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DEVICE PERXITTING THE SPREADING OF ONE OR SEVEHAL 

REAGENTS ON A GEL 

---------------------------------~--~------------------

The invention relates to a device permitting the 

spreading of one or several reagents on a gel, in pcrti­

cular an electrophoresis or immunofixation gel. 

The invention also relates to a rr.ethod making use 

of the aforementioned device. 

The techniques of electrophoresis or iminuno-

fixation are usually followed, after the migration, by a 

stage of incubating the gel with a reagent in order to 

detect and possibly to quantify the protein fractions 

separated during the electrophoresis. 

The most conventional case is the staining of the 

set of protein fractions separaled by electrophoresis by 

means of a dye which becomes bound specifically on to the 

latter. In this case, the reagent used (the dye) is a 

product which is generally cheap a.nd of which it is 

possible to prepare a solution in a sufficient quantity 

to inunerse the gel totally therein. 

However, this method cannot be envisaged in the 

case where it is necessary to use small quantities of 

reagentr when it is an expensive reagent, or when it is 

desired to produce on the same gel incubations on dis-

crete zones with different reagents. 

These possibilities relate for exa.~ple to assay-

ing isoenzym-25 contained in a serum ( isoLDH, isoCK, 

isophosphatase) where the gel is® incubated with a sub-

strate (expensive product) for these enzymes with the aim 
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of for:ning a colored or fluorescent product which permits 

quantification by densitometry. 

The case where it is necessary to carry out, on 

the srune gel, incubations with different reagonts is 

constituted for exam~le by i~unof ixation where various 

discrete zones of the gel roust be incubated with various 

antisera of different specificity (expensive reagent) and 

a protein fixative. 

In all these cases 1 use of a minimum quantity of 

reagent is sought. 

In iJnplementing the above111entio.oed 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 various reagents before being 

applied to the various zones where the incubation is to 

take place. 

This met.hod has a certain nurnber of drawbacks. 

It is in fact necessary to avoid trapping air bubbles 

between the gel and the sheet of filter pa.per impregnated 

with reagent, because, in the r~gion of the air bubbles 1 

the reaction would not take place for lack of r~agent on 

the gel. The paper being opaque, it is sc:netimcs di f-

ficul~ to detect the p~e8enc~ of these air bubbles. 

co~~"-::=': CA7: ex ~ = : 7 

!'lllS SHEET II.IS ,;:;;.:] 
l<El'l.ACl:D .._ _______ _ 



Gi,,.IT MA'< ~!-PLAS:SE R RUD FAX: 33-1-426608~8 22.FEJ.96 13:4t No.012 P.20 

........ 

- 3 -

Moreover, during the incubation reaction, a 

proportion of the proteins which it is desired to develop 

can be adsorbed onto the paper, or more sim~ly be 

absorbed by pumping onto the latter. 

If an extended incubation tiJne is neces~ary (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 

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, quanti-

f ication by densitometry of the developed fractions risks 

being subject to errors. 

Furthermore, and above all, this is a manual 

process which is very laborious and therefore difficult 

to implement in routine clinical 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-

independer.t openings of rectangular shape. This mask, 

once applied to the gel, delim \ts the zone or zones 

intend~d to receive the reactant or reactants. 

Use of s~ch a mask also has a certain number of 

dra· .. ;backs. 
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After electrophoretic migration, it frequently 

happens that a proportion of the liquid exudes from the 

surface of the gel. This exurlation is mrtinly created by 

electroendosmotic flow. 

Before applying the mask to the gel, it is 

necessary to remove this excess liquid by pumping by 

means of a thin filter paper, because, if liquid iR 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 a~sured. 

As well as the additional manual operation of 

pumping, the filter paper ri~ks entraining a portion of 

the proteins from the 9el and of distorting the result. 

Furthermore, the gel or the reagents used can, in 

cerLain 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 liquid 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 applied to 

the gel. It is necessa4y to avoid trapping air bubbles 

between the gel and the plastic mask during its position-

ing on t.he gel. Otherwise, there is a risk of having 

either a leak of reagent under the mask$ or a mixing of 

adjacent reagents. 

An object of the present invention is to propose 

a device which largely overcomes the preceding 

drawbacks. 
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The subject of the prese~t invention is a device 

perrnitting deposition, spreading and incubation of a 

reagent on a gel, in which quantities 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 Cl.nd 

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 ope rat ions are 

limited to the minimum. 

An object of the present invention is to propose 

a dP.vice for deposition, spreading and incubation of a 

reagent on a gel, permitting accurate results t:o be 

obtained as to quantificatinn 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 fo~ deposition, spreading and incubation of 

one or several liquids on a gel (of total surface area 

Sg) according to one or several we11-definerl zones of the 

gel, hereafter designated by "incubation surface Siff, 

this mask comp~ising: 
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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 cros~ing 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 pennit withdrawal of the 

extra liquid present on the incubation surfoce 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, 

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 Si, this lower 

surface being furthermore such that it does not include, 

over at least a part of itself designated by Sm, any 

irregularity on its surface capahle of being an obstacle 

to spreading of the liquid on the incubation surface Si, 

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 a projection of Sm, 

this projection of Sm on the gel being greater than or 

equal to the area of the incubation surface Si of the 

gel. 

The inve~tion advantageously permits placing of 

the mask above the gel corr.p~ising the incubation surface 
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or surfaces. It also makes it possible to place the mask 

below the incubation gel. In either case, the surface of 

deposition, sprea<ling and incubation of the reagents on 

the gel is situated in proximity to the lower surface of 

the mask, the l~tter 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 surf ace Si is the zone of the gel 

which it is essential to cover with the reagent (or 

reagents) in order that development of the proleins 

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 Sg or else Si can be a parL of Sg including 

nevertheless the sot of migration tracks, that is to say 

the zones of the gel where the electrophoretic 

separations have taken place. 

lt is necessary however to note that the zone 

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 wi t.h the same reagent but on 

dLstir.ct zon~s of the gel, ~ncluding for exnmple each of 
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the various migration tracks, the incuhation surface is 

defined by Si:, Si2 , Sin, 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 Si, 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 Si, this surface Sm being 

flat or curved or including flat or curved elements. 

The surface Sm can include the slit and depo-

sition orifice defined hereinabove. 

Advantageou~ly, the surface Sm is flat or curved, 

in particular cylindrical, with a 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 varlou~ facets, as well as 

their connections, being such that there is no obstacle 

to the spreading of the liquid on the incubation surfar.e 

Si. 

The length Lm is the dimension of the surface Sm 

pa=allel to the direction of electrophoretic migration. 

The wirith 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 re~gent 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-

tinulty, which can be either the edge of the gel, or the 

edge of the mask, or a groove, or a 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 maRk and the incubation surface Si) 

and possibly to gravity forces. 

In the case where several reagents must be 

spread, the mask surfaces are defined by Sm1 , Sm2 , Smc 1 n 

being an integer equal to or greater than 2. [sic] as as 

many surfaces which are flat, curved, in particulr!r 

cylindcical, coplanar, cocylindrical or composed of 

elementary facets which are fl~t or curved, in particular 

cylindrical, these various elementary facets being 

connected together. 

The surface (sic} Sm: to SIT\, are delimited by 

concave diffP.rences in height or grooves. 

As concerns the slit, this can be situated in the 

mask, so that its projection is in the incubation surface 

Si, one [sic] outside the incubation surface Si, but 

adjacent to one of the edges of the sa i.d incubation 

surface Si, or adjace- . t:o one of t..he edges of the 

. 96 

·1 :11s s111:1:T li.\S B!+N J 

RE\'l.:\C!.U .__ ____ _ 
?AC=:'. 2 6 



(.,,UT M~1NN-PLAS SE F' ,:.1_: :; FAX: 33-1-42660290 22.FEV.96 1~:~! No.012 P.27 

- 10 -

surf ace 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 

incubatton surface Si. In fact, if it is situated in the 

incubation surface Si, 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 

surf ace over a part of its length Lm and over the rest of 

its length Lrn, 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 spr~ading of 

the liquid on the incub~tion surface Si. 

Advantaqeously, in· the third case mentioned 
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hereinabove relating to the respective position of the 

lower surf ace with respect to t.he upper su:r face, the 

lower surface is advantageously substantially parallel to 

the upper surface over a part of its length Lm which 

corr~sponds to the length of the incubation surfar.e 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 surf ace and the gel is 

an acute angle of approximately 1° to approximately 90°, 

~hich will favor removal of the excess of reag&nt, when 

this angle is in the vicinity of the slit (cf. Figure 

6d) • 

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 cylindrtcal surface only relates to a 

fraction f 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 

each other in orde: to delimit at least a part of the 

mask Sm, which part does not include any irregularity on 

its surface capable of being an obstacle to the spreading 

·1·11:·· ··~11'1·"1" I!'' l'r.']'" , ·"' ~~r . . . . •·, ) 1. I••" 
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of the liquid on an incubation surface Si, and whose 

projection on a gel is equal to or greater than the area 

of the incubation surface Si of the gel on which surface 

the liquid can be spread, the differ8nces 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. 

In this embodiment of the invention 1 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 grooves1 which have a height 

sufficient, ana possibly a width sufficient, for the 

liquid to be able to be kept by capillarity on the 

aforesaid incubation surf ace Si of the gel and not to go 

beyond the limits of the incubation surface Si of the gel 

or the limits of the projection of the surface Sm on the 

gel. 

The grooves can cross the whole of the maRk, and 

they wil 1 be designated by "hollow grooves" . In order for 

the hollow grooves to keep the liquid by capillarity, it 

is necessary for their dim~nsions to be such that they 

cannot act as a reservoir with possible collection of the 

liquid 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 nun, 

advantageously 0.5 nun and preferahly 1 mrn. 

The differences in height or grooves surround a 

migration track and are advantageously rectilinear. 

In gene~al, the rnigratio~ tracks have the shape 

!
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of a rectangular strip, having for example the following 

dimensions: length of approximately 10 m.m to 

approximately 100 nun, width of approx i mr.ttely 2 mm to 

approximately 80 nun. 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 other grooves 

previously defined. 

When there are several migration tracks, the 

latter are advantageously such that their edges of 

smallest dimension are in the same a.li9runent. 

The subject of the invention is also a m~sk 

intended for deposition, spreaoing 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 a gel according to an 

incubation surface Si of the gel. 

This em:todiment relates to the case where it is 

desired to deposit, spread and incubate a single liquid . 

In this case, a single recess is contemplated in 

order to carry out the deposition of the liquid. 

This recess can have the shape of an elongated 

slit, having for exar.1ple the following dilnensions: length 

50 F...r:'. 1 width 1.5 mm. 

The invention also relates to a mask intended for 

deposition, spreading and incubation 

- of several liquid~ on a gel according to respec-

tive incubatio~ surfaces ~ii to Sin or 
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- of one liquid on ~4 gel according tlo ~j~f 2301 11 
incubation surfaces Si1 to Sin, n ranging from \2 to ~O / __ --·- _ _j 
this 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 Srn1 to Sffi::, 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 Si1 to Sin, and whose the 

projection on the gel is greater than or equal to the 

areas of the incubation surfaces Si1 to Sin 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 aforesaid incubation surf aces Si1 to 

Sin of the gel. 

This case corresponds to the deposition of 

several liguids on respective incubation surfaces or of 

one liquid on several incubation surfaces Si1 to Sin. 

To ensure the deposition, spreading and incuba-

tion of t~e liquid on the surface Si, it is possible to 

envisage the orifice which is us~d for deposition having 

a volume such that it is capable of constituting a 

reservoir having a capa'?ity for rt=taining the extra 

liquid in order to assure ·spreading of· the liquid on·t;_he 

incubation surface Si / even if a' ·.slight quantity of 

reagent has evaporated during incubation (cf. Figure 6a). 

It is possible to proceed otherwise in order to 

assure the deposition, spreading and incubation of the 

r.,-:::;;s s··r 1·:1·:·r 11 \S l":r:N t ~ I 1 I. • I J .I • • l / • } l ~ ~I 
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liquid on the incubation surface Si. In fact, if the gel 

and the mask are kept substantially parall~l to each 

other, it can be useful to incline the gel and mask 

together by rotation around an axis suhstantially 

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 is to be covered (cf. Figure 6b). 

It is also possible, in order to assure the 

deposition, spreading and incubation of the liquid 1 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 surf ace so that the distance between 

the gel and the mask in the region of this axifi is 

smaller than the disLance between the gel and the mask in 

the zone opposite this axi~ (cf. Figure 6c). 

Given that the capillary forces are greater in 

the vicinity of tJiis a.xis, the liquid is distributed by 

capillarity over the incubation surface Si. 

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 a capacity for retaining the extra 

liquid in order to assure spreading of the liquid on the 

incubation surface Si. 

According to an errl:>odiment of the mask of the 

invention, the deposition orifice has an elongated shape 

22 .. -- . 96 ~:-~·..:~ 20 
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or a circular shape, wI'.ich is preferably elongated and 

has advantageously a width of approximately 1 mm to 

approximately 2 m .. 111, in particular 1. 5 mm, and a length of 

approximately 4 rrm to approximately 80 mm, in particular 

5 mm. 

According to another embodiment, the recess of 

the mask is capable of containing by capill~rity a volume 

of liquid at least equal to VI 10 / V being the vol urne 

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 

middle of the part Sm of the mask and has the shape of an 

elongated slit, whose dimensions are such that it cannot 

prevent the liquid being deposited on the incuba. tion 

surface Si, and whose length is advantageously the length 

of the incubation surface Si and whose width is 

advantageously fron1 approximately l 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 inventton, 

the slit intended to permit withdrawal of the extra 

liquid is substantially parallel to the width of the 

incubation surf ace and is positioned adjacently to the 

edge of the incubation surface w~ich is opposite to the 

22 ;-:.~ '96 ~-:-~:.:: 20 :2 
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vicinity of the deposition or if ice, and has 

advantageously a width of approximately 1 mrn to 

approximately 4 :rnrn, in particular 2 mm, and a length 

greater than or equal to the width of the surface Si, and 

the internal peripheral surf ace 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 surf ace 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. 5 mm to approximately 20 mm, or the grooves 

have a width sufficient so that, during incubation, each 

liquid kept by capilla-rity between the mask and an 

incubation s~rface Si does ~ot mix with the liquids kept 

in the incubation surfaces which are directly adjacent to 

Si, the width of the grooves being approximately l r:un to 

approximately 10 mm. 

According to another embodiment of the invention, 

the mask com~rises several ~ask parts Sm, advantageously 

approximately 6 tc approximately 50, each of the parts Sm 

~1!'.TT 11.\S Ei.i·.'\ ------'.:] 
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comprising a deposition orifice, pr8ferably situated in 

the part of Sm whose projection on the gel corresponds 

to the anodic part of the gel, 

this mask comprising a. single slit intended to permit 

withdrawal of the exlra liquid which is spread on the 

surfaces Si of the gel, this slit extending preferably 

perpendicularly 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 approxim~tely 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 gr~ater than or equal to those of Si, 

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 

liquid, this slit being advantageously, in length, at 

least the width of Si. 

The invention also relates to a mask comprising 

means fer 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 valuP of the maxi mum distance is approxirr.ately 

22 . __ · 96 c:-~:.:~ :2~ : 2 
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0.5 mm to approximately 2 mm, in particular 1 rnm. 

These means can be constituted by any fastening 

means, for example screws etc. It is also possible to 

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 

contact between the part Sm of the mask and the 

incubation surface Si. 

According to another advantageous embodiment of 

the invent ion, the upper surf ace 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 1 the 

rninimwn distance between the gel and the mask is greater 

than or equal to approximately 0.1 mm and the value of 

the maximllm distance is approximately 0.5 mm to approxi-

mately 2 mm, in particular 1 mm. 

The subj.act of the invention is also a. mask 

produced so that the orifice for deposition and spreading 

of the liquid coincides with (is identical to) the slit 

intended to permit withdrawal of the extra liquid. This 

embodiment makes it possible in particular to contemplate 

easier automation of the device for deposition, spreading 

and incubation of one or several reagents on a 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 

valve, to the various reagent solutlons to be introduced 

as well as to a "discharge".flask intended to gather the 

:<2::.:::"96 2~.: :s 
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reagents removed. These solutions are co1.veycd in one 

direction or the other by means of a pt.:.m!!. 

Unde~ these conditions the distinct slit of the 

orifice (l), previously described and permitting, after 

the incubation phase, removal of t.he reagent by pW"nping 

by mear.s of a filter paper introduced in this region, is 

no longer necessary and is dispensed with. 

Under these conditions the orifice (l) can have 

various shapes, and can preferably have a circular shape 

of small diameter advantageously less than 2 mm and 

pref~rably less than 1 mm. 

According to this embodlment in which the deposi­

tion orifice is also used to remove the reagents after 

incubation, it is advanLageous that: 

1) the periphery of the orifir.e (1) is the part of the 

surface Sm of the mask, capable of being in contact 

with the various reagent solutions, which is nearest 

to the surf ace of the gel without however coining 

into contact with it (minimum separation greater 

than or equal to O.l nun); 

2) as the distance from this orifice on the surface Sm 

becomes greater, that the gel/mask distance 

increases where [sic] at the limit stays constant. 

In the case where the reagent introduced has 

cohesive fo~ces s.Lrnilar to those of water the maximum 

distance be~ween the surf ace of the gBl and that of the 

mask is not to exceed 2 ~~ (it being possible for this 

maxi~um separation to be slightly increased or reduced if 

tl":.e cohesive fo.::ces of ·t.he li<Juid introduced are 

TiLS ·;l!LET Ii,\:) t;!·:i·::\ 
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respectively increased or reduced). 

Given the flatness of the gel, the constraints of 

minimum separation 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 is for example in a centered or off-centered 

pyrai1iidal shape with a rectangular or squari::i 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 6Urface 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 dia.~eter the angle at the apex of a mask 

having a surface Sm of centered conical shape with a 

circulflr base must be between 175 and 179°. 

Under these conditions, during the introduction 

of a reagent brought to the orifice (1) by means of pipes 

and a pump, the liquid will be distrihuted on the surface 

of 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 surf ace Sm 

with respect to the surface of the g~l which is kept in 

a horizontal position. In the case where the surface of 

the mask is a cen~ered conical surface of revolution with 

a circular base these will b~ concentric circles centered 

TillS SllEFT l!:\S BEF.NJ 
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on the orifice (1). 

!t is expedient to introduce the various reagents 

t=ec from air bubbles (because in the location of an air 

bubble, the reagent not being in contact with the gel, 

the incuhation will not take place in that region) and at 

sufficiently slow flow rates of the order of (SO to 

1000 µl/s) in order to avoid damaging the gel facing the 

or if ice ( 1) in consequence of applying hydraulic 

pressures incompatihle with the mechanical strength of 

the gel. 

After the incubation phase the reagent is 

recovered via the orifice {l) by means of the pump. The 

orifice (1) being the surface on the ~one nearest to the 

gel, it is in this region that the capillary forces for 

the liquid introduced between the mask and the gel will 

be the maximum, and as the liquid is drawn up the latter 

will collect in thi~ 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 µl 

to 1000 µl/s) in order not to break the cohesion of the 

liquid (especially at the end of the drawing up) the 

l i'\t ter will be drawn up continuously and pr act i.cal ly 

completely. 

In order that removal of ~he reagent previously 

introduced should be as ~omplete as possible it i~ 

[---·-·-·-----···.,····] ' 1 ' .. I I •• " • '' I 1 ~ I ' 111.S .')rfi;t·i 1 • .-\., .,::i,N 
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important: 

1) that t.he diameter of the orifice (1) flush with the 

surface of the mask should be of small size 

(diameter of the order of l millimeter); 

2) that it should be at a small distance from the 

surface of the gel, of 0.1 to l mm and preferably of 

0 . 2 to 0 . 6 m..11\ i 

3) in the aim of maintaining cohesion of the last drop 

which will be drawn up, and it is preferable, that 

the surf ace of the mask which surrounds the 

periphery of the orifice (1) should have a flat 

surface parallel to the surface of the gel over a 

zone of 10 to 200 mm2
, preferably of 25 to 100 rnm2

, 

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 i.s 

then underneath and the operation of the whole is similar 

to that previously 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 

intake orifice (1). 

In the case where a single reagent is introduced 

according to this method on the same gel it is expedient 

to calibrate the volun~e of reagent delivered by the pump 

----~ TlllS Sl!!.1"1" 11:\ . .; l~iTN 
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in order to cove~ the zone Si of the gel which is to be 

incubated. 

If the a~ea of the surface Si is equal to the 

area of the surface of the gel beyond the vol-..me 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 sev~ral 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 zones Sm~, Sr.12 •• Sm,, of the mask 

corr~sponding to the various incubation zor.es Si 1 , 

Si~ •• sii 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 surf ace of revolution 

with a circular 1 ellipsoidal or rectangular, etc., base 

each having an orifice (1) at itB 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} inject calibrated volumes of the various reagents 

via each of the orifices ~o that the gel surfaces Si!, 

?ACE: : ~ 
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si •.. Si1 are covered. 

An excess of reagent ca~ be tolerated insofar as 

the various surfaces Smi, Sm; .. Sm,. are slightly larger 

than the surfaces Si1 , Si2 •• si. to be incubated and as the 

gel/mask spacings in the region of the periphery of the 

zones Si:, Si 2 and Sii. 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 a mask and a gel, permitting implementation of 

an incubation on a gel previously subjected to electro-

phoresis or permitting crossed (cross-dot) reactions to 

be carried out. 

The subject of the invention is also a set 

comprising rneans permitting the parts Sm of the mask to 

be sufficiently close to the gel for the liquid intended 

to be spr~ad on the incubation surfaces Si to be kept by 

capillarity on the incubation surf aces 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 vicinity of the slit and the 
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maximum distance betv;ecn the mask and t:-.e gel being 

advantageously in the vicinity of the deposition orifice. 

The invention also relates to a method of 

deposition, spreading and incubation of one or several 

liquids on a gel (of surface Sg) according to one or 

several well-defined zones of the gel, hereafter 

designated by "incubation surface Si", characterized in 

that 

- a mask is positloned, according to the invention, 

with respect to the gel, 60 that the 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 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 iR inclined 

with respect to the gel in order that the liquid should 

be distributed 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 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 

I 
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is withdrawn via means arranged thro~gh the p~eviously 

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 i~ kept parallel with respect to the gel, 

and the set is inclined according to a 5ufficient angle 

with re~pect to the hoxl~uuLc:il for the liguid to spread 

by gravity on the incubation surface Si, and advan­

tageously according to an angle ranging from approxi­

mately 5° to approximately 90°, advantageously approxi-

mately 30 °. 

The invention also relates to a method in which 

the mask is kept according to a suffi.cient 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 l.SQ. 

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 rnask 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 approximntely 2 to approxi~ately 10 mm and in which 

the lower surface comprises at least one part Srn whose 

r-------·------------
1 !"Ill:; .-lli!:i:r IL'.S H!.l.\' 
L l·:Iyl.:\CTI) ____ __. 

I 

l 

I 
I 

I 

I 



GUT~RNN-PLASSERPUD FAX: 33-1-42660890 22.FEV.9S 14:23 No.0:4 P.04 

~--

\ .,__,.. 

- 28 -

area corresponds at least to that of the surface of the 

gel to be covered by the reagent, also called "incubation 

surface Si". This piece of plastic is drilled right 

through and perpendicularly to its surface with a 

deposition orifice, preferably of elongated shape, 

situated inside or outside the incuba tinn zor.e. This 

deposition orifice permits introduction of the reagents 

by means of a pipette. 

The part Sm of the lower surf ace of the piece of 

plastic corresponding to the incubation surf ace is 

characterized by the fact that it has no surface irregu­

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 surf ace Si 

and the part Sm of the mask, 

Given the small distance between the surface of 

the gel and the s~rface of the plastic (0.1 to 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 c1P.ar space between the two 3urfaces 

in order for the incubation surface Si to be covered. 

Extra liquid (reagent) with respect to this 

volume Vo being able to be up to 1.2 or 1.3 times; the 

volume Vo being pYeferred. In fact, it permits covering 

I 
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of the gel according to the incubation surf ace Si to be 

assured even if a slight 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 4 nun) to assure a sufficient 

volume of liquid 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 liquid 

capable of being kept by capillarity in the region of the 

deposition orifice is added, through the deposition ori-

£ice, this excess will be distributed homogeneously at 

the periphery of the incubation surface of the piece of 

plastic, leading to a slight increa.:;e in Lhe area of the 

surface of the gel subjected to incubation, but this 

occurs regularly, 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 unnecessary consumption of reagent. 

In the case of incubation of adjacent 2ones 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 re~gents becoming joined. 
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In any case / the separation betweeu the zones 

must be greater than or equal to 2 or 3 rr~, in order for 

the phenomena of diffusion of the reagents in the gel 

taking plgge .fl.µ.rJJL~l .t-M,J n~~~t~'!'!'"' cfie- ~'fiar'ibu .. s- reagents 
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incubation times, for example 1 h, a spacing greater than 

or equal to 4 or 5 mm will be necessary / but this is 

equally 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 or if ice of the same 

diameter as the width of the preceding orifice, it is 

noocoo~ry tu Q~~uLe a 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 prPssure having A value 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 croes-secLion. In this 

case, it is advantageous t.hat thQ area of the 6urfd~~ Sm 

should be greater than Si and that the volume of the 

quantity injected should be less than the volume 

contai~ed between the surfa~e Sm and the gel. 

---···-·--··--··-·--···--1 r. lSS!fl:i'."il!.1\S l;i<J-J 
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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 damnge 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 ~hich 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 deposition 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 various incubation surfaces 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 1 i.quid 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 1 iquid by pumping by mea:-is of filter paper, it is 
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.important for the suspended masl< not to be perfectly 

parallel to the gel, but to mak~ 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 pwnJ:J the liquid 

through the filter paper. In fact, under these 

conditions, the capillary forces are stronger on the side 

where the gel/mask distance is smallest and the liquid 

interposed between 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 F!GUR.l!:S 

- Figure 1 represents a cutaway view and a plan 

view of a mask of the invention inLended for deposition, 

spreading and incubation of a single liquid on an 

incubation surface Si. 

(1) represents the deposition orifice and {2) 

represents the slit intended for pumping the excess of 

reagent. 

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 r&presents: 

* a cutaway view c-c according to 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 liquids which are 



GUTMANN-PL~SSERAUD FAX: 33-1-42660890 22.FE').~11:. 1.:'.1:23 t~o.014 P.09 

- .:SJ -

to cover various incubation surfaces, in this case six. 

( l) corresponds to the various recesses, { 2) 

corresponds to the slit and (3) corresponds to the 

grooves intended to delimit the various incubation 

surfaces Si• to SiG. The useful surfaces Sm 1 to Smi; 

corresponding to the incubation surfaces Si1 to Si6 are 

indicated. 

- Figuras 3a and 3b represent a gel/mask set 

intended for depoBition of a single reagent on the whole 

of the gel. 

In these two figures, (1) repcesents the deposi­

tion orifice. The perimeter of the mask is dotted and the 

perimeter of the gel is in solid lines. 

The slit, not represented, intended for pumping 

the liquid is either 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 equal to the 

surface Sg ot the gel. 

· Figure 3a represents the case where the 

useful surface of the mask Sm is greater than the surface 

Sg 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. 

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

for deposit ion of a s ingl_e reogent on a part of the 
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surface Sg of the gel. In these cases, the incubation 

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

The perimeter of the ma!=ik ; q in dotted line., orn..l 

the perimeter of the gel is in solid lines. 

The hatched part corresponds to the incubation 

surface Si. 

In these three figures, (l) represents the 

deposition orifice. 

In these three figures, t.he slit intended for 

pumping the extra liquid is situated in the vicinity of 

the axis xx' . 

• More precisely, Figure 4a corresponds to 

the case where t.he useful surface Sm of the mask is 

greater than Si and the useful surface Sm of the mask is 

greater than Sg, the deposition orifice (1) being inside 

or outside Si. 

surface Si. 

gel. 

xx' corresponds to the lower limit of the 

yy• corresponds to the upper limit of Si. 

zz' corresponds to the upper limit of the 

• 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. 

xx' corresponds to the lower limited [sic] of 

Si. 

• Figure 4c corresponds to the case where the 

I 
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useful surface Sm of the mask is greater than the 

incubation surface Si, and the useful surface Sm of the 

mask is smaller than the surface Sg of the gel. The 

deposition orifice is inside or outside the incubation 

surface Si. 

of S.m. 

xx' corresponds to the lower limit of Si or 

yy' corresponds to the upper limit of Si. 

zz' corresponds to the upper limit of Sm. 

- Figures 5a and Sb represent the case of several 

reagents or of a single reagent on several distinct 

incubation surfaces Sil to Sir. of the same gel. 

The deposition orifices are designated by ( l), 

The incubation surf aces Si1 to Si11 are hatched. 'l'he 

surface of the gel is delimited by the solid lines and 

useful surfaces Sm1 to Sm,, of the mask are delimited by 

the dotted lines. 

In Figure Sa, 

xx' represents the aligruncnt of the lower 

edges of the incubation surfaces Si1 to Sin. 

In Figure 5b 1 

xx' represents the al igrunent of the lower 

edges of the incubation surfaces Si 1 to Sin' 

yy' represents the alignment. of the upper 

edges of the incubation surfaces Sil to Sin: 

zz' represents the alignment of the upper 

edges of the surfaces Srni to S!J\, • 

In Figures Sa and Sb, the slit, not represented, 

is in the vicinity of the axis xx'. 

----------~ ~ • ' ' I • I ' r '\'" ··:· .:' 11·1: r I l:\~> u1·.d'1 l I l.' ~ 1 • • • 
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- Figures 6a, 6b, 6c, 6d, 6e, 6f, 6g, 6h and 6i 

represent cutaway diagrams of various possiple conf igura­

~~ons O! tne masks of the invention. 

Figure 6a corresponds to the case wher8 the 

surface Sm is flat and parallel to the gel, the gel and 

the surface Sm being in a horizontal position. 

The orifice for introduction of the reagent has 

been represented by ( 1), the distance separating the 

~urface Sm trom ~he gel has been represented by (e) and 

the surface Si which is to be subjected to incubation has 

been represented by hatching. In this case, the volume of 

reagent to be incroduced must be greater than or equal to 

Sm x e. 

rt is 1wted tha~ the surface Sm is limited, on 

the one hand, by the slit {2) intended for pumping the 

extra liquid, 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 pwnping 

the extra 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 Pgi1al to Si x c. 

Figure Ge 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 ~~nimum distance between Sm and the surface 

---------------- ·---, 
r
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Si has been represented by (el), and the maximum distance 

between Sm and Si has been repcesented by (e2). In this 

case, the volume of the reagent introduced is greater 

than or equal ~o Six (el+ e2). 

2 

Figure 6d corresponds to the case where the mask 

is constituted by a flat upper surface and a flat lowec 

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 Sm and Si has 

been represented by (e2}. 

In this case, the volume of the reagent intro-

duced is greater than or equal to Six {el+ e2). 

2 

Figure 6e corresponds to the case where the mask 

ia constituted by two flat surfaces forming between them 

an angle (dihedral). In this case, the surface Sm of the 

mask is equa 1 to { S •rn + S "m). The surface S •m is the 

surface which is parallel to the gel, which itself is in 

a horizontal position, and the surface S"m rndk~s an angle 

a with the surface S'rn. The minimum distance between the 

surface S"m and the surface Si is el and the distance 

between the surface S'm and the surface Si is e2. In this 

case, the volume of the reagent introduced is greater 

than or equal to S'rn x e2 with in addition the condition 

that: 

~nr..-~...::~]!_ (Si - S "mcosu) e2 + S "mcos~ {el + e2) 

2 

In Figure 6e 1 the case where the in~ubation 

1 
1 
:1 
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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 S"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 is not the case in Example 6e. 

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 i5 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 reglon of the incubation 

zone an equal distance between the gel and the mask. The 

zone corresponding to the narrowing of the gel/mask apace 

is subjected 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 correspond~ to the case of a mask with 

a flat surface S'm parallel to the gel in a horizontal 

position extended by a cylindrical surface S"m of radius 

R, which is tangent to the surf ace S 'rn. The radi11s R is 

of the same order of magnitude or greater than the length 

Li of Si. (l) represents the deposition orlfire and (2) 

the slit. 

L
.-'."l~;-11 _;-:-,~-I-;-~~~-;-----:--
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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 cor.cave, Figure 6h is 

referred to and when it is convex, Figure 6i is referred 

to. 

In both cases, the diam€ter of the lower cylin­

drical surfaces is greater than the square of the length 

Li of Si. 

- Flgures 7a, 7b and 7c illustrate a gel/ma~k 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 (lacunaj of the reagents 

after the incubation. The gel is poured onto a plastic 

support. 

In the case of Figures ?a, 7b and 7c, the lower 

face of the mask is inclined with respect to the surface 

of the gel, itself parallel to the upper surface of the 

mask. 

In the case of Figures 7b and 7c, 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 

latL~r, for example by means ot a device by (sic] vacuum 

suction (5), for exa~ple a perforated plate connected to 

a vacuum supply tap. The gel therefore has its face 

downwards. It is to be note<l that whatever the enbodi-

~ent, whe~ ;. is a questior. of the relative position of 

the mask with ~espect to the gel, the face of t~e gel 

correspo:-:ds to the surfac~ of this gel o:i 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 

s~rface 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 rr.ask). 

In this embodiment, the re~gents 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 a single reagent on the whole of the 

surf ace of the qgl: 

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 a hor i z.ontal position and 

parallel to the lower surface of the mask, the distance 

between the gel 1.:1.11cl the mask :!..s 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 rea9ent, which may be 

necessary in order to compe~sate for the losses due to 

evaporation during incubation, the latter is distributed 

on the one ha~d in :he regiqn of the deposition orifice, 

Ti!IS ,..;HJ'.EI H.,\S nu:N 
REI'LACED 
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insofar as the latter has dimensions such that capillary 

forces can develop, and, on the other ha~d, regularly at 

the periphery of Si. 

Example ~I: Mask for deposition, spreading and incuba~ 

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

It is possible to e~visage the following 

configuration. 

The surf ace Sm of the mask is greater than the 

incubation surface Si and the surf ar.e of the mask Sm is 

greater than or equal to the surface Sg of the gel, the 

deposition orifice hP.ing inside or outgide the incuhation 

surface Si (Figure 4a). 

If the gel and the mask are parallel to each 

other and separated 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 descend~ under gravity on the side of 

the zone of the gel to be covered, that is to say between 

xx' 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 

:l{l( If 60 that the <JC l /mu6X di~t~nCO:: e; ll\ \:.he region or 

~x' is less than the gel/mask distance e 2 in the reqion 

of yy'. The capillary forces being stronger in the 

vicinity of xx', the reagP.:it is distributed by 

rm;s- SHi'i'T ""-C"''·~J L_ RFi'l.ACLD -----
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capillnrity 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 rrm between 

xx' and yy', tana is less than or aqual to 2 . 

Li 

Under these conditions, the volume of reagent to 

be introduced in order to cover Si is: 

Si(e; + e 2 ) 

2 

e 1 being greater than or equal to 0.1 mm becau~e no 

contact must be created between the gel and the mask, 

e 2 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, is distributeG starting from yy', between 

yy' and zz'. 

Example III: Mask for deposition, spreading_and incuba-

tion of a sing]&_reagent on a part of the gel: 

The surface Sm of the mask is equal to the 

incubation surf ace Si, and the surf ace Sm of the mask is 

smaller than the surface Sg of the gel, the deposition 

or if ice 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 e = 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 appropriate for capillary forces to 

r-------:-::-.-, --.-~~~-\ 
I "\ ••• ,. ;_;;'1'·•· l I 1.\~ ,,, I.\ I 
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develop therein) and, on the other hand, uniformly at the 

periphery of Si. In this case, it is necessary neither to 

have to incline the gel and mask set nor to create an 

angle between the plane of the gel and that of the mask. 

Ex~~ple IV: Y.ask for depositinn, spreading and incuba-

tion of ~ngle r€agent on a part of the ~1.: 

The surface Sm of the mask is greater than the 

incuhation surface Si, and the surface Sm of the mdsk is 

smaller than the surface Sg of the gel, the deposition 

orifice being inside or outside the incubation surface 

(Figure 4c). 

a) If the gel and the mask are parallel, separ-

ated by a distance e, the volume of reagent inLL'Ot.l.u~ed 1s 

Si x e. 

In order to assure the presence of the reagent 

between xx' and yy', 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 between xx' and yy•. 

The maximllm angle allowable in order for the 

liquid to stay kept by capillarity between xx' and yy' 

increases as the distance e decreases. It can theoretic-

ally be 90 °, for a distance e of 0. 2 mm, in t:he case 

where the distance Li between xx' and yy' does not exceed 

7.5 cm and if the reagent is water (Jurin's law). 

b) If the gel is in a horizontal posit ion, in 

order to assure the presence of the reagent bet~een xx' 

and· yy', the mask. can be slightly inclined. This can be 

done so that the gel/mask ~eparation e, in the region of 

--·--- .. ------- -····.---.~0-; .~:;~::· 1 
,--- ' ''.,,II\ .... 1'' '"'' 

I . ··•IC' -.;\ \··•·I • ' 
\ j\j,-, • lol •I 

L 
KlTLf\CiJ) ----



GUTMANN-PL~SSERAUD F~Y: 33-1-42660838 22.FEV.9~ 14:23 No.014 P.20 

This Sheet Has Been Replaced 

- 44 - 1111111111111111111111111 

xx' is les~ thAn the separation c 2 in the regi0n o! yy' 

(cf. Example II). The vol11me of re~gent is then: 

Si(el + e;:) 

2 

Examele V: Case of distribution of several rearyenls~ or 
poss i.bly of the same reagent, but on several distinc L 

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. 

If the gel and the mask are hori2ontal and 

parallel to each other, separated by a distance e, the 

volume of reagent to be introduced on to each incubation 

surface (Si: to Sir.l is Sil x e, Si:i. x e, etc. (Figure Sa) . 

This example is similar to Example III. 

Example VI: Case of distribution of several rea~nts, 

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, sepa!"ated by a distan<.:e e, the conditions al'."e 

simllar 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. 

I 
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1. Rigid ma~k intended for deposition 1 spreadlng 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 a lower surface, the distance 

separating the lower surf ace and the upper surf ace 

constituting the thickness of the mask, 

- at least one orifice intended to pecmit 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 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, 

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 incubatiou surface Si, this lower 

surface being furthermore such that it does not include, 

over at least a pa.r:t of itself designated by Sm, any 

irregularity on its surface capable of being an obstacle 

to spreading of the liquid on the incubation surface Si, 

the surface Sm being delimited with respect to the rest 

of the lower surface, so th.at the liquid can only sp?:"ead 

ll1llii1Ui1iifHf 
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on the surface Si of the gel which is a projection of Sm, 

this projection of Sm on the gel being greater than or 

equal to the area cf the incubation surface Si of the 

gei. 

2. Mask according to Claim 1, in which the surface 

Sm is flat or curved, in particular cylindricdl, 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 

well as their connections, being such that there is no 

obstacle to the spreading of the liquid on the incubation 

surface Si. 

3. Mask according to Cla lm 1, intended for the 

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 

each other in order to delimit at least a part of the 

mask Sm, which part does not include any irregularity on 

its surface capable of being an obstor.le 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 

the liquirl can be spread, the differa1l~e~ 1n height and 

the grooves having a height sufficient for the liqutd to 

be able to be kept by capillarity on the afo!'esaid 

incubation su~face Si of the gel. 

4. Mask according to ·Claim 1, intended for the 

1 

1 
I 
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deposition, spreading and incubation of a single liquid, 

comprising a single recess crossing the mcisk, inte~dPd to 

permit the deposition, spreading and incubdtion of a 

single liquid on a gel according to an incubation surf ace 

Si of the gel. 

5. ¥.ask acco.cding to Claim 1, intended for the 

deposition, spreading and incubation 

of several liquids on a gel according to 

respective incubation surfaces Si 1 to Sin or 

- of one liquid on a gel according to several 

incubation surfaces Si 1 to Si~, n renging 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 apart from each other in 

order to delimit several parts of the mask Sm, to Sl1\,, n 

ranging from l to 50, including no irregularity on their 

surface capable of being an obstacle to the spreading of 

the liquid on the surfaces Si 1 to Sin, and whose 

projection on the gel is greater than or equal to the 

areas of the incubation su.rfaces Si1 to Si 11 of the gel, on 

which surfaces the liquid is to be spread, the 

differences in height and the grooves having a height 

sufficienL for the liquid to be able to be kept by 

capillarity in the aforesaid incubation surfaces Si1 to 

Sic of the gel. 

6. Musk according to any one of Claims l to 5, in 

which the deposition orifice has a volum8 such that it is 

capable of constituting a reservoir having a capacity for 

retaining the extra liquid .in ordHr to assurQ spreading 

-----------1 
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of the liquid on the incubation surface Si. 

7. :!>!ask 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 apµrox.i.Ifldtely 1 mm to 

approximately 2 mm, in particular 1.5 mm, and a length of 

approximately 4 mm to approximately SO nun, in particular 

5 mm. 

B. Mask according to any one of Claims 1 to 7, in 

~hich the recess is capable of containing by capillarity 

a volume of liquid at least equal to V/10, v being the 

volume existing between the distance froiu 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 to 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 

shape of an elongated slit, whose dimensions are such 

that it cannot prevent the liquid frrn• be.ir.g 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 rnm, this deposition orifice also being 

capable of assuring the function of the slit intended to 

permit withdra~al of the extra liquid which is spread on 

the surface Si. 

10. Mask according to any one of Claims 1 to 9, in 

This Sheet Has Been Replaced 
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which the slit intended to pe:::-r.iit wi.t.hdrawal of the extra 

liquid is substantially parallel to the \-.-idth of the 

incubation surface and is pcsitioned adjacently to the 

edge of the incubation surface which is opposite to the 

vicinity of the deposition or if ice, and has 

advantageously a width of approximately 1 mm to 

approximately 4 nun, 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 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 satd extra liquid. 

11. Mask according to any one of Claims 1 to 10, in 

which the thickness of the mask is approximately 1 mm to 

approximntely 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. 5 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. 

12. Xask according to any one of Claims l to 11, 

comprising several mask parts Sm, advantageously approxi-

mately 6 to app.coximately 50, each of the parts Sm 

.....------:-..--
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comprising a deposition orifice, pre:Arably situated in 

the part of Sm whose projection on the gel corresponds 

to the anodic part of the gel, 

this mask comprising a single slit intended to permit 

withdrawal of the extra liquid which is spread on the 

surfaces Si of the gel, this slit extending preferably 

perpendicularly with respect to the largest of the 

dimensions of thA p~r~~ Sm of the mask and being prefer-

ably situated in thA ma~k at a position such that it~ 

projection is in the cathodic region of the gel. 

13. Mask according to any one of Claims 1 to ll, 

comprising a single part Sm, whose dimensions are greater 

than or equal to those of Si, 

and comprising in the vicinity of one of its ends a 

recess having an elongated shape, whose length 

corresponds preferably to tt:e 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 Claims 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. l mm, and the value of the maxi mum distance is approxi-

xr.ately 0. 5 rr .. m to approximately 2 mm, in particular" 1 mm. 

15. Mask according to any oue of Claims 1 to 9, 11, 

13 or 14, cha~acterized in that the deposition orifice is 

also intecded to pe:mit withdrawal of the extrd liq~id 
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J;JLl;;!:;;eut. on the incubation eurface Si of the gel. 

16. Mf\sk accordin.g to any one of Claims l to 15, 

characterized in that it is placed either above the gel 
y ., 

or belo~ the gel, the surface for deposition, spreading 

and incubation of the gel being in each case in proximity 

to the lower face of the mask. 

17. Set comp:ri sing a mask according to any one of 

clainis 1 to 16 and a gel permitting implementation of an 

incupation on a gel previously subjected to electro­

phoresis or permitting crossed (cross-dot) reactions to 

be carried out. 

18. Set according to Claim 17, comprising means 

permitting the parts Sm of the wask to be sufficiently 

close to thP. gel for the liqui..d intended to hA i:.pread on 

the incuhation surfaces Si to be kepL 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 respoct 

to the gel, preferably according to an angle of 

appcoxJmately 0.5 to approximately 3°, advantageously of 

approximately 1.S
0

, 

the minimum distance between the mask and the gel being 

advantageously in the vicinity of the slit and the 

maxi m~1ro distance between the mask and the gel being 

advantageously in the vicinity of the deposition orifice. 

19. A 11.1ethod of deposition, spreading or incuhation 

of one or sevcra 1 1 iquids on a gel (of surf ace Sg) 

accordi:.g to o;-.e or sGveral well-defined zor.es of the 

gel, her(~ilfLer designat.ed by ".i.ncubntion surfar.o Si", 

I 
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characterized in that 

- a mask is positioned, according to any one of 

Claims l to 16, with respect to the gel, so that the part ., 
.. 

Sm of the mask should be sufficiently close to the 

incubation surf ace 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 ia introduced into Llit:: 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 dialributcd 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 Si by gravity, for a sufficiPnt 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 e:id of the incubation, the extra liquid 

spread on the well-defined incub~tion su~face of the gel 

is withdrawn via means arranged through the previously 

defined slit, in particular with the aid of filter paper, 

- the maak ic withdrawn fz.:out tl1e gel. 

20. Method according to Claim 19, in which the mask 

is kept parallel with respect to the gel, and the set is 

inclined ac~ording to a sufficient angle with respect to 
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the horizontal for the liquid to spread by ~ravity on the 

incubation surface Sl, 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 according to an angle sufficient with respect to 

the gel in order for the liquid to spread by capillarity 

on the incubation surface Si, and in particular according 

to an angle of approx'i mately 0. 5 to approximately 3 °, 
advantageously approximately 1.s•. 
22. Electrophoresis apparatus characterized in that 

it comprises a mask according to any one of Claims l 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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