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DEVICE PERMITTING THE SPREADING OF ONE OR SEVERAL

REAGENTS ON A GEL

The invention relates to a device permitting the
spreading of one or several reagents on a gel, in parti-
cular an electrophoresis or immunofixation gel.

The invention also relates to a method making use
of the aforementioned device.

The techniques of electrophoresis or imguno-
fixation are usually followed, after the migration, by a

~ stage of incubating the gel with a reagent in order to
detect and possibly to gquantify the protein fractions
separated during the electrophoresis.

The mest conventional case is the staining of the
set of protein fractions separated by electrophoresis by
means of a dye which becomes bound specifically on to the
latter. In this casc, the reagent used (the dye) is a
product which is generxally cheap and of which it is
possible to prepare & solution in & sufficient quantity

- to immerse the gel totally therein.

However, this method cannot be envisaged in the
case where it is necessary to use small guantities of
reagent, when it is an expenéive reagent, or when it is
desired to produce on the same gel incubetions on dis-
crete zones with different reagents.

These possibilities relate for example to assay-
ing isoenzymes contained 4in a serum (isoOLDH, isoCK,
isophosphatase) where the gel is, incubated with a sub-

strate {expensive product) for these enzymes with the aim
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of forming a colored or fluorescent product which permits
quantification by densitometry.

The case where it is necessary to carry out, on
the same g¢gel, incubations with different reagents is
constituted for example by immunofixation where wvarious
discrete zones of the gel must be incubated with various
antisera of diffexent specificity (expensive reagent) and
a protein fixative,

In all these cases, use of a minimum quantity of
reagent is sought.

- In implementing the abovenmentioned methods, a
sheet of filter paper cut to the size of the gel is
impregnated with a quantity of reagent just sufficient
for it to be entirely moistened and it is then applied
to the surface of the gel.

In the case where various reagents are possibly
used on distinct zones of the same gel, as many strips of
filter paper are cut as there are zones to be covered by
the various reagents, and these various strips are
impregnated with the wvarious reagents before being
applied to the various zones where the incubation is to
take place.

This nethod has a certain number of drawbacks.
It is in fact necessary to avoid trapping air bubbles
between the gel and the sheet of filter paper impregnated
with reagent, because, in the region of the air bubbles,
the reaction would not take place for lack of reagent on
the gel. The paper being opaque, it is scmetimes dif-

ficult to detect the presence of these air bubbles.
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Moreover, during the incubation reaction, a
proportion of the proteins which it is desired to develop
can be adsorbed onto the papeér, or more sgimply be
absorbed by pumping onto the latter.

If an extended incubation time is necessary (30’
to 1 hour), this phenomenon is accentuated by the fact
that, during the incubation, evaporation from the free
surface of +the paper occurs., The latter having a
tendency, by capillarity, to maintain a constant degree
of humidity, a flow of liquid is created, from the gel

e to the paper, with entrainment of the protein fractions
to be assayed initially contained in the gel. This leads
to a loss of sensitivity of the development on the gel
and, this absorption not being very homogeneous, guanti-~
fication by densitometry of the developed fractions risks
being subject to errors.

Furthermore, and above all, this is a manual
process which is vexy laborious and therefore difficult
to implement in routine c¢linical analysis, and, in
current practice, has been abandoned.

Another method also used consists in using a mask
constituted by a sheet of flexible plastic, preferably
hydrophobic in nature, having approximately the same
external outline as the gel and having one or more
independent openings of rectangular shape. This mask,
onceg applied to the gel, delimits the zone oxr =zones
intended to receive the reactant ox reactants,

Use of such a mask also has a certain number of
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After electrophoretic migration, it frequently
happens that a proportion of the liquid exudes from the
surface of the gel. This exudation is mwainly created by
electroendosmotic flow.

Before applying the mask to the gel, it is
necessary to rxemove this excess liquid by pumping by
means of a thin filter paper, because, if liquid is still
present on the gel, it prevents good adhesion of the mask
to the gel, as well as a good seal at the periphery of
the zone(s) delimited, being assured.

As well as the additional manual operation of
pumping, the filter paper risks entraining a portion of
the proteins from the gel and of distorting the result.

Furthermore, the gel or the reagents used can, in
certain cases, contain surfactants which will facilitate
insertion of liquid between the gel and the mask and,
under certain conditions, even after removal of the
excess ligquid which has exuded from the gel at the end of
migration, the mask risks not assuring the required seal.

With this type of mask, it is important that the
whole of the surface of the mask is perfectly appliied to
the gel. It is necessary to avoid trapping air bubbles
between the gel and the plastic mask duvring its position-
ing on the gel. Otherwise, there is a risk of having
either a leak of reagent under the mask, or a mixing of
adjacent reagents.

An objiect of the present invention is to propose
a device which largely overcomes the preceding

drawbacks.
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The subject of the present invention is a device

permitting deposition, spreading and incubation of a
reagent on a gel, in which guantities of reagent of the
same order of magnitude as those of conventional devices
are used, the device of the invention being however
without the drawbacks of the conventional devices.

Another object of the present invention is to
propose a device permitting deposition, spreading and
incubation of a reagent on a gel, in which it is possible
to incubate different zones with respectively different
reagents, without there being mixing of the reagents.

The aim of the present invention is to propose a
device permitting deposition, spreading and incubation of
a reagent on a gel, in which manual operations are
limited to the minimum.

An object of the present invention is to propose
a device for deposition, spreading and incubation of a
reagent on & gel, permitting accurate results o be
obtained as to quantification of the substances
fractionated in the gel.

An object of the present invention is to propose
a device for deposition, spreading and incubation of a
reagent on a gel, capable of being automated.

The subject of the invention is therefore a rigid
mask intended for deposition, spreading and incubation of
one or several liquids on a gel (of total surface area
Sg) according to one or several well-defined zones of the

gel, hereafter designated by “incubation surface Si-,
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~ an upper surface and a lower surface, the distance

separating the lower surface and the upper surface
constituting the thickness of the mask,

- at least one orifice intended to permit deposition
and spreading of the liquid on the incubation surface Si
of the gel, and constituted by a recess crossing the mask
over the whole of its thickness, and/or

- at least one slit crossing the mask over the whole
of its thickness and intended to péermit withdrawal of the
extra liquid present on the incubation surface Si of the
gel, thie slit being situated in the part of the mask
whose projection is either in the incubation surface Si,
or outside the incubation surface 8i,
the lower surface of the mask being intended to be laid
down in proximity to the surface Sg of the gel, under
conditions such that the lower surface of the mask is not
in contact with the incubation surface 8i, this lower
surface being furthermore such that it does not include,
over at least & part of itself designated by Sm, any
irregularity on its surface capable of being an obstacle
to spreading of the liquid on the incubation surface 84,
the surface Sm being delimited with respect to the rest
of the lower surface, so that the liquid can only spread
on the surface Si of the gel which is & projection of Sm,
this proijection of Sm on the gel being greater than or
equal to the area of the incubation surface Si of the
gel.

The invention advantageously permits placing of

the mask above the gel comprising the incubation surface
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or surfaces. It also makes it possible to place the mask

7 .

below the incubation gel. In either case, the surface of
deposition, spreading and incubation of the reagents on
the gel is situated in proximity to the lower surface of
the mask, the latter not being however in contact with
the incubation surface Si.

The liquid is generally the reagent intended to
develop the proteins which have previously been deposited
on the gel. The reagent is introduced via the recess
defined hereinabove, which will also be termed

- “deposition orifice".

The incubation surface Si is the zone of the gel
which it is essential to cover with the reagent {or
reagents) in order that development of the proteins
should take place. The length of the incubation surface,
that is to say the dimension of the incubation surface
parallel to the direction of electrophoretic migration,
is designated by Li.

In the case of a single reagent, Si can be equal
to the area S5g or else Si can be a parl of Sg including
nevertheless the set of migration tracks, that is to say
the zones of the gel where the electrophoretic
separations have taken place.

It is necessary however to note that the z2one
effectively covered by the reagent can be greater than
the area Si (cf. Figure 6f).

In the case of incubation with different
reagents, or possibly with the same reagent but on

distinct zones of the gel, including for example gach of
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the various migration tracks, the incubation surface is
defined by Si., Si,, 8i,, n being an integer equal to or
greater than 2.

The useful lower surface of the mask is desig-
nated by "Sm", which has no irregularity on its surface
capable of constituting an obstacle to the spreading of
the reagent on the incubation surface 8i, and in
particular neither concave roughness, nor convex
roughness, that is to say a surface without a ridge or a
hollow which would be capable of preventing the reagent

\ from spreading on the surface 8i, this surface Sm being
flat or curved or including flat or curved elements.

The surface 8Sm can include the slit and depo-
sition orifice defined hereinabove.

Advantageously, the surface Sm is flat or curved,
in particular cylindrical, with & radius which is large
with respect to the dimensions of Si.

The surface Sm can also be composed of elementary
facets, which are flat or curved, in particular cylindri-
cal, connected together, these various facets, as well as
their connections, being such that there is no obstacle
to the spreading of the liquid on the incubatinn surface
Si.

The length Lm is the dimension of the surface Sm
parallel to the direction of electrophoretic migration,
The width of the surface Sm, which is dealt with herein-
below, corresponds to the dimension perpendicular to the
length defined hereinabove.

When this surface Sm having a recess permitting
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deposition of a reagent is positioned in proximity with

|

the surface of a gel, it must make it possible to keep by
capillarity, between itself and the surface Si to be
incubated, a reagent introduced via the recess.

This deposited liquid can then spread between Sm
and the surface of the gel until it encounters a discon-
tinuity, which can be either the edge of the gel, or the
edge of the mask, or a groove, or & concave difference in
height, and which delimits the surface Sm.

Spreading of the liquid is taken to mean advance

- or displacement of the liquid on the surface Si, due only
to capillary forces (resulting from the proximity of the
lower surface of the mask and the incubation surface Si)
and possibly to gravity forces.

In the c¢ase where several reagents must be
spread, the mask surfaces are defined by Sm;, Sm,, Sm,, n
being an integer equal to or greater than 2. [sic] as as
many surfaces which are flat, curved, in particular
cylindrical, coplanar, cocylindrical or composed of
elementary facets which are flat or curved, in particular
cylindrical, thesc various elementary facets being
connected together.

The surface ([sic] Sm, to Sm, are delimited by
concave differences in height or grooves.

As concerns the slit, this can be situated in the
mask, sc that its projection is in the incubation surface
Si, one [sic] outside the 4incubation surface Si, but
adjacent to one of the edges of the said incubation

surface 8i, or adjace . to one of the edges of the
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surface effectively covered by the reagent.,
Advantageously, the slit is adjacent to the edge of the
surface Si which edge is opposite to the vicinity of the
deposition orifice.

The slit is advantageously situated outside the
incubation surface 8i. In fact, if it is situated in the
incubation surface $i, it must have dimensions such that
it is not capable of being an obstacle to the spreading
of the liquid. Under these conditions, the slit is narrow
(less than or equal to approximately 1 mm) and makes it
possible to keep by capillarity an excess of reagent.

The topography of the upper surface is a variable
parameter. However, the upper surface is advantageously
flat. In the text that follows, in order to simplify the
description, it will be considered that the upper surface
is flat, and that the useful lower surface Sm, of length
Lm

- either is substantially parallel to the upper sur-
face,

-~ or forms with the upper surface, when the latter
is used horizontally, an angle less than approximately
3%, or

~ or else is substantially parallel to the upper
surface over a part of its length Lm and over the rest of
ifs length Lm, in the extension of the parallel surface,
forms an angle with the upper surface, this angle being
such that it is not capable of preventing spreading of
the liquid on the incubation surface Si.

Advantageously, in the third case mentioned
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hereinabove relating to the respective position of the
lower surface with respect to the upper surface, the
lower surface is advantageously substantially parallel to
the upper surface over a part of its length Lm which
corresponds to the length of the incubation surface Li.
The extension of this parallel surface by a part forming
an angle with the upper surface is advantageously such
that the angle between the lower surface and the gel is
an acute angle of approximately 1° to approximately 50°,
which will favor removal of the excess of reagent, when
this angle is in the vicinity of the slit (cf. Figure
6dy).

The surface Sm of the mask can also be curved,
advantageously cylindrical.

When the surface of the mask is constituted by a
cylindrical surface, it is necessary for its diameter to
be greater than or equal to the square of Li.

When the cylindrical surface only relates to a
fraction £ of the incubation length Li, the diameter must
be greater than or equal to the square of the length
fxLi.

The invention also relates to a mask intended for
deposition, spreading and incubation of one or several
liquids, in which the lower surface of the mask comprises
at least two differences in height or two grooves, the
differences in height or grooves being spaced apart from
sach other in order to delimit at least & part of the
mask Sm, which part does not include any irregularity on

its surface capakle of being an obstacle to the spreading

REPLACED
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of the liquid on an incubation surface 8Si, and whose
projection on a gel is egqual to Oxr greater than the area
of the incubation surface Si of the gel on which surface
the liquid can be spread, the differences in helight and
the grooves having a height sufficient for the liquid to
be able to be kept by capillarity on the aforesaid
incubation surface Si of the gel.

In this embodiment of the invention, the part Sm
of the mask is limited neither by the edge of the gel,
nor by the edge of the mask, but by at least two dif-
ferences in height or two grooves, which have a height
sufficlent, ana possibly a width sufficient, for the
liquid to be able to be kept by capillarity on the
aforesaid incubation surface Si of the gel and not to go
beyond the limits of the incubation surface 5i of the gel
or the limits of the projection of the surface Sm on the
gel.

The grooves can cross the whole of the mask, and
they will be designated by "hollow grooves". In order for
the hollow grooves to kecp the liquid by capillarity, it
is necessary for their dimensions to be such that they
cannot act as a reservoir with possible collection of the
1iquid within the said reservoir, and therefore that they
have advantageously a width greater than or equal to
2 mm, and a height greater than or equal to 0.2 mm,
advantageously 0.5 mm and preferably 1 mm.

The differences in height or grooves surround a
migration track and are advantageously rectilinear.

In general, the migration tracks have the shape

13144 No.
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of a rectangular strip, having for example the following

dimensions: length of approximately 10 mm to
approximately 100 mm, width of approximately 2 mm to
approximately 80 mm. When a migration track is surrounded
by two grooves, the two other edges of the migration
track can be constituted by a part of two of the edges of
the gel or of two of the edges of the mask, or by two
other grooves perpendicular to the two othexr grooves
previously defined.

when there are several migration tracks, the

(- latter are advantageously such that their edges of
smallest dimension are in the sane alignment.

The subject of the invention is also a mask
intended for deposition, spreading and incubation of =a
single liquid, comprising a single recess crossing the
mask, intended to permit deposition, spreading and
incubation of a single liquid on & gel according to an
incubation surface Si of the gel.

This emtodiment relates to the case where it is
desired to deposit, spread and incubate a single liquid.

In this case, & single recess is contemplated in
order to carry out the deposition of the liguid.

This recess can have the shape of an elongated
sli+t, having for example the following dimensions: length
50 m; width 1.5 mm.

The invention also relates to a mask intended for
deposition, spreading and incubation

~ of several ligquids on a gel according to respec-

tive incubation surfaces =i; to Si, or
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- of one liquid on a gel according to |several

incubation surfaces Si, to Si,, n ranging from |2 to 50,

this mask being such that its lower surface comprises
differences in height or grooves, the differences in
height or grooves being spaced apaft from each other in
order to delimit several parts of the mask Sm; to Sm, n
ranging from 2 to 50, including no irregularity on their
surface capable of being an obstacle to the spreading of
the liquid on the surfaces 5i, to 8i,, and whose the
projection on the gel is greater than or equal to the
areas of the incubation surfaces 8i, to Si_ of the gel, on
which surfaces the liquid is to be spread, the
differences'in height and the grooves having a height
sufficient for the liquid to be able to be kept by
capillarity on the afofesaid incubation surfaces Si, to
Si, of the gel.

This case corresponds to the deposition of
several liquids on respective incubation surfaces or of
one liguid on several incubation surfaces Si, to §i,.

To ensure the deposition, spreading.and incuba~
tion of tre liquid on the surface Si, it is possible to
envisage the orifice which is used for deposition hawving
a volume such that it is capable of constituting a
reservolr having a capagity for rktaining the extra
liquid in order to assure spreading of the liquid on'the
incubation surface Si, even if a slight quantity of
reagent ﬂas evaporated during incubation {cf. Figure 6a).

It is possible to proceed otherwise in order to

assure the deposition, spreading and incubation of the
This Sheet Has Been Rep
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liquid on the incubation surface Si. In fact, if the gel

and the mask are kept substantially parallel to each
other, it can be useful to incline the gel and mask
together by rotation around an axis substantially
parallel to one of the edges of the gel or to one of the
edges of the mask, so that the liquid descends under
gravity in the direction of the incubation surface Si
which 1s to be covered {(c¢f. Figure 6b).

It is also possible; in order to assure the
deposition, spreading and incubation of the liguid, to

~— keep the gel in a substantially horizontal position and
slightly to incline the mask by rotation around an axis
parallel to one of the edges of the mask or to one of the
edges of the gel and situated in the vicinity of the edge
of the incubation surface so that the distance between
the gel and the mask in the region of this axis is
smaller than the distance between the gel and the mask in
the zone opposite this axis (cf. Figure 6&c).

Given that the capillary forces are greater in
the vicinity of this axis, the liquid is distributed by
capillarity over the incubation surface 8i.

The subject of the invention is also a mask such
as previously described in which the deposition orifice
has a volume such that it is capable of constituting a
reservoir having & capacity for retaining the extra
liquid in order to assure spreading of the liquid on the
incubation surface S§i.

According to an embodiment of the mask of the

invention, the deposition orifice has an elongated shape
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or a circular shape, which is preferably elongated and
has advantagecusly a width of approximately 1 mm to
approximately 2 mm, in particuvlar 1.5 mm, and a length of

approximately 4 mm to approximately 80 mm, in particular

-

2 L.

According to another embodiment, the recess of
the mask is capable of containing by capillarity a volume
of liguid at least equal to V/10, V being the volume
existing between the incubation surface Si and the mask,
when the mask and the gel are positioned respectively one
in relation to the other under conditions such that the
liquid deposited in the recess spreads over the gel.

According to another embodiment of the invention,
the deposition orifice is situated in the vicinity of the
middlie of the part Sm of the mask and has the shape of an
elongated slit, whose dimensions are such that it cannot
prevent the ligquid being deposited on the incubation
surface Si, and whose length is advantageously the length
of the incubation surface €Si and whose width is
advantageously from approximately 1 mm to approximately
2 mm, this deposition orifice also being capable of
assuring the function of the slit intended to permit
withdrawal of the extra liquid which is spread on the
surface Si.

| According to another embodiment of the invention,
the slit intended to permit withdrawal of the extra
liquid is substantially parallel to the width of the
incﬁbation surface and is positioned adjacently to the

edge of the incubation surface which is opposite to the
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vicinity of the deposition orifice, and has

17

advantageously a width of approximately 1 mm to
approximately 4 mm, in particular 2 mm, and a length
greater than or equal to the width of the surface Si, and
the internal ©peripheral surface of the slit is
perpendicular to the surface of the mask and preferably
inclined with respect to the perpendicular direction of
the surface of the mask in order to permit the placing in
direct contact of means permitting withdrawal of extra
liquid with the said extra liquid.
- In order to give an idea, the inclination of the
internal peripheral surface of the slit with respect to
the direction perpendicular to the surface of the mask
can be approximately 30°,

According to another embodiment of the invention,
the thickness of the mask is approximately 1 mm to
approximately 20 mm, in particular approximately 2 mm to
approximately 10 mm, and the differences in height have
a height at least equal to 0.2 mm, advantageously approx-
imately 0.3 mm to approximately 20 mm, or the grooves
have a width sufficient so that, during incubation; each
liquid kept by capillarity between the mask and an
incubation surface Si does not mix with the liquids kept
in the incubation surfaces which are directly adjacent to
Si, the width of the grooves being approximately 1 mm to
approximately 10 mm.

According to another embodiment of the invention,
the mask comprises several mask parts Sm, advantageously

approximately & tc approximately 50, each of the parts Sm
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comprising a deposition orifice, preferably situated in
the part of Sm whose projection on the gel corresponds
to the anodic part of the gel,
this mask comprising 2 single slit intended to permit
withdrawal of the extra liquid which is spread on the
surfaces 5i of the gel, thisg slit extending preferably
perpendiculerly with respect to the largest of the
dimensions of the parts Sm of the mask and being
preferably situated in the mask at a position such that
its projection is in the cathodic region of the gel.
.- The parts Sm are advantageously constituted by
rectangles, having for example a length greater than or
equal to approximately 10 mm to approximately 80 mm and
a width of approximately 2 mm to approximately 80 mm.

The subject of the invention is also a mask as
previously described comprising a single part Sm, whose
dimensions are greater than or eqgual to those of 8i,
and comprising in the vicinity of one of its ends a
recess having an elongated shape, whose length
corresponds preferably to the width of the incubation
surface Si, and also comprising, in the vicinity of the
other end, a slit intended for withdrawing the extra
liguid, this slit being advantageously, in length, at
least the width of S5i.

The invention also relates to a mask comprising
means fcr positioning the mask with respect to the gel
such that the minimum distance between the gel and the
part Sm of the mask is greater than or equal to 0.1 mm,

and the value of the maximum distance is approximately
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0.5 mm to approximately 2 mm, in particular 1 mm.

“w 19 =

These means c¢an be constituted by any fastening

It is also possible to

means, for example screws etc.
envisage the mask including, on its periphery, stops
capable of resting on the gel, these stops being

positioned and having dimensions such that there is no

Sm of the mask and the

between the part

contact
incubation surface Si.

According to another advantageous embodiment of
the invention, the upper surface of the mask and its
lower surface are not parallel to each other, but form an
angle such that, when the upper surface of the mask is
positioned parallel to the surface of the gel;, the
minimum distance between the gel and the mask is greater
than or equal to approximately 0.1 mm and the value of
the maximum distance is approximately 0.5 mm to approxi-
mately 2 mm, in particular 1 mm.

The subject of the invention is also a mask
produced so that the orifice for deposition and spreading
of the liquid coincides with (is ldentical to) the slit
intended to permit withdrawal of the extra ligquid. This
embodiment makes it possible in particular to contemplate
easier automation of the device for deposition, spreading
and incubation of one or severxral reagents on & gel.

The deposition orifice (orifice (1)) coincides in
this embodiment with the slit for removing the reagents
and is connected, by means of pipes and a multi-channel
valva, to the various reagent solutions to be introduced

as well as to a "discharge".flask intended to gather the
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reagents removed. These solutions are couveycd in one

direction or the other by means of a pump.

Under these conditions the distinct slit of the
orifice (1), previously described and permitting, after
the incubation phase, removal of the reagent by pumping
by means of a filter paper introduced in this region, is
no longer necessary and is dispensed with.

Under these conditions the orifice (1) can have
various shapes, and can preferably have a circular shape
of small diameter advantageously 1less than 2 mm and

~ preferably less than 1 mm.

According to this embodiment in which the deposgi-
tion orifice is also used to remove the reagents after
incubation, it is advaniageous that:

1) the periphery of the orifice (1) is the part of the
surface Sm of the mask, capable of being in contact
with the various reagent solutions, which ig nearest
to the surface of the gel without however coming
into contact with it (minimum separation greater

g than or equal to 0.1 mm);

2) as the distance from this orifice on the surface 8n
becomes greater, that the gel/mask distance
increases where [sic] at the limit stays constant.

In the case where the reagent introduced has
cohesive forces similar to those of water the maximum
distance_between the surface of the gel and that of the
mask is not to exceed 2 mm (it being possible for this
maximum separation to be slightly increased or reduced if

the cohesive forces of -the liquid introduced are

THIS SHEET HAS REEN
REPLACLD

v 5 COMMUNICATICON N: 18 TAGT €

il
[}
U
MO
o

1

C

Ny

<o

¥

Y
N



STRELD Fan: 33-1-

GUTMENN-PLARSS

SEGGSEUN 22 FEY.SF 14:15% Ng.

I

This Sheet Has Been Rep

AW

respectively increased or reduced).

Given the flatness of the gel, the constraints of
minimum sepavration of 0.1 mm in the region of the orifice
(1) and on the other hand of maximum separation of
approximately 2 mm at the periphery of the incubation
zone Si define the shape of the surface Sm of the mask
which iz for example in a centered or off-centered
pyramidal shape with & rectangular or sguare base, or
alternatively in the shape of a centered or off-centered
conical surface of revolution with a circular or
elliptical base and whose apex corresponds to the orifice
(1).

The angles at the apex of this pyramid or of this
conical surface of revolution depend on the dimensions of
the surface Si of the gel to be incubated.

For example in the case of a circular incubation
surface of 90 mm diameter the angle at the apex of a mask
having a surface Sm of centered conical shape with a
circular base must be between 175 and 17%°.

Under these conditions, during the introduction
of a reagent brought to the orifice (l) by means of pipes
and & pump, the liquid will be distributed on the surface
cf the gel starting from the orifice (1}, the successive
outlines of the zones of the gel covered by the reagent
being contour lines of equal distance of the surface 8Sm
with respect to the surface of the gel which is kept in
a horizontal position. In the case where the surface of
the mask is a centered conical surface of revolution with

a circular base these will be concentric circles centered
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It is expedient te introduce the various reagents

on the orifice (1).

frec from air bubbles (because in the location of an air
bubble, the reagent not being in contact with the gel,
the incubation will not take place in that region) and at
sufficiently slow flow rates of the order of (50 to
1000 ul/s) in order to avoid damaging the gel facing the
orifice (1) inrn consequence of applying hydraulic
pressures incompatible with the mechanical strength of
the gel.

After the Iincubation phase the reagent is
recovered via the orvrifice (1) by means of the pump. The
orifice (1) being the surface on the zone nearest to the
gel, it is in this region that the capillary forces for
the liquid introduced betwecn the mask and the gel will
be the maximum, and as the liquid is drawn up the latter
will collect in this zone of minimum gel/mask spacing.
During this operation, the successive outlines of the
zones of the gel still covered with liquid will be in
inverse order the same as those obtained during
introduction, and correspond to the contour lines of
equal distance between the mask and the gel. Insofar as
the drawing up of the liquid is sufficiently slow (50 .l
tc 1000 pxl/s) in order not to break the cohesion of the
liquid (especially at the end of the drawing up) the
latter will be drawn up continuously and practically
completely.

In order that removal of the reagent previously

introduced should be as complete as possible it is
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1) that the diameter of the orifice (1) flush with the

important:

surface of the mask should be of small size
(diameter of the order of 1 millimeter);

2) that it should be at a small distance from the
surface of the gel, of 0.1 to 1 mm and preferably of
0.2 to 0.6 mm;

3) in the aim of maintaining cohesion of the last drop
which will be drawn up, and it is preferable, that
the surface of the mask which surrounds the
periphery o©f the orifice (1) should have a flat
surface parallel to the surface of the gel over a
zone of 10 to 200 mm®, preferably of 25 to 100 mm?,

In this embodiment placing of the mask below the
surface of the gel can be contemplated.

The gel being kept by an appropriate means (for
example by drawing up under vacuum by means of a porous
plate) in a horizontal position with the free face of the
gel directed towards the base of the mask, the gel is

L then underneath and the operation of the whole is similar
to that praviously described.

It nevertheless appears under these conditions
that the removal of the last drop of liquid previously
introduced is facilitated since it has in addition a
tendency by gravity to collect in the region of the
inteke orifice (1).

In the case where a single reagent is introduced
accbrding to this method on the same gel it is expedient
to calibrate the volume of reagent delivered by the pump
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in order to cover the zone Si of the gel which is to be
incubated.

if the area of the surface 81 is equal to the
area cf the surface of the gel beyond the volume con-
tained between the surface of the gel and the surface of
the mask opposite, an excess of reagent will still be
kept. Additional extra liquid can nevertheless escape the
capillary forces without however entraining the rest of
the solution contained between these two gel and mask
surfaces, It is sufficient under these conditions to have
a recovery system, for example a gutter, at the periphery
of the mask with a system for disposal of this extra
reagent, in order for it to have no detrimental effect on
the development process.

In the case where several different reagents are
introduced according to this method onto the same gel it
is imperative not to have any mixing of the reagents.

Each of the 2zones 8m,, 8Sm,..Sm, of the mask
corresponding to the various incubation zones 8i,,
Si,..81, of the gel is then in the shape of a pyramid with
a rectangular or square base or alternatively of a
centered or off-centered conical surface of revolution
with a c¢ircular, ellipsoidal or rectangular, etc., base
each having an orifice (1) at its apex and separated from
each other by furrows and all the orifices being situated
preferably at the same distance from the gel.

Independent pumps simultaneously (or succes-
sively) iniject calibrated volumes of the various reagents

vie each of the orifices so that the gel surfaces §i,,
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An excess of reagent can be tolerated insofar as

8i,..81, are covered.

the various surfaces Sm,, Sm,..Sm, are slightly larger
than the surfaces Si,, $i,..Si, to be incubated and as the
gel/mask spacings in the region of the periphery of the
zones Si,, Si, and Si; are less than 2 mm (in the case of
liquids introduced whose cohesive forces are similar to
those of water) in order to permit keeping by capillarity
a possible excess of reagent beyond this periphery.

Removal of the reagents after the incubation
phase is carried out in the same manner as previously
described.

The subject of the invention is also a set
comprising & mask and a gel, permitting implementation of
an incubation on a gel previously subjected to electro-
phoresis or permitting crossed (creoss-dot) reactions to
be carried out.

The subject of the invention is also a sat
comprising means permitting the parts Sm of the mask to
be sufficiently close to the gel for the liquid intended
to be spread on the incubation surfeces 5i to be kept by
capillarity on the incubation surfaces Si of the gel in
projection of the parts Sm of the mask and for the parts
Sm of the mask to be parallel to the gel or to be
inclined with respect to the gel, preferably according to
an angle of approximately 0.5 to approximately 3°,
advantageously of approximately 1.5°,
the minimum distance between the mask and the gel being

advantageously in the wvicinity of the s8lit and the
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maximum distance betwecn the mask and the gel being
advantageously in the vicinity of the deposition orifice.
The Jinvention also relates to a method of

deposition, spreading and incubation of one or several
liguids on a gel (of surface Sg) according to one or
several well-defined =zones of the gel, heveafter
designated by “incubation surface Si", characterized in
that

- a mask is positioned, according to the invention,
with respect to the gel, so that the part Sm of the mask
should be sufficiently close to the incubation surface
8% for the liquid intended to be spread on the surface
Si to be kept by capiltarity on the said surface §i,
and in that:

- the ligquid is introduced into the deposition
orifice defined hereinabove,

~ the mask is kept with respect to the gel in the
position as indicated hereinabove, or, if the mask and
the gel are parallel to each other, the mask is inclined
with respect to the gel in order that the liquid should
be distributed by capillarity on the surface 8i, or the
gel and mask set is inclined with respect to the hori-
zontal so that the liquid should be distributed on the
incubation surface Si by gravity, for a sufficient time
for the reaction between the liquid and the components,
in particular proteins, deposited on the gel, in
particular by electrophoresis, to take place,

- at the end of the incubation, the extra liquid

spread on the well-defined -incubation surface of the gel
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is withdrawn via means arranged through the previously
defined slit, in particular with the aid of filter paper,
- the mask is withdrawn from the gel.

The subject of the invention is also a method in
which the mask is kept parallel with respect to the gel,
and the set is inclined according to a sufficient angle
with respect to the horizuntal for the liqguid to spread
by gravity on the incubation surface 8i, and advan-
tageously according to an angle ranging from approxi-
mately 5° to approximately 90°, advantageously approxi-
mately 30°.

The invention also relates to & method in which
the mask is kept according to a sufficient angle with
respect to the gel for the liquid to spread by capil=-
larity on the incubation surface Si, and in particular
according to an angle of approximately 0.5 to
approximately 3°, advantageously approximately 1.5°.

A subject of the invention is an electrophoresis
apparatus characterized in that it comprises a mask as
previously described, intended for spreading and
incubation of one or several reagents.

The invention can be illustrated in the light of
the description which follows.

This new type of mask of the invention (floating
mask or suspended mask) can be constituted by a flat and
rigid piece of plastic which is preferably transparent
(for example Plexiglas), having for example a thickness
of approximately 2 to approximately 10 mm and in which

the lower surface ccomprises at least one part St whose
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area corresponds at least to that of the surface of the
gel to be covered by the reagent, also called "incubation
surface 8i". This piece of plastic is drilled right
through and perpendicularly to its surface with a
deposition orifice, preferably of elongated shape,
gituated inside or outside the incubatinn =zore. This
deposition orifice permits introduction of the reagents
by means of a pipette.

The part Sm of the lower surface of the piece of
plastic corresponding to the dincubation surface is
characterized by the fact that it has no surface irrequ-
larities (polishing). It is arranged by appropriate
support means in proximity to the surface of the gel,
either parallel thereto or slightly inclined, but without
there being any contact between the incubation surface Si
and the part Sm of the mask,

Given the small distance between the surface of
the gel and the surface of the plastic (0.1 toc 2 mm), the
liquid introduced by means of a pipette through the
deposition orifice is distributed by capillarity between
the two flat surfaces (part Sm and surface of the gel)
and covers the zone of the gel which is in projection
beneath the part Sm of the piece of plastic.

The volume introduced must be at least equal to
the volume Vo of the elear apace between the two surfaces
in order for the incubation surface Si to be covered.

Extra 1liquid (reagent) with respect to this
volﬁme Vo being able to be up to 1.2 or 1.3 times; the

volume Vo being preferred. In fact, it permits covering
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of the gel according to the incubation surface Si to be
assured even if a glight evaporation of the reagent takes
place during the incubation phase.

In fact, this excess of reagent will be mainly
kept by capillarity in the region of the deposition
orifice, insofar as the latter has an elongated shape of
small width (1 to 2 mm} (in order for capillary effects
to develop there) and of a length which is sufficient
(greater than or equal to ¢ mm) to assure a sufficient
volume of liguid kept by capillarity (see the examples
hereinbelow).

If a quantity of reagent slightly greater {x 1.1}
then the sum of the volume Vo and the volume of ligquid
capable of being kept by capillarity in the region of the
deposition orifice is added, through the deposition ori-
fice, this excess will be distributed homogeneously at
the periphery of the incubation surface of the piece of
plastic, leading to a slight increase in Lhe area of the
surface of the gel subjected to incubation, but this
occurs reqularly, this excess always being kept in the
region of the piece of plastic by capillarity.

In the case of using a single reagent, the only
drawback is an unnecegsary consumption of reagent.

In the case of incubation of adjacent zones with
different reagents, it is sufficient for the spacing
between the contiguous incubation surfaces to be
sufficient to tolerate this increase in area of treated
surface, without there being a risk of the surfaces

treated by two different reagents becoming joined.
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In any case, the separation between the =zones

must be greater than or equal to 2 or 3 mm, in order for
the phenomena of diffusion of the reagents in the gel

taking place during thg.dnoehatine ohé ~va¥ious réagents

smm e mer cun wwES Wi AUNYEL
incubation times, for example 1 h, a spacing greater than
or equal to 4 or 5 mm will be necessary, but this is
eqgually true in the case of the other types of method
previously used.

The elongated shape of the deposition orifice, in
addition to its role, mentioned hereinabove, as a reserve
of reagent, has the advantage of permitting easy intro-
duction of the reagent onto the gel, for example by
making the liquid flow on the vertical wall of the
orifice, at one end of the latter.

In the case of a circular orifice of the same
diameter as the width of the preceding orifice, it is
noocosary tw assure & seal by triction between the tip of
circular cross-section of the pipette and the orifice,
and to inject the reagent onto the surface of the gel
with a slight pressure, this pressure having a velue such
that it is equal to or greater than that necessary to
overcome the capillary forces which develop in the region
of the circular orifice of small cross-section. In this
case, lt is advantageous that the area of the surface Sm
should be dgreater than 8i and that the volume of the
guantity injected should be less than the volume

contained between the surfase Sm and the gel.

THIS SHET HAS BREEN
REPLACED

PR R T et ]



SUTMANN-PLASSERAUD FAX: 33-1-42660830 22 FEV.GE 14:23 No.014 F.OF

This Sheet Has Been Re epla

T

The width of the deposition orifice is such that

the end of the frustoconical tip of a pipette can pene-
trate therein, without however permitting it to descend
beyond the plane of the surface of the plastic situated
opposite the gel. The end of the pipette can therefore in
no case damage the surface of the gel during introduction
of the reagents.

Another advantage of the device of the suspended
mask is that the phenomena of evaporation which can take
place during the incubation are greatly reduced, since
they can only take place at the periphery of the incuba-
tion surface and in the region of the deposgition orifice.

After the incubation phase, it is expedient to
remove the excess of reagent.

In the case where several reagents are used on
contiguous zones, it is possible to proceed as follows.

The wvarious Jincubation 8urfaces are generally
rectangles whose long sides are parallel and whose short
sides are colinear.

By making along these short sides a slit going
from one side to the other of the piece of plastic, it is
possible to introduce through the latter a piece of
filter paper which is to be applied on to the gel and to
be flush with the liquid kept between the plastic mask
and the gel. By capillarity, the liquid rises into the
filter paper and is removed via the incubation surface
or surfaces.

However, in order to facilitate this removal of

the liquid by pumping by means of filter paper, it is
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important for the suspended mask not to be perfectly
parallel to the gel, but to make a dihedron with a very
small angle, of 1 to 2°, the vertex of which dihedron is
on the side where it is desired to pump the liquid
through the filter paper. 1In fact, wunder these
conditions, the capillary forces are gtronger on the side
where the gel/mask distance is smallest and the liquid
interposed betwecn these two surfaces has a tendency to
collect therein and therefore to facilitate its removal
through the filter paper, when the latter is introduced
into the slit intended for this purpose.

DESCRIPTION OF THE FIGURES

-~ Figure 1 represents a cutaway view and a plan
view of a mask of the invention intended for deposition,
spreading and incubation of a single 1liguid on an
incubation surface 5i.

(1) represents the deposition orifice and {2)
represents the slit intended for pumping the excess of
raagent.

Sm represents the useful surface of the mask,
delimited on one side by the slit (2} and on each of the
other three sides by a difference in height,

~ Figure 2 represents:

* a cutaway view C-~C according t¢ the direction
of a groove,

* a cutaway view D-D passing through a deposition
orifice, and

* a plan view

of a mask intended to receive several ligquids which are
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to cover various incubation suifaces, in this casa six.

(1) corxrespcends to the various recesses, (2)
corresponds to the slit and (3) corresponds to the
grooves intended +to delimit the wvarious incubation
surfaces 8i;, to Si;. The useful surfaces Sm, to Sm,
corresponding to the incubation surfaces Si; to Si, are
indicated,

- Figures 3a and 3b represent a gel/mask sct
intended for deposition of a single reagent on the whole
of the gel.

In these two figures, (1) represents the deposi-
tion orifice. The perimeter of the mask is dotted and the
perimeter of the gel is in solid lines.

The slit, not xepresented, intended for pumping
the liguid is eithexr adjacent to the edge of Si opposite
to the vicinity of the deposition orifice (in the case of
Figure 3a), or is situated inside Si (in the case of
Figure 3b).

The hatched part corresponds to the incubation
surface Si, which, in these two cases, is egual to the
surface Sg of the gel,.

« Figure Ja represents the case where the
useful surface of the mask 5m 1s greater than the surface
8g of the gel.

+ Figure 3b represents the case where the
useful surface Sm of the mask is equal to the surface Sg
of the gel,

-~ Figuves 4a, 4b and 4c represent a gel/mask set

for deposition of a single reagent on a part of the
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surface 5g of the gel. In these cases, the incubation

surface Si is smaller than the surface S8g of the gel.

The perimeter of the mask ia in dotted lines aud

the perimeter of the gel is in solid lines.

gurface 8i.

The hatched part coxresponds to the incubation

these three figures, (1) represents the

deposition orifice.

pumping the extre liquid is situated in the vicinity of

the case where the useful surface Sm of the mask is
greater than Si and the useful surface Sm of the mask is
greater than 8g, the deposition orifice (1) being inside

or outside Si.

surface S5i.

gel.

the axis xx'’.

%X’ corresponds to the lower limit of the

vy’ corresponds to the upper limit of Si, }

2z’ corresponds to the upper limit of the

In these thrxee figures, the slit intended for

+ More precisely, Figure 4a corresponds to

+» Figure 4b corresponds to the case where the

useful surface Sm of the mask is equal in area to the

incubation surface Si, and the useful surface Sm of the

mask is smaller in area than the surface of the gel Sg,

the deposition orifice (1) being inside Si.

Si.

Xx' corresponds to the lower limited [sic] of

+ Figure 4c corresponds to the case where the
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useful surface Sm of the mask is greater than the
incubation surface S5i, and the useful surface Sm of the
mask is smaller than the suriface 8Sg of the gel. The
deposition crifice is inside or outside the incubation
surface Si.

xx’ corresponds to the lower limit of 8i or

vy’ corresponds to the upper limit of Si.
zz’ corresponds to the upper limit of Sm.

- Figures %a and 5b represent the case of several
reagents or of a single reagent on several distinct
incubation surfaces $i. to 8i, of the same gel.

The deposition orifices are designated by (1),
The incubation surfaces §i;, to Si, are hatched. The
surface of the gel is delimited by the solid lines and
useful surfaces 8m;, to Sm, 0f the mask are delimited by
the dotted lines.

In Figure S5a,

xx’ represents the alignment of the lower
edges of the incubation surfaces Si; to Si,.

In Figure 5b,

2x’ represents the alignment of the lower
edges of the incubation surfaces Si; to Si,;

vy’ represents the alignment of the upper
edges of the incubation surfaces $i, to 5i,;

z2' represcnts the alignment of the upper
edges of the surfaces Sm, to Sm_.

In Figures 5a and 5b, the slit, not represented,

is in the vicinity of the axis xx’
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- Figqures ba, 6b, 6c, 6&d, 6e, 6f, 6g, 6h and 61
represent cutaway diagrams of various possiple confiqura-
tions or the masks of the invention.

Figure 6a corresponds to the case where the
surface Sm is flat and parallel to the gel, the gel and
the surface Sm being in & horizontal position.

The oxifice for introduction of the reagent has
been represented by (1), the distance separating the
surface Sm from the gel has been represented by (e) and
the gurface 51 which is to be subjected to incubation has

et been represented by hatching. In this case, the volume of
reagent to be incroduced must be greater than or equal to

Sm x €.

It is aoted that the surface Sm is limited, on
the one hand, by the slit (2) intended for pumping the
extra liguid, and, on the other hand, by a concave part
with a difference in height.

Figure 6b represents the case where the surface
sm is parallel to the gel, as indicated in Figure $6a,
with the sole difference that the gel and mask set is
inclined on the side of the slit (2) intended for pumping
the sxtra liquid, the angle formed between the mask and
gel set with respect to the horizontal being approxi-
mately 15°. In this case, the volume of the reagent
introduced must be greater than or equal to 8i x c.

Figure 6c represents the case where the surface
Sm makes'a small angle of approximately 1 to approxi-
mately 2° with the gel, which is itself in a horizontal

position. The minimum distance between Sm and the surface

Me.014 PL12

TS RERHR viOHAN
REFEACED




O
(e 9]
Yy
O
[ 28]
(24
e
m
L
Oy
3
>
I
9]
i
=
[}
[en]

G TMANN-PLASSERAUD FAX: 33-1-426€08 5

- 37 -

Si has been represented by (el), and the maximum distance
between Sm and Si has been represented by (e2). In this
case, the volume of the reagent introduced is greater
than or equal to Si x (el + e2),

— 2_.__

Figure 6d corresponds to the case where the mask
is constituted by & flat upper surface and a flat lower
surface, which form an angle between them (dihedral). The
minimum distance between Sm and Si has been represented
by (el) and the maximum distance between $m and $i has
been represented by (e2}.

In this case, the volume of the reagent intro-
duced 18 greater than or equal to §i x (el + e2).

__5 g

Figure 6e corresponds to the case where the mask
is constituted by two flat surfaces forming between them
an angle (dihedral). In this case, the surface $m of the
mask 18 equal to (5'm + S$"m). The surface S'm is the
surface which is parallel to the gel, which itself ig in
a horizontal position, and the surface S'm makes an angle
e with the surface S’m. The minimum distance between the
surface 5'm and the surface Si is el and the distance
between the surface S$‘m and the surface 8i is e2. In this
case, the volume of the reagent introduced is greater
than or equal to 8'm x 2 with in addition the condition
that:

Bim xUpd—x (S5i - S"mcosa)e? + S"mcosa(el + e2)

2

In Figure 6e, thé case where the incubation
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surface goes up to the slit (2) has been represented, but

it is equally possible to contemplate that the incubation
surface stops at the intersection (3) of the surfaces S'm
and 8"m. This configuration is represented in Figure 6f.

In fact, under these conditions, the quantity of
reagent per unit surface area spread on the incubation
zone is constant, which i8 not the case in Example &e.

Now, this constant value of the quantity of
reagent per unit surface area of the gel subjected to
incubation can be necessary mainly when the incubation is
prolonged (because the incubation reaction kinetics are
slow) and when the reagent is not in large excess with
respect to the requirements of the reaction.

Under these conditions, in order to obtain the
same result whatever the position of the incubation zone,
it is important to have in the region of the incubation
zone an equal distance between the gel and the mask. The
zone corresponding to the parrowing of the gel/mask space
is sgubjected to incubation, although this is not
necessary, since it is, in this case, outside the
incubation zone and leads to a slight over-consumption of
reagent.

Figure 6g corresponds to the case of a mask with
a flat surface S’m parallel to the gel in a horizontal
position extendcd by a cylindrical surface $'m of radius
R, which is tangent to the surface S'm. The radius R is
of the same order of magnitude or greater than the length
Li of 8i. (1) represents the deposition orifice and (2)

the slit.

- — e
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Figures 6h and 6i correspond to the case of a
mask in which the upper surface and the lower surface

both comprise a cylindrical surface.

When the upper surface is concave, Figure 6h is
referred to and when it is convex, Figure 6i is referred
to.

In both cases, the diameter of the lower cylin-
drical surfaces is greater than the square of the length
Li of Si.

- Fiqures 7a, 7b and 7¢ illustrate a gel/mask set
in which the mask is produced so that the deposition
orifice of the reagent or reagents also constitutes the
orifice (called slit when it {lacuna] of the reagents
after the incubation. The gel is poured onto a plastic
support.

In the case of Figures 7a, 7b and 7¢, the lower
face of the mask isg inclined with respect to the surface
of the gel, itself parallel to the upper surface of the
mask.

i In the case of Figures 7b and 7¢, the gel is
placed above the mask. In this case, the gel is kept in
proximity with the mask without being in contact with the
latter, for example by means of a device by [8ic}] vacuum
suction (5), for example a perforated plate connected to
a vacuum supply tap. The gel therefore has its face
downwards. It is to be noted that whatever the embodi-~
ment, when it is a questior of the relative position of
the mask with respect to the gel, the face of the gel
corresponds to the surface of this gel on which the
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incubation takes place and the so-called lower and upper

surfaces of the mask correspond in every case to the
surface nearest the gel (in the case of the lower surface
of the mask) and to the surface furthest from the gel (in
the case of the upper surface of the mask).

In this embodiment, the reagents are brought to
the surface of deposition and of incubation by means of
a pump supplied with reagents via channels or pipes (4)
{(multichannel in the case of various reagents}).

Figure 7c¢ illustrates a gel/mask device permitt~

¢ ing deposition, spreading and incubation of reagents in
the region of several separate surfaces of the gel.
EXAMPLES
Example I: Mask intended for deposition, spreading and
incubation of a2 single reagent on the whole of the

surface of the gel:

Under these conditions, the surface of the gel
can be either smaller than the surface Sm of the mask
(Figure 3a), or equal to the surface Sm of the mask
{Figure 3b).

When the gel is in & horizontal position and
parallel to the lower surface of the mask, the distance
between the gel and the mask is e. As a consequence the
volume of reagent to be introduced is at least equal to
Si x e = Sg x e.

In the case of an excess of reagent, which may be
necessary in order to compensate for the losses due to

evaporation during incubation, the latter is distributed

on the one hand in the region of the deposition orifice,
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insofar as the latter has dimensions such that capillary
forces can develop, and, on the other hand, reqularly at
the periphery of Si.

Example II: Mask for deposition, spreading and incuba-
tion of a single reagent on a part of the qgel:

It 1is possible to nvisage the following
configuration.

The surface Sm of the mask is greater than the
incubation surface $i and the surface of the mask Sm is
greater than or equal to the surface Sg of the gel, the
deposition orifice heing ingide or outeide the incubation
surface Si {Figure 4a).

If the gel and the mask are parallel to each
other and sgeparated by a distance e, the volume of
reagent introduced is Si x e.

In order to ensure the presence of the reagent on
the incubation zone Si, the gel and mask set can be
inclined by rotation around an axis parallel to xx‘, so
that the reagent descends under gravity on the side of
the zone of the gel to be covered, that is to say between
%X’ and yy’'.

In order to ensure covering of the incubation
surface Si by the reagent, another possibility is to keep
the gel in the horizontal position and slightly to
incline the mask by rotation around an axis parallel to
%xx’, so that the gecl/mask distance e; iun the region of
*X’ is less than the gel/mask distance e, in the reqgion
of yy’. The capillary forces being stronger in the

vicinity of xx’, the reagent 1g distributed by
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capillarity between xx’ and yy’.

In this case, the mask then makes an angle « with
the plane of the gel. If Li is the distance in mm between
xx’ and yy‘, tane is less than or equal to 2 .

Li

Under these conditions, the volume of reagent to
be introduced in order to cover S§i is:

Si(e, + &;)

u___;___ .
e, being greater than or equal to 0.1 mm because no
contact must be created between the gel and the mask,

e, being less than or equal to 2 mm in order for the
capillary forces to be sufficient.

An excess of reagent, permitting compensation for
the effects of evaporation which can be produced during
the incubation, isg distributed starting from yy’, between
vy’ and zz’.

Example TII: Mask for depogition, spreading and incuba-

tion of a single reagent on a part of the gel:

The surface Sm of the mask is equal to the
incubation surface Si, and the surface Sm of the mask is
smaller than the surface Sg of the gel, the deposition
orifice being inside the incubation surface (Figure 4b).

If the gel is in a horizontal position and is
parallel to the mask, at the distance e, the volume of
liquid to be introduced is Si x & = Sm x e.

A slight excess of reagent is distributed, on the
one.hand, in the region of the deposition orifice (if it

has dimensions appropriaté for capillary forces to

i
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develop therein) and, on the other hand, uniformly at the
periphery of 5i. In this case, it is necessary neither to
have to incline the gel and mask set nor t0 create an
angle between the plane of the gel and that of the mask.

Example IV: ¥ask for deposition, spreading and incuba-

tion of a sinqle reagent on a part of the gel:

The surface Sm of the mask is greater than the
incubation surface 8i, and the surface Sm of the mask is
smaller than the surface Sg of the gel, the deposition
orifice being inside or outside the incubation surface

LI {Figure 4c).

a) If the gel and the mask are parallel, separ-
ated by a distance e, thc volume of reagent introduced 1is
8i x e.

In order to assure the presence of the reagent
between xx’ and vy’, the gel and mask set is inclined by
rotation around an axis parallel to xx'; so that xx' is
in a lower position than yy’ and that the liquid descends
by gravity to xx' and collects bhetween xx’ and yy’.

.. The maximum angle allowable in order for the
liguid to stay kept by capillarity between xx' and yy’
increases as the distance e decreases. It can theoretic-
ally be 90°, for a distance s of 0.2 mm, in the case
where the distance Li between xx’ and yy’ does not exceed
7.5 cm and if the reagent is water (Jurin’s law).

by If the gel is in a horizontal position, in
order to assure the presence of the reagent between xx'’
and- yy’, the mask can be slightly inclined. This can be

done so that the gel/mask separation e; in the region of
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xx‘’ is less than the separation ¢, in the region of yy’

(cf. Example IX1). The volume of reagent is then:
Si({e; + &.)
____;___ -

Example V: Case of distributicn of several reagents, or
possibly of the same reaqent, but on several distinct
incubation surfaces of the same gel:

The latter case (same reagent on several distinct
surfaces) can be envisaged in order to limit consumption
of the reagent.

ﬁ_ If the gel and the mask are horizontel and
parallel to each other, separated by a distance e, the
volume of reagent to be introduced on to each incubation
surface (8i. to 8i ) is 8i, x e, 8i, x e, etc. (Figure 5a).

This example is similar to Example III.

Example VI: Case of distribution of several reaqents,
or possibly of the same reagent, but on several distinct

incubation surfaces of the same gel:

a) If the gel and the mask are parallel to each
other, separated by a distance 8, the conditions are
similar to those of Example IVa.

b) If the gel is in a horizontal position and the
mask is slightly inclined, the conditions are similar to

those of Example IVb.
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CLATMS
1. Rigid mask intended for deposition, spreading and

incubation of one or several liquids on a gel (of total

surface area Sg) according to one or several well-defined

zones of the gel, hereafter designated by "incubation
surface Si", this mask comprising:

- an upper surface and & lower surface, the distance
separating the lower surface and the upper surface
constituting the thickness of the mask,

~ at least one orifice intended to permit deposition
and spreading of the liquid on the incubation surface §i
of the gel, and constituted by a recess crossing the mask
over the whole of its thickness, and/or

- at least one glit crossing the mask over the whole
of its thickness and intended to permit withdrawal of the
extra liquid present on the incubation surface Si of the
gel, this slit being situated in the part of the mask
whose projection is either in the incubation surface Si,
or outside the incubation surface Si,

k' the lower surface of the mask being intended to be laid
down in proximity to the surface 85g of the gel, under
conditions such that the lower surface of the mask is not
in contact with the incubation surface 8i, this lower
surface being furthermore gsuch that it does not include,
over at least a part of itself designated by Sm, any
irregularity on its surface capable of being an obstacle
to spreading of the liquid on the incubation surface 5i,
the surface Sm being delimited with respect to the rest

of the lower surface, so0 that the liquid can only spread

-.‘..‘Ti-‘:";~l PEAS
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on the surface Si of the gel which is a projection of 8m,
this projecticn of S5m on the gel being greater than or

equal to the area ¢f the incubation surface Si of the

gel.
2. Mask according to Claim 1, in which the surface
sm is flat or curved, in particular cylindrical, of
diameter greater than or equal to the square of the
length of the incubation surface, or is composed of flat
or curved, in particular cylindrical, elementary facets

which are connected together, these various facets, as

[N

well as their connections, being such that there is na
obstacle to the spreading of the liquid on the incubation
surface Si.
3. ¥ask according to Claim 1, intended for the
deposition, spreading and incubation ¢f one or several
liquids, in which the lower surface of the mask comprises
at least two differences in height or two grooves, the
differences in height or grooves being spaced apart from
each other in order to delimit at least a part of the
t mask 5m, which part does not include any irregqularity on
its surface capable of being an obstacle to the spreading
of the liquid on the incubation surface Si, and whose
projection on a gel is equal to or greater than the area
of an incubation surface Si of the gel on which surface
thé ligquid can be gpread, the differences in height and
the grooves having a height sufficient for the liquid to
be able .to be kept by capillarity on the aforesaid
incubation surface Si of the gel.

4, Mask according to -Claim 1, 4intended for the
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deposition, spreading and incubation of a single liquid,
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comprising a single recess crossing the mask, intended to
permit the deposition, spreading and incubation of a
single liquid on a gel according to an incubation surface
Si of the gel.
5. ¥ask according to Claim 1, intended for the
deposition, spreading and incubation

~ of several liguids on a gel accoxrding to
respective incubatjion surfaces Si, to Si, or

- of one ligquid on a gel according to several
incubation surfaces 8i; to Si,, n ranging from 2 to 50,
thig mask being such that its lower surface comprises
differences in height or grooves, the differences in
height or grooves being spaced apart from each other in
order to delimit several parts of the mask Sm; to Sm, n
ranging from 1 to 50, including no irrxegularity on their
surface capable of being an obstacle to the spreading of
the liquid on the surfaces 8i;, to $Si,, and whose
projection on the gel is greater than or egual to the
areas of the incubation surfaces 8i, to 8i, of the gel, on
which surfaces <the 1liquid is to be spread, the
differences in height and the grooves having a height
sufficient for the ligquid to be able to be kept by
capillarity in the aforesaid incubation surfaces Si, to
Si, of the gel.
6. Mask according to any one of Claims 1 to 5, iIn
which thé deposition orifice has a volume such that it isg
capable of constituting a reservoir having a capacity for

retaining the extra liguid .in order to assure spreading
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of the liquid on the incubation surface S§i.
7. Mask according to any one of Claims 1 to 6, in
which the deposition orifice has an elongated shape or a
¢circular shape, which is preferably elongated and has
advantageously a width of approximately 1 mm to
approximately 2 mm, in particular 1.5 mm, and a length of
approximately 4 mm to approximately 80 mm, in particular
5 mm.
8. Mask according to any one of Claims 1 to 7, in
which the recess is capable of containing by capillarity
a volume of liquid at least equal to V/10, V being the
volume existing betwesn the distance from the incubation
surface Si and the mask, when the mask and the gel are
positioned respectively one in relation to the other
under conditions such that the liquid deposited in the
recess spreads over the gel.
9. Mask according o any one of Claims 1 to 8, in
which the deposition orifice is situated in the vicinity
of the middle of the part Sm of the mask and has the
t shape of an elongated slit, whose dimensions are such
that it cannot prevent the liquid fraw being deposited on the
incubation surface 8i, and whose length is advantageously
the length of the incubation surface Si, and whose width
is advantageously from approximately 1 mm to
approximately 2 mm, this deposition oxifice also being
capable of assuring the function of the slit intended to
permit withdrawal of the extra liquid which is spread on
the surface S§i.

10. Mask according to ény one of Claims 1 to 9, in
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which the slit intended to permit withdrawal of the extra
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liquid is substantially paralilel to the width of the
incubation surface and is pcsitioned adjacently to the
edge of the incubation surface which is opposite to the
vicinity of the deposition orifice, and has
advantageousgly a width of approximately 1 mm to
approximately 4 mm, in particular 2 mm, and a length
greater than or equal to the width of the surface Si, and
the internal peripheral surface of the slit is
perpendicular to the surface of the mask and preferably
t inclined with respect to the direction perpendicular to
the surface of the mask in order to permit the placing in
direct contact of means permitting withdrawal of extra
liquid with the said extra liquid.
i1. Mask according to any one of Claims 1 to 10, in
which the thickness of the mask ils approximately 1 mm to
approximately 20 mm, in particular approximately 2 mm to
approximately 10 mm, and the differences in height have
a height at least equal to 0.2 mm, advantagecusly approx-
i imately 0.5 mm to approximately 20 mm, or the grooves
have a width sufficient so that, during incubation, each
ligquid kept by capillarity between the mask and an
incubation surface $i does not mix with the liquids kept
in the incubation surfaces which are directly adjacent to
5i, the width of the grooves being approximately 1 mm to
approximately 10 mm.
12. Mask according to any one of Claims 1 to 11,
comprising several mask parts Sm, advantageously approxi-

mately & to approximately 50, each of the parts Sm
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comprising a deposition orifice, preferably situated in
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the part of Sm whose projection on the gel corresponds
to the anodic part of the qel,
this mask comprising a s=ingle slit intended to permit
withdrawal of the extra liquid which is spread on the
surfaces 5i of the gel, this slit extending preferably
perpendicularly with respect to the largest of the
dimengzions of the parts Sm of the mask and being prcfer-
ably situated in the mask at a position such that itos
projection is in the cathodic region of the gel.
13. Mask according to any one of Claims 1 to 11,
comprising a single part Sm, whose dimensions are greater
than or equal to those of 8i,
and comprising in the wvicinity of one of its ends =
recess having an elongated shape, whose length
corresponds preferably to the width of the incubation
surface Si, and also comprising in the vicinity of the
other end, a slit intended for withdrawing the extra
liquid, this slit being advantageously, in length, at
€ least the width of Si.
14. Mask according to any one of Cleims 1 to 13,
comprising means for positioning the mask with respect
to the gel such that the minimum distance between the gel
and the part Sm of the mask is greater than or equal to
0.1 mm, and the value of the maximum distance is approxi-
mately 0.5 mm to approximately 2 mm, in particular 1 wm.
15, Mask according to any one of Claims 1 to 8§, 11,
13 or 14, characterized in that the deposition orifice is

also interded to permit withdrawal of the extra liquid
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present on the incubetion surface Si of the gel.

16. Mask according to any one of Claims 1 to 15,
characterized in that it is placed either above the gel
or below the gel, the surface for deposition, sp}eading
and incubation of the gel being in each case in proximity
to the lower face of the mask,

17. Set comprising a mask according to any one of
Claims 1 to 16 and a gecl permitting implementation of an
incubation on a gel previously subjected to electro-
phoresis or permitting crossed (cross-dot) reactions to
be carried out.

18, get according to Claim 17, comprising means
permitting the parts Sm of the mask to be sufficiently
close to the gel for the liguid intended to bha spread on
the incubation surfaces Si to be kept by capillarity on
the incubations surfaces Si of the gel in projection of
the parts Sm of the mask and for the parts Sm of the mask
to be parallel to the gel or to be inclined with respect
to the gel, preferably according to an angle of
approximately 0.5 to approximately 3°, advantageously of
approximately 1.5°%,

the minimum distance between the mask and the gel being
advantagoously in the vwvicinity of the slit and the
maximum distance between the mask and the gel being
advantagcously in the vicinity of the deposition orifice.
19, A method of deposition, spreading or incubation
of one or sevcral liquids on a gel (of surface 8Sg)
according to one or several well-defined zones of the

gel, hercafter designated by "incubation surfaco Siv,
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characterized in that

- a mask is positioned, according to any one of
Claims 1 to 16, with respect to the gel, so that tpe part
Sm of the mask should be sufficiently close "to the
incubation surface Si for the liquid intended to be
spread on the surface Si to be kept by capillarity on the
said surface Si,
and in that:

~ the liquid is introduced into Lhe deposition
orifice defined hereinabove,

~ the mask is kept with respect to the gel in the
position as indicated hereinabove, or, if the mask and
the gel are parallel to each other, the mask is inclined
with respect to the gel in order that the liquid should
be disiributed by capillarity on the surface Si, or the
gel and mask set is inclined with respect to the hori-
zontal so that the liquid should be distributed on the
incubation surface 8i by gravity, for a sufficient time
for the reaction between the liguid and the components,
in particular proteins, deposited on the gel, in
particular by electrophoresis, to take place,

- at the end of the incubation, the extra liquid
spread on the well-defined incubation surface of the gel
is withdrawn via means arranged through the previously
defined slit, in particular with the aid of filter paper,

~ the mask ic withdrawn frowm the gel.
20. Method according to Claim 19, in which the mask
is kept parallel with respect to the gel, and the set is

inclined according to a sufficient angle with respect to
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the horizontal for the liquid té spread by nravity on the
incubation surface Si, and advantageously according to an
angle ranging from approximately 5° to approximately 90°,
advantageously approximately 30°.

21. Method according to Claim 19, in which the mask
is kept accerding to an angle sufficient with respect to
the gel in order for the liquid to spread by capillarity
on the incubation surface S8i, and in particular according
to an angle of approximately 0.5 to approximately 3°,
advantageously approximately 1.5°,

22. Electrophoresis apparatusg characterized in that
it comprises a mask according to any one of {laims 1 to
16, or a set according to one of Claims 17 or {sic] 18,
intended for the spreading and for the incubation of one

or several reagents.
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