity of the trimyc-basedags beads coupled to 9E10 were incubated
with 50 nL of bacterial lysate containing the adaf sdAb fused to the c-myc or the trimyc tag.

Beads were subsequently incubated with variousesdrations of biotinylated Nef

. Bound antigen was detected using streptavidin-HR@ 4A shows that the trimyc tag yielded
much higher signals, leading to the detection &f fiM of Nef. Similar results were obtained
using nitrocellulose arrays. Moreover, 9E10 incidmabf slides led to a significant decrease of
background noise (Fig. 4B). Interestingly, the ng-myc tag yielded much lower signals. Of
note, a direct labeling of Nef with a fluorescenblye (Alexa 488) yielded very poor results in
both settings, despite a normal affinity between Atexa 488-Nef and anti-Nef sdAb (data not

shown).

Similar experiments were conducted using the sixegin/avidin based immobilization strategy
and 50 nL of crude bacterial lysate per well. Ditecof the bound antigen was performed using
three different methods, namely using an anti-Néfnfollowed by a HPR-labeled secondary

antibody or an Alexa-labeled secondary antibodymared to a direct fluorescent labeling of the
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antigen (Nef-Alexa). As shown in Fig. 4C, the iretir labeling strategies yielded the best results,
with a detection limit of 0.5 nM for enzymatic imect labeling, 5 nM for fluorescent indirect
labeling and 50 nM for the fluorescent direct lahgl A detection limit of 0.5 nM was measured
on nitrocellulose slides using sandwich fluoresatection. Streptavidin preincubation of slides

further led to a significant decrease of backgronode (Fig. 4D).

5. Application to clinically relevant concentration of cancer biomar ker

To demonstrate that these strategies can be appligigh throughput diagnostic approaches, 0.5
pL of crude bacterial lysates containing in vivotimylated anti-CEA sdAbs were used in a bead
based assay to detect soluble CEA in serial dilstiof crude cancer patient sera of known CEA
concentration. Detection was performed using aryreatic sandwich assay. As shown in Fig. 5,
soluble CEA could be detected in all CEA-containgega. The detection limit was established at
10 pM i.e. 2 ng/mL of soluble CEA. This conceniatis below the value of circulating CEA in

sera of normal donors (~ 5 ng/mL in undiluted séramd well below concentration of cancer

patients (178-769 ng/mL).
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Discussion

Most antibody arrays developed to date are low itder@srays relying on the use of pure
preparation of intact monoclonal antibodies [24fheTrequisite for high concentration of pure
proteins is hindering the development of high dgnantibody arrays (in the 200-2000 pg/ml
range). Recombinant antibodies such as scFv fragofar an interesting alternative since this
format is compatible with the generation of schrdries and high throughput selection methods
such as phage or ribosome display. Unfortunatdipse fragments are constituted by the
association of two domains (VH and VL) which dese=atheir stability. Consequently, very high
concentration of pure fragments (around 400 pg/ank)often used to build microarrays [10, 25],
which severely complicate the building processighldensity antibody arrays.

In this study, we show that highly functional amhsitive arrays could be generated using non-
purified affinity tagged single domain antibodiesiAbs) as probes. These fragments are very
easy to produce in E. coli, are compatible withopydsmic expression and are extremely stable.
sdAbs were produced in 96 well plate format anatessfully coupled, enriched and purified in a
one-step procedure directly onto the support. ldgdee demonstrate that extremely low amount,
i.e. 0.5 to 0.05 ul (probably depending on the sdHimity) of crude bacterial lysate produced in
three hours is sufficient to perform one assay.hSefficiency was achieved using strong and
oriented immobilization on slide arrays or beadwough the use of directed cytoplasmic
biotinylation of sdAbs for immobilization on stregmdin coated supports or a tandem repetition
of the c-myc tag for immobilization on mAb 9E10-teé support. Oriented immobilization
based on modified with Kfi-ions [14] or streptavidin [15, 16, 26] are exanspté surface that
have been successfully applied to generate plaraeip arrays through specific coupling

chemistries. However, to our knowledge, only padfimonoclonal antibodies coupled with
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standard procedure such as carbodiimide and suddaireactions are currently used for bead
arrays.
These two complementary approaches were develapédfitl two different needs. One hand,
high sensitivity and specificity are two crucialrgaeters for diagnostic arrays. In this case, the
most efficient approach is the sandwich assay,guaipair of probes to specifically capture and
detect the antigen of interest. In this case, nanifipd sdAbs can be efficiently immobilized
using the biotin/streptavidin setting, to be usedcapturing reagent. This method allowed a
subnanomolar limit of detection (LOD) of a pure rabéntigen Nef using fluorescent and
enzymatic detection methods. In a clinical settirgy,the detection of circulating CEA in sera of
cancer patients, a picomolar LOD of CEA in crudeuse was obtained with an enzymatic
sandwich detection system. In the case of Nef tletecslides or beads as assay support yielded
similar results. Of note, direct labeling of antigeith fluorophore was found very inefficient,
and chemical sample biotinylation followed by détat with labeled streptavidin led to much
higher signals, as already demonstrated by otleliest [27]. Bead assays are especially suited
for sandwich assays and can be directly comparé&l ISA method [28], while requiring much
smaller volumes of sample material. Beads can loecdy using various concentrations of
fluorescent dye, or by some type of barcoding teldgy such as size of the bead. Consequently,
bead assays can easily be multiplexed. Thus beagsaare method of choice for low density
antibodies array for clinical diagnosis [29, 30j.this work we show that magnetic beads can
efficiently be functionalized using a biotin-basedAb immobilization. This approach would
therefore be the method of choice for the develogné cost-efficient sandwich-based antibody
bead arrays for diagnostic.

On the other hand, and despite its efficiency, saedwich assay, requiring a pair of

specific probe for each antigen, is not compatibilén the generation of high density antibody
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arrays. These approaches most often necessitafgeskbeling (i.e serum or cell lysate), being
most efficiently performed using chemical biotinyda and labeled streptavidin [27]. For such
needs, trimyc-tagged sdAbs were developed to giyilachieve strong and oriented
immobilization without involving biotin. Very largedAb libraries can be built in a one step
procedure from immunized llamas without being coned about correct combination of VH and
VL domain, and rapidly enriched for specific bindbgr display techniques. Moreover, sdAbs are
very efficiently produced in 96 well plates and ghihey represent a rich source of probe to
generate high density arrays in a high throughastiibn. In this work, we demonstrate that high
sensitivities in the nanomolar range could be a@dewith this setting for our model antigen on
beads but also on planar arrays such as nitroos#udrrays, clearly more adapted to high density
arrays, and demonstrating the feasibility of usongde bacterial lysate to immobilize tagged
sdAbs on slide in a high throughput screening cdilgafashion. This approach can further be
used for differential screening (i.e. using normaldisease samples) of sdAb libraries enriched
on disease material, potentially leading to thealsry of new biomarkers. We are currently
applying this approach to isolate breast cancecibpesdAbs from libraries built using animals

immunized with breast cancer biopsies.
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Figure legends

Figure 1. Functional sdAbs are efficiently produced in the cytoplasm of E. coli. A) MC38-
CEA (m, o) or MC38 (A) cells were incubated with serial dilutions ofig@EA sdAb produced

in cytoplasm &) or periplasm ¢) of E. coli. Captured antibodies were detected by a mouse anti
6his mAD followed by a goat against mouse FITC-uogajed mAb. Cells were analyzed by flow
cytometry assay on FACScalibur. B) Biotinylated Nsitigen (5 nM) coated on streptavidin-
plate was incubated with serial dilution of antifNselAb produced in the cytoplasma)(or
periplasm ¢) of E. coli or anti-CEA sdAb produced in the cytoplasmEofcoli (A). Captured
antibodies were detected by a mouse anti c-myc rfollbwed by a goat anti-mouse HRP-

conjugated mAb. Standard deviation represents kper@ments performed in triplicates.
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Figure 2: In vivo biotinylation and multi tags strongly improve immobilization of sdAbs. A)
Serial dilutions of pure anti-Nef sdAb biotinylatadvivo (e), in vitro (m) or unbiotinylated &)
were coated on streptavidin plate and incubated with &eb nM. The captured antigen was
detected with a mouse anti-Nef antibody followedabgoat anti-mouse HRP-conjugated mAb.
B) Protein G bead were coated with 1 pg/ml of 9E1&b. Serial dilutions of pure sdAbs with
three @), one @) or no (A) myc tag were incubated with the bead, followedltinylated Nef

at 5 nM. The captured antigen was detected withRP{donjugated streptavidin. Standard

deviation represents two experiments performedplidates.

Figure 3: Bacterial lysates are a good source of capture antibody. Streptavidin beads were
coated with sdAb against Nef biotinylated in vivore @) (1 pg/ml) or in bacterial lysated()
(50 nl/wells) or sdAb against Nef unbiotinylatedaacterial lysate ¥) and incubated with serial
dilution of Nef. The captured antigen was deteet@tl a mouse anti-Nef antibody followed by a
goat anti-mouse HRP-conjugated mAb. Standard dewiatepresents two experiments

performed in triplicates.

Figure 4: In vivo biotinylated and trimyc-tagged sdAbs in bacterial lysate allow a sensitive
antigenic detection on slide or beads. A) Immobilization of sdAbs using trimyc tag allowise
direct use of bacterial lysates. Epoxy bead wesgetbwith 9E10 (1 pg/ml) and incubated with
bacterial lysate (50 nl/wells) containing sdAbshntitree ¢), one @) or no (&) c-myc followed

by serial dilutions of biotinylated Nef. The camdrantigen was detected with HRP-conjugated

streptavidin. B) Immobilization of sdAbs using tygmallows direct spotting of bacterial lysate.
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Nitrocellulose slides were coated with 9E10 (9E@0)PBS (&). Bacterial lysates containing
sdAbs fused to three, one or no c-myc were spotteerial dilutions of biotinylated Nef were
incubated and the captured antigen was detectdd Aéxa705-conjugated streptavidin. C):
Streptavidin beads were coated with bacterial &480 nl/wells) containing anti-Nef sdAbs
biotinylated in vivo 6, A, ¢) or not @, V¥, o) and incubated with serial dilutions of Nef or
Alexa488-conjugated Nefe( o). The captured antigen was detected with a mouseNaf
antibody followed by a goat anti-mouse HRR &) or Alexa488-conjugated mAbA(, ¥). D)
Nitrocellulose slides were incubated with strepdavi (S) or PBS (&). Bacterial lysates
containing sdAbs biotinylated in vivo or unbiotiated were spotted. Serial dilutions of Nef were
incubated and the captured antigen was detectédamihouse anti-Nef antibody followed by a
goat anti-mouse Alexa705-conjugated mAb. Standardiation represents two experiments

performed in triplicates.

Figure5: Immobilization of in vivo biotinylated sdAbs allows a sensitive detection of CEA in
patient sera using a bead assay. Streptavidin beads were coated with bacterighths (0.5
pl/wells) containing in vivdiotinylated @, m, ¥, A) or unbiotinylated €) anti-CEA sdAbs and
incubated with serial dilutions of patient sesa S1 CEA 276 ng/mm : S2 CEA 769 ng/mlA :

S3 CEA 178 ng/ml¥ : S4 CEA < 5ng/ml). The captured antigen was detkuatith a mouse anti-
CEA antibody (35A7) followed by a goat anti-mousBP4conjugated mAb. Standard deviation

represents two experiments performed in triplicates
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