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(34) Bezeichnung: MAGNETSTIFT ZUR KONZENTRIERUNG UND SEPARIERUNG VON PARTIKELN

(57) Abstract

The invention relates to a magnetic pin (8, 22) for concentrating particles,

[oN

containing (a) a grip adapter (2, 14), (b) a connecting pin (4, 16) with dents (3, 15), (¢)

at least one magnet (7, 20) and (d) a sheath (5, 18).

| (57) Zusammenfassung

Die vorliegende Erfindung betrifft einen Magnetstift (8, 22) zur Konzentrierung
von Partikeln, aufweisend (a) einen Greifadapter (12, 14), (b) einen Verbindungsstift

(4, 16) mit Ausbuchtung (3, 15), (¢) mindestens einen Magneten (7, 20), und (d) eine

Hiille (5, 18).
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Magnetic Pin for Concentrating and Separating Particles

The present invention relates to a magnetic pin for

concentrating and separating particles.

The latest detection methods for nucleic acids, such as

polymerase chain reaction (PCR), ligase ‘chain reaction
(LCR), nucleic acid sequence based amplification (NASBA),
strand displacement amplification (SDA), can be carried out

by amplification of nucleic acids with extreme sensitivity.
Because of this sensitivity the methods are very susceptible
to contaminations. In this connection, the danger of
contamination increases with the increasing number of steps

and the manipulations to be made, such as centrifugation and

pipetting steps. Thus, 1t should Dbe 1important to the

experimenters to keep the number of steps and manipulations
as small as possible. However, this 1is often problematic,

since differing sample volumes must Dbe observed for

differing steps and concentration of the sample volume 1S
necessary in between. Therefore, there 1s a demand for a
possibility of dispensing with manipulation steps,
particularly centrifugation steps, 1in the above mentioned
method, by taking the sample to be analyzed directly out of
the wvarious vessels, such as cups or microtiter trays, and
transferring it. This demand of easily transferring samples
from a large volume to a smaller volume and being able to
easily change the sample containers, respectively, 1s, of
course, not only limited to the field of nucleic acid
technique but exists throughout (bio)chemistry where the

concentration of samples 1s necessary.

Therefore, it 1is the object of the present invention to
provide an apparatus by means of which target molecules can
easily be taken out of the containers or vessels and

transferred into other vessels so as to be able to dispense
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with manipulation steps, such as centrifugation steps, and

work with small volumes.

This object is achieved by a magnetic piln according to claim

1. Advantageous embodiments follow from the subclaims.

In order to derive an advantage for the above mentioned

methods by means of the magnetic pin according to the

invention, magnetic labeling of the target molecules must,
of course, be given. A person skilled 1n the art knows how
to achieve this. For example, this 1s achieved in that the
target molecules as such have magnetic properties or are
bound to '"magnetic beads". If a detection method 1s
concerned, another possibility is to link streptavidin to
iron so as to bind the target molecules which in turn are

labeled with biotin.

In an exemplary method in which the magnetic pin according
to the invention 1is used, the sample material, e.g. serum,
plasma, whole blood, cells or tissue, 1s subjected to a
chemical or chemico-enzymatic breaking-up and a
denaturation, respectively. This solution simultaneously
contains a first nucleic acid oligonucleotide (primer) which
hybridizes as a probe to the target molecules. This
oligonucleotide is covalently bonded to a biotin molecule
which can be bound by streptavidin with high affinity. This
streptavidin in turn 1is bound to particles which contain
iron. Because the streptavidin particles cannot be added to
a denatured sample mixture, since otherwise they would
denature as well and would lose their bonding properties tO
biotin, the sample mixture must be diluted, which 1increases
the sample volume. However, this great sample volume has a
negative effect on subsequent steps, such as amplifications.
For example, the resulting conjugates (sample -
oligonucleotide - biotin - streptavidin - 1ron) are
transferred by means of the magnetic pin according to the
invention into another container where the further steps can

then take place in a much smaller volume.




CA 02296150 2000-01-14

The invention is further described by means o©f the figures

in which:

Figure 1la shows individual components of a magnetic pin
8 according to the i1nvention,

figure 1D shows the assembled magnetic pin 8 according
to the invention,

figure 2 shows the transfer of particles from a large
sample container into a small sample
container,

figure 3a shows individual compornents of another
magnetic pin 22 according to the invention,

figure 3Db shows the assembled magnetic pin 22 according

to the i1nvention.

The individual components of an embodiment of a magnetic pin
according to the invention are shown 1n figure 1la. The
magnetic pin 1 has a grip adapter 2 at 1ts rear end. It 1s
developed such that 1t can be gripped and operated Dby an

industrial automatic pipetting machine. Here, the grip

adapter 2 is preferably made of a deformable material, such
as rubber. In addition, the magnetic pin 1 comprises a
connecting pin 4 having a dent 3 so as to form a grip for
the automatic pipetting machine. Furthermore, the dent
serves for holding a sheath 5. This sheath 5 1s thin-walled
(wall thickness about 0.2 to 0.7 mm, preferably 0.3 mm) and
cConsists preferably of polymeric plastics (e.qg.
polypropylene) and a non-magnetizable, but conductive,
material, respectively, e.g. plastics having a graphite
portion. The sheath 5 has preferably a conical shape at 1its
lower end and has a constriction 6, which 1s preferably
adapted to sample containers such that with a small liquid
volume (e.g. 25 ul in a PCR cup) it is just wet 1in a filled
sample container. The connecting pin 4 should Dbe made of a
non-magnetic material, such as aluminum. The front end ot

the magnetic pin has a magnetic head 7 which has preferably



CA 02296150 2000-01-14

a conical shape. Every conventional permanent magnet 1s 1n

consideration for this.

Figure 1b shows a magnetic pin 1 provided with the sheath 5

as the magnetic pin 8 according to the i1invention.

The concentration of the magnetically labeled sample
material present 1in the sample containers 1s preferably
carried out with the magnetic pin 8 disposed 1in the sheath

and preferably proceeds as shown in figure 2.

L) The magnetic pin with the sheath 8 1s 1mmersed 1n a
large sample container 9 including magnetically labeled
particles 10 disposed in a liquid. Pin and sheath are
slowly moved downwards. The particles are attracted Dby

the magnetic head of the magnetic pin.

II) The magnetic pin with sheath 8 1s slowly drawn out of

the sample container again, so0 that only minor liquid
residues adhere to the sheath. The adhering particles
can optionally be subjected to further treatments 1in a
wash vessel without a loss of the adhering particles

occurring.

ITI) The tip of the magnetic pin 1including the sheath
surrounding i1t are i1mmersed 1n a smaller sample
container 11. Because of the adaptation of the magnetic
head 7 including the surrounding sheath to the shape of
the sample container, only a small liquid volume 1s
required to wet the sheath of the entire tip. The

sheath is fixed in stand or support 12.

IV) The magnetic pin 1 1s drawn out of the sheath by a
rapid movement. The particles separate, in the model
case, from the sheath because of the omitted magnetic
force and stay in the sample container 11. Should this
not suffice, they will be pulled downwards by another
magnet located externally underneath the sample

container.
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V) The sheath 5 1s carefully removed from the sample

contalner 11.

Result: The particles are now found 1n a smaller volume 1in

another sample container.

Another preferred embodiment of a magnetic pin according to

the invention 1s shown 1in figure 3. The 1individual

components of such a magnetic pin are shown in figure 3a. As
in figure 1, the magnetic pin comprises a Jgrip adapter 14, a
dent 15, a connecting pin 16, a sheath 18 and a constriction
19. The above-mentioned product and dimensional parameters
for these components also apply to the embodiment according

to figure 3. In the embodiment shown 1n figure 3 the

magnetic forces, which shall escape the tip 17 1in Dbeamed
fashion, emanate from a relatively great permanent magnet 20
which is mounted farther above, and are directed e.g. by an
iron core to the tip 17. In this case, the magnetic field
directly emanating from the magnet can be shielded by a
metallic sheath 21, such as an iron sheath. The magnet 20
can be disposed at any height on the connecting pin 16.
However, it is preferably found near the grip adapter, since
it can have a disturbing effect 1f located farther downwards
when the magnetic pin is immersed in a sample container. The
tip 17 consists of a magnetizable material and can have
magnetic properties itself, respectively, 1.e. can Dbpbe the

continuation of the 1ron core.

Figure 3b shows a magnetic pin 13 provided with a sheath 18

as the magnetic pin 22 according to the invention.

According to the invention, the magnetic force shall effect
the separation of target substances through the help of
other suitable substances. Therefore, it is not the magnet
as such that is decisive but its shape and its arrangement.
The shape of the magnet influences decisively the course of
the magnetic field and thus its force, on the one hand, and

the shaping must be accurately in conformity with the target
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application in this case, on the other hand. In a preferred

embodiment, the collection of magnetic particles from
solutions (such as serum) takes place on the gsmallest
possible area (tip of the magnetic pin). In this case, the

magnetic force shall be as high as possible, so that the

magnetic particles <can Dbe collected over a suitable
container cross-section. Additional collection of the

magnetic particles from a substantially greater starting

volume becomes possible by slowly lowering the magnetilic pin
within the c¢ontainer (e.g. serum tube). In addition, the

shape of the magnetic tip must be adapted to the fact that

when the magnetic pin is withdrawn the least possible liquid
adheres thereto. At the same time, 1t must be taken 1into
consideration in connection with the tip shape that when the

pin 1s immersed in solutions, not even minute parts of this

solution (droplets, aerosols) may pass 1nto the air. In the

final analysis, the shape of the pin must also be adapted to

the target vessel, so that it suffices to supply the least

possible liquid volume there to fully wet the site of the
adhering magnetic particles. The object of the plastic

sheath of the magnetic pin, which 1s part of the patent, 1s

at this time to enable the stopping of the magnetic force.
In order to achieve this objective, the magnetic piln 1S
smartly drawn out of the sheath, whereupon the magnetic
particles fall off the outside of the sheath.

Thus, the embodiment according to the present 1invention,
which has a pointed shape of the magnet, offers special
advantages when withdrawn from a solution. This process can
also be automatically controlled temporally  via a
measurement of the induction when conductive sheaths are
used, such that no drop is left at the tip withdrawn from
the ligquid surface. The starting solution has maximum
reduction (single-step concentration). This 1s an 1mportant
detail not only for the prevention of contamination dangers
while moving over other samples but also for the separation
and concentration of magnetic particles which 1s not
possible in this way when a flat tip 1s used. Furthermore,

the magnetic field has transverse orientation when the
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magnet has a pointed shape, so that an improved collective

effect occurs.

As a result, the magnetic particles can be supplied 1n an
extremely small liquid volume by a pointed shape which has
to be adapted to the employed containers. If a corresponding
vessel 1s used on the receiving side, a magnetic tilp can

also be used for transferring substances and removing

impurities by washing from a very small starting volume.

Another advantage of the magnetic pin according to the
invention is that the target molecules of the sample are
casily concentrated and separated. Furthermore, this 1is
inexpensive, since the sheath is made of cheap material and
'can be discarded and rinsed, respectively, whereas the
actual magnetic pin has a long service life and can pbe used
again without further purification, since 1n the model case

it is not 1n contact with the sample.
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Amended Claims
1. Magnetic pin (8, 22) for concentrating particles,
comprising:

a connecting pin (4, 16) comprising a rear end and a
front end (7, 17);

at least one magnet (7, 20) which 1s arranged at the
connecting pin (4, 16), such that a magnetic £field
cemanates 1n concentrated fashion at the front end (7,
17) ; and

a sheath (5, 18) into which the connecting pin (4, 16)

can be i1ntroduced;
characterized 1in that

a grip adapter (2, 14) 1s arranged which serves IOr
operating the magnetic pin (8, 22) through an automatic

pipetting machine;

the connecting pin (4, 16) 1is provided with a dent (3,
15); and

the sheath (5, 18) 1is moved 1n associated manner Or

separately from the connecting pin.

2 . The magnetic pin according to claim 1, wherein the grip

adapter (2, 14) is made of a deformable material.

3. The magnetic pin according to claim 1 or 2,
characterized in that the grip adapter (2, 14) 1s
developed such that it can be gripped and operated Dy

an industrial automatic pipetting machine.
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11.
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13.
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The magnetic pin according to any one of claims 1 to 3,

N
)

A non =

wherein the connecting pin (4, 16) 1s made O:

magnetic material.

The magnetic pin according to any one of claims 1 to 4,

wherein the magnet (7, 20) 1s a permanent magnet.

The magnetic pin according to any one of claims 1 to 5,
wherein the sheath (5, 18) 1s made o©of a non-

magnetizable material.

The magnetic pin according to any one of claims 1 to 6,

wherein the sheath (5, 18) 1s made of polypropylene.

The magnetic pin according to any one of claims 1 to 7,
wherein the sheath (5, 18) has a wall thickness of 0.2

to 0.7 mm.

The magnetic pin according to any one of claims 1 to 8,
wherein the dent (3, 15) has a shape adapted for fixing
the sheath (5, 18).

Use of the magnetic pin according to any one of claims

1 to 9 for concentrating and separating particles.

h

Use according to claim 10, wherein the concentration of
particles takes place in an amplification method for

nucleic acids.

The magnetic pin according to claim 1, characterized 1n
that the connecting pin at the front end comprises the

at least one magnet as magnétic head.

The magnetic pin according to claim 1, characterized 1n
that the front end is a tip and the connecting pin has
a magnet whose magnetic forces emanate from the tip 1in

beamed fashion.
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