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APPARATUS AND METHOD FOR SEPARATING MAGNETIC
PARTICLES FROM A SOLUTION

This application claims the benefit of U.S. Provisional Patent Application No.

60/849,795, filed October 6, 2006.

FIELD OF THE INVENTION

[0001] This invention relates to a method and an apparatus for separating magnetic particles

from a solution containing a biological sample. Specifically, the invention relates to a

biological sample processing apparatus that includes a rod-shaped magnet having a north

pole, a south pole, a length and a width, and a plunger covering the magnet. The north pole

and the south pole of the magnet are substantially orthogonal to the length of the magnet.

The apparatus separates magnetic particles from a solution containing, for example, a

biological sample. With this invention, a target biological material associated with magnetic

particles can be separated from non-target biological material more efficiently than with

conventional apparatuses and methods, particularly in low volume applications.

BACKGROUND OF THE INVENTION

[0002] The use of magnets and magnetic particles for separating a target biological material

from a non-target biological material is known. In conventional systems, magnetic particles

are introduced into a solution containing biological material. The magnetic particles are

complexed or associated with either a target biological material or a non-target biological

material, depending on the application. When the magnetic particles are complexed with a

target biological material, various processing steps are usually performed in a predetermined

sequence. Typically, a cartridge containing a plurality of wells is used to facilitate each of



the processing steps. The steps may include an elution step, a washing step, a cell lysis step,

or the like. The individual wells generally contain solutions or components necessary for a

particular step. For example, when cell lysis is to be performed, the particular well will

contain a lysis reagent. In this manner, the target biological material (e.g., DNA, RNA,

proteins, etc.) can be processed to a desired state.

[0003] To facilitate the separation of the magnetic particle-biological material complex from

the remaining solution, various methods and apparatuses have been designed. U.S. Patent

Nos. 6,207,463 and 6,448,092, for example, are each directed to a device and a method for

separating microparticles involving a magnetic rod. Rods of this type may be used either

alone or in combination with an apparatus designed to automate biological sample

processing. Examples of these machines include the Freedom EVO® manufactured by Tecan

Trading AG of Switzerland, the Biomek® 2000 Laboratory Automation Workstation,

manufactured by Beckman Coulter of Fullerton, California, and the Eppendorf® epMotion™,

manufactured by Eppendorf of Germany, which have relatively high throughput capability.

Others, such as the Maxwell™ 16 sold by Promega Corporation of Madison, Wisconsin, have

lower throughputs.

[0004] In both the '463 and '092 patents, the poles of the magnet are substantially parallel to

the length of the magnet. When the magnetic rod is placed in the biological solution, the

position of the upper pole of the magnet prevents the pole from serving as a strong point of

attraction for the magnetic particles in the solution. That is, because the upper pole of the

magnet is directed toward a portion of the rod, rather than the solution containing the

magnetic particles, the magnetic particles are not strongly attracted to the upper pole. Indeed,

both the '463 and the '092 patents describe that the magnet is long enough to ensure that the

upper pole of the magnet remains above the level of the solution containing the magnetic

particles, preventing any particles from binding to that portion of the magnet. This

orientation, therefore, effectively decreases the power of the magnet. In addition, the vertical

orientation of the magnet results in magnetic particles being attracted to the entire length of

the magnet. The large surface area of the magnet to which the magnetic particles are

attracted can make the magnetic rod difficult to use in low volume applications, and

particularly in low volume elutions.



[0005] This invention is directed to remedying the problems of conventional magnetic

particle separation apparatuses. In particular, the present invention uses a magnet in which

the poles of the magnet are substantially orthogonal to the length of the magnet. With such

an orientation, both poles of the magnet may be used for attracting magnetic particles.

Additionally, by controlling the diameter-to-length ratio of the magnet, the lines of magnetic

force can be oriented so that the magnetic particles are concentrated at the tip of the rod and

magnet. By concentrating the particles near the tip, the volume of solution that is carried

over from one well to another (the carry-over liquid) is decreased, and the volume of solution

that is needed to elute the particles also decreases. In this regard, the apparatus and method

of this invention can be used in low volume applications with greater ease and efficiency than

with conventional apparatuses and methods.

SUMMARY OF THE INVENTION

[0006] In one aspect, the present invention is directed to a biological sample processing

apparatus having a rod-shaped magnet having a north pole, a south pole, a length, and a

width. A plunger covers the rod-shaped magnet. The north pole and the south pole of the

rod-shaped magnet are substantially orthogonal to the length of the rod-shaped magnet.

[0007] The biological sample processing apparatus may also include a non-magnetic plunger

rod having an upper portion, a lower portion, and a length. The rod-shaped magnet is

attached to the non-magnetic rod, and the plunger covers the rod-shaped magnet and at least a

portion of the length of the non-magnetic plunger rod.

[0008] The lower portion of the non-magnetic rod may define a cavity into which the rod-

shaped magnet is attached. When the rod-shaped magnet is fixed in the cavity, the north pole

and the south pole of the rod-shaped magnet are substantially orthogonal to the length of the

non-magnetic plunger rod.

[0009] The non-magnetic rod may be made of non-ferrous stainless steel, brass, aluminum,

nickel alloy, or a graphite composite, but preferably non-ferrous stainless steel. The magnet

may be cylindrical in shape and the diameter-to-length ratio of the magnet is preferably 1:1.5.



[0010] The plunger is preferably made of polypropylene, polyethylene, or

polytetrafluoroethylene, and more preferably, polypropylene.

[001 1] In another aspect, the present invention is directed to a method of separating magnetic

particles from a solution. The method includes a step of inserting a magnetic apparatus into a

solution containing magnetic particles and a step of removing the magnetic apparatus and the

magnetic particles from the solution. The magnetic apparatus includes a rod-shaped magnet

having a north pole, a south pole, a length and a width, and a plunger covering the rod-shaped

magnet. The north pole and the south pole of the rod-shaped magnet are substantially

orthogonal to the length of the rod-shaped magnet.

[0012] These and other aspects of the present invention will be apparent upon consideration

of the following detailed description taken in conjunction with the accompanying drawings,

in which preferred embodiments of the present invention are described and illustrated.

DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 depicts the lower portion of a non-magnetic plunger rod.

[0014] FIG. 2 depicts the lower portion of a non-magnetic plunger rod having a cavity

formed therein.

[0015] FIG. 3 depicts a magnetic apparatus including a plunger covering the non-magnetic

plunger rod having a rod-shaped magnet placed in a cavity formed in the lower portion of the

non-magnetic plunger rod.

[0016] FIG. 4 depicts a container holding a solution containing magnetic particles.

[0017] FIG. 5 depicts the magnetic apparatus being inserted into a container holding a

solution containing magnetic particles.



[0018] FIG. 6 depicts the magnetic apparatus along with magnetic particles being removed

from the solution depicted in FIG. 5.

[0019] Throughout the figures, like or corresponding reference numerals denote like or

corresponding parts.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0020] The present invention relates to a biological sample processing apparatus including a

rod-shaped magnet having a north pole, a south pole, a length and a width, and a plunger

covering the rod-shaped magnet. The north pole and the south pole of the rod-shaped magnet

are substantially orthogonal to the length of the rod-shaped magnet. The operator of the

apparatus may place the apparatus in a container containing magnetic particles. In order to

perform biological sample processing, the magnetic particles are attached to, complexed with,

or otherwise associated with a target or a non-target biological material (e.g., DNA, RNA,

proteins, etc.), depending on the desired application. When the biological sample processing

apparatus is placed in the container, the magnetic particles are attracted to the magnet and

adhere to the outer surface of the plunger. When the operator removes the biological sample

processing apparatus from the container, the magnetic particles are removed along with the

apparatus. In this manner, the magnetic particles associated with the target or non-target

biological material are removed from the solution.

[0021] The biological sample processing apparatus of this invention is particularly

advantageous for low volume applications in which sequential processing steps are required

of a target biological material. For example, the apparatus of the present invention is

advantageously used in automated systems such as the Maxwell™ 16 sold by Promega

Corporation of Madison, Wisconsin. As discussed above, in many biological processing

methods, a target biological material is first removed from a sample containing a plurality of

biological materials. The target material is then further processed by, for example, washing

the target biological material, lysing the target biological material, and eluting the target

biological material. Typically, when sequentially processing the target biological material

using an apparatus such as the Maxwell™ 16, a cartridge of wells is used. Each well



contains the solutions and reagents needed for a particular step in the processing method, and

the target biological material is sequentially inserted into and removed from each well. As

the target biological material is removed from each well, a portion of the liquid in the well is

removed along with the target biological material. This carry-over liquid can hamper the

subsequent step in the processing sequence, and the amount of the carry-over liquid is to be

minimized, especially in low volume applications. Additionally, in low volume applications,

to ensure maximum yield and efficiency, it is important that the maximum amount of target

material be processed and that the target material be contained in the smallest amount of

space possible. The present invention has been designed with these requirements in mind.

[0022] FIG. 1 depicts a lower portion of a non-magnetic plunger rod 1, according to one

aspect of the present invention. The non-magnetic plunger rod preferably has a cylindrical

shape, but the invention is not so limited. As depicted in FIG. 1, the non-magnetic plunger

rod has a length A and a diameter B. The non-magnetic material for the plunger rod is not

particularly limited; however, non-ferrous stainless steel, brass, aluminum, nickel alloys, and

graphite composites are preferred, with non-ferrous stainless steel being the most preferred.

[0023] FIG. 2 depicts the non-magnetic plunger rod 1 depicted in FIG. 1 after a portion of the

lower portion of the non-magnetic plunger rod 1 has been removed to form a cavity 2. In the

embodiment depicted in FIG. 2, the cavity has a cylindrical shape, but the invention is not so

limited. Other shapes, e.g., a rectangular shape, may be used without departing from the

scope of the present invention. Into the cavity, a magnet 3 (shown in FIG. 3) may be placed.

The magnet may be press-fitted, glued, or otherwise attached to the non-magnetic plunger

rod. It should be noted that the present invention is not limited to the embodiments depicted

in FIGS. 1 and 2. For example, the present invention may be used without a non-magnetic

plunger rod at all, or, if a non-magnetic plunger rod is used, the magnet may be attached to

the non-magnetic plunger rod by glue or other attachment means. That is, a cavity need not

be formed in a portion of the lower portion of the plunger rod. Additionally, the non

magnetic plunger rod may be either solid or tubular.

[0024] The shape and size of the magnet according to the present invention are not

particularly limited. As discussed below, the magnet is preferably rod-shaped and has a



width-to-length ratio of approximately 1:1.5, although other ratios (e.g., 1:1) may be used. In

the embodiment depicted in FIG. 3, the magnet has a cylindrical shape, although other

shapes, such as cubic, may be used.

[0025] FIG. 3 depicts an embodiment of the present invention in which the magnet 3 has

been placed in a cavity of the lower portion of the non-magnetic plunger rod 1. As can be

seen in FIG. 3, the magnet has a length D and a width (diameter) E. The north and south

poles of the magnet are oriented so that the poles are substantially orthogonal to the length of

the magnet D. In FIG. 3, the poles of the magnet 3 are oriented in the horizontal plane. The

position of the poles in the horizontal plane is not particularly important. For example, when

viewing FIG. 3, the poles may be oriented left to right or front to back, or anywhere in

between. What is important is that the poles of the magnet be substantially orthogonal to the

length of the magnet. With such an orientation of both poles, the strongest magnetic regions

of the magnet may be used in attracting magnetic particles during biological processing.

[0026] As shown in FIG. 3, a plunger 4 covers the lower portion of the non-magnetic plunger

rod 1 and the magnet 3. The material for the plunger is not particularly limited; however,

chemically inert, disposable materials that do not alter the magnetic field are preferred.

Examples of such materials include polypropylene, polyethylene, and polytetrafluoroethylene

(PTFE). Of these materials, polypropylene is most preferred. The shape of the plunger 4 is

also not particularly limited. In systems in which a standard elution tube is to be used, the

plunger 4 preferably has the shape depicted in FIG. 3. That is, it is preferred for the plunger 4

to have a generally cylindrical shape that tapers into a cone at the bottom. The end of the

cone is preferably rounded. In this regard, the bottom of the plunger 4 corresponds to the

conical bottom of the standard elution tube.

[0027] When using the plunger 4 depicted in FIG. 3, it is preferred for the magnet 3 to have a

width-to-length ratio of approximately 1:1.5. This ratio allows for the magnetic particles of

the solution to adhere tightly to the plunger 4 without the particles being spread out so far that

it would be difficult to cover them completely during elution. If the magnetic particles in the

solution are very dilute, then a lower ratio, for example, 1:1, might be preferred, especially if

an even lower elution volume is needed. Additionally, if the angle of the cone of a standard



elution tube were to increase, the lower ratio would be needed in order to elute in the same

volume. The particles, however, would be further from the magnet.

[0028] FIGS. 4-6 depict the steps of the use of the apparatus of the present invention depicted

in FIG. 3 for biological sample processing. FIG. 4 depicts a container 5 holding a solution 6

containing magnetic particles 7. The magnetic particles 7 are attached to, complexed with, or

otherwise associated with a target or non-target biological material present in the solution 6,

depending on the desired application. In FIG. 5, the apparatus of FIG. 3 is inserted into the

solution 6. As can be seen in FIG. 5, the magnetic particles 7 migrate toward the poles of the

magnet 3, which, for purposes of the discussion of FIGS. 5 and 6, are oriented left to right. In

FIG. 6, the apparatus is removed from the container 5. The magnetic particles adhere to the

surface of the plunger 4 and are also removed from the solution 6. If further processing of

the biological material associated with the magnetic particles 7 is needed, the particles may

be transferred to another container or well.

[0029] The lines of magnetic force associated with the orientation of the poles and the width-

to-length ratio of the magnet 3 force the magnetic particles 7 to adhere to the lower portion of

the plunger 4. As noted above, this configuration allows the magnetic particles 7 to tightly

adhere to the surface of the plunger 4 over a minimum of space. This is particularly

important and advantageous in low volume applications. By having the poles of the magnet

substantially orthogonal to the length of the magnet, the width or diameter of the magnet may

be further decreased, if necessary, without also decreasing the power of the magnet. The

configuration of the present invention also allows for the use of plungers having thinner walls

than conventional plungers, which is beneficial when the plungers are manufactured by

injection molding.

[0030] While the present invention has been described with reference to explanatory

embodiments, it is to be understood that the terms used herein are terms of description rather

than limitation. Various changes and modifications may be made without departing from the

scope and spirit of the present invention as set forth in the claims.



I claim:

1. A biological sample processing apparatus comprising:

a rod-shaped magnet having a north pole, a south pole, a length, and a width; and

a plunger covering the magnet,

wherein the north pole and the south pole of the rod-shaped magnet are substantially

orthogonal to the length of the rod-shaped magnet.

2. The biological sample processing apparatus according to claim 1, further comprising:

a non-magnetic plunger rod having an upper portion, a lower portion, and a length,

wherein the rod-shaped magnet is attached to the non-magnetic rod, and the plunger

covers the rod-shaped magnet and at least a portion of the length of the non-magnetic plunger

rod.

3. The biological sample processing apparatus according to claim 1, wherein the rod-

shaped magnet has a width-to-length ratio of approximately 1:1.5.

4. The biological sample processing apparatus according to claim 1, wherein the lower

portion of the non-magnetic plunger rod defines a cavity into which the rod-shaped magnet is

attached.

5. The biological sample processing apparatus according to claim 4, wherein when the

rod-shaped magnet is fixed in the cavity of the non-magnetic plunger rod, the north pole and

the south pole of the rod-shaped magnet are substantially orthogonal to the length of the non

magnetic plunger rod.

6. The biological sample processing apparatus according to claim 2, wherein the non

magnetic plunger rod comprises non-ferrous stainless steel.

7. The biological sample processing apparatus according to claim 1, wherein the plunger

comprises polypropylene.



8. A method for separating magnetic particles from a solution, the method comprising:

a step of inserting a magnetic apparatus into a solution containing magnetic particles;

and

a step of removing the magnetic apparatus and the magnetic particles from the

solution,

wherein the magnetic apparatus comprises:

(i) a rod-shaped magnet having a north pole, a south pole, a length, and a width; and

(ii) a plunger covering the magnet,

wherein the north pole and the south pole of the rod-shaped magnet are substantially

orthogonal to the length of the rod-shaped magnet.

9. The method according to claim 8, wherein the magnetic apparatus further comprises a

non-magnetic plunger rod having an upper portion, a lower portion, and a length,

wherein the rod-shaped magnet is attached to the non-magnetic rod, and the plunger

covers the rod-shaped magnet and at least a portion of the length of the non-magnetic plunger

rod.

10. The method according to claim 8, wherein the rod-shaped magnet has a width-to-

length ratio of approximately 1:1.5.

11. The method according to claim 8, wherein the lower portion of the non-magnetic

plunger rod defines a cavity into which the rod-shaped magnet is attached.

12. The method according to claim 11, wherein when the rod-shaped magnet is fixed in

the cavity of the non-magnetic plunger rod, the north pole and the south pole of the rod-

shaped magnet are substantially orthogonal to the length of the non-magnetic plunger rod.

13. The method according to claim 9, wherein the non-magnetic plunger rod comprises

non-ferrous stainless steel.

14. The method according to claim 8, wherein the plunger comprises polypropylene.







ATIO AL EA R P T International application No.

PCT/US 07/80382

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B01 D 35/06 (2008.01 )
USPC - 210/222

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

USPC: 210/222

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 210/695; 436/526,177,528,805; 294/65.5; 335/295; 422/100,101,50,68.1; 435/283.1,287.1,287.2 - see keywords below
IPC(8): B01D 35/06 (2008.01) and Google Internet - see keywords below

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST(USPT,PGPB,EPAB,JPAB); Google
Search Terms Used: magnet, orthogonal, perpendicular, bar, pole

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2006/01 18494 A 1 (Rundt et at.) 08 June 2006 (08.06.2006); Fig. 4B, 6A, 6B; para [0064] 1-5, 7-12 and 14

Y 6 and 13

Y US 3,616,922 A (Turnock) 02 November 1971 (02.1 1.1971); col 2 , In 48-53 6 and 13

A US.5,647,994 A (Tuunanan et al.) 15 July 1997 (15.07.1997); Fig. 1 1-14

A US 2002/0070173 A 1 (Otto et al.) 13 June 2002 (13.06.2002); Fig. 3 1-14

A US 2005/0202573 A 1 (Koyata et al.) 15 September 2005 (15.09.2005); Fig. 2 1-14

I I Further documents are listed in the continuation of Box C. | |

• Special categories of cited documents- "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

06 January 2008 (06.01.2008) 2 0 FEB 2008

Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W . Young

P.O. Box 1450, Alexandria, Virginia 22313-1450
PCT Hβlpd θSk: 571-272-4300

Facsimile No. 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)


	front-page
	description
	claims
	drawings
	wo-search-report

