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Description

Technical Field

[0001] The present disclosure relates generally to a
microfluidic multi-well-based cell culture testing device.

Background Art

[0002] In general, the responses of cells to a drug are
observed by placing the cells in a multi-well plate, inject-
ing the drug in the form of a liquid, and monitoring time-
dependent changes of the cells using an optical meas-
urement system to obtain statistic results. As an antibiotic
susceptibility testing method in a solid medium, Kirby-
Bauer (KB) testing is known in which bacteria are scat-
tered over an agar medium, antibiotic-absorbed papers
are placed thereon, and bacterial growth is observed. In
the case of microdilution testing in liquid media, a number
of automated systems, such as VITEK2, Microscan, and
Phoenix, have been developed for antibiotic susceptibil-
ity testing. Such a system can be used for antibiotic sus-
ceptibility testing by placing an antibiotic in millimeter-
sized wells, injecting bacteria, together with a liquid me-
dium, into the wells, and statistically monitoring and de-
termining the bacterial growth through turbidity.
[0003] When the responses of cells to different drugs
are tested using the conventional systems, the cells are
placed in a liquid or solid medium, the drugs are mixed
with the liquid medium or drug-absorbed paper disks are
placed on the solid medium to allow the cells to respond
to the drugs, and the cell growth responses to the drugs
are determined by turbidity (absorbance) measurement.
However, such an approach is dependent on the collec-
tion of statistically valid data rather than on changes of
single cells, and requires a long incubation time (usually
16-24 hours) because at least a predetermined number
of cells should grow (usually one million cells per ml) in
order to obtain statistic results. In this case, it is impos-
sible to monitor changes occurring in single cells against
drugs and monitor motile single cells in real time. Further,
a great deal of time and labor is required to test the large
number of drugs because the individual drugs are inject-
ed separately. The KB-test for antibiotic susceptibility
testing in solid media basically requires a large number
of agar medium plates to test the susceptibility of tens of
antibiotics due to the limited number of the drugs that
can be placed on the solid media. VITEK, an automated
system developed to minimize testing time, also requires
a relatively long time of about 12 hours because the tur-
bidity of bacteria should increase above a predetermined
level. Further, since environments for the conventional
testing methods are different from in vivo environments,
there may be many substantial differences between the
test results and phenomena occurring in vivo (Gregory
G. Anderson, et al.(2003), "Intracellular Bacterial Biofilm-
Like Pods in Urinary Tract Infections", Science 301, 105;
Gallo et al.(2011), "Demonstration of Bacillus cereus in

Orthopaedic-Implant-Related Infection with Use of a Mul-
ti-Primer Polymerase Chain Reaction-Mass Spectromet-
ric Assay.", J Bone Joint Surg Am, 93). Moreover, US
2012/003732 A1 describes a plurality of different micro-
fluid cell culture systems for different applications. The
microfluid structures described therein may comprise a
culture chamber, an object flow inlet, an object flow outlet
and one or more fluidic media inlets, wherein the object
flow inlet and the flow outlet are arranged on the same
side of line bisecting the culture chamber such that ob-
jects and object flow media entering the culture chamber
from the object flow inlet move through the chamber to
leave the chamber from the object flow outlet.
[0004] Thus, there is a need to develop an accurate
and rapid technique for antibiotic susceptibility testing
compared to conventional techniques.

Detailed Description of the Invention

[0005] One aspect of the present invention provides a
microfluidic multi-well-based cell culture testing device
that has an array structure of a plurality of aligned micro-
fluidic well units, each of the microfluidic well units in-
cludes an inlet through which a first fluid enters, an ac-
commodation compartment adapted to accommodate a
second fluid therein, a microfluidic channel through which
the first fluid flows, and an air outlet adapted to facilitate
the entering of the first fluid, wherein the microfluidic
channel is in communication with the inlet and the air
outlet such that the first fluid is allowed to flow into and
fill the microfluidic channel, wherein the accommodation
compartment is designed in the form of a well such that
the entering second fluid is retained, and a capillary valve
is formed where a portion of the lower lateral side of the
accommodation compartment is in communication with
a portion of the lateral side of the microfluidic channel
such that the first fluid and the second fluid meet each
other to form an interface, wherein the air outlet is formed
at one end of the microfluidic channel, is in communica-
tion with the upper wall of the microfluidic channel, and
is exposed to the atmosphere.
[0006] According to one embodiment, the dimensions
of the microfluidic well unit may correspond to those of
each of the wells of a commercial multi-well plate.
[0007] According to one embodiment, each of the wells
may be arranged in a 131, 132, 134, 234, 436, 1238,
24316 or 48332 matrix.
[0008] According to one embodiment, the microfluidic
channel may be arranged to surround the accommoda-
tion compartment such that the microfluidic well unit has
a quadrangular structure.
[0009] According to one embodiment, the capillary
valve may have a predetermined thickness and width to
prevent the first fluid from entering the accommodation
compartment.
[0010] A further aspect of the present invention pro-
vides a cell analysis method using a microfluidic multi-
well-based cell culture testing device having an array
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structure of a plurality of aligned microfluidic well units.
Each of the microfluidic well units includes an inlet
through which a mixture solution of a gelling agent-con-
taining liquid medium and a biological agent enters, an
accommodation compartment adapted to accommodate
a physiologically active substance therein, a microfluidic
channel in communication with the inlet and through
which the liquid medium flows, and a capillary valve
through which a portion of the lower lateral side of the
microfluidic channel is in communication with a portion
of the lateral side of the accommodation compartment.
The cell analysis method includes the steps of (a) intro-
ducing the mixture solution of the gelling agent-contain-
ing liquid medium and the biological agent into the inlet
to fill the mixture solution in the microfluidic channel and
gelling the mixture solution to form a solid thin film, (b)
feeding the physiologically active substance into the ac-
commodation compartment and diffusing the physiolog-
ically active substance into the solid thin film through the
capillary valve, and (c) observing changes of the biolog-
ical agent occurring at an interface where the mixture
solution and the physiologically active substance meet
each other, on a single cell basis.
[0011] According to one embodiment, step (a) may in-
clude (a-1) introducing a solution containing the biologi-
cal agent into the inlet to fill a portion of the microfluidic
channel and (a-2) further introducing the gelling agent-
containing liquid medium into the inlet to allow the liquid
medium to form a laminar flow and to fill the microfluidic
channel, so that a monolayer of the biological agent is
formed on the upper and lower wall surfaces of the mi-
crofluidic channel.
[0012] According to one embodiment, the cell analysis
method may further include a step of (d) observing the
responses of the biological agent to the physiologically
active substance on a single cell basis to determine the
minimum inhibitory concentration (MIC) or minimum bi-
ofilm eradication concentration (MBEC) of the physiolog-
ically active substance.

Brief Description of the Drawings

[0013]

Figs. 1 and 2 illustrate a microfluidic multi-well-based
cell culture testing device according to one embod-
iment of the present invention.
Fig. 3 is a cross-sectional view of a microfluidic well
unit.
Fig. 4 is a conceptual diagram showing an imaging
procedure using a cell culture testing device with a
96-well chip design.
Fig. 5 shows a procedure for antibiotic susceptibility
testing using a cell culture testing device according
to one embodiment of the present invention.
Fig. 6 shows images of experimental results dem-
onstrating that the MIC values of penicillin antibiotic
for an E. faecalis strain could be rapidly determined

using a MAC chip.
Fig. 7 shows images showing the shapes of biofilms
responding to an antibiotic, which were investigated
using a MAC chip according to one embodiment of
the present invention.
Fig. 8 shows the growth of a gram-negative bacterial
species in agarose in the presence of a β-lactam
antibiotic at different concentrations in a state in
which the agarose was mixed with a solution of the
bacteria.
Fig. 9 is a detailed diagram explaining the phenom-
ena shown in Fig. 8.
Fig. 10 shows the occurrence of the phenomena ex-
plained in Fig. 9 in an E. coli strain in the presence
of a β-lactam antibiotic.
Fig. 11 shows a procedure for introducing raw ma-
terials into a microfluidic channel to obtain an image
of a monolayer of bacteria.
Fig. 12 shows images showing the growth of a bac-
terial species in the presence of an antibiotic at dif-
ferent concentrations in a state in which the bacteria
were formed into a monolayer.
Fig. 13 shows images showing the growth of a P.
aeruginosa strain in the presence of aztreonam as
a β-lactam antibiotic at concentrations under and
over MIC.
Figs. 14 and 15 are optical microscopy images show-
ing the growth of two bacterial strains without an an-
tibiotic and two bacterial strains resistant to an anti-
biotic, revealing that double infection with the bacte-
rial strains could be measured.
Fig. 16 is a diagram showing 3D culture of mamma-
lian cells using a cell culture testing device according
to one embodiment of the present invention.
Fig. 17 shows MIC values for 4 species of clinical
strains, as measured by single-cell morphological
analysis (SCMA) using a MAC chip.

Mode for Carrying out the Invention

[0014] Embodiments of the present invention will now
be described in more detail with reference to the accom-
panying drawings. However, the present invention is not
limited to the embodiments set forth herein and may be
embodied in many different forms. Rather, these embod-
iments are provided so that this disclosure is thorough
and complete, and will fully convey the scope of the in-
vention to those skilled in the art. In the drawings, the
sizes, such as widths and thicknesses, of elements may
be exaggerated for clarity. The drawings are explained
entirely from an observer’s point of view. It will be under-
stood that when an element is referred to as being "on"
another element, it can be directly on the other element
or one or more intervening elements may also be present
therebetween. Those skilled in the art will appreciate that
many modifications and variations can be made without
departing from the spirit of the invention. Throughout the
accompanying drawings, the same reference numerals
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are used to designate substantially the same elements.
[0015] On the other hand, terms used herein are to be
understood as described below. The terms "first", "sec-
ond," etc. are used only to distinguish one element from
another and the scope of the claims should not be limited
by these terms. For example, a first element could be
termed a second element, and, similarly, a second ele-
ment could be termed a first element.
[0016] As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms "include(s)", "includ-
ing", "have (has)" and/or "having", when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. Respective
steps of the methods described herein may be performed
in a different order than that which is explicitly described.
In other words, the respective steps may be performed
in the same order as described, simultaneously, or in a
reverse order.
[0017] Figs. 1 and 2 illustrate a microfluidic multi-well-
based cell culture testing device according to one em-
bodiment of the present invention. Specifically, Figs. 1
and 2 are top and bottom perspective views of the mi-
crofluidic multi-well-based cell culture testing device, re-
spectively.
[0018] Referring to Fig. 1, the cell culture testing device
100 has outwardly open inlets 120, accommodation com-
partments 130, and air outlets 150, as viewed from the
top. Due to this structure, first and second fluids can be
introduced into the cell culture testing device 100. Refer-
ring to Fig. 2, unlike the top structure, the cell culture
testing device 100 has a structure blocked from the out-
side, as viewed from the bottom. Due to this structure,
the first and second fluids can be accommodated in the
cell culture testing device 100.
[0019] Referring to Figs. 1 and 2, the microfluidic multi-
well-based cell culture testing device 100 has an array
structure of a plurality of aligned microfluidic well units
110. Each of the microfluidic well units 110 includes an
inlet 120 through which a first fluid enters, an accommo-
dation compartment 130 adapted to accommodate a sec-
ond fluid therein, a microfluidic channel 140 through
which the first fluid flows, and an air outlet 150 adapted
to facilitate the entering of the first fluid. The aligned mi-
crofluidic well units 110 may have dimensions corre-
sponding to the dimensions of the wells of a commercial
multi-well plate as a whole. Preferably, the centers of the
microfluidic well units 110 match those of the wells of a
commercial multi-well plate.
[0020] Multi-well plates are standard tools for treating
and analyzing a number of samples in chemical, bio-
chemical and/or biological assays. Multi-well plates may
take various forms, sizes, and shapes. Generally, multi-
well plates are manufactured to have standard sizes and

shapes and have standard arrangements of wells. The
standard arrangements of wells include those found in
96-well plates (12 3 8 array of wells), 384-well plates (24
3 16 array of wells), and 1536-well plates (48 3 32 array
of wells). Multi-well plates having other arrangements of
wells are commercially available.
[0021] Since the cell culture testing device 100 has di-
mensions similar to the dimensions of commercial multi-
well plates, it is easily interchangeable with commercial
multi-well plates for various conventional biological anal-
ysis techniques.
[0022] Each of the first and second fluids may include
80% or more by weight of water or 90% or more by weight
of water as a dispersion medium or a solvent. For exam-
ple, the first fluid may be a mixture solution of a gelling
agent-containing liquid medium and a biological agent.
The second fluid may be an aqueous solution containing
a physiologically active substance. The first fluid enters
through the outwardly open inlets 120 formed in the top
portion of the cell culture testing device 100. Likewise,
the second fluid enters the cell culture testing device 100
through upper openings of the accommodation compart-
ments 130. The second fluid may be introduced using a
special pump or by pipetting.
[0023] Each of the accommodation compartments 130
is designed in the form of a well that has a space whose
size is sufficient to retain the entering second fluid. The
volume of the well is not particularly limited so long as it
is sufficient to observe reactions for a long time after the
second fluid enters. The volume of the well is preferably
from 100 ml to 2000 ml.
[0024] Each of the microfluidic channels 140 is in com-
munication with the inlet 120 and the air outlet 150 such
that the first fluid is allowed to flow into and fill the micro-
fluidic channel 140. For example, the microfluidic channel
140 may have a width of hundreds of mm to several mm
and a depth (or thickness) of hundreds of mm. With these
dimensions, subsequent imaging is easy to perform and
the first fluid can fill the microfluidic channel 140 by cap-
illary action. In the case where the first fluid is a liquid
medium containing a gelling agent, the first fluid may be
gelled after the lapse of a predetermined time, resulting
in the formation of a solid thin film that fills the microfluidic
channel 140.
[0025] A portion of the lower lateral side of the accom-
modation compartment 130 is in communication with a
portion of the lateral side of the microfluidic channel 140
such that the first fluid and the second fluid meet each
other to form an interface.
[0026] Preferably, the body of the cell culture testing
device 100 is made of a transparent material so that phe-
nomena occurring in the cell culture testing device 100
can be easily observed. The transparent material is pref-
erably a polymer resin, such as polystyrene, polyethyl-
ene, polypropylene, polymethacrylate or polycarbonate.
The cell culture testing device 100 may be manufactured
by injection molding the polymer resin.
[0027] Fig. 3 is a cross-sectional view of the microflu-
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idic well unit. Referring to Fig. 3, the microfluidic well unit
110 has a structure close to a quadrangle as a whole,
whose dimensions are similar to the dimensions of each
well of a commercial multi-well plate. For example, the
microfluidic well unit 110 has a square structure. The
microfluidic channel 140 surrounds the accommodation
compartment 130 and is elongated as much as possible.
This structure increases the amount of the entering first
fluid. Due to this advantage, the sample is easy to handle.
The microfluidic channel 140 is closed at one end but is
in communication with the air outlet 150 such that the
first fluid entering through the inlet 120 flows into and
easily fills the microfluidic channel 140. The first fluid may
be a liquid medium containing a gelling agent, such as
agarose. The first fluid may include a biological agent,
such as a bacterial strain. A capillary valve 160 is formed
where the microfluidic channel 140 is in communication
with the accommodation compartment 130. When the
first fluid fills the microfluidic channel 140 by capillary
action, the presence of the capillary valve 160 enables
the formation of an interface between the first fluid and
the second fluid while preventing the first fluid from en-
tering the accommodation compartment 130. That is, the
thickness and width of the capillary valve 160 are con-
trolled such that the capillary action is maintained. The
capillary valve 160 typically has a thickness of 100 to 500
mm and a width of 500 mm to 2 mm. Within these ranges,
the first fluid is prevented from overflowing into the ac-
commodation compartment 130 and can fill the microflu-
idic channel 140. The air outlet 150 formed at one end
of the microfluidic channel 140 is in communication with
the upper wall of the microfluidic channel 140 and is ex-
posed to the atmosphere. With this arrangement, when
the first fluid fills the microfluidic channel 140, air present
in the microfluidic channel 140 is released to the atmos-
phere through the air outlet 150.
[0028] Fig. 4 is a conceptual diagram showing an im-
aging procedure using the cell culture testing device with
a 96-well chip design. In some embodiments, an agarose
solution as the first fluid is introduced into the microfluidic
channel. For this reason, the cell culture testing device
according to one embodiment of the present invention
can also be called a "microfluidic agarose channel (MAC)
chip".
[0029] Referring to Fig. 4, an agarose solution contain-
ing bacteria is introduced through the inlet of the cell cul-
ture testing device to fill the microfluidic channel. The
agarose solution is then gelled. Thereafter, an antibiotic
solution is introduced through the accommodation com-
partment. At this time, the gelled agarose and the anti-
biotic solution form an interface at the junction of the mi-
crofluidic channel and the accommodation compartment.
Next, the antibiotic crosses the interface, diffuses to the
gelled agarose, and meets the bacteria. Since the gelled
agarose as a whole forms a solid thin film, the bacteria
are immobilized in the thin film. This immobilization en-
ables the observation of the reactivity of the bacteria on
a single cell basis through an imaging system. Further

details will be provided below.
[0030] Fig. 5 shows a procedure for antibiotic suscep-
tibility testing using the cell culture testing device accord-
ing to one embodiment of the present invention.
[0031] First, a liquid medium containing a gelling agent
is mixed with a biological agent to prepare a mixture so-
lution.
[0032] The liquid medium comprises water in an
amount of about 95% or more. The liquid medium can
be solidified due to the presence of the gelling agent. As
the gelling agent, there may be exemplified agar, agar-
ose, gelatin, alginate, collagen or fibrin. The use of agar
or agarose is preferred. For example, agar may be used
in an amount of 0.5 to 4% by weight in the liquid medium.
The liquid medium usually requires no nutrients. In some
examples, however, the liquid medium may include nu-
trients.
[0033] Examples of biological agents suitable for use
in the present invention include viruses, bacteria, fungi,
algae, protozoa, parasitic pathogens, human and mam-
malian cells, and biofilms. The biological agent may grow
in a liquid or solid medium, and the growth thereof may
be affected by the kind and concentration of a foreign
physiologically active substance. The density of the bio-
logical agent in the mixture solution is from 102 to 1010

cells/ml, preferably from 104 to 1010 cells/ml, more pref-
erably from 105 to 109 cells/ml. If the density of the bio-
logical agent is below the lower limit defined above, it
may be difficult to perceive the location of the biological
agent. Meanwhile, if the density of the biological agent
exceeds the upper limit defined above, it may be difficult
to perceive the individual state of the biological agent.
[0034] Next, a predetermined amount (e.g., 10-12 ml)
of the mixture solution is introduced through the inlet.
Then, the bacteria-containing agarose moves along the
channel. As the channel is filled with the mixture solution,
air escapes from the channel through the air outlet, which
facilitates the introduction of the mixture solution into the
channel.
[0035] The mixture solution is gelled to form a solid
thin film in which the biological agent is immobilized.
When the liquid medium is cooled to a lower temperature,
the medium is gelled, and as a result, the movement of
the biological agent is slowed down. This immobilization
facilitates continuous observation of the motile biological
agent.
[0036] The cell culture testing device is preferably
made of a transparent material for optical imaging. The
liquid medium may be applied to and gelled in each mi-
crofluidic channel of the cell culture testing device to form
a solid thin film. The liquid medium is fed through the inlet
and undergoes gelling in the microfluidic channel. The
thickness of the solid thin film may be determined de-
pending on the depth of the microfluidic channel. The
depth of the microfluidic channel may be in the range of
1 mm to 5 mm, 1 mm to 3 mm, 1 mm to 2 mm, 1 mm to
1.5 mm, 1 mm to 1 mm, 1 mm to 800 mm, 1 mm to 500
mm, 1 mm to 100 mm, 10 mm to 3 mm, 100 mm to 500
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mm, 10 mm to 1 mm, 100 mm to 1 mm, 200 mm to 1 mm,
500 mm to 1mm, or 100 mm to 500 mm. The depth of the
microfluidic channel is preferably from 100 mm to 500 mm.
[0037] When the size of an imaging area is taken into
consideration, the width of the microfluidic channel may
be from 100 mm to 5 mm, 300 mm to 5 mm, 500 mm to 3
mm, or 1 mm to 3 mm. The width of the microfluidic chan-
nel is preferably from 1 mm to 3 mm.
[0038] There is no particular restriction on the shape
and length of the microfluidic channel. It is preferred that
the largest possible amount of the mixture solution of the
gelling agent-containing liquid medium and the biological
agent is introduced into the microfluidic channel while
maintaining the dimensions and width of the microfluidic
channel. This facilitates accurate control over reactions
with the antibiotic. Preferably, each microfluidic well unit
has dimensions corresponding to the size of each well
of a commercial multi-well plate and the microfluidic
channel surrounds the accommodation compartment
such that it is elongated as much as possible.
[0039] The thickness and width of the solid thin film are
determined depending on the depth and width of the mi-
crofluidic channel. The term "thin film" used herein refers
to a thin layer that has a thickness sufficient to immobilize
the biological agent and to observe the biological agent
on a single cell basis. The thickness of the thin film is
typically in the range of 1 mm to 5 mm, 1 mm to 3 mm, 1
mm to 2 mm, 1 mm to 1.5 mm, 1 mm to 1 mm, 1 mm to
800 mm, 1 mm to 500 mm, 1 mm to 100 mm, 10 mm to 3
mm, 100 mm to 500 mm, 10 mm to 1 mm, 100 mm to 1
mm, 200 mm to 1 mm, or 500 mm to 1 mm, but is not
particularly limited to this range. The thickness of the solid
thin film may correspond to the size of a side of the solid
thin film in a direction perpendicular to a side of the solid
thin film to be observed. When the thickness of the solid
thin film is in the range defined above, the biological agent
immobilized in the solid thin film can be observed on a
single cell basis.
[0040] Next, a physiologically active substance is in-
troduced into the accommodation compartment through
an opening of the accommodation compartment and is
allowed to diffuse into the solid thin film. The physiolog-
ically active substance may include a substance selected
from drugs, such as antibiotics, anticancer agents and
immunosuppressants, nutrients, cellular secretions, sig-
nal transducers, viruses, cells, microRNAs, proteins, an-
tigens, antibodies, and DNA. It is desirable that the ac-
commodation compartment is large enough to accom-
modate a sufficient amount of the physiologically active
substance. For example, the accommodation compart-
ment may have a diameter of about 3 mm to about 15
mm and a height of about 3 mm to about 15 mm. With
these dimensions, the reactions of the raw materials can
be easily observed after one-time injection of the raw
materials while maintaining the reactions for a long time.
[0041] Next, the responses of the biological agent to
the physiologically active substance are observed. The
biological agent is immobilized and distributed two-di-

mensionally in the solid thin film, and as a result, it can
be observed on a single cell basis. Changes in the growth
of the single cells can be typically observed within several
tens of minutes (normally 30 minutes). Accordingly, the
use of the cell culture testing device according to the
present invention allows for accurate and rapid identifi-
cation of the effect of the physiologically active substance
on the biological agent compared to the use of conven-
tional cell culture testing devices. For example, physio-
logical activity testing on bacterial cells can be completed
within 3-4 hours. Herein, such a rapid physiological ac-
tivity testing method is called "single-cell morphological
analysis (SCMA)". The use of the MAC system enables
observation of changes in single-cell morphology in the
presence of various antibiotics by time-lapse imaging.
[0042] An optical measurement system may be used
for observation. The optical measurement system may
include an imaging system, such as a CCD or CMOS
camera. The optical measurement system may include
optical units or devices necessary for focusing and light
imaging, such as a lens, an illuminator, and a light guide.
The optical measurement system may include an image
processing system for processing and analyzing image
data observed by the imaging system. The optical meas-
urement system rapidly records and analyzes changes
in the growth of the biological agent observed during test-
ing to obtain test results. An imaging area is obtained
from the vicinity of the interface between the microfluidic
channel and the accommodation compartment. The im-
aging area may have a size of about 300 mm*300 mm to
about 500 mm*500 mm. The width of the microfluidic
channel is at least larger than that of the imaging area.
[0043] Consequently, the use of the culture testing de-
vice according to the present invention based on the im-
mobilization of the biological agent and the diffusion of
the physiologically active substance can greatly reduce
the amounts of drugs and cells necessary for drug testing,
and enables rapid tracking of changes in the growth of
single cells to obtain test results on the drugs as rapidly
as 2 hours (normally within 3-4 hours), compared to the
prior art. This is the most rapid testing speed known thus
far.
[0044] Fig. 6 shows images of experimental results
demonstrating that the MIC values of penicillin antibiotic
for an E. faecalis strain could be rapidly determined using
the MAC chip. For this experiment, an E. faecalis solution
was homogenized with liquid agarose and was injected
into the chip. The agarose was gelled at room tempera-
ture. Thereafter, liquid penicillin as an antibiotic was in-
jected into the well spaces. The chip was then incubated
at an incubator at 37 °C and the results were observed
after 4-h incubation.
[0045] The susceptibility test results obtained using the
antibiotic at various concentrations of 0.5 to 8 mg/ml are
shown in Fig. 6. The MIC of penicillin (2 mg/ml) could be
obtained in 4 hours. In contrast, according to micro-dilu-
tion testing (MDT), a much longer time (18 hours) was
consumed to obtain the MIC of penicillin.
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[0046] The use of the microfluidic channels can reduce
the necessary amounts of the biological agent and the
physiologically active substance, enabling physiological
activity testing at reduced cost. Another advantage as-
sociated with the use of the microfluidic channel system
is that the responses of a single biological agent to var-
ious kinds and concentrations of physiologically active
substances can be observed simultaneously.
[0047] The MAC chip can be very useful for biofilm
assay as well as antibiotic susceptibility testing. Biofilms
are found in areas infected with microbes or to which
microbes are attached. Biofilms refer to films that consti-
tute mucilaginous microbial complexes, which are
formed by microbes surrounded with polymer matrices.
The formation of biofilms can greatly affect human health.
Biofilms cause pulmonary infections, otitis media, perio-
dontitis, and other infectious diseases. The resistance of
bacteria present in biofilms against antibiotics is at least
1,000 times stronger than that of suspended bacteria.
Flow cell systems and well-based systems have been
used to investigate biofilms. However, these assay sys-
tems require a long time of several days for biofilm for-
mation. Other difficulties associated with the use of the
assay systems are the need to stain biofilms and the use
of confocal microscopes for observation. Further exper-
iments are needed for the measurement of minimum in-
hibitory concentration (MIC) or minimum biofilm eradica-
tion concentration (MBEC). Such systems are very large
in size and fail to clearly show biofilm formation stages
and to represent in vivo biofilm formation.
[0048] Thus, there is a need for efficient systems that
are suitable to investigate the formation of biofilms and
the reactivity of biofilms with antibiotics. In consideration
of this need, the MAC chip according to one embodiment
of the present invention proves to be an excellent alter-
native to conventional systems.
[0049] Fig. 7 shows images showing the shapes of bi-
ofilms responding to an antibiotic, which were investigat-
ed using the MAC chip according to one embodiment of
the present invention. For this experiment, an E. faecalis
solution was homogenized with liquid agarose and was
injected into the chip. The agarose was gelled at room
temperature. Thereafter, liquid penicillin as an antibiotic
was injected into the accommodation compartments of
the MAC chip. The chip was then incubated at an incu-
bator at 37 °C and the results were observed after 4-h
incubation. The bacteria were immobilized by the sur-
rounding agarose. In this state, the bacteria were contin-
uously divided to form bacterial populations, which con-
stitute a biofilm.
[0050] A certain species of bacteria grows into fila-
ments in the presence of a specific antibiotic at a con-
centration over the MIC. This filamental growth is not
clearly distinguished from the division of the bacteria,
which looks like growth. Thus, there may be difficulty in
determining the MIC.
[0051] Fig. 8 shows the growth of a gram-negative bac-
terial species in agarose in the presence of a β-lactam

antibiotic at different concentrations in a state in which
the agarose was mixed with a solution of the bacteria. It
can be observed from Fig. 8 that the bacteria still grew
even at concentrations over the MIC. In the MDT results,
however, the growth of the bacteria was observed to be
inhibited at 0.06 mg/ml.
[0052] Fig. 9 is a detailed diagram explaining the phe-
nomena shown in Fig. 8. In this experiment, an antibiotic
was injected in a state in which bacteria were mixed with
agarose. The antibiotic was adjusted to have concentra-
tions under and over the MIC. The results show filamental
growth of the bacteria at over the MIC (bottom of Fig. 9)
and dividing growth of the bacteria at under the MIC (top
of Fig. 9), which looks like the filamental growth. Fig. 10
shows the occurrence of the phenomena explained in
Fig. 9 in an E. coli strain in the presence of a β-lactam
antibiotic. The dividing growth of the bacteria at under
the MIC was not distinguished from the filamental growth
of the bacteria at over the MIC, causing difficulty in de-
termining the MIC. Therefore, the formation of a monol-
ayer of the bacteria in an imaging area would enable
more precise observation.
[0053] According to one embodiment of the present
invention, there is provided an antibiotic susceptibility
testing method by which a single focus monolayer can
be observed.
[0054] Generally, when a homogenous mixture solu-
tion of bacteria and an agarose-containing liquid medium
is introduced into each micro fluidic channel, a certain
number of the bacteria are stochastically present on the
bottom of the channel to form a monolayer. Sequential
introduction of the bacteria and the agarose-containing
liquid medium as raw materials into each microfluidic
channel is considered as a preferable approach to form
a better monolayer.
[0055] Fig. 11 shows a procedure for introducing raw
materials into the microfluidic channel to obtain an image
of a monolayer of bacteria. Referring to Fig. 11, first, a
bacterial culture solution is introduced into the microflu-
idic channel through the inlet of the cell culture testing
device. At this time, it is preferred that a predetermined
space of the microfluidic channel remains unfilled and
only a portion of the channel is filled with the culture so-
lution. For example, about one-third of the volume of the
channel is filled with the culture solution, and then an
agarose-containing liquid medium is further introduced
into the microfluidic channel. Rapid introduction of the
agarose-contain liquid medium creates a laminar flow of
the liquid medium and causes the bacteria to gather on
the wall surfaces of the channel (mainly on the upper and
lower wall surfaces of the channel when the width and
depth of the channel are taken into consideration). As a
consequence, the bacteria can be distributed substan-
tially in the form of a monolayer on the wall surfaces.
[0056] Fig. 12 shows images showing the growth of a
bacterial species in the presence of an antibiotic at dif-
ferent concentrations in a state in which the bacteria were
formed into a monolayer. The bacteria were divided at
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concentrations (control and 0.06 mg/mL) under the MIC
whereas they grew only in the form of filaments at a con-
centration (0.5 mg/mL) over the MIC. From these obser-
vations, the MIC could be determined. Fig. 13 shows im-
ages showing the growth of a P. aeruginosa strain in the
presence of aztreonam as a β-lactam antibiotic at con-
centrations (control and 0.06 mg/mL) under the MIC and
concentrations (0.25 and 0.5 mg/mL) over the MIC. The
bacteria were divided to grow in the form of filaments
under the MIC whereas they grew only in the form of
filaments over the MIC. The MIC can be determined by
observing the division of the bacteria in the images of the
monolayers.
[0057] According to the present invention, cells can be
observed by both single focus monolayer imaging and
3D imaging. That is, when a mixture of agarose as a
gelling agent and bacterial cells is introduced into each
channel, the cells can be observed in the form of a mon-
olayer at the interface between the bottom plate of the
MAC chip and the agarose and can be observed in the
other portions after 3D culture.
[0058] Meanwhile, sequential addition of bacteria cells
and a gelling agent (agarose) through one inlet leads to
the formation of a monolayer of the bacteria, which can
be observed by single focus imaging.
[0059] In addition, the use of the cell culture testing
device according to the present invention enables obser-
vation of double infection by imaging.
[0060] Figs. 14 and 15 are optical microscopy images
showing the growth of two bacterial strains without an
antibiotic and two bacterial strains resistant to an antibi-
otic, revealing that double infection with the bacterial
strains could be measured.
[0061] The experimental conditions are as follows:

* Strains

- E. coli ATCC 25922 (rod-shaped strain)
- E.faecalis ATCC 29212 (spherical strain)

* Antibiotics

- Gentamicin (concentration: 32 mg/mL)
MICs are in the susceptible range for both
strains

- Erythromycin (concentration: 8 mg/mL)
Susceptible to E.faecalis ATCC 29212 only

- Control

* Incubation time: 3 h
* Strain concentration

- McFarland 0.25

* Agarose concentration: 2%
* Observed using 1003 magnification lenses

[0062] The shapes of the bacteria were difficult to dis-

cern in the 0 h-images and could not be monitored until
the bacteria were divided to some extent after the lapse
of 4 h. At this time, the coexistence of the rod-shaped
bacteria and the spherical bacteria was confirmed. It
could also be confirmed whether double infection with
the bacteria occurred.
[0063] Fig. 16 is a diagram showing 3D culture of mam-
malian cells using the cell culture testing device accord-
ing to one embodiment of the present invention. For this
experiment, a mixture of mammalian cells and an ECM
(collagen, matrigel, fibrin, agarose, etc.) was introduced
into the channel. After gelling of the ECM, a medium or
a drug was injected. As a result, the cells were grown by
nutrients supplied from the medium. Alternatively, the
cells were killed by the drug. In such environments, the
bacteria grew three-dimensionally, i.e. in 3D culture.
[0064] Fig. 17 shows MIC values for 4 species of clin-
ical strains, as measured by single-cell morphological
analysis (SCMA) using the MAC chip. Four strains, in-
cluding E. coli, E. faecalis, P. aeruginosa, and S. aureus,
from about 40 patients were obtained from Professor Se-
ung-ok Lee (Department of diagnostic medicine, Incheon
St. Mary’s Hospital, The Catholic University of Korea).
603 objective lenses (403 lenses for E. coli) were used
for microscopy. At Mc=0.5, each strain was mixed with
agarose. The formation of a monolayer on the bottom
was observed. The MIC value could be obtained using
the MAC chip in 4 h. Referring to Fig. 17, the MIC values
measured using the MAC chip were in good agreement
with the MIC ranges (i.e. quality control ranges) defined
by the Clinical and Laboratory Standards Institute (CLSI).
Therefore, single cell morphological analysis using the
MAC chip can be considered a very rapid and accurate
AST assay.
[0065] Although the present invention has been de-
scribed in detail with reference to the drawings and em-
bodiments, those skilled in the art will appreciate that
various variations and modifications can be made to the
embodiments without departing from the spirit of the
present invention as disclosed in the appended claims.

Claims

1. A microfluidic multi-well-based cell culture testing
device that has an array structure of a plurality of
aligned microfluidic well units, each of the microflu-
idic well units comprises an inlet through which a first
fluid enters, an accommodation compartment adapt-
ed to accommodate a second fluid therein, a micro-
fluidic channel through which the first fluid flows, and
an air outlet adapted to facilitate the entering of the
first fluid, wherein the microfluidic channel is in com-
munication with the inlet and the air outlet such that
the first fluid is allowed to flow into and fill the micro-
fluidic channel, wherein the accommodation com-
partment is designed in the form of a well such that
the entering second fluid is retained, and a capillary
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valve is formed where a portion of the lower lateral
side of the accommodation compartment is in com-
munication with a portion of the lateral side of the
microfluidic channel such that the first fluid and the
second fluid meet each other to form an interface,
wherein the air outlet is formed at one end of the
microfluidic channel, is in communication with the
upper wall of the microfluidic channel, and is ex-
posed to the atmosphere.

2. The multi-well-based cell culture testing device ac-
cording to claim 1, wherein the dimensions of the
microfluidic well unit correspond to those of each of
the wells of a commercial multi-well plate.

3. The multi-well-based cell culture testing device ac-
cording to claim 2, wherein the wells are arranged
in a 131, 132, 134, 234, 436, 1238, 24316 or
48332 matrix.

4. The multi-well-based cell culture testing device ac-
cording to claim 1, wherein the microfluidic channel
is arranged to surround the accommodation com-
partment such that the microfluidic well unit has a
quadrangular structure.

5. The multi-well-based cell culture testing device ac-
cording to claim 1, wherein the capillary valve has a
predetermined thickness and width to prevent the
first fluid from entering the accommodation compart-
ment.

6. The multi-well-based cell culture testing device ac-
cording to claim 5, wherein the thickness of the cap-
illary valve is defined by the thickness of the micro-
fluidic channel.

7. The multi-well-based cell culture testing device ac-
cording to claim 5, wherein the capillary valve has a
thickness of 100 to 500 mm and a width of 500 mm
to 2 mm.

8. The multi-well-based cell culture testing device ac-
cording to claim 1, wherein the first fluid is a mixture
solution of a gelling agent-containing liquid medium
and a biological agent and the second fluid is a so-
lution containing a physiologically active substance.

9. The multi-well-based cell culture testing device ac-
cording to claim 1, wherein the body of the cell culture
testing device is made of a transparent material.

10. A cell analysis method using a microfluidic multi-well-
based cell culture testing device having an array
structure of a plurality of aligned microfluidic well
units, each of the microfluidic well units comprising
an inlet through which a mixture solution of a gelling
agent-containing liquid medium and a biological

agent enters, an accommodation compartment
adapted to accommodate a physiologically active
substance therein, a microfluidic channel in commu-
nication with the inlet and through which the liquid
medium flows, and a capillary valve through which
a portion of the lower lateral side of the microfluidic
channel is in communication with a portion of the
lateral side of the accommodation compartment, the
method comprising the steps of (a) introducing the
mixture solution of the gelling agent-containing liquid
medium and the biological agent into the inlet to fill
the mixture solution in the microfluidic channel and
gelling the mixture solution to form a solid thin film;
(b) feeding the physiologically active substance into
the accommodation compartment and diffusing the
physiologically active substance into the solid thin
film through the capillary valve; and (c) observing
changes of the biological agent occurring at an in-
terface where the mixture solution and the physio-
logically active substance meet each other, on a sin-
gle cell basis.

11. The cell analysis method according to claim 10,
wherein step (a) comprises (a-1) introducing a solu-
tion containing the biological agent into the inlet to
fill a portion of the microfluidic channel and (a-2) fur-
ther introducing the gelling agent-containing liquid
medium into the inlet to allow the liquid medium to
form a laminar flow and to fill the microfluidic channel,
so that a monolayer of the biological agent is formed
on the upper and lower wall surfaces of the micro-
fluidic channel.

12. The cell analysis method according to claim 10, fur-
ther comprising a step of (d) observing the responses
of the biological agent to the physiologically active
substance on a single cell basis to determine the
minimum inhibitory concentration (MIC) or minimum
biofilm eradication concentration (MBEC) of the
physiologically active substance.

Patentansprüche

1. Mikrofluidische Multinapf-basierte Zellkultur-Test-
vorrichtung, die eine Anordnungsstruktur aus einer
Vielzahl von ausgerichteten mikrofluidischen Napf-
Einheiten, wobei jede der mikrofluidischen Napf-Ein-
heiten einen Einlass umfasst, durch den ein erstes
Fluid eintritt, ein Aufnahmefach, das zur Aufnahme
eines zweiten Fluids darin angepasst ist, einen mi-
krofluidischen Kanal, durch den das erste Fluid
strömt, und einen Luftauslass aufweist, der ange-
passt ist, um das Eintreten des ersten Fluids zu er-
leichtern, wobei der mikrofluidische Kanal in Verbin-
dung mit dem Einlass und dem Luftauslass ist, so
dass das erste Fluid in den mikrofluidischen Kanal
strömen und diesen füllen kann, wobei das Aufnah-
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mefach in der Form eines Napfes ausgebildet ist, so
dass das eintretende zweite Fluid zurückgehalten
wird, und ein Kapillarventil gebildet ist, wobei ein Ab-
schnitt der unteren seitlichen Seite des Aufnahme-
fachs mit einem Abschnitt der seitlichen Seite des
mikrofluidischen Kanals in Verbindung steht, so
dass das erste Fluid und das zweite Fluid einander
treffen, um eine Schnittstelle zu bilden, wobei der
Luftauslass an einem Ende des mikrofluidischen Ka-
nals gebildet ist, in Verbindung mit der oberen Wand
des mikrofluidischen Kanals ist, und der Atmosphäre
ausgesetzt ist.

2. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 1, wobei die Abmessungen der mi-
krofluidischen Napf-Einheit denen jedes der Näpfe
einer handelsüblichen Multinapf-Platte entspre-
chen.

3. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 2, wobei die Näpfe in einer 1x1, 1x2,
1x4, 2x4, 4x6, 12x8, 24x16 oder 48x32-Matrix an-
geordnet sind.

4. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 1, wobei der mikrofluidische Kanal
so angeordnet ist, dass er das Aufnahmefach derart
umgibt, dass die mikrofluidische Napf-Einheit eine
viereckige Struktur aufweist.

5. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 1, wobei das Kapillarventil eine vor-
bestimmte Dicke und Breite aufweist, um zu verhin-
dern, dass die erste Flüssigkeit in das Aufnahmefach
gelangt.

6. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 5, wobei die Dicke des Kapillarventils
definiert ist durch die Dicke des mikrofluidischen Ka-
nals.

7. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 5, wobei das Kapillarventil eine Dicke
von 100 bis 500 mm und eine Breite von 500 mm bis
2 mm aufweist.

8. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 1, wobei das erste Fluid eine Mischlö-
sung aus einem geliermittelhaltigen flüssigem Me-
dium und einem biologischen Mittel ist, und das zwei-
te Fluid eine Lösung ist, die eine physiologisch aktive
Substanz enthält.

9. Multinapf-basierte Zellkultur-Testvorrichtung ge-
mäß Anspruch 1, wobei der Körper der Zellkultur-
Testvorrichtung aus einem transparenten Material
hergestellt ist.

10. Zellanalyseverfahren unter Verwendung einer mi-
krofluidischen Multinapf-basierten Zellkultur-Test-
vorrichtung mit einer Anordnungsstruktur aus einer
Vielzahl von ausgerichteten mikrofluidischen Napf-
Einheiten, wobei jede der mikrofluidischen Napf-Ein-
heiten einen Einlass umfasst, durch den eine Mi-
schungslösung aus einem geliermittelhaltigen flüs-
sigen Medium und einem biologischen Mittel eintritt,
einem Aufnahmefach, das zur Aufnahme einer phy-
siologisch aktiven Substanz darin angepasst ist, ei-
nen mikrofluidischen Kanal in Verbindung mit dem
Einlass und durch den das flüssige Medium fließt,
und einem Kapillarventil, durch welches ein Teil der
unteren seitlichen Seite des mikrofluidischen Kanals
mit einem Abschnitt der seitlichen Seite des Aufnah-
mefachs in Verbindung steht, wobei das Verfahren
die Schritte umfasst (a) des Einführens der Mischlö-
sung des geliermittelhaltigen flüssigen Mediums und
des biologischen Mittels in den Einlass, um die
Mischlösung in den mikrofluidischen Kanal zu füllen,
und Gelieren der Mischlösung, um einen festen dün-
nen Film zu bilden; (b) des Einführens des physio-
logisch aktiven Mittels in das Aufnahmefach und Dif-
fundieren des physiologisch aktiven Mittels in den
festen dünnen Film durch das Kapillarventil; und (c)
des Beobachtens von Veränderungen des biologi-
schen Mittels, die an einer Schnittstelle auftreten, an
der die Mischlösung und das physiologisch aktive
Mittel einander treffen, auf einer Einzelzellbasis.

11. Zellanalyseverfahren gemäß Anspruch 10, wobei
Schritt (a) umfasst (a-1) Einführen einer Lösung, die
das biologische Mittel enthält, in den Einlass, um ei-
nen Teil des mikrofluidischen Kanals zu füllen, und
(a-2) weiteres Einführen des das Geliermittel enthal-
tenden flüssigen Mediums in den Einlass, um dem
flüssigen Medium zu erlauben, eine laminare Strö-
mung zu bilden, und den mikrofluidischen Kanal zu
füllen, so dass eine Monoschicht des biologischen
Mittels auf der oberen und unteren Wandoberfläche
des mikrofluidischen Kanals gebildet wird.

12. Zellanalyseverfahren nach Anspruch 10, ferner um-
fassend einen Schritt des (d) Beobachtens der Ant-
worten des biologischen Mittels auf die physiolo-
gisch aktive Substanz auf einer Einzelzellbasis, um
die minimale Hemmkonzentration (MIC) oder mini-
male Biofilm-Eradikationskonzentration (MBEC) der
physiologisch aktiven Substanz zu bestimmen.

Revendications

1. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits microfluidiques qui possède une structu-
re en réseau d’une pluralité d’unités de puits micro-
fluidiques alignés, chacune des unités de puits mi-
crofluidiques comprend une entrée à travers laquelle
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un premier fluide entre, un compartiment de loge-
ment adapté pour contenir un second fluide dans
celui-ci, un canal microfluidique à travers lequel le
premier fluide s’écoule, et une sortie d’air adaptée
pour faciliter l’entrée du premier fluide, dans lequel
le canal microfluidique est en communication avec
l’entrée et la sortie d’air de sorte que le premierfluide
puisse s’écouler dans le canal microfluidique et rem-
plir celui-ci, dans lequel le compartiment de loge-
ment est conçu sous la forme d’un puits de sorte que
le second fluide entrant soit retenu, et une soupape
capillaire est formée à l’endroit où une partie du côté
inférieur latéral du compartiment de logement est en
communication avec une partie du côté latéral du
canal microfluidique de sorte que le premier fluide
et le second fluide se rencontrent pour former une
interface, dans lequel la sortie d’air est formée à une
extrémité du canal microfluidique, est en communi-
cation avec la paroi supérieure du canal microfluidi-
que, et est exposée à l’atmosphère.

2. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 1, dans lequel les
dimensions de l’unité de puits microfluidique corres-
pondent à celles de chacun des puits d’une plaque
commerciale à puits multiples.

3. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 2, dans lequel les
puits sont agencés dans une matrice 1x1, 1x2, 1x4,
2x4, 4x6, 12x8, 24x16 ou 48x32.

4. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 1, dans lequel le
canal microfluidique est agencé pour entourer le
compartiment de logement de sorte que l’unité de
puits microfluidique ait une structure quadrangulaire.

5. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 1, dans lequel la
soupape capillaire a une épaisseur et une largeur
prédéterminées pour empêcher le premier fluide
d’entrer dans le compartiment de logement.

6. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 5, dans lequel
l’épaisseur de la soupape capillaire est définie par
l’épaisseur du canal microfluidique.

7. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 5, dans lequel la
soupape capillaire a une épaisseur entre 100 et 500
mm et une largeur entre 500 mm et 2 mm.

8. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 1, dans lequel le
premier fluide est une solution de mélange d’un mi-
lieu liquide contenant un agent gélifiant et d’un agent

biologique et le second fluide est une solution con-
tenant une substance physiologiquement active.

9. Dispositif d’essai de culture cellulaire à base de mul-
tiples puits selon la revendication 1, dans lequel le
corps du dispositif d’essai de culture cellulaire est
fait à partir d’un matériau transparent.

10. Procédé d’analyse cellulaire utilisant un dispositif
d’essai de culture cellulaire à base de multiples puits
microfluidiques possédant une structure en réseau
d’une pluralité d’unités de puits microfluidiques ali-
gnés, chacune des unités de puits microfluidiques
comprenant une entrée à travers laquelle une solu-
tion de mélange d’un milieu liquide contenant un
agent gélifiant et d’un agent biologique entre, un
compartiment de logement adapté pour contenir une
substance physiologiquement active dans celui-ci,
un canal microfluidique en communication avec l’en-
trée et à travers lequel le milieu liquide s’écoule, et
une soupape capillaire à travers laquelle une partie
du côté inférieur latéral du canal microfluidique est
en communication avec une partie du côté latéral du
compartiment de logement, le procédé comprenant
les étapes consistant à (a) introduire la solution de
mélange du milieu liquide contenant un agent géli-
fiant et de l’agent biologique dans l’entrée pour rem-
plir la solution de mélange dans le canal microfluidi-
que et gélifier la solution de mélange pour former un
film mince solide; (b) introduire la substance physio-
logiquement active dans le compartiment de loge-
ment et diffuser la substance physiologiquement ac-
tive dans le film mince solide à travers la soupape
capillaire ; et (c) observer les changements de
l’agent biologique se produisant au niveau d’une in-
terface où la solution de mélange et la substance
physiologiquement active se rencontrent, sur la base
d’une seule cellule.

11. Procédé d’analyse cellulaire selon la revendication
10, dans lequel l’étape (a) comprend (a-1) l’introduc-
tion d’une solution contenant l’agent biologique dans
l’entrée pour remplir une partie du canal microfluidi-
que et (a-2) l’introduction en outre du milieu liquide
contenant un agent gélifiant dans l’entrée pour per-
mettre au milieu liquide de former un écoulement
laminaire et pour remplir le canal microfluidique, de
sorte qu’une monocouche de l’agent biologique soit
formée sur les surfaces de paroi supérieure et infé-
rieure du canal microfluidique.

12. Procédé d’analyse cellulaire selon la revendication
10, comprenant en outre une étape consistant à (d)
observer les réactions de l’agent biologique par rap-
port à la substance physiologiquement active sur la
base d’une seule cellule pour déterminer la concen-
tration minimale inhibitrice (CMI) ou la concentration
minimale d’éradication du biofilm (CMEB) de la subs-
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