
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||||||||||||||||||| 
US 20030224366A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0224366 A1 

Weindel et al. (43) Pub. Date: Dec. 4, 2003 

(54) MAGNETIC GLASS PARTICLES, METHOD (22) Filed: May 16, 2002 
FOR THEIR PREPARATION AND USES 
THEREOF Publication Classi?cation 

Inventors; Kurt Weinde], wielenbach-Hardt Int. Cl-7 ............................ .. Michael Riedling, Penzberg (DE); G01N 33/553 

Albert Geiger, PenZberg (DE) (52) US. Cl. ............................... .. 435/6; 436/526; 501/12 

Correspondence Address: (57) ABSTRACT 
Pennie & Edmonds, LLP This invention relates to magnetic particles having a glass 
3300 ?illview Avenue surface Which are substantially spherical. This invention 
P310151“), CA 94304 (Us) also relates to methods for making them, as Well as to 

suspensions thereof and their uses for the puri?cation of 
(21) Appl, No; 10/147,679 DNA or RNA in particular in automated processes. 

Flow scheme for the production by sol synthesis & spray drying: 

K(+)-methanolatc 
Tetraethyl-orthosilicate 

Tri ethylborate 

Aluminum-i sopropanolate 

Ethanol (Solvent) 

metallic calcium 

Zinc-acetate 

V 

Production of a pure physical mixture of the educts 

Addition of an ethanol/water-mixturc 

= start of the reaction to an 

alkaline-catalyzed sol synthesis 

homogenous tr sparent sol 

addition of magnetic pigment 

sol with pigment dispersion suitable for spraying 

spray drying process (variable pressure, 

temperature, flow rate, nozzle geometry 

Xerogel-magnetic core-particles 



Patent Application Publication Dec. 4, 2003 Sheet 1 0f 17 US 2003/0224366 A1 

Figure 1 
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Figure 2 

Flow scheme for the preparation processing of the premature particles 

Precondensation by temperature treatment (4h/200°C) in air for the stabilisation of the 

surface 6 

Final condensation and sintering under inert atmosphere (N2) through treatment at high 

temperatures (1h , 750°C) => pigment cores surrounded by a weakly subcooled melt 

i 
Rapid cooling => magnetic pigment core-glass coated-particle = MGP 

Temperature treatment in the air (4h, 200°C) = Oxidation of the glass shell 

i 
Preparation of the non-aggregating fraction by the use of a sieve 

l 
Bottling of the MGP powder, then 4li200°C temperature treatment 

Cooling to approximately 80°C, Closing of the bottle with foil and screw top 

l 
Storage of the MGP powder ==> Suspension in R-OH (e.g. isopropanol) 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 7 
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MAGNETIC GLASS PARTICLES, METHOD FOR 
THEIR PREPARATION AND USES THEREOF 

[0001] This invention relates to magnetic particles having 
a glass surface and are substantially spherical. This inven 
tion also relates to methods for making them, as Well as to 
suspensions thereof and their uses for the puri?cation of 
biological material in particular in automated processes. 

[0002] 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 
hand, they are often found in the presence of many other 
solid and dissolved substances that make them difficult to 
isolate or to measure, in particular in biospeci?c assays. 

[0003] Biospeci?c binding assays alloW of the detection of 
speci?c analytes, e.g. nucleic acids, or speci?c analyte 
properties and play a major role in the ?eld of diagnostics 
and bioanalytics. Examples therefor are hybridisation 
assays, immuno assays and receptor-ligand assays. 

[0004] Hybridisation assays make use of the speci?c base 
pairing for the molecular detection of nucleic acid analytes 
e.g. RNA and DNA. Hence, oligonucleotide probes With a 
length of 18 to 20 nucleotides may enable the speci?c 
recognition of a selected sequence in the human genome. 
Another assay Which makes use of the selective binding of 
tWo oligonucleotide primers is the polymerase chain reac 
tion (PCR) described in US. Pat. No. 4,683,195. This 
method makes use of the selective ampli?cation of a speci?c 
nucleic acid region to detectable levels by a thermostable 
polymerase in the presence of desoxynucleotide triphos 
phates in several cycles. 

[0005] Nucleic acids are comparatively complex analytes 
Which have normally to be extracted from complex mixtures 
before they can be used in a probe-based assay. 

[0006] There are several methods for the extraction of 
nucleic acids: 

[0007] 
e.g.: 

[000s] 

sequence-dependent or biospeci?c methods as 

af?nity chromatography 

[0009] hybridisation to immobilised probes on 
beads 

[0010] sequence-independent or physico-chemical 
methods as e.g.: 

[0011] liquid-liquid extraction with eg phenol 
chloroform 

[0012] precipitation with eg pure ethanol 

[0013] 
[0014] extraction With micelle-forming agents as 

cetyl-trimethyl-ammonium-bromide 

extraction With ?lter paper 

[0015] binding to immobilised, intercalating dyes, 
eg acridine derivatives 

[0016] 
[0017] adsorption to magnetic glass particles 
(MGP) or organo silane particles under chaotropic 
conditions 

adsorption to silica gel or diatomic earths 
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[0018] Many procedures and materials for isolating 
nucleic acids from their natural environment have been 
proposed in recent years by the use of their binding behavior 
to glass surfaces. 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 ?int 
glass is proposed. 

[0019] The puri?cation of plasmid DNA from bacteria on 
glass dust in the presence of sodium perchlorate is described 
in Anal. Biochem. 121, 382-387 (1982). 

[0020] In DE-A 37 34 442, the isolation of single-stranded 
M13 phage DNA on glass ?ber ?lters by precipitating phage 
particles using acetic acid and lysis of the phage particles 
With perchlorate is described. The nucleic acids bound to the 
glass ?ber ?lters are Washed and then eluted With a menthol 
containing buffer in Tris/EDTA buffer. 

[0021] A similar procedure for purifying DNA from 
lambda phages is described in Anal. Biochem. 175, 196-201 
(1988). 
[0022] 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 ?uids 
are draWn through glass ?ber ?lters. This is a limiting step, 
hoWever, that prevents the procedure from being used to 
process large quantities of samples. 

[0023] It has been demonstrated that magnetic particles 
covered With a glass surface offer considerable advantages 
for isolating biological materials. If the magnetic particles 
have not been brought in contact With a magnetic ?eld, 
gravity is the only force that can cause them to sediment out. 
They can be resuspended by shaking the solution. The 
sedimentation procedure that does not utiliZe a magnetic 
?eld proceeds more sloWly than the immobiliZation of 
biological materials on the surface of the particles. This is 
especially true for nucleic acids. The magnetic particles can 
be easily collected at a speci?c location in the sample ?uid 
by means of a magnet. The ?uid is then separated from the 
particles and, therefore, from the immobiliZed biological 
materials. 

[0024] 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 
agglutinated along With the magnetic particles. The agglu 
tinate is separated from the original solvent by applying a 
magnetic ?eld 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 precipi 
tation is not selective for nucleic acids. Rather, a variety of 
solid and dissolved substances are agglutinated as Well. As 
a result, this procedure can not be used to remove signi?cant 
quantities of any inhibitors of speci?c enZymatic reactions 
that may be present. 

[0025] Magnetic, porous glass is also available on the 
market that contains magnetic particles in a porous, particu 
lar glass matrix and is covered With a layer containing 
streptavidin. This product can be used to isolate biological 
materials, e.g., proteins or nucleic acids, if they are modi?ed 
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in a complex preparation step so that they bind covalently to 
biotin. MagnetiZable particular adsorbents proved to be very 
ef?cient and suitable for automatic sample preparation. 
Ferrimagnetic and ferromagnetic as Well as superparamag 
netic pigments may be used for this purpose. 

[0026] Particles, according to the expert, are solid mate 
rials having a small diameter. Particles like these are often 
also referred to as pigments. 

[0027] Those materials are referred to as magnetic that are 
draWn to a magnet, i.e., ferromagnetic or superparamagnetic 
materials, for instance. Superparamagnetism is seen as 
advantageous and preferable in the state of the art (eg US. 
Pat. No. 5,928,958; US. Pat. No. 5,925,573; EP 757 106). 
The glass or organosilane surfaces are often functionalised 
in order to be used for biospeci?c capture reactions, eg US. 
Pat. No. 5,928,958, US. Pat. No. 5,898,071, US. Pat. No. 
5,925,573, EP 937 497, US. Pat. No. 4,554,088 or US. Pat. 
No. 4,910,148. Alternatively, glass or organosilane surfaces 
may be treated With various solvents or salts to modify their 
hydrophilicity and/or electropositivity, eg US. Pat. No. 
5,438,127. 

[0028] HoWever, the underivatiZed silanol groups of the 
glass or the silane surface may be used for the adsorption 
With pure physico-chemical forces under suitable reaction 
conditions as described in DE 195 20 964, DE 195 37 985, 
WO 96/41840, WO 96/41811, EP 757 106 or US. Pat. No. 
5,520,899. Typically, magnetic cores or magnetic core 
aggregates are covered With a glass surface Which is formed 
by an acid- or base-catalyzed sol-gel-process. These par 
ticles are called core-shell particles. The glass shell then has 
a typical layer thickness (see eg DE 195 20 964) Wherein 
the siZe and shape of the pigment, Which may contain a 
non-magnetic support as eg mica in addition to the mag 
netic metal oXide, determines siZe and form of the produced 
particle (see eg DE 195 37 985 and corresponding WO 
96/41811). To obtain a high surface activity, glass material 
With a high porosity is used (see eg EP 757 106; WO 
99/26605). Further, composite magnetic particles are 
described, e.g. silicate-covered ferric oXide covered With an 
inorganic silica matrix from silica particles (EP 757 106) or 
miXtures of glass and silica gel (WO95/06652). 

[0029] The problem to be solved by the present invention 
can be seen as providing magnetic glass particles With 
improved properties for sample preparation and for biologi 
cal assays, in particular for automated processes. 

[0030] The de?ciencies of the magnetic glass particles in 
the state of the art are overcome by the ?ndings of the 
present invention. 

[0031] It is an object of the invention to provide a com 
position of magnetic glass particles. The magnetic glass 
particles (MGPs) according to the present invention are a 
solid dispersion of small magnetic cores in glass. The MGPs 
are comparatively small and are substantially spherical. The 
non-magnetic ?ne content of a composition of the MPGs is 
very loW because of the method of their preparation. This 
has the effect that suspensions of the MGPs sediment sloWly 
and can therefore be advantageously used for processes in 
molecular biology Which can be automatiZed. In one 
embodiment of the invention compositions and suspensions 
of the MGPs according to the present invention are pro 
vided. In another embodiment of the invention a method for 
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the composition of the MGPs is provided. In still another 
embodiment of the invention a method for the puri?cation of 
DNA or RNA is provided in Which the MGPs according to 
the present invention are used. 

[0032] It is a object of the present invention to provide a 
composition of magnetic glass particles Which are substan 
tially spherical and have a small diameter and contain at 
least one magnetic object With a diameter betWeen 5 and 500 
nm. This has surprising consequences on the sedimentation 
kinetics, quanti?ed by the half time values t1 /2, Which is the 
time span until 50% of the particles have sedimented from 
a speci?c volume element (see EXample 6). The half-life 
period for the sedimentation of a 3 mg/ml Weight-per 
volume suspension of the composition in isopropanol is 
more than 3 min, preferably 4 min, more preferably 6 min. 
HoWever the most preferred values for the half-life period is 
more than 10 min or even more than 20 min. The smaller and 
closer to the ideal sphere, the longer the MGPs Will be 
suspended. This may be eXplained by the fact that the closer 
the form Will resemble an ideal sphere, the loWer the 
possibility that tWo or more particles Will stick together and 
built up aggregates Which may sediment more rapidly. These 
data are shoWn in EXample 6 and high resolution scanning 
electron microscopical images can be seen in FIG. 4 to FIG. 
10. This has the advantage that for automated processes the 
required miXing intensity and miXing frequency of the 
storage containers containing the MGP suspension is 
reduced as the repetitive dosage of a speci?c MGP suspen 
sion volume from a surplus volume sucked into a syringe is 
easier (more precise delivery With regard to massMGP/ 
volume). 
[0033] The MGPs according to the present invention are 
glass droplets in Which very small non-aggregating magnetic 
objects are dispersed. Those objects that are referred to as 
magnetic are draWn to a magnet, i.e., ferromagnetic or 
superparamagnetic materials, for instance. Preferred are 
ferromagnetic materials, in particular 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. Preferred magnetic materi 
als are iron or iron oXide as eg magnetite (Fe3O4) or Fe2O3, 
preferably y-Fe2O3. In principle, barium ferrite, nickel, 
cobalt, Al—Ni—Fe—Co alloys or other feri- or ferromag 
netic could be used. The magnetic objects may be eg a 
magnetic pigment. The siZe of the magnetic objects is in the 
nanoscale range, i.e. according to the present invention the 
diameter is betWeen 5 to 500 nm, preferably betWeen 10 to 
200 nm, most preferably betWeen 15 to 50 nm. Suitable 
magnetic pigments are manufactured by the company 
CERAC Which have a mean diameter of 23 nm and consist 

of Y-FeZO3 (BET-surface 50 m2/g, CERAC: PO. Box 1178, 
MilWaukee, Wis. 53201-1178 USA; Article-No. I-2012). 
The magnetic glass particles according to the present inven 
tion are further characteriZed by the fact that the MGPs have 
a particle diameter betWeen 0.5 pm and 5 pm, preferably 
betWeen 1 pm to 2 pm as determined by high resolution 
scanning electron microscopy, Whereas the magnetic objects 
have a diameter betWeen 5 to 500 nm, preferably betWeen 10 
to 200 nm, most preferably in the range of 15 to 50 nm as 
said above. Hence, the MGPs of the present invention are 
further characteriZed by a diameter ratio of magnetic pig 
ment core to magnetic glass particle of less than 1 to 10 as 
determined by high resolution scanning electron micros 
copy. Because of these diameter ratios as Well as the absence 






























































