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NOVEL FLOW ASSAY METHOD FOR AN
OBJECT OF INTEREST

[0001] The present invention relates to a method for the
flow assaying, in aliquid medium, of an object (or element) of
interest via the formation of aggregates of particles which are
surface-functionalized with at least one functionalizing mol-
ecule, moreover referred to in the text as receptor, specific for
said object of interest.

[0002] According to the invention, the term “object of inter-
est” is intended to mean any substance with the proviso that it
can be specifically recognized by at least two receptors. As
object of interest, mention may be made, by way of example
and without limitation, of any antigen that can react with an
antibody or an aptamer, any nucleic acid molecule that can be
recognized by a complementary nucleic acid molecule, any
cell or cell fragment or any microorganism or microorganism
fragment or else any chemical molecule, as long as they have
a known specific receptor. Thus, it appears to be possible to
use the method according to the invention for quantifying
proteins, antibodies, nucleic acids, cells, cell fragments,
microorganisms (for example bacteria, certain fungi, green
algae or else viruses), microorganism fragments, or else
chemical molecules.

[0003] In most laboratory applications, the assaying of a
biochemical compound within a biological fluid calls for a
reaction aimed at establishing linkages between a substance
being sought and a receptor which is specific for said sub-
stance. This receptor may, for example, be an antibody or an
aptamer in the context of the detection of a protein, or a
nucleic acid sequence in the context of the detection of
complementary nucleic acid.

[0004] An immunodiagnostic system widely used in the
prior art is based on the functionalization of microparticles or
nanoparticles with receptors, capable of recognizing and
binding to the object of interest sought, allowing, in the pres-
ence of said object of interest sought, the formation of par-
ticulate complexes made up of at least one functionalized
particle bound to said object of interest sought by said recep-
tor or a particulate aggregate comprising at least two func-
tionalized particles, bound to one another by an object of
interest.

[0005] Subsequently, the detection of the particulate com-
plexes or aggregates formed is often carried out by means of
an optical measurement. The sensitivity is, for its part, very
often linked to the principle of detection used and to the
associated instrumentation.

[0006] Forexample, when the object of interest sought is an
antigen present in a given medium, said antigen can have
several epitopes. Antibodies directed against said antigen can
then be chemically attached to the surface of the particles
used, in order to functionalize them. When said functional-
ized particles are introduced into the medium, a reaction can
take place between said functionalized particles and said
antigen. Thus, a first functionalized particle can capture the
antigen sought and form a first particulate complex. However,
of course, because of Brownian motion, this same antigen
attached to a first functionalized particle can capture a second
particle, which is itself functionalized. The two functional-
ized particles are thus bound by the formation of antibody-
antigen-antibody bonds and thus constitute an aggregate. The
reaction can continue so as to thus form larger aggregates
combining a large number of particles bound to one another
according to the same principle.
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[0007] The presence of aggregates within said medium
increases the light scattering, such that the intensity of a light
beam passing through said medium is decreased. This is the
principle of the optical turbidimetry, the main advantage of
which is that it is simple to use, making it possible to envision
the manufacture of devices at competitive prices.

[0008] However, the performance levels of such a system
are relatively limited. Indeed, in order to allow the formation
of linkages within a reasonable period of time, the concen-
tration of particles must be considerable. Furthermore, the
particles which do not react (particles introduced which have
remained free) do not contribute to the useful signal. On the
other hand, by virtue of their capacity to scatter light, they
contribute to the formation of background noise which can
prove to be bothersome for the measurement.

[0009] Inorderto reduce the amount of particles introduced
that have remained free, techniques have been developed for
increasing the frequency of the collisions between particles.
These methods can use magnetic fields [Baudry J. et al.,
PNAS, 103 (2006) 16076-16078] or electric fields [Iwata K.
etal., Annals of Chemical Biochemistry, 46 (2009) 117-122],
or ultrasound [Wiklund M., Hertz H. M., Lab on a Chip, 6
(2006), 1279-1292] to locally increase the concentration of
particles and to promote the formation of particulate aggre-
gates.

[0010] However, even in this case, other problems can be
encountered. For example, a concentration of object of inter-
est of less than one picomolar (pM) cannot generally be
detected, owing in particular to the thermal fluctuations of the
medium which cause fluctuations in the optical signal.
[0011] Thedetectionand the assaying of objects of interest,
particularly biological objects of interest, in a sample, advan-
tageously a biological sample, by flow measurements are
known to those skilled in the art. All the prior art methods use
microparticles of which the dispersion level is sufficiently
low to allow them to be identified in a two-parameter repre-
sentation space. For example, the forward scattering (FSC)x
side scattering (SSC) two-parameter representation makes it
possible to identify the presence of any kind of colloidal
aggregates, and processing of the two-parameter representa-
tions makes it possible to know the number and the nature of
these aggregates. However, when aggregates of more than
two particles are formed, even the use of monodispersed
particles does not prevent the aggregate populations from
overlapping one another.

[0012] Generally, the concentration of object of interest is
therefore determined by calculating the ratio of the number of
aggregates formed to the number of isolated particles, with-
out taking into account the multiplicity of the aggregates. At
high concentrations of object of interest, the aggregates may
consist of numerous particles. Unfortunately, whatever the
size of the aggregates, in the prior art quantification methods,
these aggregates, although taken into account, are not
weighted by thenumber of linkages formed. They will then be
considered to have the same size as a doublet defined as an
aggregate formed by two particles bound to one another by an
object of interest, although they represent a larger state of
aggregation. Thus, a not insignificant number of linkages
created by the object of interest will be neglected, and the
accuracy of the measurement will consequently be damaged
at high concentrations of objects of interest.

[0013] Furthermore, in the prior art, for flow detection, the
particles must have a level of quality sufficient to allow their
detection for the accurate assaying of the object of interest
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sought. Ideally, the particles should be identical, in particular
in terms of their volume, since two particles taken randomly
in the reaction medium should lead to the formation of an
aggregate of which the effective cross section must be sub-
stantially invariable. Generally, the particles used may be
spheres of which the diameters may be randomly distributed
about a mean value with a certain standard deviation charac-
teristic of the quality of the fractionation of the particles. It is
then considered that the coefficient of variation of the particle
size may be less than or equal to 10%. Thus, in the prior art,
the implementation of a biological test using flow measure-
ments requires particles of sufficient qualities, the size dis-
persion of which must be sufficiently controlled and repro-
ducible.

[0014] This constitutes a strong industrial constraint since
coefficients of variation of less than 10% require considerable
manufacturing care resulting in higher cost prices for the
particles and, consequently, for the measurement. Further-
more, good control of the coefficient of variation of the par-
ticle size is difficult to achieve, in particular when it is sought
to give the particles physical properties combining in particu-
lar specific physical properties such as fluorescence or mag-
netism.

[0015] As it happens, such properties may be desirable for
accelerating the aggregation reaction.

[0016] Othertechniques for detecting the objects of interest
using flow detection of particles exist. Mention may be made
of the Luminex technology which detects antigens by virtue
of intrinsically fluorescent micrometric particles (primary
fluorescence) covered with antibodies specific for said anti-
gen. Once said antigen has been captured by said specific
antibodies covering the particles, it is secondarily labeled
with a second antibody, which is itself fluorescent (secondary
fluorescence) at a wavelength different than that of the pri-
mary fluorescence of said particles. The secondary fluores-
cence is used for the detection of the secondary antibody-
antigen complexes. However, it is easily understood that this
method requires several steps of, firstly, incubation and then,
secondly, of washing in order to remove the excess reagents
which might interfere with the measurement. It is therefore
longer and more complex to carry out than an aggregation test
which requires only one step.

[0017] After numerous research studies, the inventors have
developed a method for quantifying a given object of interest,
based on the determination of the state of aggregation of a
suspension of functionalized particles brought into contact
with a given object of interest, while overcoming the prior art
problems. In particular, the method according to the invention
may be applied to sets of functionalized particles which have
a considerable size dispersion, which is not the case with the
prior art techniques.

[0018] The invention therefore aims to provide a novel
method for quantifying a presampled given object of interest
by flow measurement of the aggregates formed during an
object of interest sought/functionalized particle reaction, by
means of a method which overcomes all or some of the
drawbacks of the known methods of the prior art.

[0019] According to the invention, the term “aggregate” is
intended to mean a particulate aggregate comprising at least
two functionalized particles, bound to one another by an
object of interest (doublet). It is therefore understood that,
according to the invention, the term “aggregate™ is given to
any particulate aggregate whether it is made up of two func-
tionalized particles bound to one another by an object of
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interest or of more than two functionalized particles bound to
one another by several objects of interest. Itis also understood
that the functionalized particles bound to a single object of
interest are considered to be singlets.

[0020] In the present text, the term “singlet” is therefore
intended to mean both the functionalized particles free of any
linkage and the objects of interest bound to a single function-
alized particle.

[0021] Themethod according to the invention can therefore
be likened to an aggregation test (or else agglutination test).

[0022] The useful signal in an aggregation test is the num-
ber of linkages created between the particles. This measure-
ment can be obtained for a given volume by the difference
between the number of singlets present at the beginning of the
method (N1) and measured in a given volume (V), and the
number (N2) of aggregates and of singlets still present at the
end ofthe aggregation reaction, measured in the same volume
(V) at the end of the method. This difference (N1-N2) cor-
responds to the number of biological linkages formed
between 2 functionalized particles during the measurement.
In the case where N1 comprises any nonspecific aggregates
(aggregates consisting of at least 2 functionalized particles
bound to one another by any means other than an object of
interest), the measurement by difference according to the
invention makes it possible to dispense with said nonspecific
aggregates.

[0023] According to the invention, the useful signal is the
degree of aggregation (DA) which corresponds to the number
of biological linkages formed (N1-N2), relative to the total
number of singlets (N1), present at the beginning of measure-
ment in the liquid medium comprising said object of interest
to be assayed, in other words after introduction and before
aggregation. Thus, according to the invention, the degree of
aggregation is expressed by DA=(N1-N2)/N1.

[0024] Thus, the measurements are standardized relative to
the initial state of the system, which may contribute to reduc-
ing the effect of any errors of preparation of the reaction
mixture.

[0025] According to the invention, the concentration of
object of interest of an unknown sample may be determined
with respect to the degree of aggregation measured on a
calibration curve pre-established by measuring the degree of
aggregation of said functionalized particles in the presence of
known amounts of the object of interest.

[0026] It is understood from the aforementioned that the
novel quantification method according to the invention
requires the determination, on the one hand, of the number of
singlets present in the reaction medium at the beginning of
reaction (N1) and, on the other hand, of the total number of
aggregates formed in the reaction medium and of singlets still
present at the end of the aggregation reaction (N2).

[0027] The numbers (N1) or (N2) can be measured in the
following way: each particle or aggregate can be subjected to
detection by an optical, electrical or other method. Thus, the
passing of each particle or aggregate across the detector gives
rise to a pulse which can be recorded. The total number of
pulses during the counting time can then be determined.
Before the aggregation step, a number N1 of singlets is mea-
sured. After the aggregation step, a number N2 of aggregates
and of remaining singlets is measured. According to the
invention, each aggregate formed, whatever its size, compris-
ing k particles agglutinated by k-1 linkages, is counted as a
single element.
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[0028] In addition, the method according to the invention
makes it possible to dispense with a separation of the popu-
lations on a single-parameter or multi-parameter representa-
tion.

[0029] The method according to the invention makes it
possible to measure the number of linkages while avoiding
relying on the variation of one or more physical parameters of
the objects detected; the advantage of not relying on the
variation of a physical parameter is that a small aggregate
might have a size smaller than a large particle, leading to
incorrect classification of the objects studied.

[0030] The method according to the invention makes it
possible to take into account all the aggregates as previously
defined, in such a way that, even at high concentrations of
objects of interest, each aggregate formed will be considered
individually. Thus, all the linkages created by the objects of
interest will be taken into account and the accuracy of the
measurement is improved thereby, particularly in the case of
a high concentration of objects of interest

[0031] Another advantage of the method according to the
invention lies in the fact that a greater choice of particles is
available for carrying out the reaction. In particular, particles
which have advantageous properties, such as the superpara-
magnetic nature, may be used to promote the reaction,
whereas the existing detection techniques prevent their use,
because of their size dispersion.

[0032] Thus, a first subject of the invention is a method for
quantifying, in a liquid medium, at least one object of interest,
characterized in that it uses particles that are surface-func-
tionalized with at least one receptor specific for said object of
interest to be assayed and in which, in:

[0033] a first step, said functionalized particles are
brought into contact with the object of interest to be
assayed, mixing is carried out for a given time (t, ) and a
volume (v) of said mixture obtained is immediately
sampled, and the number N1 of nonaggregated particles
(singlets) is counted therein by means of a flow mea-
surement;

[0034] a second step, said mixture obtained in step 1 is
incubated for a time (t,) sufficient to allow the formation
of aggregates and a volume (v) is sampled and the num-
ber N2 corresponding to both the nonaggregated par-
ticles and the aggregates contained in the volume (v)
after reaction is counted using the same flow measure-
ment technique as that used in step 1;

[0035] athird step, the degree of aggregation DA=(N1-
N2)/N1 (calculated DA) is determined and said object of
interest is quantified by comparison of the calculated DA
with a standard range (DA={{[C]) previously produced
by measuring the degree of aggregation obtained using
the same flow measurement technique with the same
object of interest at predetermined concentrations ([C])
of said object of interest.

[0036] By way of example, the object of interest to be
assayed can be contained in a medium such as biological
fluids, among which are body fluids, for instance blood,
serum, plasma, saliva, urine or cerebrospinal fluid, or else
tissue extracts such as bone marrow. Mention may also be
made, for example, of purification plant waste, water
intended for consumption, etc. Advantageously, the invention
is aimed at biological fluids or tissue extracts.

[0037] The collisions between the functionalized particles
are due to natural Brownian motion. Said motion depends on
several parameters which naturally influence the frequency of
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the collisions. It is possible to adjust these parameters in order
to create favorable conditions for having a sufficient period of
time, before the first collisions take place, during which it is
possible to analyze the medium before said aggregation reac-
tion occurs, so as, for example, to measure the amount of
singlets present at the beginning of reaction (N1).

[0038] Moreover, techniques for increasing the frequency
of the collisions between particles and thus considerably
accelerating the aggregation reaction are known. The method
according to the invention may or may not include such a step
of acceleration of the aggregation reaction by application
during the method of a known technique for increasing the
frequency of the collisions between particles.

[0039] Thus, according to the invention, the quantification
method may also comprise a step for increasing the frequency
of the collisions between particles, it being possible for said
step to be between the end of the first step and the beginning
of the second or else to be integrated into the second step.
[0040] According to the invention, the term “functionalized
particles” is intended to mean any type of functionalized
particles described in the prior art and that can be used accord-
ing to the invention. By way of example, mention may be
made of metal beads or plastic beads, for instance polystyrene
beads or silica or polymer particles or else particles of the
mixed compositions (mixed particles), for instance plastic-
covered iron oxide particles, or else non-solid particles, for
instance liposomes. Preferentially according to the invention,
mixed particles may be used.

[0041] According to the invention, the size of said particles
may be between 5 and 10 000 nm, and more preferentially
between 100 and 1000 nm.

[0042] According to one form of the invention, said par-
ticles may be sensitive or may have been made sensitive to the
techniques that can be used forincreasing the frequency of the
collisions between particles, such as techniques using mag-
netic or electric fields or ultrasound. Preferentially, magnetic
particles will be used according to the invention.

[0043] By way of magnetic particles, use may be made
according to the invention of paramagnetic, diamagnetic, fer-
romagnetic or ferrimagnetic or else superparamagnetic par-
ticles. The use of such particles makes it possible to accelerate
the aggregation step and to generate a greater signal. When
they are subject to a magnetic field, these particles become
organized in chains. The local concentration is increased, and
the reaction is accelerated.

[0044] Thus, aggregates can be formed with low concen-
trations of objects of interest and of particles. The number of
biological linkages formed is then low, owing to the low
concentration of the various species. The flow measurement
methods are particularly suitable for measuring small
amounts of particles, and can therefore be advantageously
used in the quantification method according to the invention
for measuring the degree of aggregation of magnetic par-
ticles.

[0045] Those skilled in the art will without difficulty be
able to choose the particles suitable for the measurement that
they wish to carry out from the numerous known suppliers.
Advantageously according to the invention, it is possible to
use superparamagnetic particles such that, in an appropriate
magnetic field, they retain a capacity to revolve on themselves
under the effect of Brownian motion while forming chains.
[0046] Consequently, any known flow measurement meth-
ods can be used according to the invention, for instance flow
cytometry or else capillary electrophoresis or flow in a
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microfluidic channel. Advantageously according to the
invention, flow cytometry may be used.

[0047] According to the invention, said specific receptor
may be natural or synthetic, for instance a peptide, a protein,
anucleic acid, a saccharide, a lipid, a hormone, and any other
biological or synthetic substance as long as said receptor is
capable of binding with the object of interest (Antibodies a
laboratory manual E. Harlow and D. Lane, Cold Spring Har-
bor Laboratory, 1988).

[0048] Those skilled in the art will without difficulty be
able to graft, if necessary, receptors onto particles.

[0049] These receptors may be immobilized at the surface
of the particles by various techniques known to those skilled
in the art, for example by adsorption, covalent and/or high-
affinity interactions. For information, reference may be made
to the handbook “Bioconjugate Techniques” by G. T. Her-
manson (Academic Press, 1996).

[0050] The method according to the invention uses reaction
conditions known to those skilled in the art that they will thus
have no difficulty in implementing.

[0051] According to the invention, it is possible to add to
the reaction mixture of the first step a nonionic (Tween® 80),
ionic (sodium cholate, sodium taurocholate) or else zwitteri-
onic (3-[(3-cholamidopropyl)dimethylammonio]-1-pro-
panesulfonate (CHAPS)) detergent, a solution of proteins
(bovine serum albumin (BSA)), or polymers (polyvinyl alco-
hol (PVA)).

[0052] The addition of a detergent makes it possible to
prevent two particles from remaining bound after a collision
without however an object of interest being involved. Non-
specific aggregations are thus prevented.

[0053] According to the invention, the duration of the first
step is short and lasts approximately only the time t1 of rapid
mixing of the particles in the medium. Thus, the first step may
last from a few seconds to a few minutes, advantageously at
most 3 minutes, very advantageously 2 minutes.

[0054] This first step of the method, according to the inven-
tion, makes it possible to measure the number N1 of nonag-
gregated functionalized particles in the volume (v) sampled at
the beginning of the reaction. For this, a fraction of the reac-
tion mixture can be sampled as soon as the particles are
introduced into the sampled volume (v) containing the object
of interest to be assayed and analyzed. Since the time elapsed
between the introduction of the particles and the sampling of
an aliquot of said mixture is short compared with the time for
passive aggregation of the particles in the liquid medium, this
value N1 corresponds to the concentration of nonaggregated
functionalized particles introduced into said liquid medium at
the beginning of the reaction.

[0055] According to the invention, the duration of the sec-
ond step may be between 35 seconds and 3 hours, preferen-
tially between 5 and 60 minutes. This time may allow the
formation of the maximum amount of aggregates of all sizes,
but must remain compatible with a reasonable total duration
of the measurement.

[0056] According to one variant of the invention, just
before the second step of the method or during the second
step, a magnetic field, an electric field or ultrasound may be
applied in order to increase the frequency of the collisions
between particles.

[0057] For example, if a magnetic field is applied, the
medium may undergo from 1 to 10 field cycles of 3 mT to 100
mT, it being possible for each cycle to have a duration of 1 to
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600 seconds, preferentially of 100 to 500 seconds, advanta-
geously 300 seconds alternating with periods of relaxation
(no field applied).

[0058] According to the invention, in the third step of the
method, the degree of aggregation DA=(N1-N2)/N1 is cal-
culated (calculated DA). The concentration of object of inter-
est in the sample can then be determined by comparison ofthe
calculated DA with a standard range of DA pre-established by
measuring the aggregation of the particles in the presence of
known amounts of the same object of interest.

[0059] FIG. 1is a diagrammatic representation of the prin-
ciple of the method according to the invention with, on theleft
part of the diagram, a representation of the functionalized
particles free of any linkage and the objects of interest bound
to a single functionalized particle (singlets). It is the number
N1 of singlets which is measured in the first step of the
method according to the invention. On the right part of the
diagram are represented, on the one hand, the singlets still
present after aggregation (nat), or the functionalized particles
involved in aggregates (nf}), the sum no+nf} corresponding to
the number N2 of singlets and of aggregates after aggrega-
tion. It is thus understood that N1-N2 (10-6=4) corresponds
to the number of linkages in the nf} (3) aggregates formed and
that, in this theoretical case, the degree of aggregation (DA) is
equal to (N1-N2)/N1=(10-6)/10=0.4.

[0060] FIG. 2 shows the results of the detection by the
automated device for an aggregation in presence of 1 pM of
CRP. The continuous-line curve represents the pulses
detected for 30 seconds by the automated measuring device
before aggregation. The sum of these pulses corresponds to
N1. The dashed-line curve represents the pulses detected for
30 seconds by the automated measuring device after aggre-
gation. The sum of these pulsed corresponds to N2.

[0061] FIG. 3 shows the standard curve obtained by mea-
suring the degree of aggregation of particles of 500 nm for
various CRP concentrations (0 to 5 pM).

[0062] FIG. 4 shows the standard curve obtained by mea-
suring the degree of aggregation of particles of 200 nm for
various CRP concentrations (0 to 15 pM).

[0063] FIG. 4 shows the standard curve obtained by mea-
suring the degree of aggregation of particles of 200 nm for
various concentrations of biotinylated bovine serum albumin
(0 to 500 pM).

[0064] Other subjects, characteristics and advantages of the
invention may emerge from the examples which follow.

EXAMPLE 1

Assaying of CRP (C-Reactive Protein) Using
Super-Paramagnetic Particles 500 nm in Diameter

[0065] Anti-CRP polyclonal antibodies (1.66616G, Merid-
ian Life Science) (approximately 10 ug of antibodies per mg
of beads) were grafted onto superparamagnetic particles 500
nm in diameter (MasterBeads Carboxylic Acid 0215,
Ademtech).

[0066] The assays were carried out in a 30 mM glycine
buffer, pH 8.5, containing variable concentrations of CRP
(ABX Pentra CRP cal, Horiba Medical).

[0067] In order to limit the formation of linkages between
particles in the absence of CRP, taurocholic acid (T4009,
Sigma-Aldrich) was added to the medium at a final concen-
tration of 3 mM in the reaction mixture.

[0068] The final concentration of particles in the medium is
approximately 0.6 pM. The flow analysis is carried out by
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illuminating the particles with a laser working at 488 nm. The
scattering at 90° is measured for each object passing through
the measuring cell using a photomultiplier of the Hamamatsu
brand, model H9307-02.

[0069] After the various reagents have been brought into
contact, the medium is left to incubate for 2 min. During these
2 min, a volume (V1) of 53 pl of the mixture is sampled and
injected into the flow analyzer. The latter dilutes the volume
V1 to Yoo and performs a count for 30 s on a volume V2 of
35.5 pl of this mixture. The number of singlets present in the
suspension at the beginning of the reaction (N1) in said vol-
ume V2 is then determined.

[0070] After 2 min, the medium undergoes 5 field cycles,
composed of 30 s under 10 mT, then 300 s under 3 mT and,
finally, 30 s of relaxation under 0 mT.

[0071] After the magnetization cycle, a second volume
(V1) of the mixture, identical to the volume previously
sampled (53 pl), is sampled and analyzed by the flow analyzer
according to the same preparation cycle. This measurement
makes it possible to determine the number of aggregates
formed (N2).

[0072] FIG. 2 shows the results of the detection by the
automated device for an aggregation in the presence of 1 pM
of CRP. It represents the number of elements detected in the
volume (V2) for 30 seconds as a function of the height of the
pulse which is associated with said elements, itself a function
of the size of the object. It is noted that, before aggregation
(continuous line), the suspension has a complex distribution
with numerous sizes of particles present. After aggregation
(dashed line), no population clearly associated with the par-
ticle aggregates is apparent; however, the total number of
objects detected (area under the curve) has clearly decreased.

Establishment of the Standard Curve:

[0073] The degree of aggregation was determined for vari-
ous CRP concentrations (from 0 to 5 pM) according to the
protocol previously described. The results are presented in
FIG. 3.

[0074] It is noted that the degree of aggregation actually
varies with the CRP concentration in the medium. On the
bases of the standard deviation measured on several repeti-
tions in the absence of CRP, the detection limit of this system
could be evaluated at 25 fM of CRP, for an analysis time of
approximately 35 min.

[0075] Assaying of the CRP concentration in an unknown
solution: A serum sample, with an unknown CRP concentra-
tion, was diluted 10 000-fold in a 30 mM glycine buffer, pH
8.5. 27.6 wl of this mixture were added to a 30 mM glycine
buffer containing the same functionalized superparamagnetic
particles 500 nm in diameter (MasterBeads Carboxylic Acid
0215, Ademtech) as previously used, and also taurocholic
acid. The final volume of the medium is 600 pl, with a final
concentration of particles of 0.6 pM and of taurocholic acid of
3mM.

[0076] After the various reagents have been brought into
contact, the Medium is left to incubate for 2 min. During these
2 min, a volume (V1) of 53 pl of the mixture is sampled and
injected into the flow analyzer. The latter dilutes the volume
V1 to Y100 and performs a count for 30 s on a volume (V2) of
35.5 pl of this mixture. The number of singlets present in the
suspension at the beginning of the reaction (N1) in said vol-
ume V2 is then determined.
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[0077] After 2 minutes, the medium undergoes 5 field
cycles, composed of 30 s under 10 mT, 30 s under 3 mT and
30 s of relaxation under 0 mT.

[0078] After the magnetization cycle, a second volume
(V1) of the mixture, identical to the volume previously
sampled (53 pl), is sampled and analyzed in a manner iden-
tical to the first sampling in order to determine the value of
N2.

[0079] According to the protocol previously described, it
was thus possible to determine, for the unknown sample, a
degree of agglutination DA=0.23. Relating this to the calibra-
tion curve makes it possible to determine a CRP concentra-
tion in the reaction medium equal to 0.17 pM, i.e. a CRP
concentration in the unknown serum of 37 nM.

EXAMPLE 2

Assaying of CRP Using Superparamagnetic Particles
of 200 nm

Establishment of the Standard Curve:

[0080] Approximately 35 pg of anti-CRP polyclonal anti-
bodies (L66616G, Meridian Life Science) per mg of particles
were grafted onto magnetic particles 200 nm in diameter
(Carboxyl Adembeads, 0212, Ademtech).

[0081] The assays were carried out in a 30 mM glycine
buffer, pH 8.5, containing variable concentrations of CRP
(ABX Pentra CRP cal, Horiba Medical).

[0082] In order to limit the formation of linkages between
particles in the absence of CRP, saponin (30502-42, Nacalai
Tesque) was added to the medium at 0.08% by weight in the
reaction mixture as detergent.

[0083] The final concentration of particles in the medium is
approximately 3 pM.

[0084] After the various reagents have been brought into
contact, the medium is left to incubate for 2 min. During these
2 minutes, a volume (V1) of 53 ul of the mixture is sampled
and injected into the flow analyzer. The latter dilutes the
volume V1 to Y1200 and performs a count for 30 s on a volume
(V2) of 35.5 pl of this mixture. The number of singlets present
in the suspension at the beginning of the reaction (N1) in said
volume V2 is then determined.

[0085] After 2 minutes, the medium undergoes 2 magnetic
field cycles, composed of 30 s under 50 mT, 300 s under 20
mT and 30 s of relaxation under 0 mT.

[0086] After the magnetization cycle, a second volume
(V1) of the mixture, identical to the volume previously
sampled (53 pl), is sampled and analyzed in a manner iden-
tical to the first sampling in order to determine the value of
N2. This measurement makes it possible to determine the
number of aggregates formed (N2).

[0087] The degree of aggregation was determined for vari-
ous CRP concentrations (from 0 to 16 pM) according to the
protocol previously described. The standard curve obtained is
given in FIG. 4.

[0088] On thebasis of the repetitions in the absence of CRP,
the detection limit was evaluated at 100 M of CRP, for an
analysis time of approximately 15 min.

Assaying of the CRP Concentration in an Unknown Solution:

[0089] A serum sample, with an unknown CRP concentra-
tion, was diluted 100-fold in a 30 mM glycine buffer, pH 8.5.
2 l of this mixture were added to a 30 mM glycine buffer
containing the same functionalized magnetic particles 200
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nm in diameter, and also saponin. The final volume of the
medium is 600 pl, with a final concentration of particles of 3
pM and of saponin of 0.08% (weight/volume).

[0090] After the various reagents have been brought into
contact, the medium is left to incubate for 2 min. During these
2 min, a volume (V1) of 53 pl of the mixture is sampled and
injected into the flow analyzer. The latter dilutes the volume
V1 to V1200 and performs a count for 30 s on a volume (V2) of
35.5 pl of this mixture. The number of singlets present in the
suspension at the beginning of the reaction (N1) in said vol-
ume V2 is then determined.

[0091] After 2 min, the medium undergoes 2 field cycles,
composed 0f 30 s under 50 mT, 300 s under 20 mT and 30 s
of relaxation under O mT.

[0092] After the magnetization cycle, a second volume
(V1) of the mixture, identical to the volume previously
sampled (53 pl), is sampled and analyzed in a manner iden-
tical to the first sampling in order to determine the value of
N2. This measurement makes it possible to determine the
number of aggregates formed (N2).

[0093] It was thus possible to determine, for the unknown
sample, a degree of agglutination DA=0.55. Relating this to
the calibration curve makes it possible to determine a CRP
concentration in the reaction medium equal to 6.3 pM, i.e. a
CRP concentration in the unknown serum of 189 nM.

EXAMPLE 3

Assaying of Biotin Using Superparamagnetic
Particles of 200 nm

Establishment of the Standard Curve:

[0094] Streptavidin-covered particles 200 nm in diameter
were used (Bio-Adembeads Streptavidin 0312, Ademtech).
[0095] The assays were carried out in a 30 mM glycine
buffer, pH 8.5, containing 0.5% of bovine serum albumin
(BSA Protease Free, ID Bio) and also variable concentrations
of biotinylated bovine serum albumin (BSAb) (A8549,
Sigma-Aldrich). The final concentration of particles in the
medium is approximately 6 pM.

[0096] After the various reagents have been brought into
contact, the medium is left to incubate for 2 min. During these
2 min, a volume (V1) of 53 pl of the mixture is sampled and
injected into the flow analyzer. The latter dilutes the volume
V1 to Y2400 and performs a count for 30 s on a volume (V2) of
35.5 pl of this mixture. The number of singlets present in the
suspension at the beginning of the reaction (N1) in said vol-
ume V2 is then determined.

[0097] After 2 min, the medium undergoes 2 field cycles,
composed 0f 30 s under 50 mT, 300 s under 20 mT and 30 s
of relaxation under O mT.

[0098] After the magnetization cycle, a second volume (V)
of the mixture, identical to the volume previously sampled
(53 pl), is sampled and analyzed in a manner identical to the
first sampling in order to determine the value of N2. This
measurement makes it possible to determine the number of
aggregates formed (N2).

[0099] The degree of aggregation was determined for vari-
ous biotin concentrations (from 0to 500 pM) according to the
protocol previously described. The standard curve obtained is
given in FIG. 5. On the basis of the repetitions in the absence
of biotinylated BSA, the detection limit was evaluated. The
experimental conditions were not optimized for this assay,
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and a high detection limit, ofabout 7 pM of biotinylated BSA,
is found for an analysis time of approximately 15 min.

Assaying of the Biotin Concentration in an Unknown
Solution:

[0100] A sample with an unknown BSAb concentration
was diluted 10-fold in a 5% BSA solution. 60 pl of this
mixture were added to a 30 mM glycine buffer containing the
same functionalized magnetic particles 200 nm in diameter,
The final volume of the medium is 600 pl, with a final con-
centration of particles of 6 pM and of BSA of 0.5% (weight/
volume).
[0101] After the various reagents have been brought into
contact, the medium is left to incubate for 2 min. During these
2 min, a volume (V1) of 53 pl of the mixture is sampled and
injected into the flow analyzer. The latter dilutes the volume
V1 to Y5400 and performs a count for 30 s on a volume (V2) of
35.5 uL. of this mixture. The number of singlets present in the
suspension at the beginning of the reaction (N1) in said vol-
ume V2 is then determined.
[0102] After 2 min, the medium undergoes 2 field cycles,
composed of 30 s under 50 mT, 300 s under 20 mT and 30 s
of relaxation under O mT.
[0103] After the magnetization cycle, a second volume
(V1) of the mixture, identical to the volume previously
sampled (53 pl), is sampled and analyzed in a manner iden-
tical to the first sampling in order to determine the value of
N2. This measurement makes it possible to determine the
number of aggregates formed (N2).
[0104] It was thus possible to determine, for the unknown
sample, a degree of agglutination DA=0.33. Relating this to
the calibration curve makes it possible to determine a BSAb
concentration in the reaction medium equal to 61.4 pM, i.e. a
BSAb concentration in the unknown sample of 614 pM.
1. A method for quantifying in a liquid medium at least one
object of interest, comprising:
mixing particles surface functionalized with at least one
receptor specific for said object of interest to be assayed
with the object of interest to be assayed, for a given time
(t,) to form a mixture;

immediately counting the number N1 of nonaggregated
particles (singlets) in a volume (v) of said mixture by
flow measurement;

incubating said mixture for a time (t,) sufficient to allow

the formation of aggregates;

counting the number N2 corresponding to both the nonag-

gregated particles and the aggregates contained in the
volume (v) after reaction by the same flow measurement
technique as used previously;

determining the degree of aggregation DA=(N1-N2)/N1

(calculated DA) and quantifying said object of interest
by comparison of the calculated DA with a standard
range (DA=f([C]) previously produced by measuring
the degree of aggregation obtained using the same flow
measurement technique with the same object of interest
at predetermined concentrations ([C]) of said object of
interest.

2. The method according to claim 1, wherein said object of
interest is a protein, an antibody, a nucleic acid, a cell, a cell
fragment, a microorganism, a microorganism fragment or a
chemical molecule.

3. The method according to claim 1, wherein the object of
interest is in a biological fluid, a tissue extract, purification
plant waste, or water intended for consumption.
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4. The method according to claim 3, wherein said biologi-
cal fluid is blood, serum, plasma, a saliva, urine and cere-
brospinal fluid.

5. The method according to claim 1, wherein said receptor
is a peptide, a protein, a nucleic acid, a saccharide, a lipid, or
a hormone.

6. The method according to claim 1, wherein the aggre-
gates have a size between 5 and 10,000 nm.

7. The method as according to claim 1, wherein the func-
tionalized particle is a magnetic particle.

8. The method according to claim 1, wherein the initial
time (t,) is between a few seconds to a few minutes.

9. The method according to claim 1, further comprising
increasing the aggregate collision frequency during the sec-
ond time (t,).

10. The method according to claim 9, wherein the fre-
quency of the collisions is increased by a magnetic or electric
field or ultrasound.

11. The method according to claim 1, wherein the second
time (1,) 1s between 5 seconds and 3 hours.
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12. The method according to claim 1, wherein the flow
measurement is carried out in flow mode.

13. The method according to claim 12, wherein the mea-
surement is carried out by flow cytometry, capillary electro-
phoresis, or flow in a microfluidic channel, preferentially by
flow cytometry.

14. The method according to claim 3, wherein the object of
interest is in a biological fluid or a tissue extract.

15. The method according to claim 3, wherein said tissue
extract is bone marrow.

16. The method according to claim 6, wherein the aggre-
gates have a size between 100 and 1000 nm.

17. The method according to claim 8, wherein the initial
time (t,) is at most 3 minutes.

18. The method according to claim 8, wherein the initial
time (t,) is at most 2 minutes.

19. The method according to claim 11, wherein the second
time (t,) is between 5 minutes and 60 minutes.

20. The method according to claim 13, wherein the mea-
surement is carried out by flow cytometry.
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