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1 LASER RADIATION DESORPTION DEVICE FOR MANIPULATING A
LIQUID SAMPLE IN THE FORM OF INBIVIDUAL DROPS, THEREBY
MAKING IT POSSIBLE TO CARRY OUT THE CHEMICAL AND
BIOLOGICAL TREATMENT THEREOF 5 This present invention
concerns an integrated system for the microfluidic analysis of a liquid

sample, wiich, ip; particulardhoughy ngtunigeelyJindgisiapplicalign s, 1rouzp
analysis by laser radiation desorption, which includes 10 handling the
licAdI BRI irTEhe fEARMWT tHdividbalMdrepsio ROWShelf EhBRRdalM&EING 1T

biglogical ireaimenis Pesgrationy Bserirdiationalonsheqaporisatian ruenT

of a substance present on a surface. This effect combines with ionisation

molecules present at the surface. TRBEHeABmenon 15 has been used in

mass spectrometry under the name of MALDI (matrix assisted laser

desorption ionisation) in which the energy of the laser beam is stored and

then Téstdraef 5y Rat mairBe Which is StoamiE T mdst cHsbRBiA Wfchs et em  for
£ FSO neoPtRjR Nangparticlesayhesesabsarptian is in e waveleRghe 20 which in

range of the laser beam. In order to achieve satisfactory results in MALDI ,
PIh5<S Spettromety I the SathplemtStEditain & v smalt uafiy of c2tion 21
arlROrganic salls, typicallya consentratiomof thie: erdesof dass thahonra in @ncludes

thousand. T%/IB‘AC Illy the sampler%s therefg{ﬁ 25_demineralised before i
L a

hafidiydid oy Hass SEFrofety, @hd tis T folowad By adtifonar ToPs  °

a Stages; imntiredueesi thel sensitivityatiheaadthad <Ehentéechniques most

usedéégggyxion by laser radiation allows the vaporisation of
a substance present on a surface. This effect combines with
lonisation molecules present at the surface. This phenomenon
has been used in Hhss spectrometry under the name of MALDI
(matrix assisted laser desorption ionisation) in which the
énergy of the laser beam is stored and then restored by the
matrix, which 1s organic in most cases but which can zalso
contain nanoparticles whose absorption is In the wavelength
range'of the laser beam.

In order to achieve satisfactory results in MALDI mass
spectrometry, the sample must contain a very small quantity of
inorganic salts, typically a concentration of the order of
less that one in a thousand. Typically the sample is therefore
demineralised before 1ts analysis by MALDI mass spectrometry,
and this 1s followed by additional stages, and reduces the
sensitivity of the method. The techniques most used currently
are demineralisation in hydrophobic c¢olumns of the grafted
alkyl chain type. Special demineralisations using cationic or
anionic resins can also be used.

More generally, either wetting or hydrophylic additives

can then be used in order to create wettability in relation to



10

15

20

25

30

are demineralisation in hydrophobic columns of the grafted alkyl chain
type. Special demineralisations using cationic or 30 anionic resins can
also be used. More generally, either wetting or hydrophylic additives can
then be used in order to create wettability in relation to 2 any liquid, and
non-wetting or hydrophobic additives to create non-wettability in relation

to any liquid. In addition, most higlogical samples are complex, and
S RARareRh or S e oo RSBt et etypiesiy o] oreate
ntnypsictdigestate:gf the pretbirisicontamesiiy tis¢suricahtains ten thousand
to 0”?§“%ng9%E%%%a’_‘%g'éf@e%&f@ des; Thig iswhy the ‘%éar%%'x%ﬁlex, and
are subjected to a preliminary fractionation, using affinity columns as i
inld UGAT hashmboioty (isetopeveated affliity tatys) whichdinf £@ aelditionplecules.

T%-IEOfQQH ity ;copsiderably rgdyces the. sensitiyify.of the,mefhad. IQS%%ined in

logical'samples are moreoveér available in very small quantities, and

LisHiie Aecdsshiy t0-BE intHessRa8Idn T LOBlEpsYGrantRr e uweedtich- fferent

pobanigieomiganalysis, whieh renders these, dpanalysesdmpossgibleeRg to  a
human samples. The MALDI technique is most frequently used on'a metal
P 5fffaBe NAGFdet 16 FHAMRAE HR draPabRs nidritibhel Ypréfsusys as in the

1¥arous anangenepts of thesemetal sytages have beep desggbed. The cn, in
first solutions had as their objective tg 20 improve sensitivity. To begin

agditht S6Raced Or only-Small 28RS E MetaliC IR iR fobal Teduces  the
sEareentiation ofdlie 2 samplee tmetder toremeve thessallg;: sufacessafgles are

created o ) )
morecver available in very small gquantities, and it is thus
necessary to be in possession of a biopsy gram for the
execution of a proteomic analysis, which renders these
analyses impossible on human samples.

The MALDI technigue is most frequently used on a metal
surface. In order to minimise the drawbacks menticned
previously, various arrangements of these metal surfaces have
been described. The first solutions had as their objective to
improve sensitivity. To begin with, surfaces or only small
zones are metallic, leading to a local concentration cof the
sample. In order to remove the salts, surfaces are created
from a polymer of the brush typé, which allows a
demineralisation of the sample in situ. In order to perform
the fractionating, surfaces o¢f the cationié or anionic resin
type allow the immobilisation of a single family of compound
of opposite polarity. And finally, surfaces are grafted by
biological compounds (biotine, avidine, antibodies) to allow
purification by affinity of complex mixtures.

All of these surfaces are static and include no fluidic
system allowing the movement and the treatment of the sample

on the plate. Deposition is effected either manually or by an
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from a polymer of the brush type, which allows a demineralisation of the
sample in situ. In order to perform 25 thé fractionating, surfaces of the
cationic or anionic resin type allow the immobilisation of a single family of
compound of opposite polarity. And finally, surfaces are grafted by
biological compounds (biotine, avidine, antibodies) to allow purification by

a @!5“%(&0;{ Eomcpé%ﬁ[ﬂé’ﬁ‘ﬂreéﬁi‘%éﬂ of these surfaces gre.staic apd ineludg,
no fluidic system allowing the movement and the treatment of the sample
agnihe plate-Deposilica iefidcted eftheeraalalyiarby@an 3 automatic

contrah gystempatincludes a bead fardhe aspiration-depesition 9Lapn: ng  very

external liquid. The microfluidic technique is currently becoming very .
PRBPUIRE, anthid aitemphigRPintdEude inhbaR@ SBiutions o GaRiY aewo L ut Lons,

winethods,of analysis for gxampleindhe aregs ofhialagyanalytical he  areas of
chemistry and chemical engineering. The reduction in the size of the

bigdiefiais engerntierimanySPdsitive aspiets shiGTasaredticigRftring. The
r¥alimes;shorter gactionitiraes 9r shorer exchangeatimes, abddbgdering many
integration 10 of several modules with different functions, such as

PRanSPditatiGTRRGIMent BAf arffysi§ mEATESoA Asingle wHtérges, shorter

rsiieen for example.ciwastypes of flydicnaavementare possibler Ramelyregrat ion
the pumping, of a continuous flow %nd tgeeaﬁrpvement of calibrated 15
iy

hicréVolahas of R e pulipify of talibREER MicrovBiimes Péquire§Uc™ &S
t senadepvalsmesgf liquie thareeantinious dow i pwhpingsandlallowsn a single

wSaer gl af ihe flaw; By, conupLof

Two types of fluidic movement are possible, namely the
punping of a continuous flcw and the movement of calibrated
microvolumes of ligquid. The pumping of calibrated microvolunes
requires smaller wvolumes of liquid than continuocus flow
pumping, and allows easier control of the flow. By controil of
the time constants, the mixing of liguids for example, are
thus easier to perform. Several pumping methods of this type
are described in the literature, employing pumping by
pneumatic action or by acoustic surface waves, pumping by
dielectropheretic effect, and pumping by electrowetting and
electrowetting on dielectric. This last pumping method makes
use of a simple technological process, and allows control over
the flow and the circulation of the liquid in a network of
microchannels.

Currently, the movement devices using the electrowetting
principle require two substrates opposite to each other, or
one single substrate (Creating, Transporting, Cutting, and
Merging Liguid Droplets by Electrowetting—-Based Actuation for
Digital Microfluidic Circuits"™ Sung Kwon Cho, Hyejin Moon, and
Chang—Jin Kim, Journal of Microelectromechanical Systems, VOL.

12, No. 1, Feb. 2003, pp. 70-80).
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the time constants, the mixing of liquids for example, are thus easier to

perform. Several pumping methods of thfs type 20 are described in the

literature, employing pumping by pneumatic action or by acoustic surface

waves, pumping by dielectrophoretic effect, and pumping by

electrowetting and electrowetting on dielectric. This last pumping method

makes, use of a simple,technplogical process, and allows contro| over 25

the 10 K SHCUHo of 18 I o £ RSror P TG thar g 22h  othes
rEguently, the movEmentdevceslusing thiselectrowstting geinciptee of the two

require_two subsggtespé) osite to each other,.ar. one single substrate
g T ansporting Tting, Sne 30 e e Cadia DropRts by posed  of
i Bfeciowetting-Based Attaeatiornrfer Digital Midrofluidic Cirenits!'Sunyg metals, of

pgmeggo’cﬂyecj}ig l\go%r%lgng@?gg"]&m%e]ggrr@%@%erent substances on
Microelectromechanical Systems, VOL. 12, No. 1, Feb. 2003, pp. 70-80).

- oBeTHelsystem Witl? Wi e iistratesoppesite 6 edotiiotrrbqdresayer on each

s{perdigiialed elgglrodes on.af legstonpe ofthe two, sybstraigs,atleast  roquires
_one insulating layer composed of inorganic oxides of non-metal metals, of
I fraRSHeA MetaRS of BE6ITHRFEEr of & tombisaticH-éfheseddiférentomposed  of

i Subsfances on ieneobnewe-skbsategeand 8 hydrophabiclayebanmetals, of
each substrate. The system with one single substrate requires

PitefifdgititetreléttroesCaf st AdtifgRayer compeSedof fmBrgdiic substances,

a@¥des of norometal metals,eftrangition metals; afdOpolypers 9eeha 1ine. The
combination of these different substances, and a hydrophobic layer, with

hﬁﬁﬁﬂﬁ&&ﬁ%?e&ﬂyﬁﬂi%ﬁethe key ©f the movement, "without which

the movement is impossible as it is described in the article
mentioned (Electrowetting—-based microfluidic devices: design
issues, C.Y¥. Chen, E.F. Fabrizio, A. Nadim and J.D. Sterling,
Summer Bicengineering Conference 2003, pp. 1241-1242).

The hydrophobic layer is a material with a low surface
energy and an excellent chemical resistance. As a consequence,
it is wery difficult to perform local chemical surface
treatment, depositions or grafts on a hydrophobic layer
without changing and/or damaging the whole o©f the surface of
this hydrophobic layer, and this reduces or cancels out the
effectiveness of the electrowetting regarding the movement of
liguid. Thus, the use of this system covered by a hydrophobic
layer is mainly limited to ligquid movement only.

Thus 1in order to achieve a system that allows the
treatment of biclogical samples for example, it is necessary
to have functionalised =zones that interact with the liguid.
Now the hydrophobic layer forbids any prior functionalisation
of zones with which the liquid may be in contact. In order to
remedy this, the proposed solution consists of creating
hydrophilic openings in the  Thydrophobic material. These

hydrophilic openings, which are alsc known &as open zones or



hydrophobic layer is the key of the movement, without which the
movement is impossible as it is described in the article mentioned
(Electrowetting-based microfluidic devices: design 15 issues, C.Y. Chen,
E.F. Fabrizio, A. Nadim and J.D. Sterling, Summer Bioengineering

opengz?ﬁfsgrengaenzoggégp'blez4%_rl‘azggédTh?:}'@/xg%gocgahloPé/C l%%?:{ Iﬁ:%éna);qga&id can
with & low surface energy and an excellent chémical resistance. AS
intecensequencehitis venyr ddficult to perform local chemical surface 20

treatment, . itians ar grafts o hahic layer witho |
A A e R e
lasethigretivcesor cahedls but thileffeetivenass offiise éledtrowettigele in the

fo rmre%@diqg;l&e\rmgwe@fgp@qu iE' DTh}s"E 1 the u%ﬁm@_?n@&ssiys@ﬂhco}ﬁ%@gog ical
by a hydrophobic 25 layer is mainly limited to liquid movement only. Thus
treafgigrder to achieve a system that allows the treatment of biological

sampleg for-example, it s necessarysto-have fupgtionalised zonegthak resent
. interact with the liquid. Now the hydrophobic layer forbids any prior o
invepintidnalisatioh™30 of zones WittFihich Ui may be ihtontact” fif +2t o0

desootser to, remedy:tbiss the proposed:salution eongists of erealingsing drops,
4 Ahyd,rophili%\%ﬁenings in the hydrophobic material. These hydrophilic -
inclySadiAgd Sihich arealSs knBwn adopeh 7on8s or'5 Spenifigs, San theif o=
and @;treﬁgdwhem&aﬂymd tHe iquid can rintetact withcthis susfase. Thisst one
in d@%resent invention concerns devices, for. de%%rpgon by laser radiation that

clude handiing thé ﬁauidpsaadrﬁple“i?f e Form of individual drops to alisw said
movichemieakand biotdgicals at least one conducting pad, covered by
a partially wetting laver that includes at least one wetting
zone opposite to the sald conducting pad.

The device for desorption by laser radiation may include
at least one pad for loading the ligquid sample, at least one
transportation track composed cof interdigitated electrodes, at
least one chemical or bilochemical treatment zone, and a system
for routing toc at least one conducting pad where a process of
desorption by laser radiation can ke effected.

Embodiments of the inventicon may take the form of an
insulating substrate onto which interdigitated electrodes are
placed, isolated from the samples moved via an insulating and
functionalisable upper layer, of 1norganic oxides of non-
metals, metals, transition metals or polymers, or of a
combination of these different substances. A non-wetting
layer, allowing the appearance of wetting zones, may then be
deposited. This layer, said to be partially wetting, may allow
the functionalisable insulation layer to  appear. After
treatment, these openings in the non-wetting layer may
constitute the functionalised zones cof the tTreatment module.

The system can come 1n  the crm of two substrates

F

opposite to each other. On one of the substrates, there rests



treatment. In accordance with a first aspect of the present invention, there
is provided a device for laser radiation desorption analysis of a liquid
sample comprising drops, includingsﬁmeans for moving the said drops of
the said sample, and at least one means for routing the drops to at least
., .one indg;ger%dent aqalb/siipag, charggterized in Ehat the said_moving
# U higas) inciuded at 1638 6he conducting pad: cbvéred by a partaiy -
funcwettmgllayerithatinekides at least oneavettingozonesoppasitecto.th&ksaidwhole
onducting pad. The device for desorption by laser radiation may include .
O G east e o AG PG 0] AR SEadt bné. tahealg 18
intetrdekicomposed of ihterdigitatet elestrotlesat lezst bne themicatong fluid
wh i cpiochemical treatment zone, and,a system forrouting;to atleastone ;414
conducting pad where a process of desorption by laser radiation can be
trangfedte@ Embodiments of the invention may take the form of an insulating
substratesontowhich interdigitated electrodes.are, plaged, isolated fromy,  a1s0
‘ the samples moved via an insulating and functionalisable upper layer, of
mCliti*féﬁ?ganic oxides of non- metals, metals, transition metals or polymers, or
of a combination of these different substances. A non-wetting layer,
allowing the appearance of wetting zones, may then be deposited. This
layer, said to be partially wetting, may allow the functionalisable insulation
layer to appear. After treatment, these openings in the non-wetting layer
may constitute the functionalised zones of the treatment module. The
system can core in the form of two substrates

The



opposite to each other. On one of the substrates, there rests 5a a
transportation track for the samples or reagents. The functionalised zones
rest on the second substrate. The whole of the two substrates may be
separated by a space that is intended to be filled with an electrically

msulatln J % ).may,hot be nglgmble inr %’[Ig@ t%Ithe “guédsmologlcal
transpor eoiJ tion to a treatment moaule e system can also

samp Ircludes 6wead ?mo@mIewﬁhut&nalldwsgmedmtr@dim@ﬁama bislogichksaniple,ysis

Vmgsn elé%squctﬁg Ilqueljd%necessary for the analysis (rinsing solution, etc.),
ule use for the thefractionation of liquids into several drops, -

one@rrﬁ@@réltﬁocmﬁllcélqﬁté?é@tld?hmoﬁﬁl%@tl'-_’féélr%]él]é)%rqﬁe Bhasisofinto

seve PrAteiRsaffinity, digestion, demineralisation module, - a transition
module between the treatment zone and the analgsus zone, - an analysis
mod@Rawhich, f8P exanie ChRReS te S&ThBIERE6 HeranR/ekd Hh- |oaa§a’“ﬂpie

for Where a matrx ¢anbe added, yancken which an analysis byymass digestion,
spectrometry of the MALDI type is possible, or indeed by optical detection
deml%?lﬁ‘ﬁlb%é?ééh% fHPaccttdance with a second aspect of the present

inventian; ihereds providerhan inlegrated system farcthenent zone and the
analyslis zone,

- an analysis module which, for example, places the
samples to be analysed on pads where a matrix can be added,
and on which an analysis by mass spectrometry of the MALDI
type is poessible, or indeed by optical detection or
flucrescence.

In accordance with a second aspect of the present
invention, there 1is provided an integrated system for the
microfluidic analysis of a ligquid sample that Inciudes at
least one means (100) for preparing the liguid sample, where
the said preparation means (100} includes a moving means (101}
for the introduction of the sald sample and of reagents, and
rhen their migration tc at least one means {200) for the
chemical or biochemical treatment of drops of the said liguid
sample, with the sald treatment means (200) including means
(201) for moving the saild drops of the sald sample, and then
their migration to at least one means (300) for the analysis
of the said drops of the sald liguid sample, with the said
analysis means being an analysis means by laser radiation
desorption and including firstly means for moving the said

drops of the said sample,



microfluidic analysis of a liquid sample that includes at least one means

(100) for preparing the liquid sample, where the said preparation means

(100) includes a moving means (101) for the introduction of the said

sample and of reagents, and then their migration to at least one means

(200) for-the chemical or biochemj reat tof dr ft aid iqui
and ssaerﬁélréfg\]/\‘/}iht teg%%a?rsegtmge%% rg}é%aéé ZOg)lgiFrllclu%?r}ngp ﬁ%é%ngﬁz%o%i %&5 $ o
indepsoving theaseaid viecps ofabe saidhsarples and tifent thelrmigrationtatt one
of +IRASLONG Means (300).farthe analysis. of the said drops,of the saidiquid, paq

sample, with the said analysis means being an analysis means by laser
covergdiation desbrgtiohcanklinel@ding Tstiyai&ans ToEmoviR§ thé'8aid Sdropsast
one ®Ethespid sample,Ha and-secondheatlgeast one.means for rosting the

drops to independent analysis pads, characterized in that at least one_ of

tHe'aidiRBving mMeanss iﬁ%ﬂfde?éﬂ%ﬁgﬁ&% cofGuctingpad* covdféd By ©a"
inc1adartally wettingJayerdhatinclugesat lerst xane wetting zone opposite to

the said conducting pad. The means (100) for preparing the liquid sample

can include at least a liquid loading dock. 7 The preparation means (100)

can include at least one zone (102) for the deposition of liquid. At least

one of the moving meanss (101, 201, 301) can include at least one

conducting pad, covered by a partially wetting layer that includes at least

one wetting zone facing the said conducting pad.



The system can also include an insulating layer inserted between the
conducting pad and the partially wetting layer. The wetting zones may be
functionalised, chemically or biochemically. The means (201) for moving,
in the chemical or biochemical treatment means (200), can include two

suhstratesy Oppesite taeachs othenandfaratieast.one meansfordhens zone
fractionating of one drop from several, and/or at least one means for the

(102} emdbal-SrextREs B exARusted tedderts. At least one of the moving

meanss £:Q1, 20%, 301) may bewof they mavemest bylglectronettingoint )  can
, dielectric tﬁpe. The chemicallé orpiochemicglly functionalised zones may.
+neLigds Blophifie 26ned for inférattion with the thoved liguid. The analysis ~o Y
wett Means{3ee) mayincludeImeans for analysis obthe MALDItype byrdasefacing

radigtion Wciith dCesog)tion- ionisation, and/or of the optical detection type.

wed. . .
the Embodiments of the invention may also relate to a device (300) for the

afalysisof acliquithsample by laserradiation desolptior; ehadragteriséd frpr ted
betwig%%% itincludes means (301) for,moving.the.drops of the sample, ajng% :

east one means for routing the drops to independent analysis pads.

MoWngwRE&AS (B0 BEErposaibly cluble st Tedst dhesgenduetiig padl Ly ©r
biocﬁ%}{ﬁrSQ}WyQ partially wetting layer that includes at least one wetting zone

opposite to the said conducting pad. 8 Preferably, the device includes an

inSufating fyef insdriéd betwegh thé'€dhdikting pad and'the saicBartiaty ©F

hiochemical treatment means (200), can include two substrates,
opposite to each other, and/or at least one means for the

ractionating of one drop from several, and/or at least one
means for the removal of excess or exhausted reagents.

At least one of the moving meanss (101, 201, 301) may be
of the movement by electrowetting on dielectric type.

The chemically or biochemically functionailised zones may
be hydrophilic zones for interaction with the moved liguid.

The analysis means {300) may include means for analysis
of the MALDI type by laser radiation with descrption-
ionisation, and/or of the optical detection type.

Embodiments of the invention may also relate to a device
(300} for the analysis of a ligquid sample by laser radiation
desorption, characterised in that it includes means (301) for
moving the drops of the sample, and at least one means for
routing the drops to independent analysis pads.

The moving means (301) can possibly include at least one
conducting pad, covered by a partially wettling layer that
includes at least one wetting zone opposite to the said

conducting pad.
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wetting layer. Possibly, the wetting zones are functionalised chemically 5
or biologically. These zones can be hydf@philic zones for interaction with
the moved liquid. Again preferably, the moving means (301) is of the
movement by electrowetting on dielectric type. The device can possibly
finally include an analysis means of the MALDI type 10 by laser radiation

desorption-ionisation, and/or of the optical detection type. Other ‘

char et Rt Al ach BN Eag Rt 1RE InveRfari il aphbar hBAMdRkIpS  laver
iand merd fullyorermading¢hecdestriptionghap fallows: df théprefesriedl partially
wirg@llemerhf%tion 15 variants for execution of the method and for creation of

e d%%lce, Which are given by way of non-limiting examples and with
referéheestolihe following apperndedzdrasdngst figdresda tofmlised chemically

o§°h8'i‘§£‘§%lyc8&ef nt adevice fof, the.analygis gfbiojogical samples, With . s ¢or
integrated MALDI "20 target; figure 2 schematically presents a device for
1 piovieg El groprictivebh 2 racked - ligareis schematically presents a

device dar moving, parop Aptween  Uaee: wih fypdlipnalisebagnes an ¢ cae
the 257upper track; figure 4 schematically presents a device for moving a_
TG B tRACk SAGUE Bosiehidtitaly: presenR G devicd itthe Aralydgvice can

pethiological samplas by MALRL mass speatiometry; 30 figyte 6he MALDI type
schematically presents a device for the

by laser ~ radiation desorption—ionisation, and/or of the

optical detection type.

Other characteristics and advantages of the invention
will appear more clearly and more fully on reading the
description that follows of the preferred implementation
variants for executicn of the method and for creation of the
device, which are given by way of non-limiting examples and
with reference to the following appended drawings:

- figures la to 1lc schematically present a device for
the analysis of bilological samples, with integrated MALDI
target;

- figure 2 schematically presents a device for moving
a drop between 2 tracks;

- figure 3 schematically presents a device for moving
a drop between 2 tracks, with functionalised zones on the
upper track;

- figure 4 schematically presents a device for moving
a drop on a track;

- figure 5 schematically presents a device for the
analysis of biological samples by MALDI mass spectrometry;

- figure 6 schematically presents a device for the
analysis of proteins from Dbiolegical samples, with MALDI
target integrated with 3 Dbiochemical treatments Dbefore

analysis (concentration, digestion and demineralisation).
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analysis of proteins from biological samples, with MALDI target integrated
with 3 biochemical treatments before aralysis (concentration, digestion
and demineralisation). 9 Figures la to Ic schematically show a device for
the analysis of biological samples, with MALDI target, seen in perspective
in la and Ib, and seen in section perpendicular to the direction for moving
the drop in Ic. 5 In these figtures la to Ic, the device includes a track with a

substrafeiF Sfhe ifterbiyitatéd eTERFRRES S arel YocaBB abdve B Ice  for the

astbstate 1o Onthesegleectiades 2Z-dperssis aringulating. dieleetieqtayer een in
composed, for example, of oxides or polymers. On this 10 electric

PEISRAG &Yl 3 théred8 A nbnewéiiing Tyt 4* BefedT Y ePs HiitNdystar to
t He adtonsitieting line S acts fsA woantersgiectrodec Opposite to the first

track js placed a second track, formed from a partially wetting layer
itself lé%ve?ggswelth%l 95155 Ig/%r 78n \gv%lcha%%lloechaglr%Vc%\? ungcL é}fsu Tand track

wbergrafiedsTthe tayers/ islon asubstratet:that gan bearsededseatcourdtes- 2 are
1 glceac%rgéje The use of spac rsclo gllovxs a movement space 11 to be

=

malntalnécfcfﬁrteen ed To be tilled with an electrically insulating fluid which
is nodmisdibledn edleticrrtodhe diop2Gtransperted Omthis silistratelielectric

110 pads 12 arg conducters and, are pised dg-immopilise e dionsre 5. on this
tr%nsportlngt e materiel to be ana%sed be(f%re matrix deposition for the

e MALLDI gnalysist TRfel iguidsaitecdrépstofesamples of reageniefokt ing layer 4.
BS&‘%‘@}P) gg%ggp%sn%qlgn Er?y%ald 143,' Tge @dﬂ%m%@e@ine 5 acts as a
counter-electrode.

Opposite to the first track is pliaced a second track
formed from a partially wetting laver 6, itself covered with a
top layer 7 on which biochemical functions 8 can be grafted.
The layer 7 1s on a substrate 9 that can be used as a counter-
electrode. The use cf spacers 10 allows a movement space 11 to
be maintained, intended to be filled with an electrically
insulating fluid which is non-miscible in relation to the drop
transported. On this substrate, the pads 12 are conductors and
are used to immobilise the drops transporting the materiel to
be analysed before matrix deposition for the MALDI analysis.

The liguids (the drops of samples or reagents for
example) are depcsited on the pad 13. The liquid then enters
into the chemical or biochemical treatment zone between the
substrates 1 and 9, and interacts with the functionalised
zones 8. The movement pads 2 then allow the conveyance of each
individual drop (14) up to one of the pads 12. Then follows a
stage o¢of matrix depesition, crystallisation and MALDI
analysis.

Figure 2 schematically shows the movement of a drop
petween two tracks, seen in section in the direction of the

movement. The device includes a first track composed of layers
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25 into the chemical or biochemical treatment zone between the

substrates 1 and 9, and interacts with theXfunctionalised zones 8. The

movement pads 2 then allow the conveyance of each individual drop (14)

up to one of the pads 12. Then follows a stage of matrix deposition,

crystallisation and MALDI 30 analysis. Figure 2 schematically shows the

movement of a drop between two tracks, seen in section in the direction
L of the moveifht. The WeicE inEBBBE S fifst #akk EOMBES&Fof tyele¥§r 7+ @
sdb2r3aard 49and arsecond trask ceaposad of layee £, a 1qubstrate putting a

and a non-wetting layer 15, By putting otential difference between
o RedhiotR L And BB e 2 THE o5 IS EIriAEd Banidkn GIRET6d6 55 ° che
dand sulstrate: 8aand § the:tesudns & novemsint ofdbe drop from etectode 9, and

2a to_electrode 2b. Figure 3 schematjcally presents a device for moving.a
EE i btrod b ARV e refan B TR, SEHs Crr e 2a to
e been iwdectidn. in the direction of the movement. 10 The device includes a

first track compgsed qf | rs 1 g gé nd 4, and a secaond track ,
compoea o logers SR, & Soblr § S2H Knahonaloeq TorsgBalivine 2
dBdpByL putting sepoteritiet differarice betvwéen Blectiode2ld asgdubstrate on  the

u;té’ﬁg? QE%%ié,Cos%%iHe%?eE’é%efeh‘ék‘?C%d%ﬂQ and substrate 9 and 15 oyement |

e result is a movement from electrode 2a to electrode 2b. The drop then
Theerde®lwih iHechindtenaliséd zofie BEamd S@rFigeeds séhehaativatly 1, 2, 3,

aQE?S%r}tS%HSVi%f%re‘EgWQg%rack composed of layers 6 and 7, a

substrate 9 and functiocnalised zones 8a to 8d. By putting a
potential difference between electrode Zb and substrate 9, the
drop is centained between electrode 2b and substrate 9, and
the result is a movement from electrode 2a to electrode Zb.
The drop then interacts with the functionalised zone 8c and
8d.

Figure 4 schematically presents a device for moving a
drop on a track. Figure 4a is seen in section perpendicular to
the direction of the movement of the drop, and figure 4b is a
top view of the device. The device includes a track composed
of layers 1, 2, 3, 4 and 5. By putting a potential difference
between electrode Z2c¢ and line 5, the result is a movement of
the drop (14} from electrode Zb to electrode Zc.

Figure 5 presents, schematically and in perspective, a
device for the analysis of biological samples by MALDI mass
spectrometry. By successively applying potential differences
between electrodes 2Za teo 2h and line 5, it is possible to move
the drop 14 and to immcbilise it on one cf the pads 12a to
12€. Then follows a stage of matrix deposition,
crystallisation and MALDI analysis.

Figures 6a to 6c¢ schematically show a device fcr the

analysis of proteins of biological samples with integrated
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drop on a track. Figure 4a is seen in section perpendicular to 20 the

direction of the movement of the drop, aht figure 4b is a top view of the

device. The device includes a track composed of layers 1, 2, 3, 4 and S.

By putting a potential difference between electrode 2c and line 5, the

result is a movement of the drop (14) from electrode 2b to electrode 2c.

25 Figure 5 presents, schematically and in perspective, a_device for the
t%ﬁ%@%&fcf%ﬁ?@gié&%%?np‘?@?%WLD?%&%%"%&&F&%H;FWWG“S before
asHeeessvelyapplying potantia) diferanses hetween elegiadesi2ateahon) seen
,and line 5, itis Qossible to mO\%e tfr%gbgsrogp 14 and to immobilise it on one

L3t e PRS2 To 36 137 Then fofldies & Staye’dt riatrix déhoSibRe "o teular o
t eeystallizationcan b ALY anadysis: Figurés 6ado Scgehematically show a

device for t'ge analysis of proteins of biological samples with integrated.11
tar o Bt B NI GR BloSheiEal eehiehs CRTEHe: Bralais Levers 1
2 (cohgcerftratiod, digestiosandrdiénineraksationpseer ivperspeetive 62 and 7, a

and 6b, and seen in,section per en icuIaIrtg the,direction of 1
S%gogv%%e%et o??heaéll%p %ég 5 %i%pde\%ée inaugesdagﬁf%%ﬁacﬁnc%qr%&%sed of pad L6
a2 layews. 1o 21 B4 ard by alsecbndtracikscomposedafiayers 6ramb?ras, pads 12

féEbsE!g%eﬁA%%S%@%ﬁréQsThiérg&Vi&ﬁE@@U‘%‘%ﬁné@f‘g %@@8@:%@& for the

removal of excess or exhausted reagents, pads 12 for the MALD
a hhalysisyal@ thrée fundiondisiFZores fobthentD affinity8a, femieeralisation
gdigestion 8b and for the demineralisation 8c. The liquids (sample, reagent
or rinsing drops for
The liquids (sample, reagent or rinsing drops for

example} are deposited on the pads 13. The liguid then enters
into the biochemical treatment zone between substrates 1 and 9
as a result of applving a potential difference. The transition
between pads 17a and 17b allows fracticonation of the liquid
introduced in several drops. The drops are then routed to a
first affinity pad 8a where the proteins of interest will be
fixed. The drops are then conducted up tc pad 16. A rinsing
soiution 1s then used to rinse the pad 8a using the same
movement principle as previously. Then, a special solution
{such as a denaturing buffer mixture) 1is used to free the
molecules c¢f interest and the proteins are Dbrought to a
protein digestion pad 8b. After the digestion stage, the drop
is routed onto the demineralisation pad 8c before being
conducted to one of the pads for the analysis of the MALDI
type. |

The follcwing examples 1llustrate the functionalisation

and the use of the devices described previously:

Example 1. Affinity reactor used for the treatment of

biclogical samples.
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example) are deposited on the pads 13. The liquid then enters into the

biochemical treatment zone between sub&trates 1 and 9 15 as a result of

applying a potential difference. The transition between pads 17a and 17b

allows fractionation of the liquid introduced in several drops. The drops

are then routed to a first affinity pad 8a where the proteins of interest will

be fixed. The drops are then conducted up to pad 16. A rinsing 20 .
solutioh isthen @8¥d 6 rindd'the TRIESA &g the SaRfE nfoyefmept nydrophobic

1RyBGIple Bs PEeMisUsh:ctheoa spacial solution {suehas afenaldii form then
buffer mixture) is used to free the molecules of interest and the proteins

IBFODrEGGRD S protginaligastion badf 85 mitst the SigBStiof stilgelffe® Support
+ HEap 2misirodtesl ontg the demineralisation pagrichbeferedieing: reptavidine is

conducted to one, of the pads for the analysis of the MALDI_type. The )
SEAbaTy X e Eterhd e En ok ot e eeiyige Pach in a
+ devices deseriked previouslys 30 fm¢anaple 1 sAHinity seactorbsed fosthe-ules of

; {reatment of biological samples, 12 ”ﬁhew%?"ice’ fne zones b overed £or the
y?he ﬁydr ﬁobicjlayer are su}f)jec‘tf)eae 0 Surface tréatment and transform
gthein eidtogeactivessurfaces forexdipe] using @ surface sappdibdhat. When the

includes.aming groups @LEHZ) QntQ hi(;C stregtavidine IS SIgrafted. Th(—:-t .
ST Aoung RS oL R adé patiin 2 PEatd o T Toe ey in
timmobiizedcand leanelectiles of pdmtesast (proteinsifor exkample) whidhkkture  (a

dg%ﬂ%@?fﬁ@“ﬁégf%@§' mixture for example) on these zones will

free the molecules of interest (with destruction of the non-
covalent reactions, for example) and will draw them along with

it. This device is thus used to isclate molecules of interest.

Example 2. Digestion reactor wused for the treatment of
biological samples.

In the device, the zones not covered by the hydrophebic
layer are subjected tc surface treatment which converts them
intc reactive surfaces for example, using a surface support
that includes amine groups (NH2) onto which trypsine 1is
grafted. The drop c¢f ligquid moving in the electrode path in a
treated zZone 1is thus immobilised, and the molecules of
interest (proteins for example} react with the grafted
surfaces which cuts the mclecules, so0o as to obtain peptides
for example in the case of digestion by trypsine. Then the
drop continues on its way in the device. This device can be
used for example to analyse long chains of molecules by prior

cutting using special enzymes by mass spectrometiry.

Example 3. Treatment of biological samples - demineralisation

module,
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grafted surfaces will be fixed onto these surfaces. When the chemical

reaction has ended, the drop continues o# its way in 10 the device. Then,

the passage of a special mixture (a denaturing buffer mixture for

example) on these zones will free the molecules of interest (with

destruction of the non- covalent reactions, for example) and will draw

them along with _it. This device is thus used to isolate molecules of ,

intereSt. 15 ExARPIESS  DigB&iohTREtor Gded I8 fieSfeatierttst hydrophobic
1 biglegical samples: brthe deviceuthtszones nekeavered by iher converts them
: hgdrophobict Iayer are s A’ected tq_:surface treatment Lﬁ/hich t;gnverts , £
MHém JOMO reactive Shrfaces for example  i%ga suttace Sippo it 1n9  ©
hinthudesramirotgroups {NH2) ontalWhich ttypsine is giafied tthectdropeafuivalent

oflauid moving n the clegtiode path in 3 freated zong s thus immobilised. o o
and the molecules of h eresq;()pr% gingpor example?’reac?wi e graf?ed P

. 1 28 sidfaney whichicuts the mbtetulesisops th obtairepeptidlesefor zone is thus

uﬁ?ﬁ%g‘ﬂ% @e@? Ca{?ﬁdﬁ d@%su%oq%gﬁi%ge Then t{]gtgﬁo s%ontip }?gtoenins for
its way in the device. This device can be Used for example to analyse
e forgPélfains seaelecutdsthy pioe cudinglUstg spuchl @peymesibyanassut  the

mSPECHQUEty Jo.Example 3, Ireatment giiglogical SAMPIES - iy the device.
demineralisation module. 13 In the device, the zones not covered by the
Th{§ropHbdic Rer af8ubjeted t6:S@face tréatmentSWHER £Bnverts themperform

demineralisation before analysis by MALDI mass spectrometry.



into reactive surfaces for example by the grafting of hydrocarbonated
chains of 18 carbons leading to the.eguivalent 5 of a reverse
chromatography phase known as le . The drop of liquid moving in the
electrode path on a treated zone is thus immobilised, and the molecules
of interest (proteins for example).reagt with the grafted surfaces which cut
the molecules. Then the drop contmues on its way in the device. 10 This
device can be used, for example, to perform demineralisation before

analysis;by MALDI mass spgetiometry: 14 CLAIMS1.A device forlaser; s o

radiation desorption analysis of a liquid sample comprising drops, ,
a ligefsding¥heans foPRIOVING tHe S4iERfrops  OfthEShitPsdMiflB SantdPat ™ov-ng
the Eashone Mmeansdfor rautingithe draps to atleast one independent means for

analysis pad, characterised in that the said moving means, includes at
routjayst bhe cHRdEting pad: covére by Aartdiy watifg Hyeffhat ysts pac
charineludessaldeast anewetting zenePppesiteto thesaid conducting pad. 2east

A device according to claim 1, characterised in that includes an insulating. .
one  YBFiHskied UB (—‘:\enchfées%fféi hdblctittypadand thé“said partafly =~ ~"%"
inclwedting layer13.:A tevieeaaccosdingto eithen of claims diand 2o  the said

chgracterise&l in that the said wetting zones are functionalised chemically
condy a

oFbi%%ﬁe%lca'lly. 4. A device according to claim 3, characterised in that
the said chemically or biochemically functionalised zones are hydrophilic

Z%WesOH”H%%Qg%‘QEQ§¥%€E§GQ$QHEEim,1, characterised in that
it includes an insulating layer inserted between the said

conducting pad and the said partially wetting layer.

3. L device according to either of claims 1 and Z,
characterised in that the said wetting Zones are

functionalised chemically or biochemically.

4. 2 device according to claim 3, characterised in that
the said chemically or biochemically functionalised zones are

hydrophilic zones of interacticn with the moved liguid.

3. A device according to any of claims 1 to 4,
characterised in that the moving means is of the movement by

electrowetting on dielectric type.

5. A device according to any of claims 1 to 5,
characterised in that it includes an analysis means of the
MALDI type by laser radiation desorption-ionisation, and/or of

the optical detection type.



5. A device according to any of claims 1 to 4, characterised in that the
moving means is of the movement Qy. electrowetting on dielectric type. 6.
A device according to any of claims™1to 5, characterised in that it
includes an analysis means of the MALDI type by laser radiation

d?s.orptiﬂn‘ioﬂ%%tg?ﬁa@QQ/%SST the optical defection ypee19; 444N 4pa1ysis
mtegrateélsystem or the microfitidic analysis of a liquid sample that
of dncludes atleastanesmeans for prepariiipthedliquid saniplecWherddiens  for

prepSAifiRrengation means inglides amaying means foLthe JaadUAlion 0 e ans
- the said sample and of reagents, and then their migration, to at least one
inclifans for the cheticalsr Biockérical treatieht 6FdopsObf thiefsaithe saic

= ampliQuid sample, with thesaid teatment means includingameans foraneving ea st
the said drops of the said sample and then their migration to at least one

one HeaRs for Ahalyers of 1RB safd-drops Of-the said iGdid Sampleisiith the  drops
of said analysis meansibeing-an analysiscmeansdy laserradiatioment means
_ desorption and including firstly means for moving the said drops of .tI%e 1
inclggynanilié "and SEcoRiy Bt feast Sne’ edns forPfouting thedrdps to Sa™P-¢
and independentanalysis pads, characteriseds in that athleastore of thessaidis of
h moving meanss ing[ydesg?t Ieastgne condugtinggad covered @4 a,,

) 7 aid
® patially v%t?r%a layéer thatinciides at1éast'one weﬁﬁ]beiong (l)pp03| eto °°*

analtheisaidneanducting.pad. 8rA systerw aceordirg e claim 7 lelsaracterisgdation
desoPibaL the said means for prepating fhe ligpid sampie Inclydes gt +ne  saig
drops of the said sample, and secondly at least one means Ifor
routing the drops to independent analysis pads, characterised
in that at least one of the said meving meanss includes at
least one conducting pad ccovered by a partially wetting layer
that includes at least one wettiing zone opposite te the saild

conducting pad.

8. A system according to claim 7, characterised in that
the =aid means for preparing the ligquid sample includes at

least one liguid loading dock.

9. A system according to either of claims 7 and 8,
characterised in that the said preparation means includes at

least one zone for the deposition of liguid.

10. A system according to either of claims 7 to 8,
characterised in that 1t includes an insulating layer inserted
between the said conducting pad and the sald partially wetting

laver.



least one liquid loading dock. 9. A system according to either of claims 7

and 8, characterised in that the said preparation means includes at least

one zone for the deposition of liquid. 1.0. A system according to either of

claims 7 to 9, characterised in that it includes an insulating layer inserted

befueen the,said genducting gad and the saidpariglly welting. layer. 16 1,

11. A system-according to any of claims 7 to 10, characterised in that the
charsaitewetting zone isfuhctidrialized thefiicallyDr biveheficafiynrtignalized
oh em§¥§t§®ag@rglingctiqeqﬁighjﬂ,ﬁharacterised in that the chemically or

biochemically functionalised zone is a hydrophilic zone of interaction with

the moved liquid. 13. A system according to any of claims 7 to 12,

characterised,in-that the saidmeans-fer moving,in the said. shemicat 0ked  in

biochemical treatment means includes two substrates opposite to each
thatothef afidfSlatdedst one meats it fractiohating'6ihe rop-inseverd e+ @
hydr3pealor atleash onermeans ferremoving excesscomexhatistectieagents.

14. A system according to any of claims 7 to 13, characterised in that at

least one of the said moving means is of the movement by electrowetting

on dieleetricdype.ckb. Avsystemiaggording taany of tlaimsafitesld,” to 12,

characterised in that the apalysis means includes an analysis means of ,
Charﬁ}%tﬁﬁfﬁefﬁyp]érbyﬁéggr rz;e(%gtio%a(félgo%?%%? iorfj‘%]éti%?‘glr“}la?or %)Pthléhe sald
chemaptical detectiorbtypehemical  treatment means  includes  two

substrates opposite to each other, and/or at least one means
for fractionating one drop in several, and/or at least one

means for removing excess or exhausted reagents.

14. A system according to any of <¢laims 7 to 13,
characterised in that at least one of the said moving means 1s

of the movement by electrowetting on dielectric type.

15. A system according to any of claims 7 to 14,
characterised in that the analysis means includes an analysis
means of the MALDI type by laser radiation desorption-

ionisation, and/or of the optical detection type.



