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A DEVICE AND SYSTEM FOR TRANSFER OF MATERIAL 

FIELD OF THE INVENTION 

The present invention concerns a device and system for the transfer 
and/or manipulation of liquids or particles. The present invention further 
concerns a method of detection ofbiological entities using magnetic particles. 

BACKGROUND OF THE INVENTION 

In recent years, with the adv~ce of automatization in laboratory 
techniques, many assays, reactions, diagnostic procedures and synthesis 

-:techniques, are carried out by the transfer of a plurality of liquid samples, 
to · simultaneously, from one array of liquid-containing wells to another. Typically, 

- -these are arrays of 5, 8, 16, 25, 96, 384, or 1536 liquid-containing wells. In order 
--- -'to transfer, add, collect or mix liquids, or particles to present in all the wells in 

the array simultaneously, various multi-collector systems have been devised. The 
-most commonly used is a multi-pipetor which collects liquid from an array of 

1s source wells to an array of target wells, simultaneously, by application or release 
of application, respectively, of vacuum force. However, in all known 
multi-pipetor devices, each individual pipetor capable of collecting or releasing 
liquid from the well, is connected by vacuum force to all other pipetors so that ':lll 
-~amples in the well are collected and released· at once (Valerio et al. Analytical ,_ 

20 Biochemistry, Jll:l68-177 (1991)) • 

. Magnetic particles are used for a variety of separation, purification, and 
-- isolation techniques in connection with chemical or biological molecules. In 

those techniques, a magnetic particle is coupled to a molecule capable of fonning 
· a:ipecific binding (hereinafter "ajftnity binding'' with a molecule in a biological 

2S :,smttple, which is to be isolated, purified or separated. The biological sample is 
-~en. brought into contact "With the magnetic particle and those biological 
-mulecules which bind to the magnetic particles are then isolated by application of 
a magnetic field. 
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Such magnetic separation techniques have been employed to sort cells, to 

recover ~tibodies or enzymes from a solution, to purify proteins using affinity 

techniques, and to remove unwanted particles :from suspension, for example, to 

remove cancer cells ex vivo, from a cell preparation which is then injected into a 

s patient (Pourfarzaneh, M et al, "The use of magnetizable particles in solid phase 

immunoassay in methods of biochemical analysis"28:261-29S (1982)). 

For the purpose of using magnetic particles, various devices have been 

developed in order to transfer the magnetic particles from one location to 

another, for example :from one reaction vessel to another reaction vessel 

10 U.S. 4,292,920 discloses a device for transfemng, by bio-magnetic 

attraction, antigen-antibody adsorbent material from one reaction mixture to 

the other. The device may comprise a single or multi.pin arrangement, 

corresponding to a well. arrangement, which is capable of attracting by 

magnetic force magnetic particles. By one embodiment, the pin is connected· to 

15 an electromagnet, and by turning the electromagnet on and off the pin becomes 

magnetized, or non-magnetized, respectively. 

U.S. Patent 5,567,326 discloses an apparatus and method for separating 

magnetically responsive particles :from a nonmagnetic test medium in which 

they are suspended. The device comprises a plurality of nonmagnetic pins 

20 (termed "magnetic field directing elements") arranged in an array, and a 

magnet positioned normal to said array. Placing the magnet on the array of 

pins, renders all the pins in the array magnetic causing parti.c1es to be attracted 

to them, and thus collecting them; and removing the magnet causes the pins to 

become non-magnetic, and consequently the magnetic particles are released 

2s from the pins. 

The drawbacks of the above devices and apparatuses reside in the fact 

that the magnetic pins come into direct contact with the magnetic particles, so 

that if rinsing and sterilization is required, the whole apparatus or device has to 

be washed which procedure is expensive and time consuming. Furthermore, 
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the collection of particles is not efficient, since in such a construction, due to 

surface tension forces, some of the particles remain in the suspension. 

Another drawback of the prior art devices reside in the fact that, where a 

multi pin device is used to collect magnetic particles from a plurality of wells, 

s the particles from all the weUs have to be collected at once in an -"all or none" 

fashion, and it is not possible to selectively collect particles only from some 

wells in an array. 

Magnetic particles were also used for detection purposes, for ex.ample 

for DNA purification for detection purposes, using a method similar to reverse 

10 hybridization blot system. However where the specific oligonucleotide probe 

was attached to a paramagnetic particle· instead of a sheet membrane. The 

target DNA, contains the complementary sequence of the probe hybridizes to 

the probe that is attached to the bead and is then magnetically removed from 

the solution, washed and collected (Fry et al., Bio Techniques, 13 (1) 124-131 

15 (1992)). Coupling of the polyonucleotides to the magnetic particles can be 

carried out for example according to the teaching of Day et al. (Biochem. J. 

278, 735-740 (1991)). Immobilization of nucleic acid sequences on magnetic 

beads can also be carried out utilizing the streptavidin - bioten technology 

(Uhlen M., Nature, 340, 733-739 (1989)). 

20 

GLOSSARY 

. . The following terms will be used at times throughout the specification: 

"Material" - the contents of a vessel which is transferred from a first plurality 

2s 1ofvessels termed "source vessels,, (see below) to a second plurality of vessels 

'termed ''target vessels', (see below). Typically, a "material" is a small amount 

of liquid, solid particles (such as beaclS), for example contained in a liquid or 

magnetic particles. 

30 '"Plurality of vessels" - two or more material-holding vessels. The·plurality 

'can be present in one "a"i:zy of vessels" (see below), for example each 
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plurality may be a line or column in a single array. Alternatively, the plurality 

may be the array of vessels itself: for example a 96-well array. 

"Array of vessels" - a plurality of voids present in a single construct which 

5 holds the material. Typically the array of vessels is an array of wells. State of 

the art wells have an 8, 16, 25, 96, 384 or 1536 -well airangement. 

"Source vessels" - a plurality of vessels from which material is collected. 

10 "Target vessels" - a plurality of vessels to which material is released. 

15 

"Transfer" - an action of withdrawing and holding (i.e. collecting) the 

material from one plurality of vessels (source) and releasing the material to 

another plurality of vessels (target). 

"Collecting member" - a component of the system of the invention capable of 

collecting (upon activation) and releasing (upon deactivation) material from a 

single vessel for example from a single well. The system comprises a plurality 

of individual collecting members each capabl~ of being activated and 

20 deactivated independently. 

''Activated state" ("activated"} "deactivated state" "Deactivate11 
- a change of 

property of the individual collecting member which can cause it to collect or 

release material, respectively, for example, by application and removal of 

25 vacuum force. Another example is creation of an activated state by placing a 

magnetic-field providing member in a first position where it is present at the 

distal-collecting end of the device and deactivated state is created by moving 

said member to a second position where it is spaced from said distal-collecting 

end. In the first position magnetic particles (the material) one collect~d and in 

30 the second position magnetic particles are relevant Another option is a 
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collecting member comprising an electromagnet when the electromagnet is 

turned on, magnetic particles are collected and the collecting member is the 

activated state. When the electromagnetic is turned o~ the magnetic particles 

are released and the collecting member is in the deactivated state. 

"Manipulation" - a collection and release of magnetic particles resulting in 

their transfer from one location to the other as well as the movements of the 

.... :particles within a medium for various purposes for example, for mixing them 

with various reagents, for rinsing etc. 

"Magnetic particles" - particles of various siz.es, comprising a magnetic 

substance, being a substance which is either a magnet, i.e. having a 'magnetic 

:memory' or a substance which is not a magnet but is attracted to magnets, i.e. a 

ferromagnetic material. The magnetic particles may consist solely or essentially 

ts of the magnetic substance. Alternatively, the magnetic particles may be 

·composite particles comprising the magnetic substance and other non-magnetic 

· . substances such as agar, agarose, non-magnetic metal, glass, nitrocellulose, etc. 

The composite particle may either consist of a core or be made of the magnetic 

substance and a shell made of the non-magnetic substance or may comprise 

20 several sub-particles made of the magnetic subst.ance embedded in the 

non-magnetic substance. The term "magnetic particles" is to be understood as 

encompassing also the so-called "magnetic beads" or "magnetic microbeads" 

·used in the literature. 

2s SUMMARY OF THE INVENTION 

The present invention of the first aspect termed "the system aspect" 

concerns a system for transfer of material from source vessels to target vessels 

,such that material from each source vessel is transferred to a designated target 

vessel, the system comprising a plurality of collecting members P.ermitting 

30 simultaneous transfer of material from a number of source vessels to one or 
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·more target vessels, each collecting member h.8.ving an activated state for 

withdrawing and holding material contain in a source vessel and a deactivated 

state in which any material held thereby is released, transition from an 

activated state to a deactivated state of each collecting member is 

s independently controlled. 

The source vessels and target vessels may belong to the same array, for 

example, the source vessels may be a first line of 12 wells in a 96-well 

arrangement and the designated target vessels may be the second line. 

Alternatively, the source vessels may be all wells in one array (for example all 

10 96 wells in a 96-well arrangement) and the target vessels all the wells in 

another array of vessels~ 

The system of the present invention, may :further comprise a control 

device, such as a computer, and/or a computer controlled robot, which enables 

the individual activation an4 deactivation of each collecting member of the 

1s system. 

The selective . collection of material from some vessels present in a 

plurality of vessels, for example, in a 384-well arrangemen~ may be useful in 

various automatic laboratory procedures, (as will be explained below). 

Selective collection and release of material by some individual collecting 

20 members may be determined by giving x and y axis parameters of the specific 

· collecting member to be activated or deactivated to a computer/robot. 

If desired, the individual collecting members of the system may be 

detachably connected to a frame holding them together, so that individual 

collecting members may be detached and either used separately or in another 

25 system. For example, in sequencing· by hybridization techniques or 

combinatiorial chemistry, several devices from the system may be detached, 

fitted to a smaller frame creating a smaller array of individual collecting 

members. This procedure may be repeated again and again so that each time 

only those collecting members which collected particles with hybridized 

30 sequences are collected and rearranged in new and smaller arrays. 
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The individual activation of each collecting member has an advantage in 

some laboratory experimental and diagnostic procedures, and in general allows 

greater flexibility of the process. 

For example, at times a large array of wells containing various reagents 

s is prepared in advance for carrying out various detection assays, for example, 

for detection of infectious agents or genetic diseases iri a plurality of samples. 

Large laboratory centers buy these arrays of reagents-containing wells in 

advance. However, at times, for example in a given day, the number of specific 

. samples to be diagnosed, may be smaller than the number of wells present in 

10 the well array. If a state-of-the-art multi-pipetor is used, due to the "all or 

none" mode of its activation (all individrial pipetors in the device are activated 

at once), all the reagent-containing wells which are not used for assaying the 

samples, are nevertheless manipulated by collection and transfer, and are in 

fact contaminated and wasted. Such a procedure which is repeated many times 

15 during the course of a day, in a plurality of different reagent wells> causes a 

vast waste of expensive reagents. By use of the system of the invention, it is 

··possible to program that only some of the wells are used, for example, if only 

50 samples are to be diagnosed and the array is of 96 wells, then it is possible 

to program collection only from the first 50 wells and the other 46 wells 

2o -remain intact for future use. 

Another use of the system of the present invention, is in combinational 

· chemistry,. for example, for the preparation of short peptides or nucleotide 

sequences. Today, the most widely used technique for combinational 

chemistry is the "mix-and-split" technique, wherein the pool of solid-phase, 

2s non-magnetic beads, on which a synthesis should occur, is divided to two or 

more p~. To each part a different chemical moiety, for example amino acid, 

-is added, and then the two parts are repooled, i.e. are combined agam together 

("mix'), redivided ("split"), and again to each individual pool a different 

·1 · amino acid is added. These steps are repeated again and again. Sine~ in each 

3D ·step, the different pools of peptides which are being synthesized, are mixed, 



W099140444 PCT/IL99/00078 

8 

divided, and to each part a· different amino acid is added, by using several 

elongatio~ steps, a huge variety of. different combinations . of peptides is 

created. For example if each time the pool is divided into 2 parts, then after n 

steps of mix-and-split, 2n different species of synthesized molecules are 

s prepared. However; the problem is that all these different species of peptides 

are present in one mixture, and a large effort in this combinatorial chemistry 

technique is required in order to isolate the peptides of interest (Lam et al., 

Nature, 354:82-84 (1991); Jacob et al., Tibtech, ll,:19-26 (1994)). 

Against this, by use of the system of the invention, it is possible to start 

10 with an array of wells, wherein·each well contains a different chemical moiety 

serving as a building unit (such as one species of amino acid, one species of 

nucleic acid, or chemical moiety) to be added, to the molecule synthesized by 

the combinatorial methods. It is a priori known which compound is present in 

each well. A first building unit of species X (amino acid) may be added by 

15 . using the ·system of the invention only to half the wells in the array. A first 

building unit of species Y may be added to the second half of the wells. Then a 

second building unit of species Z may be added to half of the X-containing 

peptide and to half of the Y-containjng peptide, and a second building unit of 

species T may be added to the other half of the X - containing species and the 

20 Y - containing species. This results in 4 types of di-peptides: X-Z, X-T, Y-Z, 

Y-T. Two altered species of a third building unit can be added again each time 

to half of the above di-peptides increasing the number of different peptides to 

23 (8). In general, the number of different combinations in AP, wherein A is the 

number of different amino acids used and P is the length of the peptide. As 

25 can be seen, a large number of different combinations of peptides is created by 

adding each time a different amino acid to each half of the elongating 

molecule, so that if each time a new amino acid· is added to half of the 

samples, after n step 2n different combinations are created. If instead of 

dividing the species to two parts, the species are divided to four p~, then 

30 after n step 4n different combinations are created. However, by use of the 
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system of the invention, at the end of the synthesis process it is well known in 

which well each final combination (i.e. each polypeptide) resides. So, that 

although the number of different combinations while utilizing the system of 

the invention is as large as in the mixed-and-split method, there is no need to 

s invest time in isolating each specific species from among the other, since each 

specific polypeptide is present in a separate well. 

By one embodiment, termed "the magnetic embodiment", the material 

to be collected or released is magnetic particles and the collecting members are 

capable of transferring the magnetic particles by magnetic force. By another 

1G embodiment termed the "non-magnetic embodiment", the collecting members 

transfer the material by forces other than magnetic force, for example by 

vacuum force. 

The arrangement and spacing of the individual collecting members in 

the system of the invention should correspond to the arrangement and spacing 

ts of the array of vessels (for example wells) from which the materials are 

collected and/or to which they are released. 

For example in the "non magnetic aspect" the system may provide a 

plurality of pipetors, each capable of application of vacuum force 

independently. This may be carried out for example by raise of each piston of 

20 the pipetor independently using miniature, robot-control servo-mechanism; 

Alternatively the raise of the piston of the pipetors may be canied out using 

magnetic force or by simultaneous application of vacuum force on all pipetors 

at once but isolating individual pipetors from the vacuum force by activation of 

independently closing sealing means in some individual pipetors, so that they 

2s are isolated from the universally applied vacuum. By such an arrangement 

material is not collected by these individual collecting members. 

By another aspect termed "the device aspectt• the invention concerns an 

individual collecting member which is suitable for transfer and manipulation of 

magnetic particles. The device may be used separately or as a p~ of the 

30 system of the invention. 
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Thus the present invention concerns a device for the manipulation of 

magnetic .. particles, being particles which are attracted by magnetic force, the 

device comprising: 

an elongated member made of a material which is not effected by a 

s magnetic field, having a particle collecting tip and an elongated lumen with an 

end, said end of the lumen being at a distal portion of ·said elongated member 

adjacent to said tip; the lumen slidably accommodating a magnetic field 

providing member displaceable between a firstposition in which the magnetic 

field providing member is in said distal portion thereby attraction of said 

10 particles to said tip occurs, and a second position in a proximal portion of said 

lumen in which said particles are not attracted to said tip. 

The use of magnetic particles in which the magnetic substance is 

·· ferromagnetic is generally preferred, for example, particles made of 

· superparamagnetic iron oxide. Such•particles are· capable of responding well to 

1 s ·relatively weak magnetic fields,· but have essentially no magnetic memory, that is 

once the magnetic field is· removed they do ·not maintain magnetic attraction 

forces. 

· The elongated member in accordance with the device aspect is made of 

a material which is not: effected by a magnetic force, i.e. a non-magnetic 

20 non-ferromagnetic . material, for example, plastic, glass, various synthetic 

polymers such as polypropylene and the like. 

The member has an open-ended or close-ended particle collecting tip, 

which is the part which comes into contact with the particles and can collect 

them by magnetic force. Preferably, said tip is replaceable, or is covered by a 

2s replaceable cover, so that after contact with the particles and the reaction 

mixture it can be replaced by a clean or sterile tip or cover. This construction 

enables easy and inexpensive sterilization of the device. 

Extending inside the elongated member is an elongated lumen having 

an open or a closed· end If the lumen is open its opening should be _of a size 



.. ·~- 5577-~ .. ---~573im;;;; - -

W099/40444 PCTllL99/00078 

11 

which does not allow the field provided member to protrude therefrom. Said 

end is at a distal part of said member and close to its particle collecting tip. 

The lumen accommodates a slidable magnetic field providing member, 

which may be completely composed of a magnet; may be made of a magnetic 

s as well as a ferromagnetic material, or made of a material which can become 

magnetized by an electromagnet, but has no magnetic memory. The member 

can also comprise an electromagnet with or with.out a magnetizable core. Such 

a magnet allows to apply a precise magnetic force for collection of precise 

amounts of magnetic particles for quantitative or semi~quantitative collection. 

10 The slidable magnetic field providing member may move between two 

. positions: a first position where the member is at the distal end of the lumen 

and hence adjacent to said particle collecting tip, and a second position 

wherein the member is outside of the distal end of the lumen and hence 

.. distanced from the particle collecting tip. 

1s In said first position (the activated state), since the magnetic :field 

20, 

providing member is adjacent to said tip particles are attracted to the tip and in 

said second position (deactivated state), since the member is distanced from 

said tip, particles are not attracted to the tip, or particles which were previously 

attracted are released. 

The particle collecting tip has a size which is adapted for the specific 

>· . usage of the devic~ for example, where the device is used to collect particles 

from a well, it should be of the size of a tip of a standard pipetor. 

By one option the tip has tapering sides and a truncated end. A 

. . truncated end is preferable since it ensures th.at the magnetic particles are not 

~ . .attracted in large clusters to the tip, since such large clusters are released easily 

; . itom the tip and thus it is difficult to transfer all the particles. The truncated 

_end also eases quantitative or semi-quantitative collection of magnetic 

particles. By another option the tip's sides do not taper at all and are parallel 

right to their end creating a cylinder shape. 
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The material of the tip, or of the disposable cover covering the tip, 

should ber of the type and construction as to avoid maintenance of the particles 

by adherence, adherence or absorbance thereto, i.e. ·a non-porous material. As 

indicated, either the tip is replaceable, or the tip has a cover (similar for 

s example to the plastic tip of an automatic pipetor) which is replaceable. An 

example of a tip or a replaceable cover are made of polypropylene. 

The magnetic field providing member is preferably elongated. 

By a preferred embodiment, the body of the field providing member is 

an elongated magnetic rod, and the end of the rod may be tapered or 

10 · cylindrical and made of a ferromagnetic material, such as iron or magnet. The 

purpose of the iron tapering end is to focus the magnetic field produced by the 

magnetic rod. 

The field providing member may be displaced between the two 

positions manually and for this purpose the field providing member should be 

IS · fitted with a handle. 

Alternatively and ·preferably, the field providing member· may be 

· displaced automatically, for example, by a computer-controlled mechanical 

device, or by the aid of a computer-controlled pneumatic pump. The member 

may also be displaced by the use of an electromagnet, which when turned on, 

20 attracts the member to said second position, and when tuned off does not 

attract the member so that it can fall by gravity force, into said first position 

when the device is held normal to the vessel. 

The system of the invention according to the magnetic embodiment may 

comprise a plurality of individual devices of the invention. The system may 

2s comprise any number of devices such as five, eight, ninety-six, etc. (preferably 

multiples of ninety-six or of 5, 8 or 12), for the simultaneous manipulation of 

magnetic particles, for example for the simultaneous transfer of magnetic 

particles present in an array of reaction vessels to another array. 

The magnetic field providing members of the ·individual devices 

30 constituting the system of the .invention may be connected to each other so that 
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they can be displaced, manually or automatically all together. However, it is 

preferable that the displacement of each individual device constituting the 

system may be carried out independently so that it is possible to displace some 

devices or collecting members in the system while not displacing others. Such 

s an arrangement can enable the collection of magnetic particles :from some 

wells in an array of reaction vessels while magnetic particles :from other wells 

are not collected. Selective collection :from specific wells may be useful in 

various laboratory procedures such as sequencing by hybridization (SBH) or 

combinatorial chemistry. 

to, By another embodiment of the present invention the magnetic field 

providing member is stationary inside the elongated member. The magnetic 

. field providing member is either connected to an electromagnet or comprises 

an electromagnet. By turning the electromagnet on and off the member 

becomes magnetized and non-magnetized and magnetic particles are attracted 

IS and released :from the particle coUecting tip, respectively, without any 

requirement of movement inside the elongated member. Such a device can also 

be part of the system of the invention, i.e. the electro magnets of each 

collecting member are tumed on or off independently from the other 

electromagnets so that each collecting member is activated or deactivated 

20 

• .. 

individually. 

By another aspect, to ''the detection aspect" the present invention 

concerns a method for the detection of biological entities carrying a fluorescent 

label, in a sample, the method comprising: 

(i) Providing magnetic particles which can specifically bind to said 

25 biological entities; 

30 

(ii) Contacting the magnetic particles with said biological entities 

under conditions allowing said specific binding; 

(iii) Clustering the magnetic particles by magnetic force, thereby 

causing fluorescent emission to become concentrated in distinct 

patches; 
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(iv) Reading said fluorescent emission, reading above control level 

indicating the presence of the biological entities in the sample. 

The method of the present invention is for detecting any type of 

s biological entities which may become any type of molecule, complexes of 

molecules, or cells present in biological tissues. Examples are proteins, 

peptides, amino acid sequences, nucleic acids sequences, hormones, enzymes, 

receptors, ligands, polysaccharide and the like, as wen· as molecules which are 

laboratory produced and which are intended to be similar to biological 

1 o molecules obtained from· ·natural ·sources, such as laboratory produced 

synthesized peptide, oligonucleotides syiithesized by laboratory, for example 

by PCR methods, antibiotics and the like. The term biological entities also 

concerns cells, viruses, . plasmids,· and various cells organels such as 

· mitochondria, denucleos·, etc. 

ts The sample may be any type of liquid media containing the biological 

entities which are to be deteeted. The sample may be obtained from a 

biological source, or may be the result of a laboratory manipulation such as, 

for example, a result of a: PCR amplification ·of nucleic acid sequences~ 

The biological entities to be separated are of the type which carry a fluorescent 

20 label. The fluorescent label may be introduced to the biological entity, which 

are laboratory produc~ during the synthesis procedure. For example, when 

synthesizing nucleic acid sequences utilizing PCR, some nucleic type used in 

the synthesis may bear a fluorescent label. Another example are amino acid 

sequences synthesized on a machine, which are synthesized while using some 

25 fluorescently labeled amino acid building unit 

Alternatively, the biological entities ·may carry a fluorescent label, by 

rCacting them with other molecules which carry said label. For example, 

where the biological entity is a protein, it may be reacted with an antibody 

carrying a fluorescent label. Where the biological entity is a receptor, it may 

30 be contacted with a ligand carrying a fluorescent label and the like. 
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The particles, according to the method of the invention, are capable of 

specifically binding to the biological entities. This specific binding, is 

typically carried out by attaching to the magnetic particle one member of the 

pair forming group while the other member of the pair funning group is the 

s biological entity to be detected. For example, if the biological entity to be 

detected is a nucleic acid sequence, then the magnetic particle should carry the 

complimentary sequence, where the biological entity is a protein, the magnetic 

particle should carry a specific antibody, where the biological entity canying a 

biotin, or streptavidin moiety, then the magnetic particle should carry the 

10 · · .. streptavidin, or biotin complementary moiety, respectively. Other examples of 

a· pair forming group are receptor and its ligand, enzyme and its substract, a 

lectin and its specific glycoprotein etc. The fact that the magnetic particle 

.·, bears a molecule which together with the biological entity forms a pair forming 

group, ensures specific binding of the two to each other. 

15· According to the method of the present invention, the magnetic particles 

and the sample containing the biological entities are contacted under 

conditions allowing said specific binding. For example, where the pair 

fonning group is complementing nucleic acid sequences, the conditions should 

be such which allow a specific hybridization, for example slightly elevated 

20 temperature, in which only complementary sequences hybridize, while non 

complementary sequences remain anneal. In this step, various rinsing and 

washing procedures can be carried out in order to eliminate non specific 

binding. 

The magnetic particles, are now clustered utilizing magnetic force. This 

2S is typically carried out by placing inside the vessel holding the magnetic 

particles, a magnetic field providing member, having a relatively narrow end. 

The lines of magnetic field of said end are such which cause clustering of 

magnetic particles, and if these magnetic particles are bound to the biological 

entities carrying the fluorescent label, said clustering causes the fluorescent 

30 emission to become concentrated in distinct patches. 
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By a preferable mode, said clustering is carried by utilizing the device 

of the invention, in its activated state. In this state, the narrow tip of the 

device, can cause a clustering of the particles in relatively large clusters. 

The final step of the method is reading that fluorescent emission of the 

s label by a suitable insttument. For example, the instrument may detect the 

change in wavelength from the transmitted to the emitted wave, caused by the 

fluorescent label. The precise wavelength shift is, of course, dependent on the 

fluorescent label used. · 

By use of the method of the present invention; a· defused fluorescent 

10 -signal, which is caused by the emission of a fluorescent bearing biological 

entities, becomes concentrated in distiilct patches, thus increasing the "signal 

to noise" ratio, and allowing easier detection. 

The method of the present invention is particularly useful for a post 

PCR detection as Will be explained herein below. 

1s The invention - will now be illustrated with reference to some 

non-limiting examples and draWings: -

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA and lB -show a schematic representation of the device of the 

20 invention in a first position (lA) and a second position (lB); 

Fig. 2 shows a schematic representation of the system of the invention 

according to the magnetic embodiment; 

Fig. 3A and Fig. 3B shows a schematic representation of the system in 

accordance with the non-magnetic embodiment; 

25 Figs. 4A and 4B show a schematic-representation of a device operated 

by pneumatic force in a first position 4A and a second position 4B; 

Fig. 5 and Fig. 6 show flow charts for using magnetic beads for 

post-PCR detection and 

Fig. -7 shows products of PCR amplification carrying fluorescent labels, 

30 concentrated on magnetic particles). 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

Reference is now made to Fig. 1 which shows a device in accordance 

with the invention 70. 

The device includes an elongated member 73 made of a non-magnetic 

s material, i.e. polypropylene, having attached a particle collecting tip 74 with 

tapering sides and a blunt end. Said tip 74 is covered by a disposable cover 69 

so that sterility of the samples may be maintained. Slidable within the 

elongated member is a magnetic field providing member 71, which has a 

. portion 72 made of magnetic material, and a tapered end 78 made of the same 

IO ·magnet or of a ferromagnetic material such as iron. The purpose of end 78 is to 

focus the lines of the magnetic field produced by portion 72 to a fine point.. 

The sliclable member 71 can move between two positions: a first 

position shown in Fig. IA in which the end 78 of magnet 72 is adjacent to a 

particle collecting tip 74, so that particles 76 are attracted to the truncated end 

tS·. of said tip 74. It is possible to construct the device so that a controlled amount 

of particles are picked while some particles are maintained. The second 

position (Fig. lB) the end 78 of magnet 72 of the magnetic field providing 

member, is distanced from tip 74 so that particles 76 are released from said 

end into the reaction vessel 77. The magnetic field providing member 71 is 

20 ·fitted with a handle 75 for manual displacement from the first position (IA) to 

the second position ( lB). 

The displacement may also be carried out automatically, for example 

with the use of an electromagnet. The automatic displacement may also be 

computer controlled. 

2S It is possible to facilitate the release of magnetic particles 76 from tip 74 

by bringing a magnet 79 in close proximity to the end of vessels 77. The 

magnet 79 may be in close proximity with the vessel, but preferably it should 

be brought close to the bottom of the vessel only when member 71 is displaced 

to the second position shown in Fig. lB. The simultaneous movement of the 

30 member 71 away from the particles and of magnet 79 towards tb.e particles 
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together with vibrator causes resuspension in vessel 77 which may be 

advantag~ous for example, when rinsing the magnetic particles in the liquid, or 

when mixing them with various reagents or when eluting bound molecules into 

the liquid. The transition :from the position in Fig. lAto Fig. lB may be for the 

s purpose of transfer of the magnetic particles or may be solely for the purpose 

of rinsing/mixing the magnetic particles. 

Reference is now made to Fig. 2 which shows the system of the 

invention 80 in accordance with the magnetic embodiment. The system is 

composed of a plurality of individual devices (collecting members) as those 

10 disclosed in Fig. 1, in the present· case of eight such devices 81. For other 

configurations, the number of the devices . may vary' and it may include 

twenty-five devices in a five-by-five format, ninety-six devices in a standard 

eight-by-twelve format, etc. Each individual device includes a magnetic field 

providing member 83, · whfoh may be in a lowered position, thus collecting 

·is magnetic particles, or may· be in a raised position; not collecting magnetic 

particles, or releasing magnetic particles previously collected. 

The spacing of individual devices 81 in the system 80 corresponds to 

the spacing, and the arrangement of the individual wells, in an may of 

wells 82. In the specific case, ·the array of wells is an array of eight wells, 

20 which is a single row in an eight-by-twelve, 96-well format of standard 

micro-titer plates. 

For facilitation of release of magnetic particles, when member 81 is 

raised, an array of magnets 84, corresponding to the array of wells, may be 

placed beneath of wells 82. Alternatively, a single flat magnet spans the whole 

2s area of the array of wells. 

Each individual device 81 is separately connected to control unit 85. 

Control unit 85 may raise some field providing members 83 in some 

devices 81 of the system, while maintaining others in their lower positions, 

thereby enabling collection of magnetic particles only from some. wells in 

30 array 82, while the other magnetic particles remain in the well. The control 
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may be by separate mechanical mechanism, which are controlled by a central 

computer, but preferably, the control is carried out by turning on and off 

individual electromagnets, each connected to member 83,. so that turning on of 

·an electromagnet attracts member 83 and ·pulls it up, thus releasing magnetic 

s . ·particles (or not attracting them) and turning off a specific electromagnet 

allows, due to gravity force, member 83 to fall down, thus enabling attraction 

of the magnetic particles to the particle collecting tip of each device 81. 

Frame 86 holds all of individual devices 81 as a single unit. All 

systems 80 may be raised and transferred from one well aITangement 82 to 

10 another well arrangement for depositing of magnetic particles, or to a 

membrane for fonnation of an imprint of magnetic particles. 

Individual devices 81 may be separated from the system so that they can 

be used separately as single devices or alternatively fitted into another system 

by insertion into appropriate places in the frame. For example the second, third 

15 - :and fifth device may be detached from frame 86 and fitted to a new and 

smaller frame. Such rearrangement can be advantageous in sequencing by 

hybridization (SBH), procedure, where smaller and smaller aITays of magnetic 

-particles should be fanned for the determination of a nucleic acid sequence. 

Fig. 3A shows another system of the invention 90 in accordance with 

20 the non-magnetic embodiment. The system comprises eight individual 

· -pipetors 93 capable of collecting small amounts of liquid by magnetic force. 

Each pipetor has a handle 94 which when raised creates a vacuum force in 

tip 96 drawing liquid 97 into the tip. When handle 94 is in a lowered position 

liquid 97 is not drawn, or previously drawn liquid is released from tip 96. The 

2s spacing and arrangement of individual pipetors 93 corresponds to the spacing 

and arrangement of individual wells in the vessel aITay 92. The activation (by 

raising handle 94) and deactivation (by lowering handle 94) of each pipetor 93 

is controlled independently by control mechanism 95 for example a computer. 

The handle can be activated independently by spring mechanism. 

30 Alternatively the handle itself may be made of ferromagnetic material and is 
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raised by an electromagnet, so that although the force created by the pipetor on 

the material to be transferred is vacuum, said vacuum is produced by raising 

. the handle with the end of an electromagnet. 

Fig. 3B shows essentially the same system as in Fig. 3A, wherein each 

s identical component is marked with the same number as in 3A with a prime ('). 

Individual pipetors 94' can become deactivated, by raising the whole pipetor 

(not the piston) out of vessels· 96' with the aid of control ineans 95'. 

Another device 100 of the invention is shown in Figs. 4Aand 4B, while 

· the device collects magnetic particles by magnetic force, the transfer of the 

10 · collecting member thrOugh one state to the other is carried out by vacuum 

pressure, i.e. is activated by pneumatic forces. Device 100 consists of a 

magnet 109, which is slidable within the inner lumen of device 100. In Fig. 4A 

magnet 109 is in contact with the inner wall of a flat polypropylene tip 

end 110. When the magnet' is in contact with this tip (Fig. 4A), magnetic 

is particles 111 are collected by magnetic force to the tip. ·The magnet is held by 

magnetic force from a:n· iron ·made ring 108. When vacuum force is applied, air 

moves in through opehing 106, forcing piston 105 to move up. The piston 105 

·is connected to magnet 109 through connector 107. Thus, when vacuum force 

·is applied (Fig. 4B), the magnet moves from its lower position shown (Fig. 4A) 

20 to its upper position. The magnet remains in the upper position (Fig. 4B) due to 

magnetic force applied by upper iron ring 104. In such a position as shown in 

Fig. 4B, magnetic particles 111 are not collected or are released back to the 

vessel. When air pressure is released from the pistons through upper inlet 103 

magnet moves again into the position shown in Fig. 4A and particles are 

2s recollected. 101 is an O~ring used for sealing the upper inlet when vacuum 

force is applied.102 is an upper closure of device 100. 

30 

Optionally, an ultrasonic vibrator can be attached to a 96-well 

microplate:. and this permits resuspension of magnetic particles in the well. 
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Example 1 Collection and transfer of magnetic particles with the device 
of the invention 

A. Materials and tools 

s The magnetic particles' suspensions used was 1 mg/ml and 2 mg/ml .. 

(BioBeads Merck). The magnetic plate for 96-~ell microplates was 

manufactured by PerSeptive Bio-System and used with a 96-well 

polypropylene microplate. The magnetic device of the invention 

(Bio-Magnetics) had a cylindric magnet 4 mm diameter and length 20 mm 

IO (NdFeB - N40/Ni from Magma). The polypropylene tips used as disposable 

tips had flat ends of different thicknes~ 30, 50 and 90µ (micrometer). The 

microscope slide used . for counting of particles was Bright-line 

Hemacytometer. Microscope was Bx60, Olympus. The buffer used was 

lxSSC. 

15 

·s. Experimental procedures 

Three wells in the polypropylene plate were loaded with 0.1, 0.15 and 

0.2 ml buffer and three adjacent wells were loaded with 0.1, 0.15 and 0.2 ml of 

·1 mg/ml magnetic particles suspension (stock suspension). The polypropylene 

20 tip with flat end of 90 micrometer was attached on end side of the magnetic 

device of the invention. 

The device was held over a well No. I containing the suspension 

(0.1 ml) (the magnet contacts the inner side of the 90 micrometer flat tip) and 

·moved so it gently touched the suspension surface for one minute. Magnetic 

25 particles moved towards the tip and created a "button" composed of a cluster 

of magnetic particles. As a result the suspension became clear. Next, the 

device is taken out of the well, and the microplate is put on the flat magnet in 

order to facilitate detachment of the particles ftom the device re-suspension of 

the collected magnetic particles to the wells. 
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In order to move the cylindric magnet to the second position (where the 

magnet is distanced from the particle collecting· end) by magnet force an iron 

rod was placed inside the device. 

Then the device was brought over a well with OJ ml buffer so that the 

5 flat tip was gently t()uching the buffer. Particles moved down into the buffer 

with the aid of magnetic field from the flat magnet in less than a minute. 

JO 

The remaining particles in well No. 1 were mixed with a pipette and a 

0.05 ml sample was ~en from the homogeneous solution and put on a cell 

counting glass. the results. are shown in the following Table 1: 

Table 1 

No. Thickness Stock. Stock Buffer m.p. m.p. Efficiency 
of tip concentration volume volume remaiiling in stock of device 

in 10-4ml in 10-4ml % 
100 µl . 100 µI 0.2 99.98 

1 30µ lmg/ml 150 µl iso µt 1 1000 99.90 
200 ul .200 I.LI 0.8 99.92 
100 µ1 100 µl 0.8' 99.92 

2 soµ 1 mg/ml 150 µI 150 µl 3 1000 99.70 
200 µl 200 u1 5.4 99.46 
100 µl 100 µl 16.7 99.33 

3 90 µ 1 mg/ml 150 µl 150 µ1 s 1000 99.SO 
200 ul 200 Ltl 7.2 99.28 
100 µI 100 µl 0.4 99.98 

4 30µ 2mg/ml 150 µI 150 µI 3.33 200Q 99.83 . 200ul 200 ul 3 99.85 
100 µl 100 µl 1.8 99.91 

s so J.L 2mg/ml 150 µl 150 J.Ll 3.4 2000 99.83 
200 ul 200 IJ.l 0.4 99.98 
100 µl 100 µl 5.33 99.73 

6 90µ 2mglml ISO µl 150 µl 12.4 2000 99.38 
200 ul 200 ul 6.4 99.68 

For determination of magnetic particles counting under the microscope 

15 took place. The efficiency of the magnetic device is calculated according to the 

formula: % yield = 100%* (remaining m.p. in 50 µ1 after collection) I (m.p. in 

50 µI stock suspension) 
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Efficiency bf· device = l 00% - % yield · (Cifficiency means % of 

transferred m.p.). 

The above experiment was repeated under the following conditions: 

with 0.15 and 0.2 ml suspension 

s with 30 and 50 micrometer thick tip and 

with 2 mg/ml particle suspension 

10 

Example 2 Use of the system of the invention for creation of a peptide 
library by combinatorial chemistry 

Materials 

1. Four polypropylene 96~well microtiter plates (Nunc, Denmark) 

containing four different amino acids depicted schematically as (A, B, 

C, D) blocked at the amino end by tertbutyloxycarb0nyl (Boe) Group, 

IS (each plate contains one amino acid in approximately 16 pmol per 

well) together with dicyclohexylcarbodiirµide in a total volume of200 

µI per well. 

2. 96-well microtiter plate with magnetic particles suspensions, 200 µ l 

per well (200 µg particles). The particles are used as solid phase for 

20 

3. 

4. 

5. 

25 6. 

peptide synthesis based on the Merrifield method. 

96-well microtiter plate with 50 per cent trifluoroacetic acid in 

dicbloromethane, 200 µl per well. 

96-well microtiter plate with diisopropyl ethyl amine, 200 µ1 per well. 

96-well plate with 200 µl HF per well. 

A system of 96 magnetic devices (or pins) corresponding to 96-well 

format. This is Bio-Magnetics unique combinatorial system (or 

combinatorial pin device). 
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Experimental procedures 

Step 1 

1. The first amino acid (20 pmoVmg·magnetic particles) is already bound 

to the magnetic particles via their carboxyl end a,nd the amino group is 

s masked (or blocked) with a protecting group. The system of 96 pins is ·· 

used to collect simultaneously magnetic particies from 64 wells and 

transfer them to a plate with 50% trifluoroacetic acid in 

dichlorometbane~ The Boe Group is completely removed, with minjmal 

loss of the other protecting groups. 

10 2. The system of 96 pins is used to collect particles from all the 64 wells 

and transfer 1;hem to a plate with diisopropyl ethyl amine. This tertiary 
. ·:: .. 

amine neutralizes the a-amine salt (created in s~p 1) and the free amine 
. ~ . . ' : 

of the bound ~o acid is then ready to qouple with a second 

Boe-amino acid~ 

is As a result is created 64 wells all comprising the s,ame amino acid. 

64wells 

Stepl 

3. The system of 96 pins is used to collect particles from 16 wells and 
. 

20 transfer them to 16 wells in a plate containing amino acid A. The second 

group of particles are transferred from 16 wells to 16 wells in a plate 
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containing mnino acid B. The third group of particles are transferred to 

16 wells in a plate containing amino acid C. The fourth group of 

particles are transferred to 16 wells in a plate containing amino acid D. 

In each of the four plates the dicyclohexylcarbodiimide activates the 

s coupling reaction. The result is four groups of different dipeptides, each 

group containing 16 dipeptides. As a result 4 different groups consisting 

of 16 wells are created. 

10 

4. 

IS 

5. 

Step3 

A B 

16wells 

c D 

Magnetic particles :from all 64 wells (the four groups) are collected via 

the 96 pin system (device) and transferred to a plate containing 

tritluoroacetic acid in dichloromethane. 

Magnetic particles from 64 wells are collected with the 96 pin system 

and transferred to 64 wells in a plate containing diisopropyl ethyl amine. 

20 6. Ea.ch group of 16 wells is divided to four subgroups (each subgroup of 

four wells). Using the 96 pin system magnetic particles from each 
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subgroup are transferred to a plate with different amino acid. One 

su?group to amino acid A, the second subgroup to· amino acid B, the 

third subgroup to amino acid C, the fourth subgroup to amino acid D. In 

fact the 96 pin system collects simultaneously four subgroups each one 

s corresponds to a different group of 16 ells (See No. 3). The result is 16 

different tripeptides in each group of four wells. · 

10 

15 

Step4 

7. 

8. 

A B A B 

4wells D c D 

A B A B 

c D c D 

Steps 4 and S are repeated. 

Each subgroup contains four wells with the same tripeptides. The 96 pin 

system collects particles simultaneously from 16 ·wells (each well from 

a different subgroup) and transfers them to a plate containing amino 

acid A. Particles from 16 other (each well from a different subgroup) 

wells are collected via the 96 pin system .and transferred to a plate 

containing amino acid B. The same action is done with the rest 32 wells 

20 to transfer them to plates with amino acid C and D. The results are 64 

different tettapeptides bound to magnetic particles. 
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I . 

A B A B 

c D c D 

well 

If needed the peptides can be separated from the particles. This can be 

done by transferring the particles to a plate containing a strong 

anhydrous acid HF. Then the particles can be collected leaving the 

peptides in solution. 

To summarize 

10 In the Mix-and-split method the resulting peptide libraries are mixed 

libraries. The new method of Example 3 permits creating _ordered libraries 

where the location of each peptide is known. An ordered library can save work 

and time when detecting unknown peptide in a mixed library. 

ts Example 3 - Post PCR detection 

The schematic flow charts for carrying out the detection method of the 

invention are shown in Figs. 5 and 6. 
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A. Materials 

I Template 

PCRFragment of 152 bp of the Exon 6 ofHuman amiloride- sensitive 

epithelial sodium channel beta subunit gene. 

II Oligonucleotides: 

a. El: biotin-I OdT-aagcaacccctctaaacacag, which was used as forward 

primer in amplification of the template' 

b. E2: biotin-lOdT-aggcgtgcaccaccttcccac, which was used as reverse 

10 primer in amplifiction of the template; 

15 

c. Cl: biotin-lOdT-cctgaaccgctctatacacag, a control to El 

d. C2: A control of BioBeads Streptavidin, without bound 

oligonucleotides. 

All the oligonucleotides were synthesized in BTG Israel. 

Ill Magnetic particles: 

BioBeads Streptavidin from Merck, 1 Omg/ml with a binding capacity for 

biotinylated oligonucleotide of 400pmoVlmg full capaeity or 20pmol/SOµg. 

20 B. Experimental Procedures 

IV Coupling of oligonucleotides to BioBeads: 

300µg/ml oligonucleotides were dissolved in 20mM Tris-HCI buffer pH 8.0 

and were diluted in binding buffer (Dyna), 2M NaCl, lMm EDTA, lOmM 

Tris-HCl pH 7.5) and added to lOOµg magnetic particles (m.p.). The coupling 

25 reaction was carried out at 37°C for 30 min. with continuous shaking. SOµg of 

magnetic particles were coupled with 0.1 pmole of oligonucleotides. 

V Fluorescent Labeling of PCR product/template: 

AMCA-6-dUTP (Amino - methylcoumarin - 6 - 2' - deoxyuriditie - 5' -

30 triphosphate) from Boehringer Mannheim was used to label the template DNA 
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in a PCR. The PCR product was further analyzed by PAGE to verify 

amplification. 1 - 20 µl of PCR product were used in different hybridization 

·reactions. 

s VI Hybridization on magnetic particles (M.P.) 

30 µg of magnetic particles were prehybridized in 8 µ1 of hybridization buffer 

at 45°C for 20', Hybridization buffer contained: SxSSC pH 7, Sambrook, 

Fritsch & Maniatis MOLECULAR CLONING: A LABORATORY 

MANUAL 1989 2/E and 0.25 SDS. Hybridization of 2 µl fluorescent PCR 

10 product to the immobilized oligonucl~des on the m.p. was carried out at 

60°C for 5', 15', 45' and 60'. Following hybridization the supernatants were 

decanted, and the particles were washed with wash buffers: once with SxSSC 

buffer containing 0.2% SDS at 55°C, twice with lxSSC buffer containing 

0.2% SDS at 55°C and once with lxSSC buffer at 65°C. At the end of the 

ts experiment the m.p. were resuspended in lxSSC buffer at a concentration of 1 

µgf µ1 and 1.0 µI was then analyzed under fluorescent microscope. 

C. Results 

(i) Fluorescence microscopic observations: 

20 Surface fluorescence on the magnetic particles was assessed using 

BX60 Olympus Microscope with lOOW Hg lamp 330-385 mm 

Excitation filter, DM 400 Dichroic mirror, BA 420 barrier filter. 

2s (ii) Effect of temperature on hybridization 

Hybridiiation at lower temperatW'e of 42°C and 55°C with subsequent 

washing at 4°C did not give adequate specific binding~ Hybridization at 

60°C was successful in getting fluorescent positive signal. W~shing the 

particles at higher t~perature than that of hybridlzation itself further 

30 substantially reduced the background of non-specific binding. 
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(iii) Effect of concentration of immobilized oligonucleotide on m.p. 

Our observations suggested that when magnetic particles were coupled 

to the oligonucleotides at 100% binding capacity (20 pmoVSOµg m.p.) 

s or 50% binding capacity (10 pmoVSOµg m.p.); the hybridization 

reaction was not successful. We observe absolute no fluorescently 

labeled particles or undetectable fluorescence on the particles. We 

suggest this could be due to the steric hindrance created by the bound 

oligonucleotides· on the particles. When the amount of bound 

10 oligonucleotides was reduced to 1 pmoVSOµg m~p. and 0.1 pmoVSOµg 

m.p. a significant increase in number of fluorescently labeled magnetic 

particles was observed. This effect was although more obvious with the 

0.lpmoVSOµg m.p. 

1s (iv) Effect of the polym spacer on hybridizati<?n 

Oligonucleotjdes bound without spacer (linker arm) gave negative 

results. However, use of lO(dT) linker gave adequate binding to the 

template DNA. 

20 (v) Effect of magnetic concentration 

The presence of SDS during hybridization (0.25% SDS) and subsequent 

washing (0.2% SDS) improved specific binding conditions. 

(vi) Effect of magnetic concentration 

25 Positive fluorescent signals, mean that part of th~ magnetic particles are 

fluorescent and the others are black/brown. Sometimes if the number of 

fluorescent particles is low compared to the black particles it is 

preferable to magnetically concentrate the particles. The aggregate of 

particles permits getting a stronger fluorescCllt signal (compared to 

30 dispersed particles). ·Following are CCD Camera photographs of 
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magnetic particles aggregates. In Fig. 7 the upper photograph is blue 

fluorescent emission from thousands of particles after specific 

hybridization of 60'in 60°C. Control 1 (Con 1) and Control 2 (Con 2) 

gave no emission, because non specific binding did not occur. In page 2 

s the same samples were analyzed with visible transmitted light to get 

pictures of the aggregates. 

10 
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CLAIMS: 

1. A system for transfer of material from source vessels to target vessels 

such that material from each source vessel is transferred to a designated target 

s vessel, the system comprising a plurality of collecting members permitting 

simultaneous transfer of material from a number of source vessels to one or 

more target vessels, each collecting member having an activated state for 

withdrawing and holding material contain in a source vessel and a deactivated 

state in which any material held thereby is released, transition from an . 

IO activated state to a deactivated state of each collecting member is 

independently controlled. 

2. A system according to Claim l, further comprising a computer for 

controlling the independent transition from activated to deactivated state of 

each collecting member. 

IS 3. A system according to Claim 1, wherein transition :from activated stau; 

to deactivated is carried out by application and cea.Se of application, 

respectively. 

4. A system according to Claim 1, wherein transition from activated state 

to deactivated state is carried out by application and cease of application of 

20 vacuum, respectively. 

5. A system according to Claim 1, wherein the activated state is achieved 

by application of a force capable of creating a magnetic field in each collecting 

member and deactivated state is achieved by ceasing of creation of said 

magnetic field. 

25 6. A system according to Claim 5, wherein the magnetic field is created by 

the use of an electromagnet presence in each collecting member. 

7. A device for the manipulation of magnetic particles, being particles 

which are attracted by magnetic force, the device comprising: 

an elongated member made of a material which is not effected by a 

30 magnetic field, having a particle collecting tip and an elongated lumen with an-
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end, said end of the lumen being at a distal portion of said elongated member 

adjacent to said tip; the lumen slidably accommodating a magnetic field 

providing member displaceable between a first position in which the magnetic 

field providing member is in said distal portion thereby attraction of said 

s particles to said tip occurs, and a second position in a proximal portion of said 

lumen in which said particles are not attracted to said tip. 
8. A device according to Claim 7, wherein said particle collecting tip is 

· displaceable. 

9. A device according to Claim 7, wherein said particle collecting tip is 

10 · fitted with a displaceable cover. 

10. A device according to Claims 7 tci 9, wherein the particle collecting tip 

has tapering sides and a truncated end. 

11. A device according to Claim 7, wherein the magnetic field providing 

member is an elongated magnet 

ts 12. A device according to Claim 7, wherein the end of said member which 

is displaceable in said distal portion of the lumen is tapered. 

13. A device according to Claim 7, wherein the end of said member which 

is displaceable in said distal portion of the lumen is cylindrical. 

14. A device according to Claim 12 or 13, wherein said end of the magnetic 

20 field providing member is made of a ferromagnetic material. 

15. A device according to Claim 7, wherein the magnetic field providing 

member is made of a material which has no magnetic memory, said member 

being connected to an electromagnet. 

16. A device according to Claim 7, wherein the magnetic field providing 

25 member comprises a miniature.electromagnet. 

17. A device according to Claim 7, wherein the magnetic field providing 

member is displaced manually between said positions. 

18. A device according to Claim 7, wherein the member is displaced 

automatically between said two positions. 

This Sheet Has Be.en Replaced 
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19. A device according to Claim 18, wherein · the member is displaced 

· between said positions with the aid of an electromagnet. 

20. A device according to Claims 17 or 18, wherein the member is displaced 

between said position with the aid of a spring. 

s 21. A system for the manipulation of magnetic particles being particles which 

are attracted by magnetic force the system comprising a plurality of devices 

according to any one of Claims 7to19.· 

22. A system according to Claim 21, wherein the magnetic· field providing 

members of each individual device are displaced manually between said position. 

10 23. A system according to Claim 21, wherein the magnetic field providing 

members of each individual device are displaced automatically between said 

positions. 

24. A system according.to Claim 18, wherein the magnetic field providing 

members of ~h individual device are displaced between the positions with the 

1s aid of an electromagnet 
. . . 

25. A system according· to Claiin 18, wherein. the magnetic fi,eld providing 

members of ea.ch individual device are displaced between the positions with the 

aid of a pneumatic pump. 

26. A system according to Claims 11· or 18 in which· displacement of each 

20 device is separately controlled. 

27. A system according to Claims 21 to 26, further comprising a magnet for 

placed under the vessels holding the magrietic particles. 

28. · A method for synthesizing a plurality of molecules, from building units of 

differCnt species by combinatorial chemistry, wherein the different building units 

25 are present in different vessels in an array of vessels,. where the synthesis is 

carried out by selective transfer of the building units from a plurality of source 

vessels to a designated plurality of target vessels utilizing the system of Claim 1. 

29. A method for detection of biological entities carrying a fluorescent label 

in a sample comprising: 
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(i) providing magnetic particles which can specifically bind to said 

biological entities; 

(ii) contacting the magnetic particles with said sample under 

conditions allowing said binding; 

s (iii) clustering the magnetic particles by magnetic force thereby causing 

any fluorescent emission present on the particles to become 

concentrated in distal particles; 

(iv) Reading said fluorescent emission, a reading above control level 

indicating the presence of the biological entities in the sample. 

10 30. A method according to Claim 29 where the magnetic particles are 

clustered on the tip of the device of Claim 8. 
31. A method according to Claim 29 where the biological entities are nucleic 

acid sequences. 

32. A method according to Claim 31 where the sample is the amplification 

15 result of a PCR process. 


