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(57) ABSTRACT 

Magnetic particles with an outer glass Surface being essen 
tially poreless or having pores of a diameterofless then 10 nm 
as well as ferromagnetic particles with a glass Surface are 
preferentially useful for the isolation of biological material 
from samples. They provide a quick and reliable purification. 
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MAGNETIC PGMENT 

RELATED APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 1 1/638,289, filed Dec. 12, 2006, which is a divisional 
of U.S. application Ser. No. 10/202,618, filed Jul. 23, 2002, 
which is a divisional of U.S. application Ser. No. 09/756,743, 
filed Jan. 10, 2001 (now U.S. Pat. No. 6,870,047, issued Mar. 
22, 2005), which is a divisional of U.S. application Ser. No. 
08/952,969, filed Mar. 11, 1998 (now U.S. Pat. No. 6,255, 
477, issued Jul. 3, 2001), which is a 35 U.S.C. S371 national 
phase filing of International Application No. PCT/EP96/ 
02459, which was filed with the Patent Cooperation Treaty on 
Jun. 6, 1996, and is entitled to priority under 35 U.S.C. S 119 
to German Patent Applications 19537985.3, filed Oct. 12, 
1995 and 19520398.4, filed Jun. 8, 1995, each of which is 
incorporated herein by reference in its entirety. 
0002. Subject matter of the invention are magnetic par 

ticles having a glass Surface, and a procedure for purifying a 
biological material, especially nucleic acids, using glass par 
ticles in the presence of chaotropic salts. Yet another subject 
matter of the invention is a procedure for isolating these 
biological materials and a procedure for concentrating bio 
logical materials and transferring them from Solutions having 
a high concentration of salts to Solutions having a low con 
centration of salts. 
0003. Many biological materials, especially nucleic acids, 
present special challenges in terms of isolating them from 
their natural environment. On the one hand they are often 
present in very Small concentrations and, on the other, they 
are often found in the presence of many other Solid and 
dissolved substances that make them difficult to isolate or 
CaSU. 

0004 For this reason, many procedures and materials for 
isolating nucleic acids from their natural environment have 
been proposed in recent years. In Proc. Natl. Acad. USA 76, 
615-691 (1979), for instance, a procedure for binding nucleic 
acids in agarose gels in the presence of Sodium iodide in 
ground flint glass is proposed. 
0005. The purification of plasmid DNA from bacteria on 
glass dust in the presence of sodium perchlorate is described 
in Anal. Biochem. 121,382-387 (1982). 
0006. In DE-A3734442, the isolation of single-stranded 
M13 phage DNA on glass fiber filters by precipitating phage 
particles using acetic acid and lysis of the phage particles with 
perchlorate is described. The nucleic acids bound to the glass 
fiber filters are washed and then eluted with a menthol-con 
taining buffer in Tris/EDTA buffer. 
0007. A similar procedure for purifying DNA from 
lambda phages is described in Anal. Biochem. 175, 196-201 
(1988). 
0008. The procedure known from the prior art entails the 
selective binding of nucleic acids to glass Surfaces in chao 
tropic salt Solutions and separating the nucleic acids from 
contaminants such as agarose, proteins or cell residue. To 
separate the glass particles from the contaminants according 
to the prior art, the particles are either centrifuged or fluids are 
drawn through glass fiber filters. This is a limiting step, how 
ever, that prevents the procedure from being used to process 
large quantities of samples. 
0009. The use of magnetic particles to immobilize nucleic 
acids after precipitation by adding salt and ethanol is 
described in Anal. Biochem. 201, 166-169 (1992) and PCT 
GB 91/00212. In this procedure, the nucleic acids are agglu 
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tinated along with the magnetic particles. The agglutinate is 
separated from the original solvent by applying a magnetic 
field and performing a wash step. After one wash step, the 
nucleic acids are dissolved in a Tris buffer. This procedure has 
a disadvantage, however, in that the precipitation is not selec 
tive for nucleic acids. Rather, a variety of solid and dissolved 
Substances are agglutinated as well. As a result, this proce 
dure can not be used to remove significant quantities of any 
inhibitors of specific enzymatic reactions that may be present. 
0010 A porous glass in which magnetic particles are 
embedded is described in US-A-4,233,169. 
0011 Magnetic, porous glass is also available on the mar 
ket that contains magnetic particles in a porous, particular 
glass matrix and is covered with a layer containing streptavi 
din. This product can be used to isolate biological materials, 
e.g., proteins or nucleic acids, if they are modified in a com 
plex preparation step so that they bind covalently to biotin. 
0012. The task of the invention was to provide better mate 
rials for immobilizing biological materials and a simple pro 
cedure for isolating biological materials, especially nucleic 
acids, that is also suitable for use in routine diagnostic pro 
cedures. 

0013 Subject matter of the invention are magnetic par 
ticles with an outer glass Surface that is substantially pore 
free, or that has pores with less than 10 nm diameter. Yet 
another Subject matter of the invention are ferromagnetic 
particles having a glass Surface, a procedure for isolating 
biological materials, especially nucleic acids, and a proce 
dure for the manufacture of magnetic glass particles. 
0014 Particles, according to the expert, are solid materials 
having a small diameter. Particles like these are often also 
referred to as pigments. According of the present invention, 
those particles are especially Suited that have an average 
particle size of less than 100 um. More preferably they have 
an average particle size of between 10 and 60 um. The distri 
bution of particle size is preferably relatively homogeneous. 
In particular, there are almost no particles <10 um or >60 um 
in size. 

0015 Those materials are referred to as magnetic that are 
drawn to a magnet, i.e., ferromagnetic or Superparamagnetic 
materials, for instance. In addition, those materials that are 
called Softly magnetic are also understood to be magnetic, 
e.g., ferrites. Especially preferred according to the present 
invention are ferromagnetic materials, especially if they have 
not yet been premagnetized. Premagnetization in this context 
is understood to mean bringing in contact with a magnet, 
which increases the remanence. Especially preferred are fer 
romagnetic materials, such as magnetite (Fe-O) or FeO. 
0016. An outer surface of a particle is understood to mean 
the contiguous Surface from which perpendicular lines can be 
drawn outwards towards the particle's environment that do 
not cut through the particle itself. 
0017. A pore is understood to be a recess in the outer 
surface of the particle. The surface reaches so far into the 
particle that a perpendicular line drawn in the recess on the 
surface cuts the particle at least once in the direction of the 
adjacent environment of the particle. In addition, pores reach 
into the particle to a depth that is greater than one radius of the 
pore. 

0018. A glass according to the present invention is under 
stood to be an amorphous material that contains silicium. 
Glass can contain other materials such as 
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B2O3 (0-30%) 
Al2O3 (0-20%) 
CaO (0-20%) 
BaO (0-10%) 
KO (0-20%) 
Na2O (0-20%) 
MgO (0-18%) 
PbO. (0-15%) 

0019 Glass can also contain a smaller percentage (0-5%) 
of a number of other oxides such as MnO, TiO, ASO, 
FeO, CuO, CoO, etc. Surfaces made of a composition of 
borosilicate glass, flint glass or silica have proven to be espe 
cially effective. Borosilicate glasses, which are especially 
preferred in terms of nucleic acid yield, have a boroxide 
content of more than 25%. A glass having a 70/30 composi 
tion of SiO/BO is especially preferred. Especially pre 
ferred according to the present invention are glasses that are 
formed using the gel Sol process and then dried and com 
pressed. The basic principles of this process are known and 
were described, for instance, in C. J. Brinker, G. W. Scherer 
“Sol Gel Science The Physics and Chemistry of Sol Gel 
Processing. Academic Press Inc. 1990, Sol-Gel Optics, Pro 
cessing and Applications, Lisa C. Klein, Ed., Kluwer Aca 
demic Publishers 1994, p. 450 ff, and in DE-A-1941191, 
DE-A-3719339, DE-A-41 17041 and DE-A-4217432. The 
principle has not been described for magnetic particles to 
date, however. The fact that the process could be used to 
create magnetic particles that have very Surprising character 
istics when used to isolate biological materials, especially 
nucleic acids, was not expected. In the gel-Sol process, alkox 
ides of network-forming components, e.g., SiO, B.O. 
Al-O, TiO, ZrO, GeO, are combined with oxides and salts 
of other components, e.g., in an alcohol Solution, and then 
hydrolized. The equation below describes the procedure for 
making Sodium boroaluminium silicate glass: 

NaOH + B2O3 + Al(OR) + Si(OR) E. 

OH -- B-O-A-S-OH 

O- Gel —- - - (NaO.B.O.; Al-O-SiO)o, 
Na+ 

0020 Water is added to begin the hydrolysis process of the 
starting components. The reaction proceeds relatively 
quickly because the alkali ions have a catalytic effect on the 
speed of hydrolysis of the silicic acid ester. Once the gel is 
formed it can be dried and densified by means of a thermal 
process to form glass. 
0021. The solipigment ratio has a considerable effect on 
the yield of magnetic pigments provided by this invention. 
The ratio is limited by the fact that the portion of pigment 
must be so Small that the mass created can still be pumped or 
sprayed. If the portion of the pigment is too small, the fine 
portion, e.g., of non-magnetic material, becomes too great 
and causes interference. Ratios of 10 to 25g pigment:100 ml 
sol were found to be useful in terms of pigment yield. 
0022. To create a powder, the slurry is preferably sprayed 
through a nozzle and the aerosol is dried as it falls. The nozzle 
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is preferably heated to speed up the drying of the slurry. 
Depending on the nozzle geometry, the nozzle temperature is 
preferably from 120 to 200° C. A compromise is found by 
utilizing a sufficient evaporation speed but avoiding overheat 
1ng. 
0023 To optimize the yield, the densification temperature 
should be as high as possible. If it is too high, however, the 
particles will stick together and form agglomerates that must 
be sieved out. Additional treatment of the particles in at too 
high temperature will result in a loss of magnetic properties. 
Too high temperatures should therefore be omitted. 
0024. A substantially pore-free surface is understood to 
mean a Surface with pores (as described above) covering less 
than 5%, but preferably less than 2%, and especially pre 
ferred, less than 0.1% of its area. If pores are present, they 
preferably have a diameter of less than 10 nm and, especially 
preferred, 1 nm. 
0025 Especially preferred according to the present inven 
tion are particles that contain a mica core coated with TiO, 
and magnetite particles immobilized on it. In this design, the 
composite material formed is Surrounded by the glass layer. 
Both the core and the magnetite particles are crystalline and 
non-porous. The spaces on the Surface of the mica that are not 
occupied by the magnetite particles are covered by a glass 
layer that is thicker than at the tips of the magnetite particles, 
basically resulting in a non-porous glass Surface. 
0026. The non-porosity of the magnetic particles is based 
only on the outer Surface and not on the inside of the particle. 
The particle can therefore be porous on the inside only if the 
Surface is enclosed by a Substantially pore-free glass or a glass 
Surface having pores with a diameter of less than 10 nm. 
0027 Surprisingly, the magnetic particles provided by the 
invention are especially Suited for isolating biological mate 
rials from samples. Long nucleic acids in particular are not 
destroyed—or only minimally—when they are immobilized 
on them. In addition, the core material is a natural resource 
and therefore causes little ecological concern. Moreover, the 
particles according to the invention are inexpensive and easy 
to manufacture. 
0028. Yet another object of the invention are ferromag 
netic particles having a glass Surface. Superparamagnetic 
particles are described in the prior art. It has been demon 
strated that ferromagnetic particles covered with a glass Sur 
face offer considerable advantages for isolating biological 
materials. If the ferromagnetic particles have not been 
brought in contact with a magnetic field, gravity is the only 
force that can cause them to sediment out. They can be resus 
pended easily and quickly by shaking the Solution. The sedi 
mentation procedure that does not utilize a magnetic field 
preferably proceeds more slowly than the immobilization of 
biological materials on the surface of the particles. This is 
especially true for nucleic acids. The ferromagnetic particles 
can be easily collected at a specific location in the sample 
fluid by means of a magnet. The fluid is then separated from 
the particles and, therefore, from the immobilized biological 
materials. 
0029. The glass surface of the ferromagnetic particles pro 
vided by the invention can be pore-free or contain pores. For 
the reasons given above for the magnetic particles provided 
by the invention, it is preferable for the outer surface of the 
ferromagnetic particles to also be substantially pore-free or to 
have pores with a diameter of less than 10 nm. The ferromag 
netic particles provided by the invention also preferably have 
a particle size of between 10 and 60 lum, and especially 
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preferred, of between 20 and 50 Lum. Especially preferred are 
particles with Surface pores (if present) having a diameter of 
less than 10 nm and, especially preferred, 1 nm. An example 
of a ferromagnetic particle according to the invention is the 
composite material described above which is made of mica 
and magnetite particles Surrounded by a glass layer. 
0030 Yet another object of the invention is a procedure for 
isolating a biological material by 

0031 bringing a sample containing the biological mate 
rial in a fluid in contact with the magnetic particles 
according to the invention or the ferromagnetic particles 
according to the invention under conditions in which the 
biological material binds to the particle Surface, and 

0032 separating the biological material from the fluid. 
0033 Biological materials are understood to mean mate 

rials with a particular or molecular basis. They include, in 
particular, cells such as viruses or bacteria, as well as isolated 
human and animal cells such as leucocytes, and immunologi 
cally active low and high molecular chemical compounds 
Such as haptens, antigens, antibodies and nucleic acids. 
Nucleic acids such as DNA or RNA are especially preferred. 
0034 Samples according to the invention include clinical 
samples Such as blood, serum, oral rinses, urine, cerebral 
fluid, sputum, stool, biopsy specimens and bone marrow 
samples. The sample can also be of a type used for environ 
mental analysis, food analysis or molecular biology research, 
e.g., from bacterial cultures, phage lysates and products of 
amplification procedures such as the PCR. 
0035. The particles according to the invention have an 
inner core to which the outerglass Surface is applied. The core 
can be a composite material, or it can be a simple iron core. 
The core can also consist of a crystalline, ceramic or glass 
like structure in which iron oxide is embedded. 
0036. The procedure described can be used to isolate 
native or modified biological material. Native biological 
material is understood to be material, the structure of which 
was not irreversibly changed compared with the naturally 
occurring biological materials. This does not mean that other 
components of the sample can not be modified, however. If 
cells are isolated, for example, the medium Surrounding the 
cells can be modified, but not the cells themselves. If nucleic 
acids are isolated, they should be cut or modified in their 
native form, i.e., non-denatured, not cut or not modified by 
coupling them with reactive groups. The concept of native 
biological material therefore does not encompass biotiny 
lated nucleic acids in particular. Examples of native biologi 
cal materials are phage DNA or cellular nucleic acids from 
blood. 
0037 Modified biological materials include materials that 
do not occur in nature, e.g., nucleic acids that are modified by 
attaching to them groups that are reactive, detectable or 
capable of immobilization. An example of this are biotiny 
lated nucleic acids. 

0038. In certain cases the sample can be used without 
pretreatment in the isolation procedure according to the 
invention. In many cases, however, the sample should be 
lysed using an appropriate method, releasing the biological 
material contained in the sample. Procedures for lysing 
samples are known by the expert and can be chemical, enzy 
matic or physical in nature. A combination of these proce 
dures is applicable as well. For instance, lysis can be per 
formed using ultrasound, high pressure, by shear forces, 
using alkali, detergents or chaotropic saline Solutions, or by 
means of proteinases or lipases. With regard for the lysis 
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procedure to obtain nucleic acids, special reference is made to 
Sambrook et al.: Molecular Cloning, A Laboratory Manual, 
2nd Addition, Cold Spring Harbour Laboratory Press, Cold 
Spring Harbour, N.Y. and Ausubel et al.: Current Protocols in 
Molecular Biology 1987, J. Viley and Sons, NY. 
0039. In addition to the biological material to be isolated, 
the sample can also contain other components in a fluid Such 
as cell residue, proteins, salts and other Substances that are not 
to be isolated. This sample, which preferably contains the 
biological material in native form, is brought in contact with 
the particles under conditions in which the target biological 
material binds to the particle surface. The conditions for this 
depend on the type of biological material involved, but are 
basically known. They also depend on the method by which 
the biological material is bound to the surface. If immuno 
logical interactions are utilized for the binding, for instance, 
conditions must be selected that are suitable for the formation 
of immunocomplexes. If modified nucleic acids are used, the 
binding can take place via the groups of nucleic acids that 
represent the modification, e.g., biotin via binding with 
streptavidin-coated Surfaces. With nucleic acids in particular, 
however, a direct binding of nucleic acids to glass is preferred 
because among other reasons the nucleic acids do not have to 
be modified and even native nucleic acids can be bound. The 
procedure for binding native nucleic acids to glass particles 
can be analogous to the procedure described in the prior art. It 
is preferably performed in the presence of chaotropic salts 
with a concentration of between 2 and 8 mol/l, and preferably 
between 4 and 6 mol/l. Chaotropic salts can be sodium iodite, 
Sodium perchlorate, guanidinium thiocyanate, guanidinium 
isothiocyanate or guanidinium hydrochlorite. Other com 
pounds are also possible. 
0040. To bring the sample in contact with the particles, the 
sample is mixed with the particles and incubated for a period 
of time sufficient for the binding to occur. Experts are usually 
familiar with the duration of the incubation step from proce 
dures for performing treatment with non-magnetic particles. 
This step can be optimized by determining the quantity of 
immobilized biological material on the surface at different 
points in time. Incubation times of between 10 seconds and 30 
minutes can be appropriate for nucleic acids. 
0041. Depending on the size and type of magnetic par 
ticles, the particles either separate out of the fluid during the 
incubation period itself or the Suspension remains intact for a 
longer period of time. If the particles are very Small and 
Superparamagnetic, the Suspension remains intact for a 
longer period of time. If the particles are of larger size, the 
particles slowly separate out of the fluid during the incubation 
period. Aggregates of this nature form in particular when 
ferromagnetic particles are involved. When the ferromagnetic 
particles are not premagnetized, as is preferred, a very gentle 
separation is guaranteed. 
0042. Immobilization is preferably not performed via pre 
cipitation by lowering the solubility of the materials to be 
immobilized. Rather, immobilization is based on biospecific 
interactions (capture molecules) or adsorption. This largely 
prevents contaminants from being non-specifically included. 
0043. After incubation, the biological material is sepa 
rated from the fluid. This is achieved in general by separating 
the material bound to the magnetic particles using a magnetic 
field. For instance, the magnetic particles can be pulled to the 
wall of the vessel in which incubation was performed. The 
fluid containing the sample contents that were not bound to 
the magnetic particles can then be removed. The removal 
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procedure used depends on the type of vessel in which incu 
bation was performed. Suitable steps include removing the 
fluid via pipetting or aspiration. 
0044) The magnetic particles can then be purified one or 
more times using a wash solution, if desired. A wash Solution 
is used that does not cause the biological material to be 
deliberated from the particle surface but that washes away the 
undesired contaminants as thoroughly as possible. This wash 
step preferably takes place by incubating the wash Solution 
with the particles. The particles are preferable resuspended 
during this step, e.g., by means of shaking or applying a 
magnetic field that is not identical to the first magnetic field. 
The contaminated wash solution is preferably separated just 
like the sample in the step described above for binding the 
biological material. 
0045. After the last wash step, the magnetic particles can 
be dried briefly in a vacuum, or the fluid can be allowed to 
evaporate. A pretreatment step using acetone may also be 
performed. 
0046. If desired, the biological material purified in this 
manner can be separated from the magnetic particles. This 
step also depends on the manner in which the biological 
material was bound to the magnetic particles. If the biological 
material is native nucleic acids and the magnetic particles are 
glass-coated particles, the nucleic acids can be removed from 
the particles according to the invention using an elution buffer 
having a low salt content. Buffers of this nature are known 
from DE 3724442 and Analytical Biochemistry 175, 196-201 
(1988). The elution buffers with a low salt content are in 
particular buffers with a content of less than 0.2 mol/l. In an 
especially preferred embodiment, the elution buffer contains 
Tris. In another special embodiment, the elution buffer is 
demineralized water. 
0047. In yet another embodiment, the purification and iso 
lation procedure described is performed after the cells (e.g., 
viral particles or prokaryotic or eukaryotic cells) are sepa 
rated immunomagnetically from a bodily fluid or tissue. In 
this step, the sample is incubated, e.g., while shaking, with 
magnetic particles to which an antibody againstan antigen on 
the cell is immobilized. These particles can be particles 
according to the invention or commercially available particles 
(e.g., MACS Microbreads from Miltenyi Biotec GmbH, Ber 
gisch Gladbach, Germany). After a magnetic field is applied, 
one or more wash steps are performed using a saline solution. 
Particles are obtained to which the desired cells are bound. 
The bound cells are then resuspended in a saline buffer. In a 
preferred embodiment, this saline buffer is a chaotropic saline 
Solution so that the nucleic acids contained in the cell are 
released from the cells. 
0.048. An especially advantageous procedure for isolating 
nucleic acids from samples containing cells is achieved by 
combining the isolation of cells described above with the 
isolation of nucleic acids preferable in their native form— 
also described above, on the magnetic particles according to 
the invention. The advantage of this embodiment is its poten 
tial simplicity (single-tube method), high sensitivity (espe 
cially important in medical microbiology and oncology), and 
the ease with which it can be automated. 
0049. The biological materials isolated using the proce 
dure according to the invention can now be used further as 
necessary. For instance, they can be used as a Substrate for 
various enzymatic reactions. When nucleic acids are 
involved, they can be used for sequencing, radioactive or 
non-radioactive labelling, amplification of one or more of the 
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sequences they contain, transcription, hybridization with 
labelled probe nucleic acids, translation or ligation. An 
advantage of the procedure according to the invention is that 
it is very easy to separate the biological material from the 
fluid. In the prior art, a centrifugation step was used to sepa 
rate the glass particles from contaminants, or, when the bio 
logical material is bound to glass fiber filter %, the fluid is 
drawn through the filters. This is a limiting step that makes it 
difficult to process large quantities of sample. 
0050. The biological materials can be separated from con 
taminants more effectively using the particles according to 
the invention. In particular, inhibitors for certain enzymatic 
reactions can be removed to a large extent according to the 
invention. The yield of biological material is relatively high. 
Fractionation of long nucleic acids was not observed. The 
particles according to the invention can preferably be mag 
netized more quickly. 
0051 FIG. 1 illustrates the isolation of nucleic acids from 
a sample containing cells. 
0.052 FIG. 2 illustrates the separation of isolated nucleic 
acids according to the invention in an agarose gel. 
0053 FIG. 3 depicts the separation of reaction products 
after isolation according to the invention and amplification by 
means of the PCR. 
0054 FIG. 4 shows a gel with the results from example 4. 
0055 FIG. 1 illustrates the isolation of nucleic acids from 
a sample containing cells. The sample (specimen) that con 
tains cells is pretreated in a sample-specific fashion so that the 
cells in which the nucleic acids are to be detected are present 
in the properform. When samples are used from which bodily 
fluids were removed, for instance, this entails adding 
reagents, e.g., to liquefy Viscous samples such as saliva. An 
antibody bound to a solid phase, preferably a bead, that can 
detect and bind the cell is added to a vessel containing the 
sample treated in this fashion. Antigens on the cell Surface 
have proven to be suitable partners for the antibody, for 
instance. The specificity of the antibody can depend on the 
specificity of the analysis to be performed. If the solid phase 
is the wall of the vessel, the cells are bound directly to the 
wall. If the solid phase is comprised of beads, they are sepa 
rated from the fluid using suitable separation methods. This 
can be performed by means offiltration, for instance. If mag 
netic beads are used, they can be separated out by applying a 
magnetic field to the outside wall of the vessel. The separated 
cells are washed with a fluid to remove contaminants (that 
would interfere with the detection) along with the medium 
surrounding the cells. The conditions are preferably such that 
the cells are neither separated from the solid phase nor 
destroyed. The cells are then destroyed, i.e., lysed. This can be 
performed, for instance, by treating the cells with chaotropic 
salts. Other possibilities include the application of protein 
ases and detergents. 
0056. In the preferred embodiment, the particles accord 
ing to the invention are added to the lysis mixture. After a 
suitable period of time for the lysis to take place which can 
be optimized by loading the Surface with nucleic acids—the 
particles are separated from the Surrounding fluid that con 
tains additional cell components that are not to be detected. 
This is performed preferably by applying a magnetic field by 
placing a magnet against the vessel wall. 
0057 To remove any contaminants that may still be 
present, a wash step is preferably performed with a fluid that 
does not cause the nucleic acids to be determined to be sepa 
rated from the glass Surface. An elution buffer having reagent 
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conditions under which the nucleic acids separate from the 
glass Surface is added to remove the nucleic acids from the 
glass Surface. These conditions are low salt conditions in 
particular. Depending on the intended further use of the 
nucleic acids, the fluid can now be separated from the par 
ticles and processed further. This separation step is preferably 
performed via application of a magnetic field so that the 
particles are separated from each other. 
0058. The following examples explain the invention in 
greater detail. 

EXAMPLE1 

Manufacture of the Magnetic Particles According to 
the Invention 

0059 Six different sols were used. The sols were manu 
factured as follows: 

Sol 1 (SiO:BO=7:3): 
0060 Synthesis was performed in a 250 ml round flask 
while stirring constantly. 
86.6 ml tetraethyl orthosilicate 
+7 ml anhydrous, non-denatured ethanol 
+14.1 ml (0.15 MHC1 

0061 Abiphasal mixture is produced. Stir it at room tem 
perature until it becomes a single phase. Add dropwise 
+37.8 ml trimethylborate 
then keep the sol at 50° C. for 2 hours. Add 
+14.1 ml (0.15 MHC1 

0062 Sol 2 (SiO:BO, 4:1): 
0063 Synthesis was performed in a 250 ml round flask 
while stirring constantly. 
100.5 ml tetraethyl orthosilicate 
+7 ml anhydrous, non-denatured ethanol 
+ 16.3 ml (0.15 MHC1 

0064. A biphasal mixture is produced. Stir it at room tem 
perature until it becomes a single phase. Add dropwise 
+25.6 ml trimethylborate 
then keep the sol at 50° C. for 2 hours. Add 
+ 16.3 ml (0.15 MHC1 

0065 Sol 3 (SiO:BO-85:15): 
0066 Synthesis was performed in a 250 ml round flask 
while stirring constantly. 
107.8 ml tetraethyl orthosilicate 
+7 ml anhydrous, non-denatured ethanol 
+17.5 ml (0.15 MHC1 

0067. A biphasal mixture is produced. Stir it at room tem 
perature until it becomes a single phase. Add dropwise 
+ 19.4 ml trimethylborate 
then keep the sol at 50° C. for 2 hours. Add 
+17.5 ml (0.15 MHC1 

0068 Sol 4 (SiO:BO, 4:1; 2 Mol% POs): 
0069. Synthesis was performed in a 250 ml round flask 
while stirring constantly. 
100.5 ml tetraethyl orthosilicate 
+7 ml anhydrous, non-denatured ethanol 
+ 16.3 ml (0.15 MHC1 
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0070 A biphasal mixture is produced. Stir it at room tem 
perature until it becomes a single phase. Add dropwise 
+25.6 ml trimethylborate 
then keep the sol at 50° C. for 2 hours. Add 

+ 16.3 ml (0.15 MHC1 

+1.63 g POs 
(0071 Sol 5 (SiO:BO, 4:1 Mol % AlO): 
0072 Synthesis was performed in a 250 ml round flask 
while stirring constantly. 
100.5 ml tetraethyl orthosilicate 
+7 ml anhydrous, non-denatured ethanol 

+ 16.3 ml (0.15 MHC1 

0073. A biphasal mixture is produced. Stir it at room tem 
perature until it becomes a single phase. Add dropwise 
+25.6 ml trimethylborate 
then keep the sol at 50° C. for 2 hours. Add 

+ 16.3 ml (0.15 MHC1 

+3.06 g AlCl 

0074 Sol 6 (SiOBO, 4:1 Mol% ZrO): 
0075 Synthesis was performed in a 250 ml round flask 
while stirring constantly. 
100.5 ml tetraethyl orthosilicate 
+7 ml anhydrous, non-denatured ethanol 

+ 16.3 ml (0.15 MHC1 

0076. A biphasal mixture is produced. Stir it at room tem 
perature until it becomes a single phase. Add dropwise 
+25.6 ml trimethylborate 
+5.15 ml zirconCIV)-proylate, 70% solution by weight in 
1-propanol 
then keep the sol at 50° C. for 2 hours. Add 

+ 16.3 ml (0.15 MHC1 

(0077. After another 2 hours at 50° C., 22.5g Iriodin 600 
(black mica) was added for each 150 ml sol and stirred. It was 
then coated with a spray dryer (Büchi 190, MiniSpray Dryer). 
The temperature of the spray dryer nozzle was 134°C. 
0078. The powder obtained in the spray drying process 
was then Subjected to a temperature treatment step in a nitro 
gen atmosphere (90 I/h). The temperature was increased at a 
rate of 1 k/min and the powder was maintained at a densifi 
cation temperature for 2 hours. For coating with Sol 1, this 
temperature was 750° C., and 860° C. for coating with sol 2. 
The temperature was 800° C. for all other coating processes. 
After the sintering process the oven was turned off and the 
powder was brought to room temperature. Agglomerates 
were sifted out using a 50 um sieve. 

EXAMPLE 2 

Manufacture of GMP1, GMP2, GMP3 and GMP4 

0079 GMP1, GMP2, GMP3 and GMP4 are pigments 
from different production lots that were obtained from sol1 
(example 1) in a process described in example 1, under the 
following conditions: 
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Parameter GMP 1 GMP 2 GMP3 GMP 4 

Aging of the Sol (h) 36 36 36 36 
(30° C.) 
Percentage of pigment 5 15 8 2O 
in sol (g 100 ml) 
Nozzle air flow (%) 100 1OO 100 100 
Air pressure (bar) 6 6 6 3 
Nozzle temperature 135 120 130 143 

Densification 534 534 534 615 
temperature (C.) 
Subsequent O-2- (300° C.) (300° C.) (300° C.) (400° C.) 
treatment (1 hour) 
Pigment yield low high medium high 
DNA yield low high high high 

EXAMPLE 3 

PCR Sample Pretreatment from Human Whole 
Blood Using Magnetic Glass Particles 

Nucleic Acid Isolation 

0080 10 mg each from 3 lots of glass magnetic particles 
(GMP 2-4) were placed in Eppendorf test tubes. The exact 
sample weights are indicated in Table 1. Three-fold determi 
nations were performed. 
0081 40 ul proteinase K (20 mg/ml, made from lyophili 
sate) were added via pipetting to each 200 ul of thawed whole 
blood and mixed immediately. In the next step, 200 ul binding 
buffer (6 M guanidine-HCl, 10 mM Tris-HCl, 10 mM. urea, 
30% Triton X-100, pH 4.4) were added, mixed, and then 
incubated for 10 minutes at 70° C. 200 ul i-propanol were 
added, and the preparation was then mixed on the Vortex 
mixer for 10 seconds. The sample was left at room tempera 
ture for 20 minutes, then mixed once more for 10 seconds. 
The magnetic separation step was performed for at least 30 
seconds in a magnetic particle separator from Boehringer 
Mannheim (ID# 1 641 794). The supernatant was removed 
and analyzed as described below. 
0082. The magnetic particles were washed with 500 ul 
washbuffer (20 mMNaCl, 10 mM Tris-HCl, pH 7.5 (25° C.), 
80% ethanol) by mixing for 10 seconds, leaving them at room 
temperature for 1 minute, then mixing for 10 seconds. They 
were then pulled to the vessel wall using the magnetic particle 
separator. The Supernatant was removed and discarded. The 
wash procedure was repeated until the wash fluid was color 
less (4 times in all). The nucleic acids were then eluted 3x 
with 200 ul each time of elution buffer prewarmed to 70° C. 
(10 mM Tris-HCl, pH 8.5), then mixed for 10 seconds, left at 
room temperature for 10 minutes, and mixed for 10 minutes. 
Preparing the Supernatant 
0083. The supernatant obtained after the first binding to 
the magnetic glass particles was investigated as follows for its 
nucleic acid content: the Supernatant was placed in a filter 
tube (Boehringer Mannheim ID#1744003, as provided in the 
High Pure PCR Product Purification Kit, for instance) and 
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centrifuged for 1 hour at 8000 rpm in an Eppendorf tabletop 
centrifuge. The flow-through material was discarded and the 
filter tube was washed 2x with 500 ul wash buffer (centrifu 
gation as described above). The filter tube was centrifuged 
briefly to dryness, and then eluted with 2x200 ul 1x elution 
buffer prewarmed to 70° C. by centrifuging once more. 
Analyzing the Eluate and Sample Supernatant 
I0084 10 ul of sample buffer were added to 50 ul of the 
eluate and the Supernatant prepared using the filter tube, 
respectively. 45ul of this preparation were separated in an 
0.8% agarose gel using electrophoresis at 120 V for 90 min 
utes. 

I0085 Various dilutions of the eluate and the prepared 
Supernatants were measured using spectroscopy at 260 and 
280 nm in a Uvikon 710 (Kontron). 
I0086 Two 5 ul aliquots of eluate were investigated in 
duplicate determinations using ExpandTM Long Template 
PCR (Boehringer Mannheim ID# 1681834) with specific 
primers for the human tRA gene (expected length of product: 
15 kb). 

Mix I per batch Mix II per batch 

dNTP, 100 mM each 1 Jul Expand TM buffer, 10 X 5 ul 
Primer 1, 200 ng/ml 1 Jul Expand TM polymerase3 0.75 ul 
Primer 2, 225 ng/ml 1 ul H2O, bidistilled 19.25 ul 
H2O, bidistilled 17 Jul 

20 ul 25 ul 

I0087 Mix I is placed in a thin-walled PCR tube with 5ul 
eluate, then mix II is added. The preparation is mixed briefly, 
then covered with a layer of 30 ul of mineral oil. The prepa 
rations are amplified in a Perkin Elmer thermal cycler 9600 
with the following settings: 

2 minutes 92° C. 
10 seconds 92° C. 10 cycles 
30 seconds 650 C. 
12 minutes 68 C. 
10 seconds 92° C. 20 cycles 
30 seconds 650 C. 
12 minutes + 68 C. 
20 seconds per cycle 
7 minutes 68 C. 

then 7o C. 

I0088 10 ul sample buffer were added to the 50 ul PCR 
preparations. 45ul of this mixture were then separated in an 
0.8% agarose gel using electrophoresis at 120 V for 90 min 
utes. 

Results 

0089 

TABLE 1. 

Yield of nucleic acids using magnetic glass particles and 200 Il blood 

GMP;2 12 mg 1 
10 mg 2 
9 mg 3 

Supernatant 1:8 1. Eluate 1:8 

260 nm 280 nm Yield 260,280 260 nm 280 nm Yield 260,280 

0.021 0.013 1.7 Lig 1.6 0.171 0.164 13.7 |g 1.O 
0.045 0.035 3.7 pig 1.3 0.137 0.138 11.0 g 1.O 
0.036 0.027 2.9 pig 1.3 0.153 0.164 12.2 Lug O.9 
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Yield of nucleic acids using magnetic glass particles and 200 ul blood 

GMP/3 10 mg 1 0.050 0.042 4.0 g 1.2 0.245 0.246 19.6 pig O.9 
10 mg 2 0.033 0.022 2.6 g 1.5 0.397 0.398 31.8 pig 1.O 
10 mg 3 0.042 0.030 3.4 g 1.4 0.278 0.282 22.2 Lug O.9 

GMP4 10 mg 1 0.065 0.056 0.7 g 1.2 0.135 0.142 11.0 pig 1.O 
11 mg 2 0.071 0.142 2.4 g 0.5 0.140 0.142 11.2 Lug 1.O 
10 mg 3 0.066 0.051 1.7 g 1.3 0.130 0.130 10.4 Ig 1.O 

2. Eluate 1:8 3. Eluate 1:4 XE 

260 nm 280 nm Yield 260,280 260 nm 280 nm Yield 260,280 Eluate 

GMP2 1 0.099 0.101 7.9 g 1.0 0.057 0.062 2.3 g 0.9 23.91g 
2 O.O78 O.O76 6.2 Lug 1.0 0.041 0.049 1.6 g 0.8 18.8 pig 
3 O.103 0.112 8.2 Lug 0.9 miss 

GMP/3 1 0.147 0.147 11.8 pig 1.0 0.084 0.098 3.4 g 0.9 34.8 pig 
2 0.256 0.252 20.5 g 1.0 0.042 0.043 1.7 g 1.0 54.0 g 
3 0.147 0.143 11.8 pug 1.0 0.073 0.093 2.9 g 0.8 36.9 |g 

GMP4 1 O.106 0.108 8.5 ug 1.0 0.083 0.098 3.3 g 0.8 22.8 pig 
2 O.111 O. 114 8.9 ug 1.0 0.054 0.063 2.2 g 0.9 22.3 lig 
3 0.135 0.141 10.8 pig 1.0 0.077 0.095 3.1 g 0.8 24.3 lig 

0090. The first eluates were still slightly yellow in color 2. Lysis and binding 
and slightly contaminated with fine magnetic particles. 
0091. The analysis of the eluates in agarose gel (FIG. 2) 
reveals good reproducibility of the yield. The magnetic par 
ticles GMP 2-4 show no significant differences. Eluates 1 
(above) an 2 (below) contain approximately the same con 
centration of nucleic acids (estimated by the gel). Eluate 3 has 
a low concentration of nucleic acids. The Supernatants also 
contain a low concentration of nucleic acids. 
0092. The ExpandTM PCR yields very good, specific 
amplification products for all samples, with just a few outliers 
(Table 2). When magnetic glass beads are used, nucleic acids 
are isolated from human blood samples that then yielded 
specific amplificates in a Subsequent PCR step. 

TABLE 2 

Results with Expand M PCR 

15 kb Human 
Expand 'PCR tPA Gene 

1st Eluate 2nd Eluate 

GMP2 1 na -- -- 
2 -- -- -- -- 

3 -- -- na 
GMP3 1 -- -- -- -- 

2 (+) -- -- -- 
3 (+) -- -- 

GMP4 1 -- -- -- -- 

2 -- -- -- (+)* 
3 -- -- na 

K, BM Control DNA 
3rd eluate 

0093 FIG. 3 shows a gel with the reaction products after 
PCR amplification. MWM III is a molecular weight marker 
(eluate 1, above; eluate 2, below). 

EXAMPLE 4 

Binding of DNA Length Standard to Magnetic Glass 
Particles 

0094) 1. Preparation of the magnetic glass particles 
0095 12 mg of glass magnetic particles from GMP4 are 
placed in a 12 mg Eppendorf test tube. 

0096 900 ul lysis buffer (4.6 M GuSCN, 45 mM Tris, 20 
EDTA, pH 7.3) and 100 ul DNA samplein which DNA length 
standard III from Boehringer Mannheim (Cat. No. 528552) 
was added as a model are mixed in a 1.5 ml Eppendorf vessel 
with 12 mg magnetic glass particles for 2 to 10 seconds until 
a homogenous suspension is obtained. The solution is incu 
bated at room temperature for 20 minutes and mixed every 5 
minutes. Magnetic separation is performed for at least 15 
seconds in a magnetic particle separator. The Supernatant is 
removed via pipetting. 
3. Washing and Drying 
0097. The magnetic glass particles are washed twice with 
wash buffer (5.2 MGuSCN, 50 mM Tris, pH 6.5), twice with 
70% precooled ethanol, and once with acetone by removing 
the magnetic field, adding 800 ul solution via pipetting, mix 
ing for 2 seconds, leaving at RT for 1 minutes, applying the 
magnetic field and then removing the Supernatant via pipet 
ting. 
0098. When the acetone is removed, the particles are dried 
for 10 minutes at 56°C. in the heating block with the cover 
open. 

4. Eluting the DNA 
(0099. The DNA is eluted with 4x50 ul elution buffer (10 
mM Tris-HCl, 1 mM EDTA, pH 8.0) by incubating it at 56°C. 
for 10 minutes while shaking repeatedly. The Supernatant, 
which contains the DNA, is then transferred to a new Eppen 
dorf vessel via pipette. 
5. Analyzing the Eluate 
0100 Sample buffer is added to one-fifth of the eluate 
volume and the DNA is separated on a 1% agarose gel at 90V. 
To determine the recovery, a dilution series of DNA length 
standard III is applied to the same gel that contains the quan 
tities of DNA expected in the sample. 
0101 The quantitative evaluation is performed by scan 
ning a Polaroid photo of the agarose gel. The dilution series of 
the standard is used as the calibrator. 
0102 The yield of DNA using magnetic glass particles is 
shown in Table 1. 
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TABLE 1. 

Yield of DNA length standard III with magnetic glass particles 

DNA - amount Intensity. Type of 
Standard in the standard Standard (measured) Sample pigment 

No. ng rel. Units lO. bead 

1 2OO 65 1 GMP4 
2 175 56 2 GMP4 
3 150 51 
4 125 44 
5 1OO 37 
6 75 25 
7 50 17 
8 25 9 
9 10 4 

0103) The agarose gel that was used as the basis for the 
quantitative evaluation is shown in FIG. 4. It is a 1% ethidium 
bromide-stained agarose gel. Lanes 1 through 10 correspond 
to a dilution series of DNA length standard III. 1:1 lug DNA, 
2:200 ng DNA, 3:175 ng DNA, 4:150 ng DNA, 5:125 ng 
DNA, 6:100 ng DNA, 7:75 ng DNA, 8:50 ng DNA, 9:25 ng 
DNA, 10:10 DNA. 
0104 Lanes 11 and 12 correspond to the DNA eluted from 
the magnetic glass particles with 200 ng DNA length standard 
added. 

Sequence Protocol 
(1) GENERAL INFORMATION: 
(i) APPLICANT: 
(A) NAME: Boehringer Mannheim GmbH 
(B) STREET: Sandhoferstr. 116 
(C) CITY: Mannheim 
(D) COUNTRY: DE 
(E) POSTAL CODE: 68298 
(F) TEL.: 0621 759 4348 
(G) FAX: 0621 759 4457 
(ii) NAME OF THE INVENTION: Magnetic Pigment 
0105 (iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER-READABLE FORM: 
0106 (A) DATA CARRIER: Floppy disk 

(B) COMPUTER: IBM PC Compatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 
(EPA) 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 2 

<21 Os SEQ ID NO 1 

Intensity sample calculated calculated 
(measured) amount of DNA- amount of DNA Recovery 
rel. Units in the gel ing in the sample ing % 

45 139 695 69.5 
39 120 600 60.0 

(2) INFORMATION ON SEQID# 1: 
(i) SEQUENCE IDENTIFICATION: 
0107 (A) LENGTH: 34 base pairs 

(B) TYPE: Nucleotide 
(C) STRAND TYPE: Single 
(D) TOPOLOGY: Linear 
0108 (ii) MOLECULETYPE: Other nucleic acid 
(A) DESCRIPTION: /desc="oligodeoxyribonucleotide' 
(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQID NO: 1: 
0109 

ACTGTGCTTC TTGACCCATG GCAGAAGCGC CTTC 34 

(2) INFORMATION ON SEQID NO. 2: 
10110 (i) SEQUENCE IDENTIFICATION: (A) 
LENGTH: 34 base pairs 

(B) TYPE: Nucleotide 
(C) STRAND TYPE: Single 
(D) TOPOLOGY: Linear 
0111 (ii) MOLECULETYPE: Other nucleic acid 
(A) DESCRIPTION: /desc="oligodeoxyribonucleotide' 
(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQID NO. 2: 
O112 

CCTTCACTGT CTGCCTAACT CCTTCGTGTG TTCC 34 
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- Continued 

&211s LENGTH: 34 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Oligodeoxyribonucleotide 

<4 OOs, SEQUENCE: 1 

acticitcCttc titcaccCat Cada accoC Ctt C gtg 9 g gCagaa.gc.g 

<210s, SEQ ID NO 2 
&211s LENGTH: 34 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Oligodeoxyribonucleotide 

<4 OOs, SEQUENCE: 2 

cctt cactgt ctdcctaact c ctitcgtgtg titcc 

1. A method for performing an enzymatic reaction, com 
prising: 

incubating a sample containing a biological material with a 
magnetic particle having a surface made of an amor 
phous material under conditions such that the nucleic 
acids present in said sample can bind to said magnetic 
particle; 

thereafter, separating the bound nucleic acids from the 
sample; and 

thereafter, using the nucleic acids in an enzymatic reaction. 
2. The method of claim 1, wherein said enzymatic method 

is selected from the group consisting of sequencing, radioac 
tive or nonradioactive labeling, nucleic acid amplification, 
transcription, translation, and ligation. 

3. The method of claim 1, wherein the bound nucleic acids 
are separated from the sample using a magnetic field. 

4. The method of claim 1, wherein said incubating step 
includes adding at least one of a proteinase and a chaotropic 
salt. 

34 

34 

5. The method of claim 1, further comprising eluting the 
bound nucleic acids from the magnetic particles. 

6. The method of claim 5, wherein said eluting is per 
formed by addition of a nucleic acid amplification master mix 
Solution. 

7. The method of claim 5, wherein said eluting is per 
formed by addition of a low salt solution. 

8. The method of claim 1, wherein said method is per 
formed in an automated apparatus. 

9. The method of claim 1, wherein said magnetic particles 
comprise a magnetic core and an outer glass layer. 

10. The method of claim 9, wherein outer glass surface 
completely covers said magnetic core and is Substantially 
pore-free or has pores having a diameter less than 10 nm, 

11. The method of claim 10, wherein said glass surface has 
pores with a diameter less than 1 nm. 

12. The method of claim 1, wherein the magnetic particle 
has a size between 10 and 60 m. 

c c c c c 


