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1 LASER RADI ATI ON DESCRPTI ON DEVI CE FOR MANI PULATI NG
A LIQU D SAMPLE IN THE FORM | NDI VI DUAL DROPS,
THEREBY MAKING I T PGOSSI BLE TO CARRY OQUT THE CHEM CAL
AND Bl OLOG CAL TREATMENT THERECF 5 This present

i nvention concerns an integrated systemfor the

m crof luidic analysis of a liquid sanple, mhich in

B RO e Y B L R bl ER /" w1010
| ngivides 10 Thandigrig dEhQNDI@lI'D@JA%a@?JO%S* n T%%EfBQr WTNG 1T

i ndi vi dual drops to allow their chem ca
QQﬁﬁiﬁL@aWCtﬁﬁﬁﬁﬁ%ﬁﬁﬂ?E%@bﬁ#@m&@ﬂﬁyAW&S@ﬂOm@@I@ﬂmoﬁREATMENT
al l ows the vaporisation of tance present on a
surface. This effect conblgg%R%ﬁes I oni sati on

nol ecul es present at the surface. This phenonenon 15

has een used in mass spectronetry under. the nane of

15( M??%%s%Pg?’éHlP%s@Pn8§§8?pta|nonlr}ffﬁﬂ%ad'{€l%rﬁy5t@m for
tﬂéﬂ Mh&fbﬂlhﬁdl@erﬁyawsféqe daser beamis Séé&ﬁﬁﬂea”dwhlch in

then restored by the "matrix, which is§ organic I n npos
Paggsiest Iaut \Mﬂqyghxanils@nlquﬁﬂaun ﬁandparutsleapmmmsetlon in

ti IS he wa ele range _of the laser

rgﬁ;,%r %I n derla%éetrachl eveatsla | sf 9\8?8@9?8% t & Jﬁ:h includes
hdﬁ@ﬂﬂngﬁﬁhe bpecid osetpye ihetBangoemmet GoMwiduA drops to

ver ntity of inorganic salts, typically a

2105 Shen ét .C%ﬁrfaﬁatlh@n&r hérlepicrdss rerdmedie in a

thougandor Tyl 68 | yaddie §§HP£€16§ %ﬁ?%&%o&ﬁm?%ﬁporisation of

dem neralised before 1ts analysis DI nmass
las%mhﬁtanmﬁryresanu KhlsalSutébbemedﬂbysadﬂfebbnmombines with

the nsitivity of the hod.

e RS BEEaeBEr Puncite Y sheate. THHIE! phenomenon
hadenbeet auksat i 00 e sby dghaline a6/ uﬁrﬁae@f e giméted MaLDI

al kyl chain type. Special demneralisations using

(M@Atiicni @S8+St8Y At cIpESTRElean wPRbSHeierkbd invbweich the

en@eR9" A4 Yen &l 1Rk eIdd9; o7 SpYdLarnyld ¢ fddi LLYES 1 oqg by the

matrix, which 1is organic in most cases but which can also
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 guantity of
inorganic salts, typically a concentration of the order of
less that one in a thousand. Typically the sample is therefore
demineralised before its analysis by MALDI mass spectrometry,
and this i1s followed by additional stages, and reduces the

sensitivity of the method. The techniques most used currently

‘are demineralisation in hydrophobic columns 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
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can then be used in order to create wettability in
relation to 2 any liquid, anqznon-metting or
hydr ophobi ¢ additives to create non-wettability in
relation to any liquid. In addition, nost biologica
sanpl es are conplex, and include hundreds or even
thousands of different nolecules. 5 Typically, a

Sic glgestate of the proteins contained in tissue

aI&%n?%ﬁH% efintthBaBakE to" n@rhﬁﬁaﬁré’&hf’ﬁéﬁséﬁléltlves Lo create

n@mi&@fe@bllp@pt 1dese1dtH &niSo s ganmples are
subjected to a prelimnary frac¥|onat|on usi ng

af fi At p&BItdms aBoBh t@%pl¢qmqalechmmﬂ@§y Qrsonnmmplex, and
af a in 10 additio
160060 Silillidad 268) MLEN Ll EARIIE Wil Jpolecules.

conpl exity, consi uces i
Tyhecakinpda Tiwegesbi odmgeeahtsamﬁ eshar @)rd‘f@ﬁ_@l@ve&ontalned in
avai lable in quantities, and it is

th%%%%s%?s%t%n%etg% E%%%%%%%EO prg BPBB§9dgF§ﬁPﬁéPdt Héfferent
pEXerads on ofif prot gy Ct@fé@e)’s's%mﬁff‘@s‘:h &%nd%ﬁ%B%E%%% to a

15 analyses i npossi bl € on human sanples. The MAL
Plf%]cm%@l§rﬁ§§ﬂ0ﬁﬂéqgentItysmdaéﬁlath aiolxsrma‘ aee. in the

I(!IQI‘ Or@@éhﬁ@l nl Sgoécppee dr a\l\ga ks hlé% WEF%?S which, in

preevi ously,” vati ous arrangene
adrirfames have iheen dessrébedy, Thaccfnsrﬁdemnwi orgdtads the
as their objectlve to 20 inprove sensjitivity. To begin

SSRGS acs d?fbm%ﬁEﬁ&ﬁi Tonee aPéoheybfdic, samples are
mdRafdYW L9aa1kecal 1?10'\P&Nr§ﬁb@‘fﬂ udds + 5Pl d;r@gmis thus

order to renove the salts, surface$ are create
necqRsamer tof oiee bnusp0$y93$lmh|c@fahiowaqpsy gram for the
el neraI| tlon of he sanp e i-n situ. ILn qgrder t
S 21 B BREE Py 2ethdces. g iHe chpidpRe  these
anulyﬁusnmmpdsgible torp@raldrow dnfe dnobi | i sation of a
singl e fan1|¥ of conpound of opposite polarity. And
a

fi nalhsy, MBLPE akeshadgugr dft eioby ieslusgitdal edrghoands: metal
sud¥QUd ne, TAvi grﬁgr antd bagi £8); L9 altl}A,ﬁ%W K &ﬂjécq{”g' fentioned

by affinity of conpl ex nixtures.

prayifcardy ,areasiats caamangacdnide o6 ftheisédi eetal 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 of the
sample. In order to remove the salts, surfaces are created
from a polymer of the brush type, which allows a
demineralisation of the sample in situ. In order to perform
the 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
purificatio.n 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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system al | om ng the novenent and the treatnment of the

sanple on the plate. Depositipn is effected either

manual |y or by an 3 automatic control systemthat

i ncludes a head for the aspiration-deposition of an

external liquid. The mcrofluidic technique is

currently becom ng very popular, and is attenpting to
alié‘ﬁ troduce innovative solutions, 5 w.th new net hods of

AFYSTS 1o EXANpl 8YSFRTt héNZtead B USS ogy, head for the
a@petytisalaghemstdy ndhchemealaengiqeeri ng. The
reduction in the size of the systens is engendering
rranyThepoéflJ{qr\ﬁgla@@é@I stegbhigyea Fedustimantily vblepeedng very

péﬁ&_{g{ nt egrgfl%ln%%gegﬁse%r ahorrtl dlfﬁcg%(ge\tl]\ﬂan e t I ?gv%nﬁogutlons'

witinchiegnsnetshiods asf tamasper ¢ atfcan, ekale[alapntlnanﬂhe areas of
a | ysis ﬁr%gul es in %SI ngle wafer of silicon for
‘?1%\( Yttfrﬁé ofLETAS eff & ﬁﬁ\?en%%?mh?%lp@é&%e@rlnq The
ré@[@&ﬂor{ hen puABi ngi AL & CoRheNUQYSLELOW BNd iR ngering many
nmovenent of calibrated 15 m crovolunes of liquid. The
Poikph Ry @fSpeaitisbr ated nizer ov ol tarbscriequi ries srnsélumels, shorter
quj.d_ih on uousflow p n
=l Slnds WL phBPOSFOBEMARGY, eahiTBl "Ehe “Fiipeoration
off i meevorsl antmydutles N wiop oﬂdﬂﬂﬂyneﬁt f ofugxanphe, arfich as

thus easier to perform Several punping nethods of

CRafi PR 150 ar ETRBSEPPbecP it BR@LYiSier appfdles on a single
weBEY Q¥ NG 1AW % DY RRAWTRLI C action or by acoustic

surface waves, punping by dielectrophoretic effect,

and Tﬂ(ﬂrpthlgfﬂ@yOél eﬁlwmmtmpgemﬁdt amtpomiblag cmramely the

| ectric. Th| | neth d nmakes

p S|pﬁL'pge ?fec no ogllg‘a Oupsoo]ggg Gfo{f\lgvgglﬁfl oIOf{)v‘é?llbrated
mﬁHiddUidﬁd@NdﬁﬂiﬁdﬁidUrﬂhééﬁdmﬁhﬁ& dhecdi whfedd Bicrovolumes

network of _microchannels. Currently, the novenent

| TERVITSSs (g Athe VElaE oWt | nt Iprd nclilie reep feuous  flow

puf RUD S AL QRPOSLL £ £ O-ERED, 9t B&thgr fl%rv]».re %f%c%trol of

substTate (Creating, Transporting,

- the time constants, the mixing of 11qu1ds for example, are

thus easier to perform. Several pumping methods of this type

are described in the 1literature, 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 technological process, and allows control over
the flow and the circulation of the liguid 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 Liquid 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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30 Merging Liquid Droplets by El ectrowetting-Based
Actuation for Digital Mcrofluidic Grcuits" Sung
Kwon Cho, Hyejin Mon, and Chang-Jin Kim Journal of
M croel ectronmechani cal Systenms, VOL. 12, No. 1, Feb.
2003, pp. 70-80). 4 The systemw th two substrates
opposite to each other requires interdigitated
electrodes on at | east one of the two substrates, at

| eastOnEYEAEM atirly IF&per SWoRpbRERF oPPHQ?dftg%nFe each other
rOY H8Ss ofn FOPy 1@1 Bh+ OBt 81 §ct PEgLE BRI Bicon dIRtaAl $he Off Sthe two

polyners or of a conbination of these different
wedstafices oAt oAeasft t heng woisabsarangs, 1@m¢m composed of

11?&'12&&1 hc0b6>§:1 & r?gnerﬁlé:@ SUb‘E%{%tr S?Ié {;15?% 1on megals, of

si'ngl e substrate requ

p&Elwedrodes, ofnai rebahiang ohayar Wwﬂfﬂéremmog@wt@nces on
oxi des of non- netal metals, of transition netals, of

ong) Bl yrhst TP SHPStEGRsSnat?Rh 8f M¥daPhplFer éayer -on each
sUBRSIANCeS ThaNd A daydr QRRebI ¢kay s gkt ﬁgﬁﬁ%gggm requires

an earth line. The hydrophobic |ayer is t ey o
intrerdigidrdmd  wileldwodelsi chant hensmlaeeny ilayer composed of
s described in a
lnoqrp% oned&( eesctc?fome?rh egt%%%t%%ro?futﬁ%sagw% gietals, of
pddesicys 16ri 93uUes, com¥inghiedn B . thabei HdikfderMadilibstances,
and J.D. Sterling, Sunmer Bi oengi neering Conference
a%@ hygropbabigodmyerpheviiyr s5hobitqudy epni §agth line. The

yrﬂ?ct Hi M {0 &1 ow S&HJ aﬁg%n%&er@}’e aﬁgv@ﬁeﬁtceuleﬂﬂout which

c en1ca| resistance. sequence, I'S
thﬁfM@Yﬂmﬂnu01@enmppﬁshb¢ala@heﬂlcn$ éastacbeaoln the article

eI (RECEC RIS BT SHATSE g g e wgTacge: desian

iddessurd.ace cent hESthQéE@BQQbC hay@adiantidi$.p. Sterling,
reduces or cancels out the effectiveness of the

SUSMeEt ﬁéﬂﬁ@mlﬁ@erré@@r diond erisaceo OBt pef  1idduildd2) -
Thusi["h r\ﬁ/ :Eé“ irr?g%t a7 {I)Vﬁfa% r@éla M?x{oghql%wc surface
layer y linfted to Tiquid nmovenen
en'élngsl Ialmcbladiere}{cmlai(ﬁntewﬂlemmes]t eradibttaratd OwWss tileconsequence,
treatnent ofdag% |caI sanples for exanple, it js
i perform Jlocal 'chemical surface
treatment, depositions or grafts on a hydrophobic layer
without changing and/or damaging the whole of the surface of
this hydrophobic layer, and this reduces or cancels out the
effectiveness of the electrowetting regarding the movement of
liquid. Thus, the use of this system covered by a hydrophobic
layer is mainly limited to liquid movement only.

Thus in order to achieve a system that allows the
treatment of bioclogical 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 hydrophobic material. These

hydrophilic openings, which are also known as open zones or
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to have functionalised zones that interact with the
liquid. Now the hydrophobic haxer forbids any prior
functionalisation 30 of zones wWith which the liquid
may be in contact. In order to renedy this, the
proposed sol ution consists of creating hydrophilic
openings in the hydrophobic material. These

hydr o h|||c openi ngs, which are al so known as

°p %r §angddifithgRe E&RatRen Heemient by eﬁémt@aﬂ |Jiquid can
ifhdribe ey theanspipteract with this surface. This

present invention concerns devices for desorption by

| asePhimadpeesont t havenntdéudeohaadhsndevheeki fokddesorption by

le in_the formo s.to allow
LSRR S i Shofi Dhfludd chihidhPho ThERGL fuddt Sfore in the
famsoidt | endbyibaser dashatiten kncbwdeshahichdPasindNBiological
pad for loading the |iquid sanple, at |east one
L1334 tation track conposed of interdigitated -
el ecf0dgsy; @t %er 9@§Br§€§oﬁh?§? cal s of Pac?fyf“fgrfaln ludes at
treatnent zone, a syst r routing to at east
l&ﬁfé: congucddg fpacd Wedna prh&ce35$qoid chesqrlpEt, i oemtby‘Least one
aser ra iation c e inventjon t

ff
S G bt THG0I SO CUbRt 1 AR ST BRPOERhF AR LS CErodes, at

léa’ﬁtercdi@ldlraérﬁib&i est roteshai fcdl acLdathsot 286k frOM a system
15 the sanples noved via an insul ating and

f%n*&qtilw i 5abRe 4PREE PEgeconsiGtidoyaAct Wi fest gprocess of
ta i t l'ymers, or
of aEﬂ%Lonb?J auw})%%fraﬁ%g‘s%godl fer e%%t aéfsfeg{stegﬁces A
non-TRiget tlmgeﬂl‘ay@m takkowitihg tfmrmppéaramnmsﬁlaﬂmtq | fgbstrate
said to be

t osite Th er e, 20
o I AT R 1 G Y AR | S P B ISolated from

tHd“ﬁdﬁﬁléH1mdﬁbﬁﬂvié)éﬂﬂ&ﬁﬁulé%iﬁﬁ aﬁgaiﬂﬁﬁﬁloﬁ§§§§able upper
openings in the non wetting |layer constitute

larvigot |%ﬁaﬂﬂ§é§a@éﬁe§>@fdetﬂ1e0f t ﬂ@arﬁ@ﬁtalmdumeé:al'ﬁwe transition

-mé%%ﬁ%@“&fa 6%8%%ﬁkﬁ tgf fg; one %&ﬁta%bsEgg%fz ese different

opposi te dt her .
suldsép@aeast SA non-wetting layer, allowing the appearance of

wetting =zones, is then deposited. This layer, said to be
partially wetting, allows the functionalisable insulation
layer to appear. After treatment, these openings in the non-
wetting layer constitute the functionalised =zones of the
treatment module.

The system can come in the form of two substrates
opposite to each other. On one of the substrates, there rests
a transportation track for the samples or reagents. The
functionalised zones rest on the second substrate. The whole
of the two substrates is separated by a space that is intended

to be filled with an electrically insulating fluid which is

~not miscible in relation to the liquids transported.

In addition to a treatment module, the system can also

" include:
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a transportation track for the sanples or reagents.
The functionalised zones rest_on the second
substrate. The whole of the t%o substrates is
separated by a space that is intended to be filled
with an electrically insulating fluid which is 30 not
mscible inrelation to the liquids transported. In
addition to a treatnment nodule, the sxstem can al so

include: % OBl e "RACEh 21 ERMES t hEREnt Adddedugion  of  a
bRl O calmSApl & Rsiyell g eﬁetffgkiﬂg'gécessafy for the

necessary for the analysis (rinsing solution, etc.
ara e el tiseti forsalhg itdre fetactli,onation of liquids 5

into several drops, one or re ?'oc nm cal . .

i nt er act iaonm?r%%ﬁ eg.seaxgor?pﬁ gPh?o fh rﬁ‘ﬁ%lﬁ]iagl@fn of liquids
improtedneral affdpgd,ty, digestion, denineralisation

modul e, a transition npdul e between the treatnment zone

and ~ 10 tHE Salis Yvehenicahal Jsesacioben engfintas . Example
407 exanpl g places e Eéggggasto be %&?&%ﬂ%&,on digestion,
aaded, I C an

pads where a matrix can b and on
deaniglgps Ist oyt irpas snosipdet,r onet ry of the MALDI  type is
possi bl e, q:rri ndeed et ectian or

b tical 1
f I uor escénce-*'Nbr elodé*ggg}lhéaﬂ?gwleﬁ?en? '%ntF@F‘gF‘@Ett gone and

than drdlegriat ednesystem for the mcrofluidic anal ysis of
a liquid sanple that includes at | east one means

(100) f oPTpr¥pErYTig t Redrilqui Whicgnpfer wiermplte $diages the

atd o 0)..4 n e 0 i ng.
S Tt PRe e et b et e R REE e added,
anceagentdhicandcan henal heiis ygr absen sfy@catrdmeasty ong the MALDI

+JIeans, (200) fﬁreL t he chem’,cal ar i ochem cal _treat nent,
Y§F drops 8PStReCsai £ i quPESEEnpl¥, whRFECehe Sgtction or

fltuceaismemlceteans (200) i ncl udes neans (201) for noving
the said drops of the said

More generally the invention relates to an integrated
system for the microfluidic analysis of a liquid sample that
includes at least one means (100) for preparing the 1liquid
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 biochemical treatment of drops of
the said liquid sample, where the said treatment means (200)
includes means (201) for moving the said drops o©f. the said
sample, and then their migration to at least one means (300}

for the analysis of the said drops of the said liquid sample,

characterised in that the analysis means (300) is a means for

analysis by laser radiation desorption and includes firstly

means (301) for movement of the drops of the sample, and
secondly at least one means for routing the drops to
independent analysis pads.

The means (100) for preparing the ligquid sample can

include at least a liquid loading dock.
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25 sanple, and then their mgration to at |east one
nmeans (300) for the analysis.pf the said drops of the
said liquid sanple, characterised in that the

anal ysis neans (300) is a neans for analysis by |aser
radi ati on desorption and includes firstly neans (301)
for novenent of the drops of the sanple, and 30

dl t st e mean routln the drops to
|ndgﬂg%§%$ﬁ a?b%$gm%%%§ ?%ﬁ@ n%%%sl? @ efBF Eeast one zone

(mﬁpafcbmg:ﬂ@eiép&éh@l&@r@f e taniginclude at least a
l'iquid | oading dock. 7 The preparati on neans (100)

can 4thclgaétatorieast dde zdaEindoreahss t heOHepddilti oiPl) can
u e 0 i ng (101,

LAAGUAE il onole U8l LU0 LD IOIRR (ML partisisy

wee:tj:\ﬂs'rgedl@yea paeti dlngl udeswedit | bgabayehnet hait tiing) utese facing

a ttin one facing the said conducting
t}beadsal'fi ﬂ?& ga:ﬂzso i ncl ude an insul ating | ayer ~
i nselfﬂeﬁdsyﬁhﬁérﬂ\/eéﬁnt Aese0neuqtiiqag a‘?)adlr?gwléﬂﬁigoaiéy@fl Ynserted
wetti ng ayer. The wetting zones are possibly

bqﬁmﬁq |C§é7diucdiﬁém ¢ald yndl GCher psirddledivealdbrinthdayer.
) 4
b| oc em ca trea E?ganjéélﬂgé%%)%#yn%gaﬁc?%% hbs¢dp chemically

omdhsiafmrss:,allquposme to each other, and/or at |east
one ans for the fractl onati ng,of one droghfrom

sev Brrdr 4t Iéast Yne MPBiRgans ior tHe r&kspEical or
biOfcHRXERSY @ thaus! G £8A0 t
JLmgjw ng meansrs 101, 201 SO%U?)S 'g«%aﬂ %&lﬁ%nﬁ? %%Strates’

opFloEdtticowe? t iSRg noﬁh@rectamd"/quet mmemealmqam for the
£ 40N aRl Yod BRE: AN PEIREORESRT, RABL §hC 1east one

zones Pnt%r act ror W

meamal \feirs thearsme3BQ) ofnelkddes BS&a@&hfaQEst@ﬂaE)é&tj&ans
the MALDI type bylaser radiation with .
des&pthisHth i aPfohle ANYiW greamss optPal 201, 301) is of

theeh@hRAtt ¥RCelect rowetting on dielectric type.

The chemically or biochemically functionalised zones are
hydrophilic zones for interaction with the moved liquid.

The analysis means (300) includes means for analysis of
the MALDI type by laser radiation with desorption-ionisation,
and/or of the optical detection type.

The invention also relates to a device (300) for the
analysis of a 1liquid 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 wetting layer that
includes at least one wetting zone opposite to the said

conducting pad.
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- ARRHRCTE)

The invention also relates to a device (300) for the
analysis of a liquid sanple by, | aser radiation
desorption, 25 characterised 1n that it includes
nmeans (301) for noving the drops of the sanple, and at
| east one nmeans for routing the drops to independent
anal ysi s pads The novi ng neans (301) can possibly

inclgde at fast one c¢onducting E covered by_a

par tTBFFSTREY i ngtPayerfeTha®  30CTHEPHdedrat ipaldetine layer

iNELEEEY ZRAGRPPOBKE € dRAERE $R) dpagondiet LAE Rathd 8partially
Preferably, the device includes an i nsul ating |ayer

W¢%%e¢GeH3b%¥meen t he conducting pad and the sald

part t 0SS bl he ttr |
ar e unc%b%ﬁgl%%ggw%ﬁ%§$%af y©o a%? %U8F§§°83 NEfemically
off hesie 1zayies 1dan behbydr o:p:lmés C cz@nepef Olliydtdj)ﬁb}e_-[_'aﬁ i ones  for

with the noV/ éLIqu|d (anln preferably, t he novi ng
Jfhg Heev dpy el ectrowetting on :
di elzegérﬂcgﬂep@eraM%;de\erree CRY i S?dek%rlrbéf'@@lll is of the
i ncl ude an "anal ysi s ‘'means of the LDl type 10
m¢¥§mﬁnﬁa@Ya?ﬂ@ﬂtdewetp@ngnOhodﬂ@dﬁD&mlcandﬂEH cwhdrmﬁvice can
|on Q her characteristic nd
van ag ggﬁ% enﬁﬁggﬁtron Xsﬁ%p%%?nﬁoPé %QQNW%LDI type
byn@la@@ﬁ fmbﬁyaﬁmohea@b@@rbh&onda%ﬁﬁb@&h@ﬂtlﬁﬁnd/or of the
foll ows of the preferred inplenentation 15 variants

ORtOrCak SGRTTNBF THRE et hod and for creation of the
deVHﬁﬁheﬂM“dﬁar%%%egh%%@cgy ?fgﬁﬁé$é%t'd%g %ventlon

exanples and wth reference to t oW ng appende

' Wkﬁkmmanyﬁarfrguﬂes lcd etag 1y euuenmbmealﬁylpyesent acading the

AR D B0 Retfero” 1 e BreRRERaT, ifipjencat on
vaprlesﬁm stér dexeeetion BEVItME methdP BREWESR Z:daGkS: 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 biological 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 biological samples, with MALDI

target integrated with 3 biochemical treatments before

analysis (concentration, digestion and demineralisation).
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figure 3 schematically presents a device for noving a
drop between 2 tracks, with f%pctlonalised zones on
the 25 upper track; - figure 4 schematically presents
a device for noving a drop on a track; figure 5
schematically presents a device for the anal ysi s of

bi ol ogi cal sanples by MALDH nass spectronetry; 30 -

figure 6 schenatlcally presents a device for the
anal Y594r®% ot 8P nsl G r SATEIALSGRAAY s%lhweél @pvhce for the

3M1st%rfgeﬁlbf$fﬂ&ﬂe%a ltés3 b, ochemgar ¢ Eg?&,g@nt seen in

before analysis {concentratiorn, digestion an
pelesi et B¢ skt i bmn)and IF;ganéssbantmnlsesthenapempbhﬁlcular to

show a deV|ce for the a sis of. biological sanples,

CRF 1L O ¥ atYe mo‘?e%nﬁarhg C?;‘é pettiSe in la and Ib,
and _Bree_ﬂhéBeSGTi juaR sperpendi au artﬁ@ debecdi HeEliRRs 2 track
for noving the drop inlc. 5 I'n these figures la to

W% the @b clludedhe t Aadlerdiictiffagkesubstlesteodes 2  are.
%?té&ﬂggébéﬂgﬁggﬁégﬁgggg 2 are_ located above
ese e

substrate 1 ‘ectrodes 2 there is an

|nsuhatthgsdleﬂectmpdesléyethérecmspaﬂedinéuﬁamMmmpﬁeelectric
oxi des or ctric insulating

.. Ont
L¥/or 3 TR B Hor AR T b Py BFL 4S5 Hf WRGTVRS e, Jon this

eleadid aygudat Bangondyetd Ny khBeed iaCts ASndwetting layer 4.
counter-el ectr ode. C€ posite to the first track is

Befiwrasd bageEord althckavesr fed 4r eandupsinpallipenctt aegs as a
covered with a 15 top layer 7 on
cﬁﬁ%%% bloéﬁ§%4

em cal functions 8 can be grafted. The

| aydppbsiseonta silrst fatret9 thatkcan;bplaeed a8 aecond track
| ows a

counfer- electrode., The use, of spacers 10 a
%ﬁ&ﬁm’{ﬁ M AP A1 JE e M ol 3R §nt BirRRHE tgopered with a
tdﬁ|1£§bﬂﬁVhoﬁnwﬁﬁﬁﬂrﬂiéﬁﬂémléﬁﬁukéﬁbﬂgoﬁéqudﬂﬂ(%b'érafted

non-m scible in relation to the drop 20 transported.
Then haisr sbist rat & SUes fpadse 12 dhat comluet orsednals a counter—

electrode. The use of 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 1liquids (the drops of samples or reagents for
example) are deposited 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 of matrix deposition, crystallisation and MALDI
analysis.
Figure 2 schematically shows the movement of a drop
between two tracks, seen in section in the direction of the

movement. The device includes a first track composed of layers
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are used to i mobilise the drops transporting the
materiel to be anal ysed befogg matri x deposition for
the MALDI anal ysis. The |i qui (the drops of sanples
or reagents for exanple) are deposited on the pad 13.
The liquid then enters 25 into the chem cal or

bi ochem cal treatnent zone between the substrates 1

1ang 9, and interacts with the functionali sed zones 8.
Thé novrendit Jads2?t RerseF Iy FRECEommBRaTas off edéyer 7, a

shps vhgialg drop,§ 14) upoho,Qpei R 118 PRAS132. Rhen,uiring 4
follows a stage of matrix deposrtion, crystalll atPon
Paprn D di Zie ety shet wédgue be @t sedendlv | adll yubhowste 9, the

mve t_.of dro bet wveen _t tr.acks, seen.in
ot T3 TRl e Pen o 1RRE o8, bt e R BasyPee o and
theckedasta ifd r st rideakerconpasethof dragersrd® elecBrode 2a to
and 4, and a second track conposed of layer 7, a

e%ﬁﬁﬁﬁ?éﬁe@@% and a non-wetting |layer 15. By putting a
pot enfd.ale dif fenanee. helgen ‘::‘cle_%%hggdea 2Bande for moving a

substrate 9, the drop Is contained between electrod
dixp ahd defveeat ey amdcBst ha ttesfnct soma hbyedenbnes on the

the drop fromelectrode 2a tpo | ectrode 2b. FLgure 3
Ui re(r]lrtlal alocckdl 137t égén?%c%l%v}%e%%ré%%?Ebo% OgrB{Be pevement.
THEetdeeitd WhdTedks M Fhrkunetrberakbonpdszanes akgdyes 1, 2, 3,
I]Ejfgper track, seen in section in the direction of the
anpyérerdnd 16 TRECERY| deradlel GaBpogel ref thayes 6 and 7, a

gamesed of Jhay - ee@Nd. 4, a egond ot r .
el o oy e pighe oo ioler 1B A SRR 8Y Hikkeing
pdherdtiiadn alliffed erore DBavden SdleByrquid tAngpad pobentatd 9, the

di fference,  bet wee | ectrode 2b and bstrate 9, the
ArfiRy i T < COBRPANREA Bailaiih BISELFOUR 3 i sabRErapEe 9 and
tHd paghld tBe d efdhémd St armBmeB-tRM e)gcthode 2 rode 2b.
to el ectrode 2b. The drop then interacts with the

Theunds PR nahrBed MEaEGe andth 8dher et rchiesrd | gahky 8¢ and
gresents a device for noving a

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 2c¢ and line 5, the result is a movement of
the drop (14) from electrode 2b to electrode 2c.

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 2a to 2h and line 5, it is possible to move
the drop 14 and to immobilise it on one of the pads 12a to
12f. Then follows a stage of matrix deposition,
crystallisation and MALDI analysis.

Figures 6a to 6c schematically show a device for the

analysis of proteins of biological samples with integrated
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drop on a track. Figure 4a is seen in section
per pendi cular to 20 the direggion of the novenent of
the drop, and figure 4b is a p view of the device.
The device includes a track conmposed of |ayers 1, 2,
3, 4 and 5. By putting a potential difference between
el ectrode 2c and line 5, the result is a novenent of
the drop (14) fromelectrode 2b to el ectrode 2c. 25
terdatre 5W§>FBs$ﬁF§,€‘ SRS T yPRAER PR PRt sheepipanty before
afEVy 685 T QEohBenanakYShs fi f2sliQd Calq SaBRt RSrBYi MMDbn) secen
~mass spectronetry. By successively applying potentia
igi peefRmeesve beavwerd ebecanddeseRaitiosghtand pbiempebdicular to
it [ bl et ve the dr 14 and to i mmobilise
t#% %%r%%%ﬁ%% %ﬂéa%gnsoﬁﬁgge%‘ﬁgqfﬁ?f? Hg?blloms a
st ageheof deati tex idepasielsi on, fi €5y Stabbks adm@pdsad MALDhyvers 1,
anglysis. F;gures 6a to 6¢c schematically show a device
2f 0P t Re @%hal ysfs SECOPFotEIaTK FFOIi ehl Ladfpred and 7, a
sihddi-ddd egraled Lbadeatgels, Wikl tALeecCheMLaladd a pad 16
bi ochem cal treatfents before analysis
albongent tlae i oanodagesti excasd deniewchralstsad | ey gseen, pads 12
and 6b, ,and seep in_se

|  oano |
e PR Ui br PGV Fh GFPBCETbRe of “PHEIRBOENERE BPreRefor the

Cafifiopii6c.8H Ther dené cei fast Uslessm dhaisEokr apk gefmpAsedlisation

of layers 1, 2, 3, 4 and 5, a second track conposed
B | ayers 6 and 7, a substrate 9 and spacers 10. This

devigg i nef desgs a al Lawi.ng.t he..r emoval : |
excess or é%%auitegggﬁégéhts%8§§§§t12%”¥oﬁpyﬁ%lﬁ£L5$rops for
exagthedi sarandephs teed unst kbralpasied 1Zonekhd ofiquned 16hen enters

.affinity 8a, for the digestion 8b and for the
sttt S Bl Bt SR ot (Sahren Pdagerter 1 and o
ad iNsidEn I ops 4951 vy EXQD| )t &f €1 4epestE€HefBet hehBadSansition
13. The liquid then enters into the biochemn cal o
batmeammertds odd Bhetbeh 7Bulsdtloatsest naghiogaifornsof the liquid

ir{tﬁ?#gﬁe?{)nﬂpglg%é&\%gﬁg Qnglo%%i afhgi %%g;bgnca eTPﬁen routed to a
pads a and al I 'ows

fifrsactaofiaiiton pédt Be kilgitied the proteins of interest will be
fixed. The drops are then conducted up to pad 16. A rinsing
solution is then used to rinse the pad 8a using the same
movement principle as previously. Then, a special solution
{(such as a denaturing buffer mixture) is used to free the
melecules of interest and the proteins are brought 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 following examples illustrate the functionalisation

and the use of the devices described previously:

Example 1. Affinity reactor used for the treatment of

_ biological samples.
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i ntroduced in several drops. The drops are then routed
toa first affinity pad 8a m@ re the proteins of
interest will be fixed. The drops are then conducted
up to pad 16. A rinsing 20 solution is then used to
rinse the pad 8a using the sane novenent principle as
previously. Then, a special solution (such as a
denaturigg buffer ture) is used to free t

ol eBhl BB 0PSRN edtiBnEORHE pP&t S &% kaoE]@ﬁt hygrophobic
1ayePr atei nschpastdpntBad Bra A t et PG 9881d Ofransform them

stage, the drop 25 is routed onto the dem neral i sation
infel geapéfizee buifarecohducteednpd coneusinghe padsfder support

R T K -

gmifttéte deve casodestr ithedipr eoivausg Yin thdxem@terdde path in a
Adflqéty reactor used for the treatnent of biologica
zqne | St hehgeyi EBRORhELSBRes ABE csb@re@%?cules of

15&5%45%“(5%6%&fn§aﬁ§f & S SUD] e&ﬂf@htﬁa§@rgﬁcgf{1nlty for the

treatnment and transformthem into reactive surfaces
gﬁ&ﬁtQ@aﬁ@réQC%§|wglé:hﬂfﬁxx&@uppbptthebatauﬂﬂanﬂ&; When the

1.n0. -gr H2 ich stre t avi di_.ne
<:g“*§%%if%$§?%§%pﬁ%$ %ﬁaﬁgd ¥ & MWQQHgﬁﬂ%ﬁﬁr?ﬁilts way in
theat ddvice. trEeded zone iSadduige | NOPDI 4i sefecanl thexture (a
nol ecul es of interest (proteins for exanple) which .
deiArM LM% PRATEY Ot HeE §PAT tPPER}S hcOF wHRespe zones will

fﬂéé‘%@nheléﬁﬁiéss%@‘ %%re\g@nn&?@h 8@%&8@%5@?}‘%@ Yhe non-

has ended, the drop continues o
codedicd. TR, iarte plsss agpeanyd L) sqmtnailln dtawetfan along with

.de tur| buf f.er ture f r exanpl.e) on these zanes
G B R S B Yo e W e G fgerest

of the non- coval ent reactions, for exanple) and wl|
draM/then1anng with it. This device is thus used to
Exagg e e Jvol difestiom | ey uspd for the treatment of

biological samples.

In the device, the zones not covered by the hydrophobic
layer are subjected to surface treatment which converts them
into reactive surfaces for example, using a surface support
that includes amino groups (NH2) onto which trypsine is
grafted. The drop of liquid moving in the electrode path in a
treated 2zone is thus immobilised, and the molecules of
interest (proteins for example) react with +the grafted
surfaces which cuts the molecules, so as to obtain peptides
for example in the case of digestion by trypsine. Then the
diop 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 spectrometry.

Example 3. Treatment of biological samples -~ demineralisation

module.
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Exanpl e 2. Digestion reactor used for the treatnent of

bi ol ogi cal sanmples. In the deg'ce, the zones not

covered by the hydrophobic | éer are subjected to

surface treatnent which converts them 20 into

reactive surfaces for exanple, using a surface support

that includes am no groups (NH2) onto which trypsine

i's rafted. The drop of liquid noving in the .

el ect? 08B pEEN1CR a the eZARRF zBAE ICOVERES ithobi¢ i Bydrophobic
180t he I I ofir o i B¢ [ f.ar:

react mf?%u?ﬁgcgfﬁﬁf%% %%fgﬁé%a%gégkﬁkgﬁ gﬁ?gﬁ%ﬁ%@ﬂ@@rts them
impd ecobastive asurbacbsai fiopepteeplef orbexarpt e grafting of

t case of, digestion b ypsine. Then .the _dr :
il PR RO Y P Ges TRelaE FRE Ra pegutvatent
ofised detfe rexeangih Lo dNaipise peageChaions ofs nolecules drop of

by prior  cutting using special enzymes by nass .
Ligeid reretny . 180t ERaRpFELECASr Pathe ! &f WieRRfl czgne is thus
ifp BSs s delier S ali9R cyiRdul g¢ 1 ntle?egge g?%b%@ins for

the zones not covered by the hydrophobic [ayer

e} lect edreactsurdiade ttleat nerd fhd chseofaees s vheoh cut the

into reactive surfaces for exanpl e by the graft.ing of .
M bCAT o %?%d%%ﬁaﬁﬁ§p0F9§§%éﬁ%ﬁw%gIégﬁi%ﬁyt&qﬂ1 € device.
THEGHI Vale®illced Otad I emer seu£dy onateeyr apRkpase knewn perform

as Cl18.  The drop of Iliquid noving in the electrode
AgFEIE 1o i Atiea &% fAgfe ang linds bymdBBi0T Fess sRp¢ctremetry.

nol ecul es of interest (proteins for exanple) react

wth the grafted surfaces which cut the nolecules.

Then the drop continues on its way in the device. 10

Thi s device can be used, for exanple, to perform

dem neral i sati on before analysis by MALD nass

spectronetry. 14 CLAIMS 1. A device (300) for |aser

radi ati on desorption.




10

15

20

25

30

‘-lanalysis of- a'quuid saane;'chéracterised in that it

‘includes. 5 a nmeans (301) forignving t he said drops of
the said sanpl e, and at |east ~0One . nmeans for routing
the drops to independent analysis pads. 2. A device
“according to claim1, characterised in that: 10 the
sai d noving neans (301) includes at |east one - C
conducting pad, covered by a'EartialIy wetting | ayer
‘that includes at |east oneShBi¥Eng zone opposite to
t he ‘sai d conducting pad. 3. A device according to
claim2, characterised in that 15 it includes an
insulati g |dgeice nséBD8d betoreenldder saradigohduct degorption.

ad and the_ said rtially weitting, |layer. 4. A device.
HEENSH nof oo L InER Skt d nehsrafieBYSEa Sh abhEE) sEqincludes
al fiebhat (30a)saisk webving zoressaE® d26pfupet ivonal ised sample,

chem cally or biochemcally. 5. A device according to.
arf aptn 4eaGtar@re efaed ifex heeutime §hed dEIv@F clad | yndependent
ai pebem caldy functionalised zones are hydrophilic

zones of Interaction with the noved liquid. 25 6. A

devi ce according.to any of clains 1 to 5, :

- characterjsed . n that the noving neans (301) is of the, '_
roveent Ty ISt ARG o i EF BBt 11 chghRetapigedain that

dﬂﬁﬁvé§§daﬁ@@ﬁﬂb”@@b@sanyﬂﬁf)CiﬁbﬂﬁdéstQtG&east one conducting -

characterised in that 1t includes an analysis neans of
Padre CREEDEO: ype By Hagddlkladi ¥etbhng layer that includes at
rtd Qnsdonj IQn, : the qptical :
1GER0TAN ) B0 9 D oL U, e B8 S8t pac.
m crofluidic analysis of a liquid sanple that includes

at | east onge nmeans (100), for preparing the liquid .
sanpl'e, Whéted e a8LCF d’f%t‘?]&PlrﬁLre?a'nsCh%r?‘insed in that

id nghedesiea MYi NGBS AA0Ihyher $hEeIALE OdUG Ok e said
the said sanple, and of reagents, and then their

CoRdpcitiingh pach angt thease isheardasd 1200t thiog tlhyer.
chem cal or biochem ca
4. A device according to either of c¢laims 2 and 3,

characterised in that the said wetting ZOTES are

functionalised chemically or biochemically.

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

hydrophilic zones of interaction with the moved liquid.

6. A device according to any of claims 1 to 5,
characterised in that the moving means (301) is of the

movement by electrowetting on dielectric type.

7. A device according to any of c¢laims 1 to 6,

characterised in that it includes an analysis means of the

'MALDI type by laser radiation desorption-ionisation, and/or of

the optical detection type.
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treatnment of drops of the said liquid sanple, with the
said treatnent neans (200) iﬂsluding a neans (201)
for noving the 10 said drops of the said sanple and
then their mgration to at |east one neans (300) for
anal ysis of the said drops of the said liquid sanple,
with the said analysis neans (300) being an analysis
nmeans by | aser radiation desorption and including
firstly a neans (301) for noving the said drops of the
sai dg 15 sanphetegndrsqCcodivemt rdLasheONpi dRMBuf®ic analysis
routing the drops to independent analysis pads. 9. A
oky3t daflHEdoFdMRet Sheltaiimcd udeisardctld sedone meanes (100) for

i ns. ) renmrring e Ligui .
p%%ﬁﬁ%ﬁ%ﬁ HE% g%&%ggsfaoﬁéerig&%ﬁ%(éi%rééﬁ%cgréggpégfon neans
(3§3)t eimatudedi rg movend heeaak c{l@ls Boandh®, introduction of

char ac erisef%in that. the said preparation neans (100

Che PRtk sSaPf 2aghdond iﬁﬁ@e€f§2)%ﬂﬂ-ﬁhﬁﬁcﬁﬁﬁ&?t@b%r%%ionr to
ati Quadt ZRellpednsystam)aceardi fget Qradhyi &f1 cload nﬁiécd:hemical

to 10, characterised in thap at‘leqst one of the sai ‘
L rRRATR thre@hs Arepgl, oR0othe 368 d ndlaide asmpéast wdnd the said

. iy ' .
A G RRL i 2 Bhot SHE T30 VeUTT 1Y 70R0 dpAcd] tioving the
sdiod tdieopai df cohductding sxblel 6and 2thénStsiedm acicaratiing to at

to claiml11l, cha{ cterised in_that it includes an
131Ul 98¢ nBePaFer %BQ%erﬁ%Ja BREWEERST RE SHi® SedfAddecopsg of the

sdad anghidessapdepantic |%é"’e§$icﬁ‘9ah§1?%i55 mk3nsA (300) being
system according to either of clainms 11 and 12,
archrirakY srd seepn s biatlasks s@icd akdoni e scomgsi ar eand  including

f tjopali C i,cally or biochemically. .14. A .

flsrssgtt% mgacré%%glgng&?)o%an%/o of "RV AN 8%t oA dhgbs of the said

sanprefCtard seskdmdifastt heasai dneeaRsn62Gr ffutiy Nthe drops
in the said chem cal or biochenical treatnent neans

£q FasieneRdende £1aWE 1SuR$tSat es opposite to each ot her,

and/ or at | east one

9. A system according to claim 8, characterised in that
the said means (100) for premaring the ligquid sample includes

at least one liquid loading dock.

10. A system according to either of claims 8 and 9,
characterised 1in that the said preparation means (100)

includes at least one zone (102) for the deposition of liquid.

11. A system according to any of claims 8 to 10,
characterised in that at least one of the said moving means
(101, 201, 301) includes at least one conducting pad covered
by a partially wetting layer that includes at least one

wetting zone opposite to the said conducting pad.
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means for fractionating one drop in several, and/or at
| east one neans for renovi ngléxcess or exhausted
reagents. 15 15. A system according to any of clains 8
to 14, characterised in that at | east one of the said
novi ng neans (101, 201, 301) is of the novenent by

el ectrowetting on dielectric type. 20 16. A system

accorgi nga t &yamenof a@b@taﬁn%S t® Hhainchaiact@tdsfttdmised in
that the chemcally or biochemcally functionalised
t&@heastai@chyaeépﬁm LBSRoABENGf laﬁﬁéraeﬁ?éﬁeﬂn betwepe the said

RS RGN e S AR DR O
means (300) includes an analysis neans of the MALD

type by |aser adlatlon desor tion |on|s and/ or
of "the? ot BHFEER: BT Tpets sothet of ePind 41 and 12,

characterised in that the said wetting zones are

functionalised chemically or biochemically.

14. A system according to any of claims 8 to 13,
characterised in that the said means (201) for moving in the
said chemical or biochemical treatment means (200) 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.

15. A system according to any of claims 8 to 14,

-characterised in that at least one of the said moving means

(101, 201, 301) 1is of the movement by electrowetting on

dielectric type.

16. A system according to any of claims 13 to 15,
characterised in that the chemically or Dbiochemically
functionalised zones are hydrophilic zones of interaction with

the displaced liquid.

17. A system according to any of claims 1 to 16,
characterised in that the analysis means (300) includes an
analysis means of the MALDI type by laser radiation

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




