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(57) ABSTRACT 
Devices and methods for carrying out a chemical or bio 
chemical protocol are disclosed. In one embodiment, the 
chemical or biochemical protocol is performed by cycling at 
least one thermal transfer member betWeen at least tWo 
temperatures While liquid samples on Which the chemical or 
biochemical protocol is to be performed are continuously 
moving through at least one temperature regulated Zone 
upon Which the at least one thermal transfer member acts. In 
some embodiments, the device comprises a sample transport 
member that comprises liquid samples in sample receiving 
regions. The sample transport member moves the samples 
continuously through a temperature regulated Zone Which 
cycles betWeen at least tWo temperatures While the liquid 
samples are moving through a temperature regulated Zone 
on Which at least one thermal transfer member acts. In some 

embodiments, the sample receiving regions comprise Wells, 
hydrophillic ?lms or hydrophillic ?laments. 
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METHOD FOR CARRYING OUT A BIOCHEMICAL 
PROTOCOL IN CONTINUOUS FLOW IN A 

MICROREACTOR 

RELATED APPLICATIONS 

[0001] The present application is a Continuation-In-Part 
application of US. patent application Ser. No. 09/627,647, 
?led Jul. 28, 2000, Which claims priority to French patent 
application serial No. 99/09806, ?led Jul. 28, 1999; French 
patent application serial No. 99/11652 ?led Sep. 17, 1999; 
and French patent application serial No. 99/12317 ?led Oct. 
1, 1999 the disclosures of all of Which are incorporated 
herein by reference in their entireties. 

BACKGROUND 

[0002] Micro?uidics consist of using microchannels 
instead of test tubes or microplates to carry out analyses and 
reactions. These microchannels or microcircuits are etched 
into silicon, quartZ, glass, ceramics or plastic. The siZe of 
these channels is on the order of micrometers, While the 
reaction volumes are on the order of nanoliters or microli 
ters. The principle of a micro?uidic device is to guide 
reaction media containing reagents and samples, over Zones 
Which correspond to the different steps of the protocol. The 
integration of reactors, chromatographic columns, capillary 
electrophoresis systems and miniature detection systems 
into these micro?uidic systems alloWs the automation of 
complex protocols by integrating them into a single system. 
These “laboratories on chips” have made it possible to 
obtain results Which are ef?cient in terms of reaction speed, 
in terms of product economy and in terms of miniaturiZation 
Which alloWs the development of portable devices. Complex 
protocols have been integrated and automated, including 
biochemical or molecular biology protocols Which often 
require extensive manipulation. These manipulations 
include mixing reagents and samples, controlling the reac 
tion temperature, carrying out thermal cycling, separation by 
electrophoresis, and detection of reaction products. 

[0003] Wolley et al. (Anal. Chem. 68: 4081-4086 (1996), 
the contents of Which is incorporated herein by reference in 
its entirety) discloses the integration of a PCR microreactor, 
a capillary electrophoresis system and a detector in a single 
device. The PCR reaction, separation of PCR products by 
electrophoresis, and detection of PCR products are carried 
out automatically. This device does not, hoWever, integrate 
the mixing of reagents, and it does not alloW large scale 
protocols to be performed. 

[0004] A device or substrate alloWing integration of the 
steps of reagent mixing and enZymatic reaction has been 
described by Hadd et al. (Anal. Chem. 69, 3407-3412, 
(1997), the contents of Which is incorporated herein by 
reference in its entirety). This device provides a microcircuit 
of channels and reservoirs etched into a glass substrate. The 
moving and mixing of the ?uids takes place by electroki 
netics. 

[0005] Micro?uidic systems for the integration of proto 
cols and of analyses have been described in international 
patent application WO 98/45481. One of the dif?culties in 
implementing these devices resides in the movement of the 
?uids. The ?uids are generally moved by electroosmosis or 
by electrokinetics, Which requires a netWork of electrodes. 
Other systems use micropumps and microvalves Which are 
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integrated in the micro?uidic substrate. In the majority of 
cases the reactions are carried out While stationary in a 
microreactor and then the ?uids are thus moved from one 
reactor to another at each step of the protocol. These systems 
Which integrate electrodes, microvalves or micropumps are 
very costly and their complexity does not alloW large scale 
applications for simultaneously treating a very large number 
of samples. One of the major dif?culties is the distribution, 
mixing and transport of a very large number of products in 
parallel or in series. 

[0006] Thus, there exists a need to develop a device 
comprising a micro?uidic substrate alloWing the manipula 
tion of a large number of ?uids and/or alloWing a large 
number of complex protocols, particularly protocols involv 
ing temperature treatment, to be carried out at a loW cost. 

[0007] Alternatively there is a need for devices Which 
alloW for manipulation of a large number of samples or the 
performance of a large number of complex protocols in 
Which the samples are transported from one location to 
another using methods other than micro?uidics. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a device compris 
ing a micro?uidic substrate Which comprises at least one 
microchannel in Which reactions or sequences of reactions, 
Which make up a protocol, are carried out. 

[0009] The present invention provides a micro?uidic sub 
strate Which comprises at least one microchannel in Which 
reactions or sequences of reactions, Which make up a 
protocol, are carried out, Where the channel is fed in con 
tinuous ?oW. 

[0010] Combining the micro?uidic substrate With a ther 
mal support makes it possible to control the reaction tem 
perature in the different Zones of the channel corresponding 
to the various steps of the protocol. The invention relates to 
advantageous devices and processes for carrying out thermal 
cycling in continuous How on thermal cycling Zones. 

[0011] The device is based on a system for distributing and 
moving the ?uids by hydrostatic pressure. All steps of a 
protocol are carried out in continuous ?oW; Wherein sequen 
tial injections of samples and of reagents make it possible to 
carry out a large number of reactions one after the other in 
the same channel. Reagents can be injected successively at 
different stages of the protocol. By arranging several chan 
nels in parallel, it is possible to carry out the same protocol 
in series in the same channel and in parallel in various 
channels. SynchroniZing the reactions in the channels 
arranged in parallel makes it possible to distribute the 
reagents simultaneously into the various channels. This 
arrangement has a particularly advantageous application in 
improving the throughput and reducing the number of 
distributions to be carried out. 

[0012] The micro?uidic substrate of the present invention 
is preferably semi-disposable (used for a feW hundred reac 
tions or some tens of hours) and is added on, in a removable 
fashion, to the thermal support, the ?uid feed devices and the 
detection means. The control of the temperature, the move 
ment of the ?uids, the injection of the reagents, the mixing 
of the solutions in continuous How and the detection are 
entirely automated. In addition, the combination of a per 
manent device and a disposable but relatively inexpensive 
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micro?uidic substrate allows a considerable reduction in 
costs relative to systems in Which everything is integrated on 
the same micro?uidic device. 

[0013] One embodiment of the present invention is a 
device comprising a micro?uidic substrate comprising at 
least one pathWay for sample How and at least one thermal 
transfer member Which is capable of cycling betWeen at least 
tWo temperatures, said at least one thermal transfer member 
being adapted to bring at least a portion of said sample 
pathWay to said at least tWo temperatures While a sample is 
continuously ?oWing along said at least a portion of said 
sample pathWay. In some aspects of this embodiment, the 
device further comprises a force supplying member operably 
linked to said at least one pathWay for sample ?oW Wherein 
said force supplying member applies a force to said sample 
such that said sample travels along said at least one pathWay. 
The device may further comprise a sample supplier Which 
supplies a sample to said at least one pathWay. The device 
may also further comprise at least one inlet basin positioned 
at a ?rst end of said at least one pathWay such that said 
sample supplier supplies said sample to said inlet basin and 
said sample travels from said inlet basin to said at least one 
pathWay. The device of may also further comprise at least 
one outlet basin positioned at a second end of said pathWay. 
In some aspects of the present invention, the device further 
comprises at least one reagent supplier positioned betWeen 
said inlet basin and said outlet basin. In other aspects of the 
present invention, the device comprises a plurality of said 
pathways. The pathways may comprise channels arranged in 
parallel. The force generated by said force supplying mem 
ber may be pressure. The micro?uidic substrate may consist 
essentially of silicon. The device may further comprise a 
detector for measuring a physicochemical property of said 
biological sample. The thermal transfer member may com 
prise a metal bar in ?uid communication With a plurality of 
Water sources containing Water at said at least tWo tempera 
tures, said metal bar being in thermal communication With 
said at least a portion of said sample pathWay. 

[0014] Another embodiment of the present invention is a 
method for conducting a biochemical or chemical process 
comprising cycling at least a portion of at least one sample 
?oW pathWay betWeen at least tWo temperatures While a 
sample comprising the reagents for said biochemical or 
chemical process is ?oWing through said at least a portion of 
said at least one sample ?oW pathWay. The sample ?oW 
pathWay may be located on a micro?uidic substrate. The 
sample ?oW pathWay may be in thermal communication 
With at least one thermal transfer member Which cycles 
betWeen said at least tWo temperatures While said sample is 
continuously ?oWing through said at least a portion of said 
at least one sample ?oW pathWay. The thermal transfer 
member may cycle through said at least tWo temperatures a 
plurality of times While said sample is continuously ?oWing 
through said at least a portion of said at least one sample 
?oW pathWay. The thermal transfer member may cycle 
through said at least tWo temperatures from about 2 to about 
35 times While said sample is continuously ?oWing through 
said at least a portion of said at least one sample ?oW 
pathWay. In some aspects of this embodiment, at least a 
portion of a plurality of sample ?oW pathWays are simulta 
neously cycled betWeen said at least tWo temperatures While 
a plurality of samples are simultaneously ?oWing through 
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said sample ?oW pathWays. The biochemical or chemical 
reaction may comprise a nucleic acid ampli?cation proce 
dure. 

[0015] The nucleic acid ampli?cation procedure may 
comprise polymerase chain reaction. The method may fur 
ther comprise determining the identity of at least one poly 
morphic nucleotide in the product of said nucleic acid 
ampli?cation procedure. 

[0016] Another embodiment of the present invention is a 
process for carrying out biochemical protocols on at least 
one sample, comprising feeding at least one channel With a 
continuous How of a solution containing at least one sample, 
injecting at least one reagent from a reagent reservoir into 
said channel, thereby miXing said sample and said reagent, 
and transferring heat betWeen at least one thermal support 
and at least one temperature regulated portion of said at least 
one channel. The feeding step may comprise applying a 
pressure difference betWeen a feed basin of said at least one 
channel and an outlet basin of said at least one channel. The 
process may further comprise detecting at least one physi 
cochemical parameter of said sample in said at least one 
channel. In some aspects of the process, a temperature of 
said solution is adjusted to a predetermined level When said 
solution runs through said at least one temperature regulated 
portion of said at least one channel. The process may further 
comprise cycling said at least one thermal support through 
at least tWo different temperatures. The cycling may be 
repeated 1 to 35 times While solution is running through said 
at least one portion of said at least one channel. In other 
aspects of the process, a plurality of samples separated by 
separators are sequentially introduced into said at least one 
channel. In some aspects of the process, said feeding, said 
injecting, and said transferring are carried out simulta 
neously on a plurality of channels arranged in parallel. 

[0017] Another embodiment of the present invention is a 
process for carrying out in continuous ?oW at least one 
temperature cycle on a solution containing at least one 
sample comprising feeding at least one channel With a 
continuous How of said solution, running said solution 
through at least one temperature regulated Zone, and cycling 
said at least one temperature regulated Zone successively 
through a temperature cycle of at least tWo temperatures in 
a predetermined temporal series, such that the solution 
undergoes said temperature cycle at least once in running 
through the at least one temperature regulated Zone once. 
The process may further comprise detecting at least one 
physicochemical parameter of said sample in said channel. 
The feeding may comprise applying a pressure difference 
betWeen a feed basin of said at least one channel and an 
outlet basin of said at least one channel. The feeding may be 
sequentially repeated With a plurality of samples separated 
by separators. In some aspects of the process, said feeding, 
said running and said cycling are carried out simultaneously 
on a plurality of channels arranged in parallel. 

[0018] Another embodiment of the present invention is a 
process for amplifying nucleic acids, comprising: a) miXing 
at least one sample comprising said nucleic acids With 
reagents Which are suitable for amplifying nucleic acids to 
form at least one reaction mixture, b) feeding at least one 
channel With a continuous How of said at least one reaction 
miXture, c) running said at least one reaction mixture 
through at least one temperature regulated Zone, and d) 
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cycling said temperature regulated Zone through a tempera 
ture cycle of at least tWo temperatures in a predetermined 
temporal series, Wherein the at least tWo temperatures, a 
duration of the temperature cycle, and a rate of said running 
are preselected such that said at least one nucleic acid 
sample undergoes a denaturation-hybridiZation-elongation 
cycle one or more times While ?oWing through said at least 
one temperature regulated Zone. The feeding may comprise 
applying a pressure difference betWeen a feed basin of said 
at least one channel and an outlet basin of said at least one 
channel. The channel may be formed in a micro?uidic 
substrate. The micro?uidic substrate may consist essentially 
of silicon. In some aspects of the process, said feeding is 
sequentially repeated With a plurality of nucleic acid 
samples separated by separators. In other aspects of the 
process, steps a), b), c) and d) are carried out simultaneously 
on a plurality of channels arranged in parallel. 

[0019] Another embodiment of the present invention is a 
process for identifying in continuous ?oW at least one 
nucleotide in at least one target nucleic acid, comprising: a) 
feeding a channel With a continuous How of a solution 
comprising said at least one target nucleic acid, b) injecting 
a microsequencing reagent comprising a microsequencing 
buffer, at least one microsequencing primer, at least one 
ddNTP and a polymerase into said channel, thereby miXing 
said nucleic acid solution and said reagent, c) running the 
solution through at least one temperature regulated Zone in 
such a Way as to produce at least one cycle comprising 
denaturation of said at least one target nucleic acid, hybrid 
iZation of said nucleic acid With said at least one microse 
quencing primer, and incorporation of a ddNTP Which is 
complementary to the nucleotide to be identi?ed at a 3‘ end 
of said primer, and d) identifying the nucleotide Which has 
been incorporated at the 3‘ end of the microsequencing 
primer. The feeding may comprise applying a pressure 
difference betWeen a feed basin of said channel and an outlet 
basin of said channel. The process may further comprise 
amplifying said at least one target nucleic acid using the 
method above prior to performing said method for identi 
fying at least one nucleotide. The ddNTPs may be labeled 
With ?uorophores and the ?uorescence of the incorporated 
ddNTP may be detected. The feeding, said injecting and said 
running may be carried out simultaneously on a plurality of 
channels arranged in parallel. 
[0020] Another embodiment of the present invention is a 
process for detecting in continuous ?oW at least one nucle 
otide in at least one target nucleic acid, comprising: a) 
feeding a channel With a continuous How of a solution 
containing at least one target nucleic acid, b) injecting the 
reagent for amplifying a region of the at least one target 
nucleic acid Which carries at least one nucleotide to be 
detected into said channel from a ?rst reagent reservoir, c) 
running the solution through at least one temperature regu 
lated Zone in such a Way that the nucleic acid undergoes a 
denaturation-hybridiZation-elongation cycle one or more 
times, d) injecting the reagent for purifying the ampli?cation 
product into said channel from a second reagent reservoir, e) 
running the solution through at least one temperature regu 
lated Zone to carry out a puri?cation reaction, f) injecting the 
microsequencing reagent comprising the microsequencing 
buffer, at least one microsequencing primer, at least one 
ddNTP and a polymerase into said channel from a third 
reagent reservoir, g) running the reaction miXture through at 
least one temperature regulated Zone in such a Way as to 
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produce at least one cycle comprising the denaturation of the 
target nucleic acid, the hybridiZation of said nucleic acid 
With the at least one microsequencing primer, and the 
incorporation of the ddNTP Which is complementary to the 
nucleotide to be detected, at the 3‘ end of said primer, and h) 
detecting at least one ddNTP Which is incorporated at the 3‘ 
end of the microsequencing primer. The feeding may com 
prise applying a pressure difference betWeen a feed basin of 
said channel and an outlet basin of said channel. In some 
aspects of the process, in steps c) and e), the temperature 
regulated Zone is brought successively to at least tWo 
temperatures in a temporal series Which forms at least one 
cycle. The ddNTPs may be labeled With ?uorophores, and 
Wherein in step h) the ?uorescence of the incorporated 
ddNTP is detected. The reagent for the puri?cation may 
comprise an eXonuclease and an alkaline phosphatase. In 
some aspects of the process, steps a), b), c), d), e), f), g) and 
h) are carried out simultaneously on a plurality of channels 
arranged in parallel. 
[0021] Another embodiment of the invention is a method 
of performing a chemical or biochemical protocol compris 
ing cycling at least one thermal transfer member betWeen at 
least tWo temperatures While liquid samples on Which the 
chemical or biochemical protocol is to be performed are 
continuously moving through at least one temperature regu 
lated Zone upon Which the at least one thermal transfer 
member acts. The liquid samples may move through the 
temperature regulated Zone in sample receiving regions 
selected from the group consisting of Wells, hydrophillic 
?lms and hydrophillic ?laments. The chemical or biochemi 
cal protocol may comprise adding at least one reagent to the 
liquid samples or, in some embodiments, may comprise a 
nucleic acid ampli?cation procedure. The cycling betWeen 
at least tWo temperatures may be repeated 1 to 35 times 
While the liquid samples are moving through the temperature 
regulated Zone. The chemical or biochemical protocol may 
be performed on a plurality of liquid samples arranged in 
parallel, may, in some embodiments, further comprise 
detecting the result of the protocol and may, in some 
embodiments, comprise determining the identity of at least 
one polymorphic nucleotide. 

[0022] Another embodiment is a method for carrying out 
a chemical or biochemical protocol comprising depositing 
liquid sample volumes into a plurality of sample receiving 
regions on at least one mobile sample transport member and 
moving the sample transport member along a pathWay such 
that the sample receiving regions move through at least one 
temperature regulated Zone upon Which a thermal transfer 
member acts, Wherein the thermal transfer member is 
capable of cycling betWeen at least tWo temperatures While 
the sample receiving regions are moving through the at least 
one temperature regulated Zone. The protocol may further 
comprise adding at least one reagent to the sample receiving 
regions While the sample receiving regions are moving along 
the pathWay. The sample receiving regions may comprise 
areas on a substrate. In some aspects of the method, the areas 
on the substrate comprise Wells. There may be a plurality of 
Wells on a plate, and, in some embodiments, the Wells may 
have a thin ?lm on their bottom surfaces. In other aspects of 
the method, the substrate is a ?lm Wherein a surface of the 
?lm is suf?ciently hydrophillic to alloW adherence of indi 
vidual liquid sample volumes in the form of droplets on the 
surface. Alternatively, the ?lm may comprise a matrix of 
hydrophobic areas and hydrophillic areas, the hydrophillic 






































































