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Fig. 1
(57) Abstract: A biological sample processing system (1)
comprising a container (2) for large volume processing, a
flat polymer film (14) having a lower surface ( 15) and a
hydrophobic upper surface (16), which is kept at a dis
tance d to the base side (4) of the container (2) by the pro
trusions (5), the distance d defining at least one gap (17)
when the container (2) is positioned on the film (14), and
a liquid droplet manipulation instrument (20) comprising
at least one electrode array (21) for inducing liquid
droplet movements; a substrate (22) supporting the at least
one electrode array (21); and a control unit (23) is charac
terized in that the container (2) and the film (14) are re-
versibly attached to the liquid droplet manipulation instru
ment (20), the system (1) thus enabling displacement of at
least one liquid droplet (19) from the at least one well (6)
through the channel (12) of the container (2) onto the hy
drophobic upper surface (16) of the flat polymer film (14)
and above the at least one electrode array (21); wherein
the liquid droplet manipulation instrument (20) is accom
plished to control a guided movement of said liquid
droplet (19) on the hydrophobic upper surface (16) of the
flat polymer film (14) by electrowetting and to process
there the biological sample (9).
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System and instrument for processing biological samples

and manipulating liquids having biological samples

Field of technology

The present invention relates to a biological sample processing system compris-

ing a container for large volume processing, a flat polymer film and a liquid drop

let manipulation instrument. The invention further relates to a liquid droplet m a

nipulation instrument comprising an electrode array supported by a substrate,

and a central processing unit for controlling the selection of individual electrodes

providing them with individual voltage pulses for manipulating liquid droplets by

electrowetting. Preferably, this liquid droplet manipulation instrument is accom

plished t o receive a flat polymer film as well as such a container for large volume

processing.

The analysis of biological material such as tissue samples or microorganisms, in

particular nucleic acids or proteins, is well established in various fields, especially

in the field of scientific research, pharmacological screening or forensic sciences.

Adequate methods have been developed for different purposes, each method re

quiring a special set of reaction reagents and devices for the performance of the

respective method. However it remains a challenge to adopt existing analysis



procedures t o the different conditions and requirements present in each field. For

example in criminal forensics, a relatively small amount of material to be ana

lyzed is usually available. Additionally, the quality of such material can be rather

low, placing additional challenges on the involved personal. Thus, the procedures

need t o be specifically adapted t o these conditions. On the other hand, for labo

ratory diagnostic procedures the biological material is usually available in suff i

cient amounts, but the required methods are t o be adopted individually depend

ing on the underlying question t o be solved.

For the first steps of the analysis of biological material, there are methods re

quired, which are well known in the art. Material of interest is collected e.g. from

a crime scene (in criminal forensics) or from a patient (for diagnostic purposes).

Such materials can be tissue samples (such as oral mucosa cells, hair follicles) or

bodily fluids (such as blood, sputum, etc.). This starting material then requires

further processing t o make nucleic acids or proteins available for the analysis.

Typically, a lysis step is initially applied for these purposes, involving for example

the application of heat, a certain enzymatic activity, and/or the application of

specific chemicals. The cell lysis is followed by a purification of the nucleic acid or

protein of interest from the additional cellular material. In the case where the

nucleic acid is t o be analyzed, an amplification step might be advisable t o in

crease the sample yield. Nucleic acid amplification is typically achieved by the

polymerase chain reaction (PCR). This method allows the amplification of spe¬

cific, predefined nucleic acid sequences by the use of sequence-specific primer.

Depending on the question to be solved, the amplified material might be further

analyzed for example by sequencing.

With the progresses in the reliability and simplification of such methods, for ex

ample by the use of kits, these methods have become standard procedures in

these different fields. Together with an increasing demand for diagnostics based

on molecular level, there is an increasing need for the automated processing of

relevant samples, starting with an initial biological sample through t o the final

analysis.



Related prior art

Automated liquid handling systems are generally well known in the art. An ex

ample is the Freedom EVO® robotic workstation from the present applicant

(Tecan Schweiz AG, Seestrasse 103, CH-8708 Mannedorf, Switzerland). This de

vice enables automated liquid handling in a stand-alone instrument or in aut o

mated connection with an analytical system. These automated systems typically

require larger volumes of liquids (microliter t o milliliter) t o process. They are also

larger systems that are not designed to be portable.

A portable device for lysing and/or purifying biological samples is known from

WO 2007/061943. The processing of nucleic acids is performed within a cartridge

chamber using electrodes arranged on the two sides, thus processing biological

material by electrolysis, electroporation, electro-osmosis, electrical kinetic or re-

sistive heating. The cartridge further comprises sieving matrixes or membranes.

By the use of adequate buffers and other reagents, in combination with the ap

plication of the electrodes, various reactions can be performed within the cham

ber, and desired products can be directed for example to collecting membranes.

The cartridge itself can be placed into an integrated system comprising the re-

quired control elements and energy sources. Although this cartridge provides a

system to at least partially control the sample processing electronically, interven

tion of an investigator or of technical lab staff is still required.

Other approaches to deal with the automated processing of biological samples

originate from the field of microfluidics. This technical field generally relates to

the control and manipulation of liquids in a small volume, usually in the micro- or

nanoscale format. Liquid movement in a channel system is known per se as, e.g.

being controlled by micro pumps in stationary devices or centripetal forces in ro

tating labware. I n digital microfluidics, a defined voltage is applied to electrodes

of an electrode array, so that individual droplets are addressed (electrowetting).

For a general overview of the electrowetting method, please see Washizu, IEEE

Transactions on Industry Applications, Volume 34, No. 4, 1998, and Pollack et

al., Lab chip, 2002, Volume 2, 96-101. Briefly, electrowetting refers to a method

to move liquid droplets using arrays of microelectrodes, preferably covered by a



hydrophobic layer. By applying a defined voltage t o electrodes of the electrode

array, a change of the surface tension of the liquid droplet, which is present on

the addressed electrodes, is induced. This results in a remarkable change of the

contact angle of the droplet on the addressed electrode, hence in a movement of

the droplet. For such electrowetting procedures, two principle ways to arrange

the electrodes are known: using one single surface with an electrode array for

inducing the movement of droplets or adding a second surface that is opposite a

similar electrode array and that provides at lest one ground electrode. A major

advantage of the electrowetting technology is that only a small volume of liquid

is required, e.g. a single droplet. Thus, liquid processing can be carried out within

considerably shorter time. Furthermore the control of the liquid movement can

be completely under electronic control resulting in automated processing of sam

ples.

A device for liquid droplet manipulation by electrowetting using one single sur

face with an electrode array (a monoplanar arrangement of electrodes) is known

from the US patent No. 5,486,337. All electrodes are placed on a surface of a

carrier substrate, lowered into the substrate, or covered by a πoπ-wettable sur

face. A voltage source is connected t o the electrodes. The droplet is moved by

applying a voltage t o subsequent electrodes, thus guiding the movement of the

liquid droplet above the electrodes according to the sequence of voltage applica

tion t o the electrodes.

An electrowetting device for microscale control of liquid droplet movements, us-

ing and electrode array with an opposing surface with at least one ground elec

trode of is known from US 6,565,727 (a biplanar arrangement of electrodes).

Each surface of this device may comprise a plurality of electrodes. The drive

electrodes of the electrode array are preferably arranged in an interdigitated re

lationship with each other by projections located at the edges of each single elec-

trode. The two opposing arrays form a gap. The surfaces of the electrode arrays

directed towards the gap are preferably covered by an electrically insulating, hy

drophobic layer. The liquid droplet is positioned in the gap and moved within a

non-polar filler fluid by consecutively applying a plurality of electric fields t o a

plurality of electrodes positioned on the opposite sites of the gap.



The use of such an electrowetting device for manipulating liquid droplets in the

context of the processing of biological samples is known from the US patent ap

plication No. 2007/0217956 Al. Here it is suggested to amplify nucleic acids on a

printed circuit board for example through thermocycling. The electrodes are

transported on an array of electrodes by applying a potential between a refer

ence electrode and one or more drive electrodes. The sample is placed into a

reservoir on the printed circuit board, and droplets are dispensed on said printed

circuit board.

However, none of the known devices allow the fully automated processing of nu

cleic acids starting from collected material up t o the final analysis in the small

volume scale. An additional disadvantage of the presented devices comes with

the nature of such arrangements of electrode arrays, being generally expensive

in production, thus being rather non-disposable in use. A continuous re-use of

the same device for different biological samples and applications however bears

the risk of cross-contaminating the samples of interest, which could lead t o false

results. Therefore, such devices are not suited for high-throughput assays.

Objects and summary of the present invention

It is an object of the present invention to suggest a device which enables the

fully integrated handling of biological samples in a simple, automated and rapid

manner, starting the handling with the provision of a sample to be analyzed for

its biological material into the device and finalizing the processing with the

achievement of a final analysis.

This object is achieved according to a first aspect by a biological sample process

ing system as herein described and disclosed.

It is a further object of the present invention to suggest an alternative device

which enables a simplified manipulation of liquid droplets in a microscale format.



This object is achieved according to a second aspect by providing a liquid droplet

manipulation system which enables a precise and guided movement of liquid

droplets in a microscale format.

Add itional preferred features according to the present invention result from the

dependent claims.

Advantages of the present invention comprise :

The system provides a multi-component device adjusted for a fully aut o

mated processing of biological samples up t o the analysis.

Such a fully integrated system that can directly accept macro-volumes of

sample (either in liquid form or on a solid surface such as a buccal swab)

and process utilizing nano-volumes; all without any user interaction .

The distinction between disposable and non-disposable components allows

the automated processing in a standardized and cost-efficient manner.

Brief description of the drawings

The present invention will be explained in more detail on the basis of exemplary

embodiments and schematic drawings. These explanations however should not

restrict the scope of the present invention . Furthermore, the relative dimensions

shown in the fig ures may vary considerably, as these schemes are not drawn to

scale. There is shown in :

Figure 1 a schematic cross section and partial layout of a biological sample

processing system according to the first aspect of the present inven

tion;

Figure 2 a top view on a container and a film of a biological sample process

ing system according to the present invention, wherein



Fig. 2A shows the at least one well for positioning the biological

sample being arranged towards the outer margin of the

container, and

Fig. 2B shows the at least one well for positioning the biological

sample being arranged in the center of the container;

Figure 3 top views of different embodiments of preferred electrode arrays,

wherein in

Fig. 3A each electrode is accomplished in form of a rectangle;

Fig. 3B each electrode is accomplished in form of a hexagon;

Fig. 3C each electrode is accomplished in form of a circle; and

Fig. 3D each electrode is accomplished in form of a triangle.

Detailed description of the invention

Figure 1 shows a schematic cross section and partial layout of an exemplified

biological sample processing system 1 according t o the first aspect of the present

invention. For enabling the processing of biological samples in an automated and

cost-efficient manner, this system 1 comprises distinct single components which

can be assembled t o one unit, the system 1, in simple steps. Such component is

for example a container 2 which is comprised by the biological sample processing

system 1 . The container 2 is accomplished for processing large volumes of liquid

18. I n the context of the present invention, large volumes of liquid are under-

stood t o relate to liquid volumes up t o 5 ml or up t o 10 ml, depending on the

sample t o be hosted. For example, in case a buccal swab is used, the large vol

ume well is preferably designed t o hold volumes up t o 2 ml; if holding for exam

ple whole blood, the well preferably holds up t o 5 ml. The container 2 has a top

side 3 and a base side 4 . At its base side 4, the container 2 comprises protru-



sioπs 5 . These protrusions 5 may be accomplished as parts of the container 2 ex

tending downwardly at the base side 4 . Alternatively these protrusions 5 may be

attached t o the base side 4 of the container 2 separately, for example by gluing,

welding or other appropriate means t o stably attach such protrusions 5 t o the

base side 4 of the container 2 . The container 2 comprises at least one well 6 .

This at least one well 6 is open at its top side 7 . Thus, a biological sample 9, a

reaction reagent 10, or both can be positioned within this well 6 . At its bottom

side 8, the at least one well 6 has at least one opening 11. This opening is con

nected by a channel 12 of the container 2 with an orifice 13 of the container 2 at

its base side 4 . In the case a liquid 18 or a liquid droplet 19 is placed into the at

least one well 6 (with or without a reaction reagent, and/or with or without at

least parts of the biological sample 9), it can be transferred out of the well 6

through the channel 12. The diameter of the channel 12 preferably is chosen

such that the capillary force prevents liquid from leaking out the orifice 13 and

that the liquids thus stay inside the at least one well 6 without need for a valve

or any other closure of the channel 12. The diameter of the channel 12 prefera

bly is from 100 µm to 1 mm.

Furthermore the biological sample processing system 1 comprises a flat polymer

film 14. This flat polymer film 14 could also be called a "plastic skin" as proposed

by Yang et al. (2008) "Exchangeable, pre-loaded "Skin Depot" for digital micro-

fluidics" at the MicroTAS meeting in San Diego, CA. This flat polymer film 14

preferably has a lower surface 15 and a hydrophobic upper surface 16. As a ma¬

terial for the thin polymer films, food wraps, and stretchable wax films can be

used. When assembling the single components t o the biological sample process

ing system 1 in a first step by positioning the container 2 on the film 14, the hy

drophobic upper surface 16 of the film 14 is abutted by the protrusions 5 of the

container 2 . Thereby, the protrusions 5 keep the flat polymer film 6 at a distance

"d" to the base side 4 of the container 2 . This distance "d" is set by the height of

the protrusions 5 of the container 2, and defines at least one gap 17 when the

container 2 is positioned on the flat polymer film 14. The gap 17 between the

upper hydrophobic surface 16 of the film 14 and the base side 4 of the container

is sized to accommodate a liquid droplet. Preferably, this gap 17 is less than 2

mm. Most preferably, the gap 17 is less than 1 mm.



The biological sample 9 preferably is contained a well 6 . It can be mixed with a

liquid 18, such as a buffer solution with or without lysis reagents. The biological

sample 9 may be displaced from the at least one well 6 (while kept within a l iq

uid droplet 19), through the channel 12 of the container 2 onto the hydrophobic

upper surface 16 of the flat polymer film 14. The liquid droplet 19 with the b io

logical sample 9 is thus placed in the gap 17 between the film 14 and the con

tainer 2 .

The displacement may be performed, without using valves, by a pressure ap-

plied, centrifugal force, or electrowetting against the capillary forces that prevent

leaking of liquids out of the wells 6,6'. However, also other means may be used

which are suitable t o displace the liquid 18 or liquid droplet 19 from the well 6

onto the hydrophobic upper surface 16 of the flat film 14. These means for dis¬

placement may also be used for transferring a reaction reagent 10, which is

stored in a well 6' of the container 2, onto the upper surface of the film. When

displacing liquids from the wells 6,6' onto the upper polymer film surface 16, ex

cess air form the gap may be vented e.g. via an empty well 6'.

For the manipulation of liquid droplets 19, which had been preferably displaced

from the at least one well 6 of the container 2 onto the upper surface 16 of the

film 14, the biological sample processing system 1 comprises furthermore a liq

uid droplet manipulation instrument 20. This instrument 20 comprises at least

one electrode array 21, a substrate 22 which supports the at least one electrode

array 21 and a control unit 23. The liquid droplet manipulation instrument 20 is

accomplished so that the container 2 and the film 14 can be reversibly attached

t o the instrument 20. Thereby, the lower surface 15 of the film 14 abuts the

electrode array 21. When assembled in this a way, the biological sample process

ing system 1 enables the displacement of a liquid droplet 19 from the at least

one well 6 of the container 2 onto the upper surface 16 of the flat polymer film

14 and accordingly above the at least one electrode array 21. The electrode ar

ray 21 is accomplished to induce movements of the liquid droplets 19. Thus, the

instrument 20 is accomplished t o control a guided movement of said liquid drop

let 19 on the upper surface 16 of the flat polymer film 14 by electrowetting and

t o process there the biological sample 9 .



Typical biological samples 9 which are processable by a biological sample proc

essing system 1 are nucleic acids or proteins. Preferably, nucleic acids are used

for processing. Such nucleic acids comprise DNA (desoxyribonucleic acid, for ex

ample genomic DNA, cDNA, mtDNA), RNA (ribonucleic acid, for example mRNA),

being single- or double stranded, and derivatives thereof (for example artificially

labeled nucleic acids. These biological samples 9 may be contained in tissue

samples such as oral mucosa cells or hair follicles. Likewise the biological sam

ples 9 may be contained in a liquid, such as samples of body fluids such as

blood, urine, sputum etc. A biological sample 9 of interest can be processed by a

biological sample processing system 1 according t o the present invention inde

pendent of its origin. Of particular interest are samples taken for example from

patients (in routine diagnostic procedures) or from a crime scene (in criminal fo-

rensics). However, for a successful processing of the sample, the selection of re¬

quired reaction reagents 10 should be adopted based on the material which

comprises the biological sample 9 . It is also possible to load an already purified

biological sample 9 into the at least one well 6 of the container 2 . I n this case, a

purification step is not necessarily required during the processing within the b io

logical sample processing system 1 .

Preferably, the at least one well 6 of the container 2 is sized t o accommodate a

solid substrate 24 which carries the biological sample 9 . This solid substrate 24

might be a tissue sample. However, it is also possible that this solid substrate 24

is a swab, a spatula, a needle, a syringe, a piece of paper such as FTA paper, or

fabric material such as clothing, or other substrate suitable for carrying and/or

collecting a biological sample 9 or e.g. tissues comprising the sample 9 . Most

preferably, the solid substrate 24 is a swab head, and accordingly, the at least

one well 6 of the container 2 is sized t o accommodate a swab head. An exem

plary embodiment of a well 6 accommodating a swab head is shown in Figure 1 .

A typical size of such a well 6 for a swab head has a diameter of about 10 mm

and a height of about 40 mm. Such a swab head may be made for example of

cotton or polyester, as commonly known in the art. These solid samples 24 may

carry as well tissue samples or biological samples 9 in form of a liquid (such as

bodily fluids).



I n the present Fig. 1, a container 2 is shown t o comprise one well 6 sized t o ac

commodate a swab head, and further wells 6' which are different from the sam

ple well 6 in size. I n another variant, as shown in Figures 2A and 2B, the con

tainer 2 comprises at least one sample well 6 and six smaller wells 6' for storing

reaction reagents. These wells 6' are preferably sized t o store reaction reagents

10 and other required liquid such as buffers. A typical size of such a well 6' for

storing reaction reagents 10 has a diameter of about 5 mm and a height of about

40 mm. However, the size of each well 6,6' of the container 2 may be adopted

individually according t o the requirements given by the underlying question to be

solved. Similarly, the position of the wells 6,6' within the container 2 may be

adopted as depending on the design of the liquid droplet manipulation instrument

20, production methods etc. Preferably the wells 6,6' are positioned in the outer

regions of the container 2, to provide a central area beneath the container for

moving liquid droplets 19 and for processing the sample 9 within the liquid drop-

let 19. For processing, drops of reaction reagents 10 can be transferred onto the

hydrophobic upper surface 16 of the flat polymer film 14 and mixed there with a

droplet 19.

The at least one well 6 having a solid substrate 24 carrying the biological sample

9 may also comprise a reaction reagent 10. Preferably, such a reaction reagent

10 is suited t o free the biological sample 9 from the material it is contained in. A

lysis reagent for example would be well suited for these purposes. It might com¬

prise a reaction buffer and means to enzymatically open the cellular envelope

hosting the biological sample 9 . The reaction reagent 10 may be positioned

within the well 6 in form of a liquid. Depending on the application and availability

however, the reaction reagent 10 may alternatively be positioned within the well

6 for example in a lyophilized form. This form of reaction reagent 10 is preferred

in the case when the container should be purchasable having preloaded reaction

reagents 10. However it is the general knowledge of a skilled person that the Iy-

ophilized form of a reaction reagent is only preferred when the lyophilization

process has no or only minor influences on the functionality of the reagent 10.

In a preferred embodiment, the container 2 of the biological sample processing

system 1 comprises at least one well 6 which is accomplished as storage for a



reaction reagent 10. This embodiment is particularly preferred in case the con

tainer 2 comprises already one well 6 for positioning a biological sample 9 . Thus,

in this situation, the container comprises at least two wells 6, one well 6 for posi

tioning the biological sample 9 and one well 6' for storing a reaction reagent.

Stored reagents 10 comprise reagents selected from a group comprising re

agents for performing cell lysis, reagents for performing nucleic acid purification,

reagents for performing nucleic amplification and reagents for performing se

quencing of nucleic acids.

During cell lysis, the cellular integrity is disrupted by opening cell membranes.

This step can be performed using for example enzymatic activity or chemical ly

sis. However other procedures t o disrupt cellular integrity may be suitable. Ex-

emplarily, the thermostable protease EAl manufactured by ZyGem™ Corporation

(Waikato Innovation Park, Ruakura Road, Hamilton, New Zealand) should be

mentioned at this place as a suitable enzyme for performing cell lysis. Alterna

tively, cell lysis may be carried out using Proteinase K, or chemical lysis, both

procedures also well known in the art. The buffer matching t o the used enzyme

can be chosen by a skilled person without the need of special efforts and is re

garded to be based on the general knowledge in the art, too. As the procedure

of performing cell lysis is well known t o a skilled person, it should not be de

scribed here in more detail.

DNA purification processes are well known in the art, too, and the single proce¬

dural steps should not be explained here. A purification step is preferred in such

cases where the sample mixture comprises elements which might distract follow

ing reactions. I n the context of this application, such a purification step is desired

preferably after a cell lysis or after nucleic acid amplification processes such as

polymerase chain reaction or sequencing by synthesis. Preferably, DNA is t o be

purified. Typically, reagents for performing nucleic acid purification comprise

beads or particles, eventually modified, which are capable to bind DNA directly or

indirectly. After DNA-binding, undesired contents of the sample mixture can be

washed off, and DNA can be resolved in a desired liquid. Such beads may be

standard magnetic beads well known in the art. Advantageous beads include

DNA IQ™ offered from Promega Corporation (2800 Woods Hollow Road, Madison,



WI 53711 USA) or Dynal® Magnetic Beads offered from Invitrogen Ltd (Euro

pean Headquarters: 3 Fountain Drive, Inchinnan Business Park, Paisley PA4 9RF,

UK). Suitable beads or particle may also be modified. Such a modification may

simplify and specify the purification, as is mediates binding of specifically labeled

DNA. DNA labeling can be achieved during an amplification process. A typical la

bel used for primer in polymerase chain reaction is bioti π; however, other labels

suitable can be used in the context of the present invention. The labeled primer,

incorporated into the amplicon, can be captured in the subsequent purification

process using for example streptavidin coated beads. However, other systems

suitable for the purification of amplified DNA may be used. For example Dynal®

Magnetic beads may be used also in this second purification step.

Polymerase chain reaction (PCR) is typically used for the amplification of nucleic

acid and is also well known in the art. Shortly, PCR comprises a cyclic repetition

of three basic, temperature specific steps: a nucleic acid denaturation step sepa

rating the double strands of DNA at preferably 98°C, an annealing steps allowing

preselected primer (oligonucleotides) to bind t o respective sequences on the sin

gle strand, wherein this temperature step depends on the primer sequence, and

an extension step involving a polymerase which extends bound primer t o a nu-

cleic acid strand at an enzyme specific temperature. The polymerase is prefera

bly thermostable, so that it is not influenced by the denaturation temperature.

Such a thermostable polymerase well known in the art is the polymerase of the

bacterium Thermus aquaticus (Taq-polymerase). However, other thermostable

polymerases available may be used. Preferred templates are genomic DNA or

cDNA. Using PCR, pre-selected, specific regions of a template may be amplified,

giving for example more information about the origin of the DNA. Preferred re

gions to be analyzed by PCR comprise mitochondrial DNA (mtDNA), typical short

tandem repeats (STR), or distinct single nucleotide polymorphisms (SNPs) known

for being for example linked with specific diseases (used as genetic markers).

Sequencing of specifically amplified DNA is a well known tool to further charac

terize the selected DNA. Major sequencing principles are known in the art, se

quencing by amplification and sequencing by hybridization. Sequencing by am pli

fication involves a PCR-related process using however labeled stop-primer which



terminate the extension process randomly. The resulting end-labeled fragments

are then used for determining the sequence of the template. Sequencing by hy

bridization (SBH) involves the linkage of labeled primer t o a matrix. Primer are

selected so that the overlap partially in their sequence. After hybridization of a

target DNA t o said primer, sequence can be determined by the analysis of primer

sequenced t o which the target is bound. When applying sequencing by hybridiza

tion step with the biological sample processing system 1, the labeled primers are

preferably linked t o the hydrophobic upper surface 16 of the flat polymer film 14

prior t o the start of sample processing. Most preferably, the labeled primers are

linked prior to the release of the system into the trade.

I n the case, two ore more, preferably all methods presented above should be

performed using the biological sample processing system 1 according t o the re¬

sent invention, it is required that the container 2 comprises more than two wells

6,6'. Preferably, the container 2 comprises at least one well 6 for positioning a

biological sample 9 and further wells 6' for storing the required reaction reagents

10, with one dedicated well 6' for each reaction reagent 10 of one method. Pref

erably, the well 6 for positioning the biological sample 9 is accomplished t o store

additionally reaction reagents 10 and buffers required for cell lysis. Cell lysis can

thus be performed directly in the well 6 which holds the biological sample 9 .

Should all methods mentioned above be performed, the container 2 then com¬

prises at least four wells 6,6': one well 6 for positioning the biological sample 9

and storing reaction reactions 10 for cell lysis, one well 6' for storing reaction re-

agents 10 for DNA purification, one well 6' for storing reaction reagents for PCR,

and one well 6' for storing reaction reagents 10 for sequencing. Most preferably,

the container 2 comprises at least ten wells 6,6' for processing of a biological

sample 9 :

at least one well 6 is accomplished for positioning the biological sample 9,

for storing reaction reagents 10 and buffer and for performing cell lysis,

at least three wells 6' are accomplished for pre-PCR purification (one each

for magnetic beads, wash buffer, and elute buffer),



at least two wells 6' are accomplished for amplification (one for storing the

enzyme and buffer, one for storing the primer, with one primer well per lo

cus t o be amplified),

at least two wells 6' are accomplished for post-PCR clean-up (one for stor-

ing streptavidin coated beads and one for storing wash buffer),

at least two wells 6' are accomplished for storing reaction reagents 10 and

buffer for sequencing by hybridization (one for storing buffer comprising a

reference probe and one for storing buffer comprising a probe of interest).

Generally, the number of wells 6,6' is dependent on the type of reaction system

used (required reagents, processing steps) and the number of analysis required

(number of sequences/loci to be analyzed, i.e. STR, SNP, mtDNA) and may be

adopted by a skilled person based on general knowledge in the art. I f the primer

for the amplification should be stored in the container 2, preferably the container

2 comprises one primer well per loci t o be analyzed for the amplification process.

Thus, in case 16 loci should be analyzed, the container preferably comprises 16

primer wells 6' for the amplification. I n another preferred variant, the primer re

quired for the amplification step may be available in dried form on the hydropho

bic upper surface 16 of the flat polymer film 14, so that for storing primer, no

separate well 6' would be required here in the container 2 . The primer may in

this case be re-suspended on the film 14 using a buffer held in a well 6'. For the

sequencing by hybridization step, the number of wells 6' required t o store reac¬

tion reagents 10 and buffer may similarly be adopted.

In an especially preferred embodiment, the biological sample processing system

1 is accomplished t o perform the extraction, purification, amplification and analy

sis of a biological sample 9 of interest. Thus, the present invention provides ac

cording t o the first aspect a fully integrated system that can directly accept

macro-volumes of sample (either in liquid form or on a solid surface such as a

buccal swab) and process utilizing nano-volumes up t o the final analysis.

I n the Figures 2A and 2B, a container 2 according t o the present invention is

shown in a top view, having one well 6 for positioning the biological sample 9

and six further wells 6' for storing reaction reagents 10.



When cell lysis is performed directly within the well 6 for positioning the biologi

cal sample 9, the biological sample 9 is set free from the cellular context, and

preferably released into a liquid 18, which therefore is a reaction solution result

ing from the cell lysis. I n case the biological sample 9 was not contained in one

or more cells when positioned into the well 6 of the container 2 (if lysis is not re

quired), the liquid can be chosen according to the following procedural steps, and

added into the well via the top side 7 of the well 6 . I n each case, the biological

sample 9 should be contained at least in parts in a liquid for the further process

ing using the biological sample processing system 1 according to the first aspect

of the present invention. The liquid 18 or a liquid droplet containing at least parts

of the biological sample 9 is then displaced for further processing from the well 6

through the channel 12 of the container 2 onto the hydrophobic upper surface 16

of the flat polymer film 14.

The displacement preferably performed, without using valves or other moveable

means, by a pressure applied, by centrifugal force, or by electrowetting. All these

preferred displacement means act against the capillary forces that prevent leak

ing of liquids out of the wells 6,6'. However, also other means may be used

which are suitable to displace the liquid 18 or liquid droplet 19 from the well 6

onto the hydrophobic upper surface 16 of the flat film 14.

As for further processing, the container 2 and the flat polymer film 14 are re-

versibly attached to the liquid droplet manipulation instrument 20, with the lower

surface 15 of the film 14 abutting the electrode array 21. Accordingly, the liquid

droplet 19 is displaced from the well 6 above the electrode array 21. I n this ar

rangement, the liquid droplet 19 may be moved in a guided manner by the liquid

manipulation instrument 20 by electrowetting. The movement is controlled to

achieve the selected processing of the biological sample 9 contained within said

liquid droplet 19 and t o carry out this processing at preferred sites of the elec-

trode array.

I n a variant of the biological sample processing system 1, the liquid droplet 19 is

moved in the gap 17 within an immiscible system liquid 32. This variant is the

preferred embodiment, when performing PCR on the biological sample 9 con-



tained m the at least one liquid droplet 19. As PCR requires the exposure of such

a liquid droplet 19 to different temperatures, including the denaturation step at

about 98°C, evaporation of liquid may be prevented or at least considerably re

duced with the use of such an immiscible system liquid 32. Preferred system liq-

uids immiscible with the liquid droplet 19 are selected e.g. from silicon oil, hexa-

decane and benzene.

For a form-fitted attachment of the container 2 to the liquid droplet manipulation

instrument 20, both, container 2 and instrument 20 preferably comprise each at

least one positioning element 25. Such positioning elements are preferably se

lected from a group comprising:

at least one groove in the lateral area 28 of the container 2 and at least one

elevation extending from the instrument 20 in such a way that when the con-

tainer 2 with the film 14 is attached t o the instrument 20, groove and eleva

tion are arranged form-fitting to each other;

at least one groove on the base side 4 of the container 2 and at least one

elevation extending from the instrument 20 in such a way that when the con-

tainer 2 with the film 14 are attached t o the instrument 20, groove and e le

vation are arranged form-fitting t o each other;

at least one groove on the base side 4 of the container 2 and at least one

elevation extending from the instrument 20 in such a way that when the con-

tainer 2 with the film 14 are attached t o the instrument 20, groove and e le

vation are arranged form-fitting t o each other, wherein the at least one e le

vation extending form the instrument 20 is a Peltier element for locally pro

viding the container 2 with a preselected temperature; and

- the container 2 having an irregular polyhedron shape and the liquid manipu

lation instrument having a corresponding groove, so that when attaching the

container 2 t o the instrument 20, both are aligned in a form-fitted snugly

manner.



Positioning elements 25 accomplished as at least one groove of the container 2

and at least one elevation extending from the instrument 20 are presented in

Figure 1 (with the groove at the base side 4 of the container 2), Figure 2A (with

two triangular-shaped grooves in the lateral area of the container) and in Figure

2B (with two semi-circular shaped grooves in the lateral area of the container 2).

When using a Peltier element for heating the well 6 for positioning the biological

sample 9, such Peltier element can be accomplished as an elevation extending

from the instrument 20, its position may be chosen so that for example, is spe

cifically provides the well 6 (whether this is central or not) with a defined tem-

perature. However, other means for positioning the container 2 on the liquid

droplet manipulation instrument 20 in a defined configuration may as well be

used which are well known t o a skilled person, and should not be described in

more detail here.

While the container 2 is positioned on the liquid droplet manipulation instrument

20, a liquid droplet 19 on the flat polymer film 14 may either contact only the

hydrophobic upper surface 16 of the film 14 or may contact both, the hydropho

bic upper surface 16 of the film 14 and the base side 4 of the container 2 . The

contact surfaces of such a liquid droplet 19 may be influenced by the sizing of

the gap 17 (thus, sizing the protrusions 5) or by sizing the liquid droplet 19.

The container 2 is preferably made by injection molding. I n this way, the produc¬

tion costs may be reduced despite the achievable high manufacturing quality and

the container 2 can be utilized as a low cost disposable. Such a single-serving

container 2 is suited t o be sold for various applications and can be equipped with

a specific set of reaction reagents 10. The container 2 is preferably made either

of an electrically insulating material 26, of an electrically conductive material 27,

or of a combination of both an electrically conductive and an electrically insulat

ing material 26,27. When made of two different materials, a two step injection

process is preferred. I n the Figures 1, 2A, and 2B , the core of the container 2 is

made of an electrically insulating material 26, wherein the regions surrounding

the wells 6,6' are made from an electrically conductive material 27. The sur

rounding regions made of the conductive material 27 are separated from each

other by the insulating material 26. These surrounding regions made of conduc-



tive material 27 may form at the base side 4 of the container 2 a nozzle 47,

which slightly extends into the gap 17 (see Figure 1). The advantage provided by

such a nozzle is the possibility t o distinctly produce and deliver a liquid droplet

19 into the gap without the droplet 19 contacting the surface of the base side 4

of the container 2 . Furthermore such a nozzle may enable a directed delivery of

the droplet 19 into the gap 17.

Furthermore, parts of the surrounding regions made from the electrically conduc

tive material 27 form a part of the outer, lateral side 28 of the container 2 . Such

a variant has the advantage, that each electrically conductive region 27 of the

container 2 may be individually contacted electrically. This allows the conductive

regions to be addressed by a voltage control 29 and provided with an individual

voltage. Thus, from each well 6,6' one or more liquid drops may be displaced t o

the hydrophobic upper surface 16 of the flat polymer film 14 using the principle

of electrowetting. Importantly, the displacement can be done for each well indi

vidually, so that reaction reagents 10 or liquids containing the biological sample

9 may be individually displaced at the time they are required on the film 14.

I n Figure 2A, the at least one well 6 for positioning a biological sample 9 is ar-

ranged towards the outer, lateral side 28 of the container 2 . The at least one well

6 is additionally surrounded from an electrically conductive material 27. The elec

trically conductive surrounding 27 is in this variant extends to form the major

part of the core of the container 2 . I n this way, major parts of the base side 4 of

the container 2 are made of electrically conductive material 27, too. This allows

processing a liquid droplet 19, which is positioned on the hydrophobic upper sur

face 16 of the film 14 and which contacts the base side 4 of the container 2, by

electrowetting using the electrically conductive parts of the base side 4 of the

container 2 as a ground electrode. Accordingly, in this variant, the guided move

ment of the liquid droplet 19 may be further stabilized.

When the container 2 itself is subjected t o a heating step, for example to pro

mote cell lysis within the at least one well 6 for positioning the biological sample

and/or a reaction reagent, it is preferred that part of the container 2 is made



from a thermally isolating material or that thermally insulating gaps are provided

around the zone of higher temperature.

I n a preferred embodiment, the container 2 comprises means for identification

30, which are selected from a group comprising a barcode and an RFID (radio-

frequency identification) tag or another integrated chip. As such means for iden

tification 30 are well known t o the person skilled in the art, they should not be

described in more detail here. Identification means 30 are especially preferred

when the container 2 of the biological sample processing system 1 is used in an

automated manner, while storing information for example about the biological

sample positioned in a well 6 of the container 2 . In addition, tracking of a par

ticular sample is possible even in a large laboratory system.

When a solid substrate 24 comprising the biological sample 9 is positioned in the

at least one well 6 of the container, this well 6 preferably comprises retention

means 3 1 for preventing the solid substrate 24 to block the opening 8 of said

well 6 . The retention means 31 are selected from a group comprising a filter, a

frit (see Fig. 1) and relief structures (see Fig. 2B). However, other retention

means 3 1 well known in the art may be used for these purposes.

The Figures 2A and 2B each show a container 2 having an analyzing area 33. A

container 2 having an analyzing area 33 is preferred, when certain areas of the

hydrophobic upper surface 16 of the flat polymer film 14 should be accessible by

optical means 38. I n the simplest embodiment, a cut-out section defines the

analyzing area 33, preferably in the outer lateral side 28 of the container 2 . The

respective region of the hydrophobic upper surface 16 of the film 14, underlying

the cut-out, is in this way accessible for optical means 38. Such optical means

are e.g. a human eye or an optical device. Figures 2A and 2B show exemplarily a

preferred position of an optical means in relation t o the analyzing area 33. Most

preferably, the analyzing area 33 is positioned above that region of the hydro

phobic upper surface 16, which is accomplished to the processing of a biological

sample 9 using sequencing, especially preferred when as the sequencing method

sequencing by hybridization method is performed. Preferably, optical devices 38

are selected from a group comprising a standard microscope, a camera system,



a light guiding system such as fiber optics, a scanner, and adaptations or combi

nations thereof. For example, in a very simple embodiment, a camera, a simple

CCD or a PMT (Photo Multiplier Tube) is used together with a light source, such

as an LED, which serves as an excitation source for fluorescent tags on the film

14. I f a light guiding system is used, the excitation- and/or measurement device

may be located aside of the container 2 . Thus, automatic sample processing and

final analysis can be carried out on the same polymer film 16 and on the elec

trode array 21.

As shown in the Figures 2A and 2B, the container 2 preferably comprises a sup

port rim 45 when having an analyzing area 33. This support rim 45 extends

along the outer lateral side 28 of the container 2 while bordering the analyzing

area 33. Accordingly, this support rim 45 may also comprise one or more protru¬

sions 5 at its bottom side, which are attached to the hydrophobic upper surface

16 of the flat polymer film 14. This support rim 45 supports the container 2 hav

ing a cut-out when positioned on the film 14.

I n a special user friendly variant, a multitude of containers 2 having at least one

analyzing area 33 is arranged in such a way, that each analyzing area 33 is eas-

ily accessible by one optical device 38. One possible way would be an essentially

circular arrangement of the containers 2 around a rotary optical device 38. Alter

natively, the containers 2 can be stored in vertical or horizontal rows of adequate

carrier, and the optical device 38 or the carrier with the row of container 2 are

shifted manually or automatically into a position in which the analyzing 33 is ac-

cessible by the optical device 33.

Both, the container 2 and the flat polymer film 14 can be provided to the user e i

ther as separate components that remain t o be assembled when the processing

of a biological sample 9 is t o be started. I n an alternative embodiment however,

these two components can be provided as a cartridge 40. In this case, the car

tridge comprises both, container 2 and the flat polymer film 14, which are at

tached to one another for example by gluing or welding or other appropriate

means t o stably attach these two components.



Preferably, the container 2 or the cartridge 40 comprises a cover 43 for prot ect

ing the wells 6,6' and their content from outside influences. Such a cover 43 may

be sealingly attached t o the top side 7 of the container 2 . The attachment may

be reversible. I n a preferred variant, the cover 43 is a thin film, which optionally

is made of a pierceable material. In this way, the wells 6,6' of the container 2

may be preloaded. Safe storage is allowed by applying the film cover 43 onto the

container 2 . Only upon start of the sample processing, the film cover 43 is

pierced open and the wells 6,6' of the container 2 are accessible for the user.

Additionally, the container 2 or the cartridge 40 can be covered with a cover 43

as well.

I n a second aspect, the present invention relates t o a liquid droplet manipulation

instrument 20. I n a preferred embodiment, this liquid droplet manipulation in¬

strument 20 is accomplished t o be used in the biological sample processing sys-

tern 1 according t o the first aspect of the present invention. However, the liquid

droplet manipulation instrument 20 may be used independently of the biological

sample processing system 1 .

The liquid droplet manipulation instrument 20 according t o the second aspect of

the present invention comprises at least one array of electrodes 2 1 for inducing a

movement of a liquid droplet by electrowetting. The liquid droplet manipulation

instrument 20 also comprises a substrate 22 for supporting the electrode array

21, and a control unit 23. The control unit 23 comprises at least one electrode

selector 34, which is connected with at least one voltage control 29. The elec-

trode selector 34 is accomplished to individually select each electrode 35 of the

electrode array 21. Furthermore, the electrode selector 34 is accomplished t o

provide the selected electrode 35 with a voltage which is controlled by the volt

age control 29. At least the electrode selector 34 and the voltage control 29 are

controlled by a central processing unit 36, which is comprised by the control unit

23. The central processing unit 36 is accomplished to control the electrode selec

tor 34 and the voltage control 29 to individually select at least one electrode 35

and to provide the selected electrode 35 with an individual voltage pulse. Pref

erably, the individual voltage pulse is selected from a group comprising a ground

voltage and a drive voltage. With the selection and provision of an individual



voltage pulse, the selected electrode 35 is defined as a drive electrode 35' or as

a ground electrode 35".

The electrodes 35 of the electrode array 2 1 may have various shapes. Generally,

those shapes of electrodes 35 are preferred which are suitable to establish an ar

ray of these electrodes 35. The Figures 3A - 3D show some examples of pre

ferred electrode-shapes. As can be seen in Figure 3A, the electrodes 35 may

have a rectangular shape. Here, the electrodes 35 have a square shape; how

ever, other rectangular shapes may as well be suitable. I n Figure 3B, the elec-

trodes 35 are shown as having a hexagonal shape, in Figure 3C as having a cir

cular shape and in Figure 3D as having a triangular shape. However, other

shapes may be suitable as well, as long as the electrodes 35 are able to establish

an array and are accessible by electrode contacting lines.

Preferably, the central processing unit 36 comprises activatable software 37. This

software 27 enables the central processing unit 36 t o control the electrode selec

tor 34 and the voltage control 29 to individually select at least one electrode 35

and t o provide the selected electrode 35 with an individual voltage pulse.

The control unit 23 preferably comprises a power supply 44. This power supply

44 provides at least the central processing unit 36 and the voltage control 29

with electric power. Depending on the embodiments of other elements, such as

the electrode selector 34, the power supply 44 may additionally provide also

other elements with electric power.

The control unit 23 is capable to define a path for a guided movement of a liquid

droplet 19 by the selection of a series of subsequent drive electrodes 35'.

Thereby at least one of these selected drive electrodes 35' is subsequently pro

vided with a drive voltage pulse along said path, under the control of the control

unit 23. Furthermore the control unit 23 is accomplished t o essentially simult a

neously provide at least one electrode 35", which is adjacent to the pulsed drive

electrode 35' and different t o the selected drive electrode 35' of the path, with a

ground voltage pulse.



Such a path for a guided movement of the liquid droplet is each shown in the

Figures 3A to 3D. The subsequent selected drive electrodes 35' are indicated.

The actual drive electrode 35' is shown to be that electrode 35, upon which the

liquid droplet 19 is positioned. The direction of the planned guided movement of

the liquid droplet 19 is indicated with an arrow. I n that direction, subsequent

electrodes 35' along the path will be provided with a drive voltage pulse.

Preferably, the size, respectively the diameter of the liquid droplet 19 slightly ex

ceeds the diameter of an electrode 35. Most preferably, for the guided movement

by electrowetting, the liquid droplet touches not only the actual drive electrode

35' but slightly touches simultaneously the subsequent electrode 35' which will

become the next actual drive electrode 35'. However, the adjustment of elec

trode size in relation t o liquid droplet sizes is within the knowledge of the person

skilled in the art and should not be repeated here. However, the actual size and

design of the electrodes and the desired size of the liquid droplets 19 must be in

accordance with each other and with the praxis of electrowetting.

According the second inventive aspect, the presence of at least one ground elec

trode 35" adjacent to the liquid droplet 19 t o be moved provides a stabilizing ef-

feet to its movement. The Figures 3A-3D indicate those electrodes 35" that might

be provided with a ground voltage pulse. Those ground electrodes 35" are pref

erably adjacent to the pulsed drive electrodes 35' and different to the selected

drive electrodes 35' of the path. The provision with the ground voltage pulse is

preferably carried out essentially simultaneously t o the provision with the drive

voltage pulse. Alternatively, the provision with the ground voltage pulse is t o be

carried out simultaneously t o the provision with the drive voltage pulse.

According to a preferred variant of the liquid droplet manipulation instrument 20,

the control unit 20 is accomplished t o provide at least two electrodes 35" which

are adjacent t o the pulsed drive electrode 35' and different to the selected drive

electrode 35' of the path with a ground voltage pulse. Preferably, these at least

two selected ground electrodes 35" are subsequent electrodes 35 on the same

side of the path.



As shown in the Figures 3A-3B, ground electrodes 35" may be selected from

electrodes 35 along the path, adjacent to the path and adjacent t o the liquid

droplet 19. Preferably, the selected ground electrodes 35" are on the same side

of the path. When a group of three or more electrodes 35" is to be provided with

a ground voltage potential essentially simultaneously, at least two first electrodes

35" are preferably selected from one side of the path. The remaining electrodes

35" of that group may however be selected from that side of the path being op

posite t o the first two ground electrodes 35" of that group. However, even when

a group of ground electrodes 35" are selected from two sides of the path, they

are provided with the ground voltage pulse essentially simultaneously or simul

taneously t o the pulsed drive electrode 35'. I f a group of electrodes 35" is simul

taneously provided with a ground voltage pulse, the other electrodes 35" may be

adjacent t o the path and ahead of the liquid droplet 19, adjacent t o the path and

behind the liquid droplet 19 or both.

I n one variant of the liquid droplet manipulation instrument 20, a group of 2 or

more electrodes 35 may be provided with a drive voltage pulse essentially sim ul

taneously. In this case, a liquid droplet 19 of a larger volume may be moved.

However in this variant it is preferred that essentially simultaneously or simulta-

neously a group of 2 or more electrodes 35 are provided with a ground voltage

pulse t o sufficiently support the liquid droplet 19 with the larger volume.

I n a preferred variant of the liquid droplet manipulation instrument 20, the con¬

trol unit is accomplished t o provide at least one selected electrode with a stop

voltage pulse for generating a stop electrode 35'". Preferably, the provided stop

voltage pulse is different t o the drive voltage pulse and the ground voltage pulse.

The voltage pulses for defining a selected electrode 35 as a drive electrode pref

erably are between 20 and 100 V. The voltage pulses for defining a selected

electrode 35 as a stop electrode preferably are between -50 V and +50 V. As

shown in the Figures 3A-3D, selected stop electrodes 35'" are adjacent t o the

path, different t o the selected drive electrode 35' of the path and different t o the

at least one selected ground electrode 35" adjacent t o the path. Furthermore,

stop electrodes 35'" are selected from such electrodes 35 adjacent t o the path,

where the path provides a change of direction for the liquid droplet 19 move-



ment. A stop electrode 35'" supports the direction change of the liquid droplet

movement along the path.

The Figures 3A-3D show exemplarily possible positions of stop electrodes 35'"

along the path. Preferably, at least one electrode 35'" along the path at a place

of direction change is provided with a stop voltage pulse. However, more than

one electrode 35'" in that area may be selected to be provided with a stop volt

age pulse, as shown in Figure 3D. Here, two ore more electrodes are selected as

stop electrode 35"' at the point of direction change t o support the liquid droplet

movement.

The Figures 3B and 3C show exemplary a virtual grid of the electrode array 21.

Each grid point 39 of the virtual grid is established by the geometrical centre of

each electrode 35 of the electrode array 21. Figure 3B shows a hexagonal grid

according t o the hexagonal shape and dense packing of each electrode 35 of the

electrode array 21. Figure 3C shows an orthogonal grid based on the orthogonal

arrangement of electrode 35, this time exhibiting essentially circular shape. Pref

erably, subsequent electrodes for defining the path, subsequent selected ground

electrodes 35", and/or subsequent selected stop electrodes 35'" are defined by

the closest distance between two grid points 39 of that virtual grid. I n this way a

continuous liquid droplet movement may be ensured. The hexagonal arrange

ment of the electrodes array 21 is preferred over the orthogonal arrangement

because of the higher degree of freedom.

Figure 1 shows exemplarily the position of the electrodes 35 in relation t o the

substrate 22. Preferably, the electrodes 35 of the electrode array 2 1 are posi

tioned in relation t o the substrate 22, so that the upper surface of the electrodes

35 are aligned substantially flush with the upper surface of the substrate 22. A l

ternatively, the electrodes 35 of the electrode array are positioned within the

substrate 22 and enclosed by it (see left hand side on Fig. 1). It is preferred t o

position the electrodes 35 as close t o the liquid droplets 19 as possible in order

t o be able to reduce the voltage necessary for electrowetting. Thus, electrodes

35 flush with the upper surface of the substrate 22 and very thin polymer films



are particularly preferred. As a material for the thin polymer films, e.g. food

wraps, and stretchable wax films can be used.

I n a preferred embodiment, the liquid droplet manipulation instrument 20 ac-

cording t o the present invention is accomplished to accommodate a container 2

for large volume processing and to simultaneously accommodate a flat polymer

film 14 with a hydrophobic upper surface 16. In case a container 2 for large vol

ume processing and a flat polymer film 14 comprising a hydrophobic upper sur

face 16 are attached t o the liquid droplet manipulation instrument 20, a system

is formed suited for biological sample processing of a sample 9 positioned within

the container 2 . Such a system preferably corresponds t o the biological sample

processing system 1 according t o the first aspect of the present invention.

I n another variant, the liquid droplet manipulation instrument 20 according t o

the present invention is accomplished t o accommodate a cartridge 40. Said car-

tridge comprises a container 2 and a flat polymer film 14 as previously described

herein. Container 2 and film 14 of the cartridge 40 are attached t o one another

by gluing or welding, or by other appropriate means t o stably connect the con

tainer 2 and the film 14. I n case such a cartridge 40 is attached t o this variant of

the liquid droplet manipulation instrument 20, a biological sample processing

system 1 according t o the first aspect of the present invention may be formed.

I n one variant, the liquid droplet manipulation instrument 20 comprises at least

two ore more electrode arrays 21. Preferably, the electrode arrays 2 1 are ar¬

ranged essentially horizontal within the liquid droplet manipulation system 20. In

this variant, the instrument 20 is accomplished to accommodate at least two or

more containers 2 together with two or more flat polymer films 14, or t o accom

modate at least two or more cartridges 40. Preferably, the container 2 and the

film 14 or the cartridge 40 may be positioned essentially above the electrode ar

ray. However, it is also possible t o position these components essentially side-

ways or laterally, when the electrode arrays are not aligned essentially horizon

tally but essentially vertical.

In an especially preferred embodiment, the biological sample processing system

1 according to the first aspect of the present invention comprises a liquid droplet



manipulation instrument 20 according to the second aspect of the present inven

tion and as discussed in detail above. The embodiment of the liquid droplet m a

nipulation instrument 20 as well as the embodiment of the biological sample

processing system 1 may be chosen by selecting the various features discussed

above, depending on the question addressed. If not stated otherwise, the various

features presented within this application may all be combined with each other.

I n Figure 1, a biological sample processing system 1 comprising a liquid droplet

manipulation instrument 20 is shown. The liquid droplet manipulation instrument

20 comprises a reception element 46 to safely receive the container 2 and the

film 14. I n the embodiment shown, the positioning elements 25 of the liquid

droplet manipulation instrument 20 are comprised by the reception element 46.

Figure 3A shows an electrode array 2 1 according to such an especially preferred

embodiment of a biological sample processing system 1 . This Figure shows an

enlarged top view of a distinct section of Figure 1, indicated as a rectangle with a

dotted line. The position of the at least one well 6 for positioning a biological

sample 9 in relation to the defined path on the electrode array 21 is indicated by

a dotted circular line in Figure 3A. The opening 11 at the bottom of the at least

one well 6, the passage of the channel 12 or the orifice 13 at the base side 4 of

the container 2 respectively are indicated as an inner circle of a dotted line. A

liquid 18 or a liquid droplet 19 is transferred from the well 6 through the channel

12 on the hydrophobic upper surface 16 of the flat polymer film 14, namely

above the electrode array 21 of the liquid droplet manipulation instrument 20. A

liquid portion is indicated in the center of the electrode array 2 1 shown. This liq-

uid portion covers at least one selected drive electrode 35' from the electrode

path. Preferably, the liquid portion covers at least partially subsequent electrodes

35' from the path. According to Figure 3A, the liquid portion covers additionally

electrodes 35" selected to be provided with a ground voltage pulse. A liquid

droplet 19 is separated from the liquid portion by the provision of a drive voltage

pulse t o an electrode 35' subsequent to the initial drive electrode 35' along the

path. The liquid droplet 19 is then guided on along the path in a first direction,

and after a direction change, in a second direction. At the position of the direc

tion change, a stop electrode 35'" is generated to stabilize the direction change.



After e.g. a lysis step performed in a well 6 of the container and displacing a l iq

uid portion, preferably comprising at least parts of the biological sample 9 of the

well 6, further processing may be performed on the hydrophobic upper surface

16 of the flat polymer film 14. For processing a liquid droplet 19 with a DNA puri-

fication step, the use of magnetic beads is especially preferred. In this case, the

liquid droplet manipulation instrument 20 of the biological sample processing

system 1 comprises preferably at least one magnet 41. This magnet 4 1 controls

the magnetic beads during the processing in the gap 17 on the upper hydropho

bic side 16 of the flat polymer film 14. Suitable magnets may be electromagnets

or permanent magnets. The magnet 4 1 is arranged preferably on that side of the

substrate 22 of the instrument, which is not covered by an electrode array 21.

The magnet 41 is alternatively arranged preferably on that side of the substrate

22 of the instrument 20, which is not abutted by the flat polymer film 14.

For processing a liquid droplet 19, which preferably comprises a biological sample

9, with a heat dependent processing step such as a PCR, the liquid droplet m a

nipulation instrument 20 of the biological sample processing system 1 preferably

comprises at least one heating element 42. This heating element 42 is preferably

arranged on that side of the substrate 22 of the instrument 20, which is opposite

t o the side of the substrate 22 being abutted with the flat polymer film 14. The

at least one heating element 42 is accomplished to provide at least one tempera

ture zone with a predefined temperature on the upper hydrophobic surface 16 of

the flat polymer film 14. I f the liquid droplet manipulation device 20 comprises

one heating element 42, PCR may be performed by keeping the liquid droplet 19

comprising a biological sample 9 within the single temperature zone, while

changing the temperature within that single zone accordingly. I f two heating

elements 42 are used, a PCR may be done by moving the liquid droplet 19 com

prising a biological sample 9 between the two zones, wherein the temperature of

each zone is adopted according to the temperature required for the cycling steps.

When processing a liquid droplet 19 comprising a biological sample 9 by PCR, the

biological sample processing system 1 comprises in an especially preferred var i

ant at least three heating elements 42 for providing at least three different t em

perature zones on the upper hydrophobic surface 16 of the flat polymer film 14.

Figure 1 shows a biological sample processing system 1 having three heating



elements 42 underneath the support substrate 22 and opposite t o the side being

abutted with the flat polymer film 14. Each temperature zone has a predefined

temperature t o enable a PCR being performed on the upper hydrophobic surface

16 of the flat polymer film 14. Most preferably, one temperature zone comprises

a temperature for denaturizing double stranded nucleic acid, one temperature

zone comprises a temperature enabling the annealing of pre-selected primer,

and one temperature zone comprises a temperature enabling a polymerase t o

elongate the annealed primer to the full strand. Additionally, the biological sam

ple processing system 1 may comprise a fourth heating element 42 providing a

temperature of about 4°C. Utilizing at least three heating elements 42 under

neath the support substrate 22 has the advantage that the selected tempera

tures can be kept constantly over the entire reaction time and the droplets can

be moved from one temperature region to another. This movement allows for

rapid temperature changes within the droplets 19, which are much faster than

achievable by changing the temperature of the heater element 42 while keeping

the droplet 19 in place.

I n a further variant of the biological sample processing system 1, a layer of low

vapor pressure liquid connects the lower surface 15 of the flat polymer film 14

with the upper surface of the at least one electrode array 2 1 t o reduce the for

mation of air bubbles in-between. Preferably, the low vapor pressure liquid is s ili

con oil; however, other low vapor pressure liquids may be used as well.

Similar reference numbers refer to similar parts, if they are not particularly dis-

cussed in detail.



List of reference numbers:

biological sample processing 25 positioning element

system 26 electrically insulating material

2 container 27 electrically conductive material

3 top side of the container 28 outer lateral side of container

4 base side of the container 29 voltage control

5 protrusions of the container 30 means for identification

6,6' well of the container 3 1 retention means

7 top side of the well 32 system liquid

8 opening at the bottom side of 33 analyzing area

the well 34 electrode selector

9 biological sample 35 electrodes

10 reaction reagent 35' drive electrode

11 opening of the well 35" ground electrode

12 channel of the container 35'" stop electrode

13 orifice of the container 36 central processing unit

14 flat polymer film 37 software

15 lower surface of the film 38 optical means

16 hydrophobic upper surface of 39 grid point

the film 40 cartridge

17 gap 4 1 magnet

18 liquid 42 heating element

19 liquid droplet 43 cover

20 liquid droplet manipulation in 44 power supply

strument 45 support rim

21 electrode array 46 reception element

22 substrate of the instrument 47 nozzle

23 control unit d distance between the upper

24 solid substrate comprising the surface of the film and the

biological sample base side of the container



What is claimed is:

1 . A biological sample processing system (1) comprising:

a container (2) for large volume processing having a top side (3) and a

base side (4) and comprising at least one well (6) open at the top side

(3) for positioning a biological sample (9) and/or a reaction reagent (10)

therein, wherein the at least one well (6) comprises a bottom side (8)

having at least one opening (11), the container (2) further comprising a

channel (12) connecting the opening of the well (11) with an orifice (13)

on the base side (4) of the container (2), and wherein the base side (4)

of the container (2) comprises protrusions (5) distributed thereon;

a flat polymer film (14) having a lower surface (15) and a hydrophobic

upper surface (16), which is kept at a distance d to the base side (4) of

the container (2) by the protrusions (5), the distance d defining at least

one gap (17) when the container (2) is positioned on the film (14),

abutting the latter with its protrusions (5); and

a liquid droplet manipulation instrument (20) comprising:

at least one electrode array (21) for inducing liquid droplet move

ments;

a substrate (22) supporting the at least one electrode array (21);

and

a control unit (23) comprising at least one electrode selector (34)

connected with at least one voltage control (29), the at least one

electrode selector (34) being accomplished t o individually select

each electrode (35) of the at least one electrode array (21) and pro

vide the selected electrode (35) with a voltage controlled by a volt

age control (29);

wherein the container (2) and the film (14) are reversibly attached to the

liquid droplet manipulation instrument (20), the lower surface (15) of the

flat polymer film (14) thus abutting the at least one electrode array (21),

the system (1) enabling displacement of at least one liquid droplet (19)

from the at least one well (6) through the channel (12) of the container

(2) onto the hydrophobic upper surface (16) of the flat polymer film (14)

and above the at least one electrode array (21); and wherein the liquid



droplet manipulation instrument (20) is accomplished to control a guided

movement of said liquid droplet (19) on the hydrophobic upper surface

(16) of the flat polymer film (14) by electrowetting and t o process there

the biological sample (9).

2 . The biological sample processing system (1) according to claim 1, wherein

the container (2) and the liquid droplet manipulation instrument (20) each

comprise at least one positioning element (25) for a form-fitted attachment

of the container (2) to the liquid droplet manipulation instrument (20).

3 . The biological sample processing system (1) according to claim 1, wherein

the at least one well (6) for positioning a biological sample (9) is sized t o

accommodate a solid substrate (24) carrying the biological sample (9).

4 . The biological sample processing system (1) according to claim 3, wherein

the solid substrate (24) is a swab head.

5 . The biological sample processing system (1) according to claim 1, wherein

the biological sample (9) is contained in a liquid (18).

6 . The biological sample processing system (1) according to claim 1, wherein

the biological sample (9) is a nucleic acid.

7 . The biological sample processing system (1) according to claim 1, wherein

at least one well (6') is accomplished as storage for a reaction reagent (10),

the stored reaction reagent (10) comprising reagents selected from a group

comprising reagents for performing cell lysis, reagents for performing nu

cleic acid purification, reagents for performing nucleic acid amplification and

reagents for performing sequencing of nucleic acids.

8 . The biological sample processing system (1) according to claim 1, wherein

the gap (17) between the hydrophobic upper surface (16) of the film (14)

and the base side (4) of the container (2) is less than 2 mm or less than 1

mm.



9 . The biological sample processing system (1) according t o claim 1, wherein

the container (2) is made by injection molding of an electrically insulating or

electrically conductive material (26,27).

10. The biological sample processing system (1) according t o claim 1, wherein

the container (2) comprises means for identification (30).

11. The biological sample processing system (1) according t o claim 1, wherein

the at least one well (6) of the container (2) comprises retention means

(31) for preventing the solid substrate (24) to block the opening (11) of

said well (6), the retention means (31) being selected from a group com

prising a filter, a frit and relief structures on the well's (6) bottom side (8).

12. The biological sample processing system (1) according t o claim 1, wherein

the at least one liquid droplet (19) is moved in the gap (17) within an im

miscible system liquid.

13. A cartridge (40) for use in a biological sample processing system (1) ac

cording t o one of the claims 1 t o 12, the cartridge comprising

- a container (2) having a top side (3) and a base side (4) and comprising

at least one well (6) open at the top side (3), wherein the at least one

well (6) comprises a bottom side (8) having at least one opening (11),

the container (2) further comprising a channel (12) connecting the

opening of the well (11) with an orifice (13) on the base side (4) of the

container (2), and wherein the base side (4) of the container (2) com

prises protrusions (5) distributed thereon and

a flat polymer film (14) having a lower surface (15) and a hydrophobic

upper surface (16), which is kept at a distance d to the base side (4) of

the container (2) by the protrusions (5), the distance d defining at least

one gap (17) when the container (2) is positioned on the film (14),

abutting the latter with its protrusions (5),

wherein the container (2) and the film (14) are attached t o one another by

gluing or welding.



14. A kit for use in a biological sample processing system (1) according t o claim

1, the kit comprising

a container (2) having a top side (3) and a base side (4) and comprising

at least one well (6) open at the top side (3), wherein the at least one

well (6) comprises a bottom side (8) having at least one opening (11),

the container (2) further comprising a channel (12) connecting the

opening of the well (11) with an orifice (13) on the base side (4) of the

container (2), and wherein the base side (4) of the container (2) com

prises protrusions (5) distributed thereon and

- a flat polymer film (14) having a lower surface (15) and a hydrophobic

upper surface (16), which is kept at a distance d to the base side (4) of

the container (2) by the protrusions (5), the distance d defining at least

one gap (17) when the container (2) is positioned on the film (14),

abutting the latter with its protrusions (5),

wherein the container (2) and the film (14) are accomplished as separate

components that remain t o be assembled when the processing of a biologi

cal sample (9) is t o be started.

15. The cartridge (40) according t o claim 13 or the kit according t o claim 14,

wherein the flat polymer film (14) is accomplished as an electrically insu

lating flat polymer film.

16. A liquid droplet manipulation instrument (20), comprising:

at least one array of electrodes (21) for inducing a movement of a liq-

uid droplet (19) by electrowetting;

a substrate (22) supporting the at least one electrode array (21); and

a control unit (23) comprising at least one electrode selector (34) con

nected with at least one voltage control (29), the at least one electrode

selector (34) being accomplished t o individually select each electrode

(35) of the at least one electrode array (21) and t o provide the se

lected electrode (35) with a voltage controlled by the voltage control

(29); the control unit (23) further comprising a central processing unit

(36) for controlling the electrode selector (34) and the voltage control

(29) t o individually select at least one electrode (35) and t o provide



the at least one selected electrode (35) with an ind ividual voltage pul

se which is selected from a group comprising a ground voltage and a

drive voltage, thus defin ing the selected electrode as a drive electrode

(35') or a ground electrode (35") ;

wherein

the control unit (23) is capable t o define a path for a guided

movement of the liquid droplet (19) by the selection of subsequent

drive electrodes (35'), and to provide each one of these selected

drive electrodes (35') with a drive voltage pulse along said path;

and

the control unit (23) is accomplished t o essentially simultaneously

provide at least one electrode (35) adjacent t o the pulsed drive

electrode (35') and different to the selected drive electrode (35') of

the path with a ground voltage pulse.

17. The liquid droplet manipulation instrument (20) accord ing to claim 16,

wherein the control unit (23) is accomplished t o essentially simultaneously

provide at least two or more electrodes (35") adjacent t o the pulsed drive

electrode (35') and different t o the selected drive electrode (35') of the path

with a ground voltage pulse.

18. The liquid droplet manipulation instrument (20) accord ing to claim 17,

wherein the two or more electrodes (35") are on the same side of the

path .

19. The liquid droplet manipulation instrument (20) according t o claim 16,

wherein the control unit (23) is accomplished t o provide at least one se

lected electrode (35) with a stop voltage pulse for generating a stop elec

trode (35'").

20. The liquid droplet manipulation instrument (20) according t o claim 16,

wherein subsequent electrodes (35) are defined by the closest distance be

tween two grid points (39) of a virtual grid defined by the at least one elec-



trode array (21), each grid point (39) being established by the centre of

each electrode (35).

21. The liquid droplet manipulation instrument (20) according to claim 16,

wherein the electrodes (35) of the at least one electrode array (21) are

positioned in relation t o the substrate (22), so that the upper surface of the

electrode (35) is aligned substantially flush with the upper surface of the

substrate (22), and/or the electrodes (35) of the electrode array are posi

tioned within and enclosed by the substrate (22).

22. The liquid droplet manipulation instrument (20) according to claim 16 being

accomplished t o accommodate at least one container (2) for large volume

processing and at least one flat polymer film (14) with a hydrophobic upper

surface (16) according to claim 14 or claim 15.

23. The liquid droplet manipulation instrument (20) according to claim 16 being

accomplished t o accommodate at least one cartridge (40) comprising a con

tainer (2) and a film (14) according to claim 13 or claim 15.

24. The biological sample processing system (1) according t o claim 1, compris

ing a liquid droplet manipulation instrument (20) according to claim 16.

25. The biological sample processing system (1) according t o claim 24,

wherein the liquid droplet manipulation instrument (20) comprise at least

one magnet (41) for controlling magnetic beads during liquid manipulation

and/or biological sample processing in the gap (17) on the hydrophobic u p

per side (16) of the flat polymer film (14).

26. The biological sample processing system (1) according t o claim 24,

wherein the liquid droplet manipulation instrument (20) comprises at least

one heating element (42) for providing at least one temperature zone with

a predefined temperature on the hydrophobic upper surface (16) of the flat

polymer film (14).



27. The biological sample processing system (1) according t o claim 24,

wherein the liquid droplet manipulation instrument (20) comprises at least

three heating elements (42) for providing at least three different tempera

ture zones on the hydrophobic upper surface (16) of the flat polymer film

(14), each temperature zone having a predefined temperature thus ena

bling a polymerase chain reaction t o be performed on said surface (16) of

the flat polymer film (14).

28. The biological sample processing system (1) according t o claim 24,

wherein the container (2) for large volume processing comprises a cut-out

section that defines an analyzing area (33) accessible by optical means

(38).

29. The biological sample processing system (1) according t o claim 24,

wherein a layer of low vapor pressure liquid connects the lower surface

(15) of the flat polymer film (14) with the upper surface of the at least one

electrode array (21) to reduce the formation of air bubbles in-between.

30. A method for processing a biological sample (9) with a biological sample

processing system (1), the system comprising:

a container (2) for large volume processing having a top side (3) and a

base side (4) and comprising at least one well (6) open at the top side

(3) for positioning a biological sample (9) and/or a reaction reagent (10)

therein, wherein the at least one well (6) comprises a bottom side (8)

having at least one opening (11), the container (2) further comprising a

channel (12) connecting the opening of the well (11) with an orifice (13)

on the base side (4) of the container (2), and wherein the base side (4)

of the container (2) comprises protrusions (5) distributed thereon;

a flat polymer film (14) having a lower surface (15) and a hydrophobic

upper surface (16), which is kept at a distance d to the base side (4) of

the container (2) by the protrusions (5), the distance d defining at least

one gap (17) when the container (2) is positioned on the film (14),

abutting the latter with its protrusions (5); and

a liquid droplet manipulation instrument (20) comprising:



at least one electrode array (21) for inducing liquid droplet move

ments;

a substrate (22) supporting the at least one electrode array (21);

and

a control unit (23) comprising at least one electrode selector (34)

connected with at least one voltage control (29), the at least one

electrode selector (34) being accomplished to individually select

each electrode (35) of the at least one electrode array (21) and pro

vide the selected electrode (35) with a voltage controlled by a volt-

age control (29);

wherein the container (2) and the film (4) are reversibly attached to the

liquid droplet manipulation instrument (20), so that the lower surface

(15) of the flat polymer film (14) is abutting the at least one electrode

array, and at least one liquid droplet (19) from the at least one well (6)

is displaced through the channel (13) of the container (2) onto the hy

drophobic upper surface (16) of the flat polymer film (14) and above

the at least one electrode array (21), and wherein the liquid droplet

(19) is processed by a guided movement on the hydrophobic upper sur

face (16) of the flat polymer film (14) by electrowetting controlled by

the liquid droplet manipulation instrument (20).
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