scale filtration process is installed using only small amounts and volumes of the solution
and the samples. This is especially important if the components are proteins or the like
which are sensitive of damages due to shear forces and other forces existing in large-scale
devices. For example biotechnologically produced proieins which have to be concentrated
in a solution are extremely costly and an the other side extremely sensitive of damages due
to the forces which arises in industrial scale process devices. Therefore, the risk to

" concentrate such proteins in a solution in industrial scale devices is high: Further, these
proteins are often not available in a larger amount.

So, there is a strong demand in the industrial process development for a flow filtration
device being able to concentrate a component of a solution preferably by the factor of more
than 10 and using a start volume that is at most 20 ml.

{i-s-an-object-of the-inventionVarious embodiments seek to provide an optimized TFF-

system being abie to handie a start volume of a solution of at most 20 mi, preferably at

most 10 ml, and to concentrate the compeonents of the soiufion. The resulting volume of the
concentrated solution at the end of the concentration process should preferably be at most
2 mi, particularly preferably at mos{ 1 mi, particularly preferably at most 100 pl. The filtration

process should be fast and economical, repeatable and accurate.

The problem is solved with a micro fluidic flow filtration system for increasing the
concentration of components contained in a fluid sample with the features ascerdingte

elaim—1-as disclosed herein. The objeetproblem is also solved with an integrated
microfluidic element device-accordingto-elaim-11-as disciosed herein.

According to a first aspect, there is provided a microfluidic flow filiration system having a

fluid circuitry {1

the fluid circuiiry (1) comprising the following elements:

- a tangential flow filtration element {7} having a feed inlef (12}, a retentate outiet (13), a

permeate outlet (14} and a membrane (15) capable for separating the fluid sampie into a

refenfaie stream and a permeste stream upon passage of the fluid sample into the

tangential flow filtration element (7} through the feed inlet (12},

- an element for pumping for creating and driving a fluid flow of the fluid sample through the

fluid circuitry (1) and the tangential flow filtration element (7),

- at least two elements for obtaining information about the properties of the fluid sample

within the circuitry {1}:and




a plurality of conduits (24) connecting the elements to the fluid circuitry {1) through which

a fluid stream of the fluid sample is conducted;

wherein

- a minimal working volume of the circuitry (1) being defined by the minimal fluid volume

retained in the elements and the conduits {24). such that the fluid can be recirculated in

the circuitry (1) without pumping air through the circuitry {1),

- _the minimal working volume of the circuitry (1} is at most 5 mi,

- the functionality of at least two elemenis of the group of elements of the circuitry (1) is

integrated in an integrated microfiuidic device (20),

- _the one integrated microfluidic etement {20) defines a voiume element having a volume

which is at most one fourth of the minimal working volume of the fluid circuitry (1).

According to a second aspect, there is provided integrated microfluidic element {20) for a

microfividic flow filtration system with a fluid circuitry (1) having a minimal working

volume of at most 5 ml, for a system (100) according to the first aspect

characterized in that the integrated microfiuidic element (20)

defines a volume element having a volume which is at most one fourth of the minimal

working volume of the fluid circuiiry of the micro flow filtration system, and

provides the functionalify of at least two elements of the group of elemenis of the
fluid circuitry (1),

wherein

the group of elements comprises a tangential flow filtration element (7), an

element for pumping suitable for creating and driving a fluid flow and at least two

elements for obtaining information about the properties of the fluid sample within the

circuitry.

4a



The micro flow filtration system according to the irventiendisclosure for increasing the
concentration of compenents contained in a fluid sample has a fluid circuitry in form of a
toop in which the fluid sample or solution is recirculated. The fluid circuitry comprises a
tangential flow filtration element {TFF-element), an element for pumping which is suitable
for increasing and driving a fluid flow of the fluid sample through the fluid circuitry and
through the tangential flow filtration
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etement, at least two elements for obtaining information about the properties
of the fluid sample within the circuitry, and a plurality of conduits connecting
the elements to the fluid circuitry through which the fluid stream of the fluid
sampie is conducted. Optionally, the fiuid circuitry comprises also a regulator

element for regulation the pressure and/ or the flow in the circuitry.

The fluid circuitry has a minima! working volume which is also called minimal
recirculation volume. This volume is the amount of fluid which has t¢ be re-
tained in the fluid circuitry such that the fluid can be recirculated in the circuitry
without pumping air through the circuitry. In other words, the elements of the
fluid circuitry and the conduits connecting these elements have 1o be filled with
a fiuid in such a manner that a continuous fluid flow in the circuitry can be ar-
ranged. The rninimal working volume depends on the elements used in the
circuitry. For example, i tubings for transporting the fluid are installed in the
circuitry, these tubings have also a non-negligible contribution to the minimal
working volume. The minimal working volume of the circuitry of the micro fluid
filtration system according to the inventiondisicosure is at most 5 ml. Preferably, the min-

imal working volume of the circuitry is even smaller, e.g. preferably at most

2 mi, further preferably at most 1 ml, particularly preferably at most 100 ui.

] According fo the imvertiendisclosure the fluid circuitry contains also an integrated micro-

fluidic element in Which the functionality of at least two elemenis of the group
of elements of the circuitry is integrated. So, the integrated microfluidic ele-
ment is an element or a component of the circuitry in which the function of at
least two of the above mentioned elements of the circuitry is implemented. So,
instead of the two separale elements, which are substituted, only one inie-
grated microfividic element is arranged in the circuitry, Preferably, the inte-
grated microfluidic element is arranged in the retentate circuitry of the fluid
circuiiry and not in the permeate circuitry. Especially in a conceniration mode
such positioning of the microfluidic element is advantagecus because the
functionality of two esiements of the circuitty is provided in only one element

and the working volume of the system is decreased or reduced.
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reservoir element is integrated into the fluid circuitry loop. The reservoir ele-
ment has a reservoir inlet and a reservoir outlet both in connection to the cir-
cuitry. Preferably the inlet and the outlet of the reservoir are arranged at the
bottom of the reservoir which.can also be a tank or the like. This assures that
the contribution of the reservoir to the minimal working volume of the circuitry

is relatively small.

Preferabiv the volume of the reservoir is at most 20 m, in particular at most

10 mi. During the inventiondisclosyrs it was recognized that the size of the reservoir can

be further reduced to a maximum volume of the reservoir of 5 mil. In a pre-
ferred embodiment the reservoir has a volume of at most 2 ml, very preferably
of at most 1 mi. If very small solution volumes have to be processed the vol-
ume of the reservoir can be further reduced to a2 volume of at mest 0,7 ml ar
preferably of at most 0,5 mi. Especially if fluid batches of approximately 0,5 ml
or less have to be processed in the microfluidic filtration system, the integra-
tion of the functionality of at least two elements of the circuitry into an integrat-
ed microfluidic element plays an important role,

in a preferred embodiment the circuitry of the filtration system comprises an
optical measuring element for obtaining information about the concentration of
componenis contained in the fiuid solution. This optical measuring elemsent
preferably comprises a cuvetie or the like through which the fluid sample flows
during the concentration process and which is transparent in such a manner
that an optical measuring of parameters related to the concentration of one or

mare componerts contained in the fluid solution can be performed.

in another preferred embodiment the circuiiry comprises a measuring element
for obtaining information about the viscosity of the fluid sample and/or at least
a valve element andfor a capillary channe! element and/or a hollow fiber ele-
ment wherein these elements are also members of the group of the elements
of the circuitry. The measuring element for obtaining information about the
viscosity of the fiuid sample usually consists of at least two pressure sensors

whose results can be used to determine the viscosity of the fluid sample using
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the Hagen-Poiseuille equation. During the development of the inventiondisclosure inves-

figations have been performed which show that there is a linear dependency
between the pressure difference at two poinis in the fluid circuitry and the vis-

cosity of the solution flowing through the circuitry.

The tangeniial flow filtration element of the circuitry comprises a feed inlet, a
retentate oullet, a permeate ouilet and a semipermeable membrane which is
capable of separating the fluid sample into a retentate stream and a permeate
stream upon passage of the fiuid sample into the tangential flow filtration ele-
ment through the feed inlet. For the concentration process tangential flow fil-
tration elements can be used which are commercially available from a couple
of manufacturers. An important criterion for choosing a fluid filtration element
for a microfiuidic flow filtration system io process even small volumes of a so-
lution is the confribution of the tangential flow filiration element to the minimal
working volume. So, the surface area of the membrane and the volume of the
fangential flow filtration element are important. The contribution fo the minimal
working volume of the flow filtration element should be as small as possible,
preferably the minimal working volume of the TFF-element should be at most
1000 ul, preferably at most 500 pl or further preferably at most 100 pl, particu-
larly preferably at most 20 pi.

it is quite ciear for a person skilled in the art that the element for pumping is a
pump which is integrated in the circuitry. Here the known pumps can be used.
For example, the pumping element can comprise a syringe or iwo or more
syringes to assure a continuous flow of the fiuid through the circuitry, altemna-

tively piston pumps or peristaltic pumps or gear pumps can be used.

Preferably the element for obtaining information about the properties of the
fluid is an element for obtaining information about the pressure and the flow

within the circuitry particularly preferabiy one or more pressure sensors.
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To arrange a micro flow filiration system with small minimal working volume
the internal diameter of the conduits used in ihe circuitry is at most 1,5 mm,
preferably at most 1 mm. For minimal working volumes of less than 200 ul
5  conduits which have an internal diameter of at most 0,7 mm or particularly
preferably of at most 0,3 mm are used. The conduits are preferably channeis
or passages in an element of the circuitry. They can also be a pipe or a tubing.
These conduits connect the integrated microfluidic element of the circuitry with
the other elements of the circuitry. Therefore, a rigid pipe as a conduit can be

10 used.

In a preferred embodiment of the flow filtration system according to the
inventiondisclosure the system comprises a second reservoir which is located
outside the circuitry but which is in fluid connection with the circuitry. The second
reservoir 15 has a volume which is substantially larger than the volume of the
circuitry itself or of a first reservoir element in the circuitry if present. So, the
second exiernal reservoir would be the main reservoir for the fluid solution
containing the component fo be concentrated. Preferably this second reservoir
outside the circuitry has a volume which is at least 10 times larger than the volume
of the reservoir element of the circuitry or of the circuitry itself, particularly
preferably at least 20 times larger. )

' The system according to the isventierdisclosure can be used for concentrating a com-

ponent contained in & fluid sample like a protein or a molecule or the like. Op-
25 tionally the system can also be used in a diafiltration mode. In this case the
external second reservoir containg a solution with a buffer that should be used
to exchange a buffer in the solution contained in the circuitry which also con-
tains the desired component. So, an exchange of the buffer can easily be per-
formed. It is evident that a diafiltrafion mode can aiso be suppiied using only
30 one reservoir in the circuitry. In such case, the circuitry is filled with the fluid

sampie and the reservoir is filled with the buffer solution.

10
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in the field of biotechnology and process technology there are a iot of applica-
tions which require the determination of the concentration of components of
the fluid sample, the formation of aggregates within th.e fluid sampie and the
viscosity of the fluid sample using a flow through method. A typical exampie is
the requirement that the concentration of proteins contained in the flid sam-
ple shouid be measured online during the conceniration process. So, the ac-
tual fiuid parameters, i.e. viscosity, conceniration, and aggregate formation
have {o be determined during the process. Based on these online-measured
parameters, the system can be controlied respectively. Essential process pa-
rameters for the concentration and purification process wili change during the
process. This leads to the resulting knowledge that the concentration and the
rate of aggregate formation of the proteins and the viscosity of the solution
have to be measured in real time so that an optimal concentration process can

be performed by adjusting the relevant process parameters.

that for the determination of the concentration using photometric methods can
be applied. For this photometry technique preferably a cuvette. is used through
which the fluid sample flows without diluting the sample. For an optical meas-
urement of the absarption a light source is used which is transmitting light
through the cuvetie. in a preferred embodiment light crosses the cuvetie per-
pendicular to the flow direction. Performing the photometric measurement us-
ing the cuvetie preferably an ultraviolet radiation is used to determine the con-
centraticn of compounds contained in the sample (e.g. of proteins). For this
online determination of the concentration good results could be achieved us-

ing a radiation of light with a wave length of 280 nm #+ 10 nm.
For measuring the appearance of aggregates in the sample fluid, the ratio be-
tween the absorption vaiues at the wavelength of 280 + 10 nm and at a wave

length larger than 280 nm (e.g. 320 ~ 330 nm} is preferred.

In addition, the viscosity of the fluid sample can be measured using a pressure

sensing element comprising two pressure sensors at the inlet and at the outlet

11
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of the capillary, respeciively. These pressure sensors detect a difference of
pressures between the pressure sensor at the iniet and the pressure sensor at
the outlet during the fiow of the sampie through the cuvette. This measure-
ment is performed using a known geometry of the cuvetie and a predeter-
mined (constant) flux or flow through rate. Based on the change of the pres-
sure during the flow through the cuvette, the viscosity of the fiuid sampte can
be calculated based on well-known eguations like the Hagen-Poiseuille equa-

tion. The viscosity is proportional to the measured pressure difference.

In a preferred embodiment, the integrated microfluidic element according to
the %weﬁ%éeﬁdiscéasyre comprises and combines these two functionalities of the two
pressure sensors and the cuvette. So, the integrated microfluidic element can
be used tb defermine the viscosity, the concentration of the compound, and
the formation of aggregates in the fluid sample in real time and online in one
element. In addition to this advantage the minimal working volume of this inte-
grated microfiuidic element is substantially smaller than using three separate

compenents and conduits for connecting these components.

in the context of the inventiendisciosure it was recognized that measuring the viscosity

and the concentration of the sample fiuid in the fluidic circuitry in parallel and
within the same microfiuidic element leads to a couple of difficulties. To de-
termine the viscosily a pressure drop along a capiliary has to be detected. In
typical lab-scale systems or industrial-production-scale-systems such meas-
urements are not possible due to the large volumes of the fluid samples to be
fransporied through the fluidic system and due to the large diameters of the
tubes and fluid conduits. So, the overall pressure and the pressure differences

within such systems are too low to allow a precise viscosily determination

l based on pressure drop measurements. During the inverEondisciosure it was recog-

nized that for a precise viscosity measurement the capillary has to be very
small in diameter (smaller than 0.5 mm) and preferably with a relatively short
length (less than 200 mm), as the diameter has the largest influence on the
pressure drop. Therefore, variances in the channel diameter have a significant

impact on the precision of the measurement of the pressure drop. To deter-
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with the two pressure sensors, can be used in an integrated microfluidic ele-

ment,

In another alternative or cumulative preferred embodiment, the integrated mi-
crofluidic element according to the inventiondisclosure comprises and combines the
functionality of the micro tangential flow fittration element (TFF-element) and at
least one element for obtaining information about the properties of the fluid
sampie within the circuifry. Preferably, elements for obtaining information
about the properties of the fluid sample within the circuitry are pressure sen-
sors to measure the pressure of the fluid sample in the circuitry and, based
thereon, can be used to determine the viscosity of the fluid sampie. So, in this
preferred embodiment a micro TFF-element is combined with at [east one

pressure sensor, further preferred with two pressure sensors,

Preferably the TFF-element comprises a TFF-housing which can be a filter
cassette, The TFF-housing is part of the housing of the integrated microfluidic
element. In this case the TFF-housing is integrated in the housing of the mi-
crofluidic element. Preferably the membrane of the TFF-element is disposabie.
The membrane can be exchanged in the case that the membrane is clogged-
up. If the efficiency of the TFF-element is dropped to a predetermined thresh-
old value an exchange of the membrane becomes necessary. To design the
TFF-element with & disposable membrane has the advaniage that the filter
cassetie itself (TFF-housing) can remain unchanged in the fiuid circuiiry so
that the connections to the connecied conduits do not have to be touched es-
pecially not to be opened. Further, if the TFF-element is infegrated in the mi-
crofiuidic element iogether with two pressure sensors, the sensors remain at
their location, especially in their posttion in the housing of the microfiuidic sle-
ment. 3o, neither the sensors themselves nor their electrical connections are
influenced if only the membrane of the TFF-element is exchanged in case of
glogging. Further the size and especially the volume of the fluidic channels of
a TrF-element comprising pressure sensors can be reduced because the

channsls connecting the filter cassette and the pressure sensors can be short,

H
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In & further preferred embodiment this integrated microfividic element also contains the
functionality of the pressure regulator element so that in addition the pressure in the
circuitry can be controfled and adjusted. So, not only the functionality of two elements is
integrated within the integrated microfiuidic alement according fo the wventiondisclosure,
but the functionatity of three (or even more) elements.

In another preferred embodiment of the integrated microfluidic efement according to the
trrventiondisclosure, it comprises the functionality of a capillary or a capillary channel and of
the two pressure sensors.

The imventiondisclosure is illustrated in more detail hereafter based on particular
embodiments shown in the figures. The technical features shown thersin can be used
individually or in combination to create preferred embodiments of the inventisndisciosure.

The described embodiments do not represent any limitation of the ipventiondisciosure
defined in its generality.

Fig. 1 shows a schematic view of a filiration system;

20 Fig.2 shows a flow filtration cirsuitry according to the invention with an

integrated microfluidic element;

Fig. 3 shows another schematic view of a fluidic circuitry for the de-

termination of viscosity according to the invention;

25
Fig. 4 shows an integrated microfluidic element comprising the func-
tionality of two pressure sensors and a measuring element for
detecting the concentration and viscosity;
30 Fig.5a, b shows two embodiments of another microfluidic element comn-

prising the functionality of measuring the pressure in the circuit-

ry and filtering the fluid sample.



