18 July 2006 -1 Adsorption of nucleic acids to a solid phase The present
invention is directed to a nethod for adsorbing, i.e. non-cova$ &dyR006
binding,  a nucleic acid to a solid phase. Furthernore, the present invention
pertains to a nethod for isolating a nucleic acid froma bi ol ogi cal sanple.
Many bi ol ogi cal substances, especially nucleic acids, present special
challenges in 5 terns of isolating thdm 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 di ssol ved substances e.g. after lysis of cells. This nakes them
difficult to isolate or ygkg&ﬁ§MR§mukﬁupﬁkg&§uk@ﬁdanﬁlOSpeCIfIC assays

whi ch all ow the detection of 'specific nucleic acids, or the detection of
specific 10 properties of a nucleic acid. Such blospeC|f|c assays play a
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complementary sequence e.g. in the human genome. Another assay which entails
the selective binding of two oligonucleotide primers is the polymerase chain
reaction (PCR) described in US4,683,195. This method allows the selective
amplification of a specific nucleic acid region to detectable levels by a thermostable

20 polymerase in the presence of desoxynucleotide triphosphates in several cycles.

As described above, before the nucleic acids may be analyzed in one of the above-
mentioned assays or used for other processes, they have to be isolated or purified
from biological samples containing complex mixtures of different components as

e.g. proteinaceous and non-proteinaceous components. Often, for the first steps,

(3]
w

processes are used which allow the enrichment of the component of interest, i.e. the
nucleic acids. Frequently, these are contained in a bacterial cell, a fungal cell, a viral
particle, or the cell of a more complex organism, such as a human blood cell or a
plant cell. Nucleic acids as a component of interest can also be called a “target

component”.

30 To release the contents of said cells or particles, they may be treated with enzymes

or with chemicals to dissolve, degrade or denature the cellular walls and cellular



18 July 2006 -2 nenbranes of such organisns. This process is conmonly
referred to as lysis. The resulting solution containing suchl$ hdgd00@mteri al
is referred to as |ysate. A problem often encountered during the lysis is
that ot her enzynes degrading the target conponent, e.g. desoxyribonucl eases
or ribonucl eases degradi ng nucleic acids, 5 cone into contact with the
target conponent during lysis. These dejradi ng enzynes may al so be present
outside the cells or may have been spatially separated in different
cellular conpartinents before the Iysis and cone now into contact with the
target conpowembranediofenchcorgpoismnt Ehis precgsseid cdmniondy réfersedroeelysis.nkhe be e. g.
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magneti cal | y a tyract abl e glass particles (M3&) or organo silane particles
under chaotropic conditions. Direct binding of the nucleic acids to a
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e.g., liquid- 11qu1d extraction with phenol-chloroform, precipitation with pure

ethanol or isopropanol, extraction with filter paper, extraction with micelle-
20 forming agents as cetyl-trimethyl-ammonium-bromide, binding to immobilized,
intercalating dyes such as acridine derivatives, adsorption to substrates such as silica
gel or diatomic earths, adsorption to magnetically attractable glass particles (MGP)
or organo silane particles under chaotropic conditions. Direct binding of the
nucleic acids to a substrate such as a material with a silica surface is preferred
25 because among other reasons the nucleic acids do not have to be modified and even

native nucleic acids can be bound.

Particularly interesting for extraction purposes is the adsorption of nucleic acids to

a glass surface although other surfaces are possible.

Nucleic acids which are set free, e.g. by way of cell lysis and/ or lysis of cellular
30 organelles such as mitochondria, plastids, nuclei or other nucleic acid-containing
organelles, can be purified by way of binding to a solid phase such as a mineral
substrate, washing said mineral substrate with the bound nucleic acids and releasing

said nucleic acids from said mineral substrate,



said nucleic acids fromsaid mneral substrate. 18 July 2006 -3 Adsorption
of nucleic acids to glass particles or silica particles in thtspdeg e of
chaotropic salts is known to the art (Vogelstein, B., and Gl lespie, D
Proc. Natl. Acad. Sci. USA 76 (1979) 615-619) and provide the basis for
chromat ographic purification and separation processes for nucleic acids.
Al so known to the art are 5 nethods te3i-solate and purify RNA and DNA from
| ysat es using high concentrations of chaotropic salts, e.g. sodiumi odide,
sodi um perchl orate and _guani di ne thiocyanate (Boom R, et al., J. Cin.
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prevents the procedure from being used to process large quantities of samples.

The use of magnetic particles to immobilize nucleic acids after precipitation by
adding salt and ethanol is more advantageous and described e.g. in: Alderton, R.P.,
et al., Anal. Biochem. 201 (1992) 166-169 and WO 91/00212. In this procedure, the
25 nucleic acids are agglutinated 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 selective for
nucleic acids. Rather, a variety of solid and dissolved substances are agglutinated as
30 well. As a result, this procedure can not be used to remove significant quantities of
any inhibitors of specific enzymatic reactions that may be present. Magnetic,
porous glass is also available on the market that contains magnetic particles in a
porous, particular glass matrix and is covered with a layer containing streptavidin.
This product can be used to isolate biological materials, e.g., proteins or nucleic

35 acids, if they are modified in a complex preparation step so that they bind



porous glass is also available on the market that contains magnetic
particles in a porous, particular glass matrix and i s covere Virly g0 @5Iayer
containing streptavidin. This product can be used to isolate biological
materials, e.g., proteins or nucleic 35 acids, if they are nodified in a
conpl ex preparation step so that they bind 18 July 2006 -4 covalently to

bi otin. Magnetizable particul ar adsor béht s proved to be very efficient and
suitable for automatic sanple preparation Ferrinagnetic and ferromagnetic
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and the nucll‘é‘i?ica‘aé1 ds are adsorbed fromthe lysate to silica material (also
referred to as "binding"). A slurry or resin conprising silica material and

chaotropi ¢ ’fﬁlelz ﬁi%cﬁa%is%q gs gvhtic% rtupc?eic acids bind to the mineral support in the presence
of chaotropic agents is not entirely clear. It is hypothesized that the interaction

between the nucleic acids and the solvent is influenced such that the nucleic acids

20 adsorb to the mineral support and denaturate. In the presence of high
concentrations of chaotropic agents the reaction is almost quantitative. The

adsorbed nucleic acids can be eluted by applying to the mineral support buffers of

low ionic strength.

US 5,808,041 discloses methods for isolating nucleic acids with lengths greater than
25 about 50 bases from certain biological samples. An aequous lysate containing
chaotropic ions at a concentration above about 2 M is produced and the nucleic
acids are adsorbed from the lysate to silica material (also referred to as “binding”).
A slurry or resin comprising silica material and chaotropic salts is added to the
biological material thus resulting in a one-step lysis and binding procedure. The
30 methods for lysing a biological sample disclosed in the document include lysis of
bacteria using alkali hydroxide and SDS, lysis of M13 or lambda phages by
incubating the phages in the presence of 2.8 M guanidinium, and lysis of fresh or



bi ol ogi cal material thus resulting in a one-step lysis and binding
procedure. The 30 methods for |ysing a biol ogical sanple di scl®&du2000 t he
docunent include |lysis of bacteria using alkali hydroxide and SDS, |ysis of
ML3 or |anbda phages by incubating the phages in the presence of 2.8 M
guanidinium and lysis of fresh or 18 July 2006 -5 frozen tissue by

i ncubating the tissue in the presence 0f-2.8 Mguanidinium Additionally,
N-l auryl -sarcosine is used to aid lysing. EP 0 389 063 and EP 0 819 696
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alternative to using silica coarse, other procedures are described wherein silica filter

20 material is used.

EP 0 658 164 describes methods for the chromatographic purification of nucleic
acids by way of chromatographic purification. Particularly, a two-step procedure
comprising a first lysis step and a second binding step is described. In the first step
(lysis), the biological sample is mixed with a chaotropic agent whereby the
25 concentration of the chaotropic agente in the mixture is between about 2 M and
about 4 M. Optionally, the mixture additionally contains phenol, chloroform or
ether. Optionally, the mixture additionally contains a detergent. A protease is added
and the mixture is incubated. In the second step (binding), an alcohol is added and

the resulting mixture is contacted with the nucleic acid-binding solid phase.

30 The methods of the state of the art have certain disadvantages. Therefore, it was the
object of the present invention to provide an alternative method of preparing a
biological sample containing a nucleic acid and adsorbing from the preparation the

nucleic acid to a solid phase. It was another object of the invention to overcome the



the resulting mxture is contacted wth the nucleic acid-binding solid
phase. 30 The nethods of the state of the art have certain di t%dupafemes.
Therefore, it was the object of the present invention to provide an
alternative nethod of preparing a biological sanple containing a nucleic
acid and adsorbing fromthe preparation the nucleic acid to a solid phase.
It was another object of the invention to overcone the 18 July 2006 -6 need
for al cohol during the adsorption step as alcohol is a flammuabl e substance
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adsorbed to
that results from d1ssolved salts in concentrations equal to or greater than about

20 1 M. Preferred are chaotropic salts in concentrations of 1 to 10 M.

The inventors surprisingly found that performing a two-step lysis and binding
procedure is advantageous, whereby in the first step lysis is effected by mixing the
biological sample with an aequous lysis buffer containing a chaotropic agent and
incubating the mixture; in the second step, the concentration of the chaotropic

25 agent in the mixture is increased and the mixture is contacted with a solid phase
capable of binding nucleic acids, whereby the nucleic acid in the liquid phase is
adsorbed to the solid phase.

A first embodiment of the invention is therefore a method for adsorbing a nucleic
acid from a biological sample to a solid phase, comprising the steps of (a) providing
30 an aequous lysis buffer that contains a chaotropic agent; (b) mixing the lysis buffer
with the biological sample, whereby the concentration of the chaotropic agent in
‘the mixture is between 1 M and 4 M, and incubating the mixture; (c) dissolving an

additional amount of chaotropic agent in or adding an aequous solution containing



A first enbodi ment of the invention is therefore a nethod for adsorbing a
nucleic acid froma biological sanple to a solid phase, conpt§ kilyng0Qthe
steps of (a) providing 30 an aequous |ysis buffer that contains a chaotropic
agent; (b) mxing the lysis buffer wth the biological sanple, whereby the
concentration of the chaotropic agent in the mxture i.s between 1 Mand 4
M and incubating the mxture; (c) di SS01 Vi ng an additional anmount of
chaotropi c agent in or adding an aequous sol ution containing 18 July 2006 -7
addi tional chaotropi,c agent to the, m xture qf st ( t her eby increasing
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the mxture o ep (c) with the solid ase, .t.hereby_ adsorbing the. nucleic
Lerd T rom CHe diM; apd ipeitaDs e AOBHELS) (650EBH et SHHORRATIIH AOhhase
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chaoty0pi ¢ AQeRlid $3Habe; 39 oftithally SHARING A€ solild PAGYABALRp URHEL Radihsal t
conditions. A h ghsﬁg%ncgﬁ)t ?gttii_ony_of a haot_sro(; iﬁgl agent Pchan aes th_egsbul k
properties beffefateeclytiogdheauclpr erid fram e soligh phesstherempisolating the miclsphy si cs
(1997) 30: 24d4;2(hf)optiddalfepicipitatifg $hd Auddat aidvfl sltegt &) drdR théelu@RShd
hydr ophobi c. |f1t.er2}(r:fit| ons, Wi Igl 0 E}gr ions will decrease hydrophobic
i nt er act i on$°lafig e BrEARItHES Budeifafifency to which
Many procedures for isolating nucleic acids from their natural environment have
20 been proposed in recent years by the use of their binding behavior to substrates
such as glass surfaces. It is common to use chaotropic agents such as, e.g., guanidine
thiocyanate under high salt conditions. A high concentration of a chaotropic agent
changes the bulk properties of water (Cacace, M.G., et al. Quarterly Review of
Biophysics (1997) 30:241-277).

25 Certain ions in water will tend to increase hydrophobic interactions, while other
ions will decrease hydrophobic interactions. Which ions have a tendency to which
effect is described by what is called a Hofmeister series. The series is as follows:
Cations:

NH," > Rb* > K" > Na" > Cs* > Li* > Mg®* > Ca®" > Ba®* > guanidinium

30 Anions:



effect is described by what is called a Hofneister series. The series is as
follows: Cations: NH4+ > Rb+ > K+ > Na+ > Cs+ > Li' > My2+ > 18duly 2008a2+ >
guani dinium 30 Anions: 18 July 2006 -8 PO43- > SO42- > HPO42- > acetate >
citrate » tartrate > - > Br" > NGB > C103 > Cl04'> F > SCN lons on the
left are said to be "kosnotropic" and increase the strength of hydrophobic
interactions and thus wll preci pitate‘%r "salt out" proteins at a high 5
concentrati ons Ions on the right are "chaotropic" and tend to weaken

hydr ophobi c Gti ,.The Hofineister series _gexplai ani di ni um
is a protei RO 4d ﬂr%gfpo‘il t~ AEKE R By roBRate ¢ pﬁ?ﬁé”ra?[ﬁ gggg%l “ng
proteins todienatupsesCN'n contrast, (NH4)2SO4 w Il dissociate into NH4' and
SO42- ions. Both of these ions are kosnotropic, and the effect of each is
i ndependent and additive. This nakes 10 (NH4)2SO4 a versatile precipitant
which is w delsyonsthd left mreosaid nopbe i“kbsmadtropic” mndc agitraes thd\atkngth oh t he

mddle of t H (g.rog ot Hl%{lo?snaricf %hu% Wi g‘i‘&%ﬂa‘&? SIRLL ORI S Pq%ms 8@?%& pic. It

was found by |nven ors a biologi ont ai ni ng
a nudeic acmcatnaadorssdkmsbnrtlge fightrare I aptreplar and tﬁmdtthevenkﬁmllmdcoldmb@t to a
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appl i ed. Irst st he*concentrati on o t he chaotropic
agent is I odemattuhah I prealems éverdmnh Keptere(CBpn@lpmj)ng Potdingto ¢rnatyrei By st ep,

that is 10 ga¥rif (N'Pﬁ)ﬁb%%i‘lﬂ&s%aét@ﬁxt@mi 0gh88b,> m&hﬁﬂ%&@ﬁm)&% s buffer

the preferred concentration C aotrop| c agent bet n Mand 4 M
A first preKeypEoRifn te%)fé?t ?fﬁéacbn’x?elﬂﬁFEﬁﬁldﬁgt ?H‘ér@ﬁ&%"é ﬁ?o%ﬁhod for

adsor iy ng a(NuKg},80¢ adedrshtfl¢ wcepltun@hﬂqtmd mﬁ@éﬁahﬁed Qn eprsa:hi Gupifia@eon
conprising the teF%\Ta(ﬂid (a) ﬁgfﬁ! n ous {}% ?‘F gffer t hat contains
a chaot r opPECEGE )S 1 é’ﬁiﬁsﬁegle’b 3t dt 1t § p9itheR, SB?%TQ?Q?E% sanpl e,
wher eby thehamrpent rati on of the chaotropic agent in the mxture is betvveen
1 Mand 4 M and incubating the m xture; (c) dissolving an additional

anount of chaotropic 25 agent in or adding an aeciuous sol uti on cont ai ni ng
addi tional dhwet foopd byahemtventors thed foi prepagngh tolegicdlispmpleh@mediyingrcr easi ng

the concent 5§§lief8rhc§aha&d‘§ds8¥b19é (F;:;BPA the pﬁ?ﬁ?&uéﬂ‘ ﬂ?}é‘ﬁ#f&é%ﬁﬁg stoHHrp%a%]é“a” 0.5

M (d) contac e mxture phase, er eby
adsor bi ng t hévammgle@m&ky adwa-stepolysis rﬂ@drhmdmgem@tbocihe applied. In the first step

(lysis) the concentration of the chaotropic agent is lower than in the second step
(binding). During the lysis step, that is to say in the mixture of the biological
sample and the lysis buffer the preferred concentration of the chaotropic agent is
between 1 M and 4 M. A first preferred embodiment of the invention is therefore a

20 method for adsorbing a nucleic acid from a biological sample to a solid phase,
comprising the steps of (a) providing an aequous lysis buffer that contains a
chaotropic agent; (b) mixing the lysis buffer with the biological sample, whereby
the concentration of the chaotropic agent in the mixture is between 1 M and 4 M,
and incubating the mixture; (c) dissolving an additional amount of chéotropic

25 agent in or adding an aequous solution containing additional chaotropic agent to
the mixture of step (b), thereby increasing the concentration of the chaotropic
agent in the mixture by more than 0.5 M; (d) contacting the mixture of step (c)
with the solid phase, thereby adsorbing the nucleic acid from the mixture to the
solid phase.

30 It is preferred that the chaotropic agent is a chaotropic salt. It is more preferred that
the chaotropic agent is selected from the group consisting of guanidinium
hydrochloride, guanidinium thiocyanate, guanidinium isothiocyanate, an alkali
iodide, and an alkali perchlorate. Preferably, the alkali iodide is KI or Nal.



solid phase. 30 It is preferred that the chaotropic agent is a chaotropic
salt. It is nmore preferred that the chaotropic agent is sel et® &y20@¢m t he
group consi sting of guanidinium hydrochloride, guanidiniumthiocyanate,
guani di ni um i sot hi ocyanate, an alkali iodide, and an al kali Perchl orate.
Preferably, the alkali iodide is KI or Nal. 18 July 2006 -9 Preferably, the
al kali Perchlorate is NaCl 04 or KC104.-9M xtures of these conpounds as well
as m xtures of these conpounds with urea are al so possible. Depending on the
chaotropi c agent used, the optimal concentration thereof in the ~mxture of
step (b) meBrefesably, Ehey.alkafio Pémhéﬂrﬁtealscdﬁ%ﬁaaw’é K@t rMprterest pedhesgsi ng 5
guani di ni um xS RERhOwLIIS Alxteeans teddi WM rﬁoﬁh@ﬁ{rﬁﬁ at& Mk hEepsaible.
concentrations in the indicated range of between 1 Mand 4 M nust be

sel ected. The principle wunderlying this difference is that the guanidinium
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that in theumﬂex]lyurgah(sfdJﬁftrepce( ils)thatrtbe gomémﬂuratthm)nyaﬂatetnh wllrmuodlsa@ﬂyed agent is
about 2 M fepepd Ggs&é‘atésh%%cpe%ﬁftrHP't%roagﬁibttrogb?ceth{ kv%ex%h?odl%aﬁt%ﬁr ed that

in the 15 m xture concentrati otroplc agent is
bet ween 2 h;g@mﬂmmrrmhydtocmrmrESIpltSemepnb/donm&hacbtleheom Kt igr dhersforst ep (b)

the ggncent I%gr&a tgst lmffe g&@ﬁtorf@%Qbm@@snaeﬁtrgﬁaeﬁfsme%héot gﬁeﬁtM It is

even nore prererre xt'ure he CO rati on of

t he chaot r opftweeryéM ain QaMoJE igmgre preferreds ﬂ?aégartaeumvcrléretﬁest‘ab
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ani ons, respec So preferre m xture of step
(b) mixture of step (b) the concentration of the chaotropic agent is about 3 M.

In this regard it is the general understanding of the skilled artisan that the word

20 “about” in combination with a numerically quantified value means that this value
may be subject to vartiation, whereby the desired technical effect which is described
or defined by the value remains unchanged. Generally, “about” is understood to
imply a variation of 5%. For example, a value of about 100 comprises the values
between 95 and 105.

25 Guanidinium and thiocyanate ions are classified in the Hofmeister series as having
enhanced chaotropic properties over, e.g. potassium or sodium cations, or iodide or
chlorate anions, respectively. It is thus also preferred that in the mixture of step (b)
the concentration of the chaotropic agent is between 2 M and 4 M.

In the second step (binding) the concentration of chaotropic agent in the mixture is
30 increased by adding additional chaotropic agent to the mixture of step (b). As
indicated for step (c) there are several ways to achieve the desired increase. It is

possible to add the chaotropic agent as solid matter to the mixture of step (b) and



the concentration of the chaotropic agent is between 2 Mand 4 M In the
second step (binding) the concentration of chaotropic agent ih8IHe280&ture
is 30 increased by adding additional chaotropic agent to the m xture of
step (b). As indicated for step (c) there are several ways to achieve the
desired increase. It is possible to add the chaotropic agent as solid
matter to the mxture of step (b) and-18-July 2006 -10 dissol ve the
chaotropic agent. Alternatively, an aequous solutlon of t he chaotropic
agent is prepared and added to the m xture of step Preferablyd t he
aequous sofistolvsrthe shaairapic agent- r@#ernﬁgﬁebfda@ﬁf@%éﬂuagnéz B ¢haptreBict | a
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0 nore erred that in
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bt w60 DedeR s pPdermia raEinCeRich Rl ol Biioh BettcRADERHE Bped i B e
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nucl ei ¢ ac SO Fererred to as nuc e|c 0 a’substrate such
as, e.g., s9.bi anééer Bligsyensinpre prefertagrthat igl seps(d |'f-h¢ epncentration of the

chaotropic agent in the mixture is increased by between 0.5 M and 3 M. It is even
20 more preferred that in step (c) the concentration of the chaotropic agent in the

mixture is increased by between 0.5 M and 2 M. It is even more preferred that in

step (c) the concentration of the chaotropic agent in the mixture is increased by

between 0.5M and 1.5M. It is even more preferred that in step (c) the

concentration of the chaotropic agent in the mixture is increased by between 0.5 M
25 and 1 M.

In detail, the procedure for binding a (at least one) nucleic acid (also referred to as

target nucleic acid) to a substrate such as, e.g., silica particles, silica fibers, glass filter

or glass particles can be described as follows. According to the invention it is

performed in the presence of chaotropic salts with a concentration of between
30 1.5 M and 10 M, and preferably between 2 M and 6 M.

DNA or RNA bind to material with a glass surface under these conditions i.e. in the
presence of certain concentrations of a chaotropic agent. To bring the lysate in

contact with the substrate, i.e. the material with an affinity to nucleic acids, the



or glass particles can be described as follows. According to the invention
it is performed in the presence of chaotropic salts with a cdBdelyt2086i on of
between 30 1.5 Mand 10 M and preferably between 2 Mand 6 M DNA or RNA
bi.nd to 'material with a glass surface under these conditions i.e. in the
presence of certain concentrations of a chaotropic agent. To bring the

| ysate in contact with the substrate;1l-e. the material with an affinity to
nucl eic acids, the 18 July 2006 -11 lysate is mixed with the substrate and
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froma biol aﬂraeeht &?f@r&negeﬂlt@raztyrﬁe M&Batloarteﬁ&%ﬂﬂeweeacro' Mkdndswhgnol ysing a
bi ol ogi cal sanple in order to set free the nucleic acids. The term "enzyne

wi t h 19r ot eomyytes C&@thﬁ?PPSPWP?@hHB?%‘FG@éSto enconpass a 15 protease or a
m xture of proteases to rapidly degrade in the biological sanple nucleic

acid degradjng.e or, ot her. want e roteins. In the present context,
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preferred e lysis step i nNs an en
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is even nore pref red that the enzynme w'th rote |cat|vrt s
sel ect ed frWESehaying pratemiEic aetigty of-e. hydrolases acting on peptide bonds) as

comprised in EC 3.4-3.11 and any modification thereof, which modification have
20 retained the activity of the enzyme. The enzyme with proteolytic activity may be
isolated from animal tissue, plant tissue, a microorganism, or may be obtained by

recombinant means.

Therefore, it is preferred that the lysis buffer of step (a) contains an enzyme with
proteolytic activity. It is more preferred that the enzyme with proteolytic activity is
25 selected from the proteases as comprised in EC 3.4-3.11. It is even more preferred
that the enzyme with proteolytic activity is selected from the group consisting of
Achromopeptidase, Aminopeptidase, Ancrod, Angiotensin Converting Enzyme,
Bromelain, Calpain, Calpain I, Calpain II, Carboxypeptidase A, Carboxypeptidase
B, Carboxypeptidase G, Carboxypeptidase P, Carboxypeptidase W,
30 Carboxypeptidase Y, Caspase, Caspase 1, Caspase 2, Caspase 3, Caspase 4, Caspase
5, Caspase 6, Caspase 7, Caspese 8, Caspase 9, Caspase 10, Caspase 13, Cathepsin B,
Cathepsin C, Cathepsin D, Cathepsin G, Cathepsin H, Cathepsin L, Chymopapain,
Chymase, alpha-Chymotrypsin, Clostripain, Collagenase, Complement Clr,

Complement Cls, Complement Factor D, Complement factor I, Cucumisin,



Achr onmopept i dase, Am nopepti dase, Ancrod, Angiotensin Converting Enzyne,
Bronelain, Calpain, Calpain |, Calpain II, Carboxypeptidase A}8 July 2006

Car boxypepti dase B, Carboxypeptidase G Carboxypepti dase P,

Car boxypepti dase W 30 Carboxypepti dase Y, Caspase, Caspase 1, Caspase 2,
Caspase 3, Caspase 4, Caspase 5, Caspase 6, Caspase 7, Caspase 8, Caspase
9, Caspase 10, Caspase 13, Cat hepsin B; 12 - cat hepsin C, Cat hepsin D, Cathepsin
G Cathepsin H, Cathepsin L, Chynopapain, Chynmase, al pha-Chynotrypsin,
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1, the skil arti san proteo ytic activit cted

prot ease i nirampBeqilys &b kEsperasely 2ad HibslisiapAc migfars ohet éﬁaﬁ‘f B«ﬂéﬁltl erent
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m xture accprding to step feraa%selected tiim zation of the

duration of©® %Bmt?aﬁ?:ﬁ&fﬁsé‘ﬁe \‘/W‘{alllllytf?@ i3F BEb45e optimpgation of Tysiebuffars- AS,at i on of
t he iz0cubat d@bribed in Example 1, the skilled artisan will test for proteolytic activity of a

selected protease in a buffer containing a chaotropic agent at different
concentrations. A protease active under the chaotropic conditions of a mixture
according to step (b) is preferably selected. Optimization of the duration of the
incubation with the protease as well as the optimization of the incubation

25 temperature can be performed by the expert. As a parameter, the skilled artisan will
determine the quantity of nucleic acid(s) set free from the biological sample into
the liquid phase and capable of being bound to the substrate.

It is highly preferred that the lysis buffer of step (a) contains Proteinase K.
Preferably, the activity of Proteinase K in the mixture of step (b) is between
30 0.1 U/ml and 10 U/ml. It is more preferred that the activity of Proteinase K in the
mixture of step (b) is between 1 U/ml and 6 U/ml. It is even more preferred that the
activity of Proteinase K in the mixture of step (b) is between 2 U/ml and 4 U/ml. It
is even more preferred that the activity of Proteinase K in the mixture of step (b) is
about 3 U/ml. In this regard it is understood that the recited activity values of

35 Proteinase K reflect activity values determined as described in Example 1.
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Therefore, it is preferred that the lysis buffer of step (a) contains a detergent. It is
more preferred that the lysis buffer of step (a) contains an anionic, cationic,
zwitterionic or non-ionic detergent. It is even more preferred that the detergent in
the lysis buffer of step (a) is selected from the group consisting of Sodium dodecyl
25 sulfate, Lithium dodecyl sulfate, Cetyltrimethylammoniumbromide, Deoxycholic
acid, Sodium lauroyl sarcosine, Triton-X100, Tween 20, Octyl beta-D-glucoside,
Nonidet P40, CHAPS or Sulphobetaine 14. However, other detergents are possible.
Generally, when using the combination of a chaotropic agent, a detergent and a
protease for lysing a biological sample, the skilled artisan selects a detergent and its
30 concentration in the mixture of step (b) on the basis that proteolytic activity is

preserved.

Preferably, the solid phase comprises a porous or non-porous mineral substrate
selected from the group consisting of silica gel, glass fibers, quartz fibers, and

zeolites. Also preferred, the solid phase comprises a porous or non-porous mineral
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sol ution cogiatidbitthgastdhlor @dding 6AafudR sélution containing additional chaotropic
20 agent to the mixture of step (b), thereby increasing the concentration of the

aequous

chaotropic agent in the mixture by more than 0.5 M; (d) providing a solid phase
and contacting the mixture of step (c) with the solid phase, thereby adsorbing the
nucleic acid from the mixture to the solid phase; (e) separating the solid phase from
the liquid phase; (f) optionally washing the solid phase of step with a washing

25 buffer; (g) eluting the nucleic acid from the solid phase thereby isolating the nucleic
acid; (h) optionally precipitating the nucleic acid of step (g) from the eluate and
isolating the precipitated nucleic acid.

It is preferred that the solid phase comprises a porous or non-porous mineral
substrate selected from the group consisting of silica gel, glass fibers, quartz fibers,
30 and zeolites. It is also preferred that the solid phase comprises magnetic glass

particles.

It is very much preferred that the chaotropic agent is a chaotropic salt. It is more

preferred that the chaotropic agent is selected from the group consisting of



20 agent to the mxture of step (b), thereby increasing the concentration of
the chaotropic agent in the mxture by nore than 0.5 M (d) p8dwlydoag a
solid phase and contacting the m xture of step (c) with the solid phase,

t her eby 'adsorbing the nucleic acid fromthe m xture to the solid phase; (e)
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P40, CHAPS Nbnidet PR 0218 96r Sidphdbletairfe 13 ef erred that the pH val ue of the
m xture of step (b) is between 8.5 and 4. It is nore preferred that the pH
val ue of the m xture of step (b) is between 7.5 and 5. It

It is preferred that the pH value of the mixture of step (b) is between 8.5 and 4. It is

more preferred that the pH value of the mixture of step (b) is between 7.5 and 5. It
is even more preferred that the pH value of the mixture of step (b) is between 7 and
20 6. It is even more preferred that the pH value of the mixture of step (b) is about 6.

It is very much preferred that the mixture of step (b) contains the biological sample,
guanidinium thiocyanate at a concentration between 1.5 M and 3 M, Tris salt at a
concentration of between 20 mM and 40 mM, Triton-X100 at a concentration of
between 5% and 20% volume by volume, and Proteinase K, whereby the proteolytic
25 activity of Proteinase K in the mixture is between 1 U/ml and 5 U/ml, and whereby
the pH of the mixture is between 8.5 and 6.0. In this regard it is understood that the

activity of Proteinase K is determined as described in Example 1.

It is highly preferred that the mixture of step (b) contains the biological sample,
guanidinium thiocyanate at a concentration between 1.5 M and 2.5 M, Tris salt at a
30 concentration of between 20 mM and 30 mM, Triton-X100 at a concentration of
between 5% and 15% volume by volume, and Proteinase K, whereby the proteolytic



is even nore preferred that the pH value of the m xture of step (b) is
between 7 and 20 6. It is even nore preferred that the pH val (8 Joly 2006

m xture of step (b) is about 6. It is very nmuch preferred that the m xture
of. step (b) contains the biological sanple, guanidiniumthiocyanate at a
concentration between 1.5 Mand 3 M Tris salt at a concentration of
between 20 nM and 40 mM Triton-X100 atitéa concentrati on of between 5% and
20% vol ure by vol une, and Proteinase K, whereby the proteolytic 25 activity
of Proteinase Kin the mxture is between 1 Unl and 5 Un, and whereby
the pH of t#msivity »f Braseinasedeinihemigtige iseptwean. 2 Uimk a1ds4 Péghreadivhereby

under st ood #Raf] bftRe nfikfurdisthiéeien BIPII @se K is determ ned as described in
Exanple 1. It is highly preferred that the m xture of step (b) contains the

bi ol ogi cal sanpl e, guanidiniumthiocyanate at a concentration between 1.5 M
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m xture is @lsote mdxturerhccoadidg wheerpdy)) ubed ip HBxpériméng #okExameple 8. about 6. Even
nore preferred is a pH of 6. An exanple therefor is the lysis mxture (i.e.
the m xture accordi .ngb,to step (b)) used in Experinent 4 of Exanple 2. 10 It
i s allfo hi ghlly ahroehighlyeprefersad thee the sairtuse off stepefb) ynteimatthe iolpgical
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2.7 M urea at a goncentraﬂ on of about 5 mM Tris salt at a concentration
of about 5 fAcentratiomof akepbs amMa Teis selbak & eancertraionapAboud I bRy vol une,

and Prot ei ngsey 4f.a OREIRRAYIonTEbRItSLE P IMiNebyI6iunyd, hid ProtBin@éeal Refegetl i N t he
m xture is {ihbout 3

U, .and_whereby, .15 the pH.of th ture .i s between
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cont aisns t hthelpitbbhHibe edikturs Brptveeen guisanidd. il um hydrochl oride at a
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salt at a concentration of about 85 nM EDTA at a concentration of about 88
mVv] Nad at Itais cabsoc bighlyapreferredf thebhabe Bixtive of step (b) contains the biological

sample, guanidinium hydrochloride at a concentration of about 2.4 M, urea at a
concentration of about 1.6 mM, Tris salt at a concentration of about 85 mM, EDTA
at a concentration of about 88 mM, NaCl at a concentration of about 8 mM,

20 Triton-X100 at a concentration of about 9% volume by volume, and Proteinase K,
whereby the proteolytic activity of Proteinase K in the mixture is about 3 U/ml, and
whereby the pH of the mixture is between 4.4 and 6.5.

It is further preferred that the mixture of step (b) including a protease is incubated
for a certain amount of time and at ambient conditions that allow proteolytic
25 activity. It is preferred that the mixture of step (b) is incubated for 10 min to 30
min at a temperature between 20°C and 75°C, whereby the mixture is agitated.
Preferred agitation means is a roller mixer or a thermomixer. The terms “agitation”
and “to agitate” are understood as moving the test tube containing the mixture of
step (b) as to invert the test tube once a second. The terms also include movements
30 having an equivalent effect with regard to causing turbulence in the mixture of step
(b). The degree of agitation can also be influenced by the size of the nucleic acid(s)

to be isolated. Too much agitation can lead to shearing forces resulting in size



20 Triton-X100 at a concentration of about 9% vol une by vol une, and

Protei nase K, whereby the proteolytic activity of Protei nasel&uln266te

m xture is about 3 Unil, and whereby the pH of the m xture is between 4.4
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conditions that allow proteolytic 25 agrrvity. It is preferred that the
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novenents 30 having an equival ent effect with regard to causing turbul ence
L1 the M XUHIenRre $k&Bred Hat tﬁéﬂgugﬁ&r@fe 1§ (AL iR TBNAIAR R Sobf | uenced
by the size of the nucfrel c acid Sb |so ated. Too much agitation can
| ead to shetermneEataesy whsrepE dhd WilFyTq i agitated ysing aygller mowss 1t 1s7eveBNOLeCt | on of
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maybe sel ected by the expe rred that the xture of step
(b) is i nc ulSEPSEALEEST DefyesR r?toaﬁ aPéo?ﬁ Eoéﬁ‘ﬁgeié{t Fem”ﬁ]ilﬁrér’éb%glttawg] P dre is
agi t at ed usfhegmamixek|1els eveix @lore pteférfedothenthenii®tude pf @€ (b)eslinchbited R m xture

S0C ang 75010 FBrEH i ahb e s MhgiePn ik it s AT te Rapleh ¢ o
even nore pﬁﬁieerolreothéhﬁ(ﬁmb&ee Irisxéven enore tferred lnl)atlthe ntigtpabdestep ¢b) is10 min to

20m at abaout .5 Ve b u N oIIer m xer
or al¥ her rm’tﬁcg%arte?ﬁr ]]\ghm 6r7§’r‘gﬁréereX‘ %‘er%]ﬁnfr agtltﬁgedrhwlr %r 0118? %€p (b) is
10 i ncubat edr  dherbfonmixer. dt 13%520 ve/mylenecﬁyptelfﬁerenh bhauﬂe mextary ofastepl (bsisng a
roller mxe e t he
m xt ure of sntuga{tf f&hfd %&éﬁ@t ed’rE F%?b Sﬁ"& %Kelj%g&%e%ﬁﬁ%{)gsgatggg% wher eby
t he mi xt ur eudisg age eam;zﬂer argi theFmepmpiget. &k is ﬁvmomprafermérthﬁrﬂl&@nxturemﬁ s even
nore pref ergt@p (G Rtinéubatdd 6 40 Enidf at BEEPWhEELY ﬁ'le' medbRtied ftaREd ﬂigng‘a” at 72C,
Wnereb t he rﬁlﬁxture i's a itated using a 15 roller m xer or a thernom xer.
After 5adsor{ﬂ HIY¥HE ORA eéF’@malE‘?rd(s) fromthe mxture of step (c) to the
solid phase, bound nucleic acid(s) i s separated fromthe |iquid phase. This

ey be, achi ged L GeNer DY, SHEVHLL G AftallS SODYNSRS (SRl U €1 ¢

aci ds bound
bound nucleic ac1d( ) is separated from the liquid phase. This may be achieved in

general by gravity or in the convenient case of nucleic acids bound to magnetic glass
particles by separating the material bound to the magnetic particles by applying a
20 magnetic field. For instance, the magnetic particles can be pulled to the wall of the
vessel in which incubation was performed. The liquid containing the sample
contents that were not bound to the magnetic particles can then be removed. The
removal procedure used depends on the type of vessel in which incubation was

performed. Suitable steps include removing the liquid via pipetting or aspiration.

25 In case the solid phase is a filter (such as a filter comprising quartz or glass fibers)
the mixture of step (c) is preferably passed through the filter. Separation of the
liquid phase from the solid phase is then effected by by gravitational pull, by the
application of pressure or by the application of suction.

The solid phase with the bound DNA or RNA may then be washed. This step is
30 optional, depending on the nature and the amount of undesired material in the
biological sample as well as on the desired purity of the isolated nucleic acid. If a

washing step is desired, it is preferred that the solid phase is washed at least once,



particles by separating the material bound to the magnetic particles by
applying a 20 magnetic field. For instance, the nmagnetic partiglhdg 2066 be
pulled to the wall of the vessel in which incubation was perforned. The
liquid containing the sanple contents that were not bound to the magnetic
particles can then be renoved. The renoval procedure used depends on the
type of vessel in which incubation wasigperforned. Suitable steps include
renoving the liquid via pipetting or aspiration. 25 In case the solid phase
is afilter (such as a filter conprising quartz or glass fibers) the
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Afterwards, the conditions may be reversed, e.g. the salt concentration is decreased
to elute the DNA or RNA bound to the material. Elution buffers are known from
DE 37 24 442 and Jakobi, R., et al., Anal. Biochem. 175 (1988) 196-201. Elution
buffers with a low salt content are in particular buffers with a content of less than
25 0.2 M. Preferably, the elution buffer contains the substance Tris for buffering
purposes. It is very much preferred that the elution buffer is an aequous solution
containing a Tris salt, whereby the concentration of the Tris salt is 50 mM. More
preferred is an aequous solution containing a Tris salt, whereby the concentration
of the Tris salt is 50 mM and the pH is between 6.5 and 8.5. Even more preferred is
30 a pH of 7.5. Also preferred, the elution buffer is demineralized water. The solution
containing purified DNA or RNA can now be used for other reactions. Optionally,
the nucleic acid(s) can be precipitated from the solution using, e.g., ethanol or
isopropanol. The precipitate can also be subjected to further washing steps.
Methods of this kind are well known to the skilled artisan and are described in



a vacuum or the fluid can be allowed to evaporate. A pretreatnent step
using 20 acetone may al so be perforned. Afterwards, the condi8ldn20d@y be
reversed, e.g. the salt concentration is decreased to elute the DNA or RNA
‘bound to the material. Elution buffers are knowmn from DE 37 24 442 and
Jakobi, R, et al., Anal. Biochem 175 (1988) 196-201. Elution buffers with
a lowsalt content are in particul arlBuffers with a content of |ess than 25
0.2 M Preferably, the el ution buffer contains the substance Tris for
buffering_ purposes. is very nmuch preferred that the elution buffer is an
aequous s@eteil ilrbﬁamb@ﬁkafrrhﬁsﬁg&aMmllaﬁs Meleculsifeloatis. fHaberriewieatalon of the
Tris salt3jgedpibdMsHYr@ss, Pdaf erred is an aequous solution containing a Tris
salt, whereby thé concentration of the Tris salt is 50 nMand the pHis
between 6.5 and 8.5. Even nore preferred is 30 a pH of 7.5. Also preferred,
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of i nterest_nmy be contal ne non- et ‘nucl'ei'c_acids, and
may even b‘edéutﬁhﬁfbtt a&oﬁﬁtrﬁeh?rth%sapdﬂowuée iglagy. Is fand SegeIMYc aci ds.
Sui t abl e Phgk detecti on nethods are known to the skilled artisan and are
described in standard textbooks as Sanbrook, Fritsch & 10 Maniati s,

Mol ecul ar C oning, A Laboratory Manual, 3rd edition, CSHL Press, 2001; and

Ausubel eThédk. ma@b@rﬂw fifeted gaeifRation Mibbe(b'éfoaé e @wzgydetehlowsitqy iand Sons,
NY, 1987. ‘I'1 A as%/ be raI s& tourthr u(%% tlcatlgg t eps. bﬁl&ore tpee DNA
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thereafter. The purified DNA may also be separated by electrophoretic methods,

L'j

optionally after a restriction digest, and visualized thereafter. There are also probe-
based assays which exploit the oligonucleotide hybridization to specific sequences
20 and subsequent detection of the hybrid. It is also possible to sequence the DNA
after further steps known to the skilled artisan. Other methods apply a diversity of
DNA sequences to a silicon chip to which specific probes are bound and yield a

signal when a complementary sequences bind.

The invention also encompasses the mixture of non-proteinaceous and
25 proteinaceous components comprising nucleic acids whereby the nucleic acids
comprise DNA or RNA or both.

The invention also encompasses biological samples, from which nucleic acids are
purified, comprising viruses or bacterial cells, as well as isolated cells from
multicellular organisms as e.g. human and animal cells such as leucocytes, and
30 immunologically active low and high molecular chemical compounds such as
haptens, antigens, antibodies and nucleic acids, blood plasma, cerebral fluid,

sputum, stool, biopsy specimens, bone marrow, oral rinses, blood serum, tissues,




thereafter. The purified DNA may al so be separated by el ectrophoretic
met hods, optionally after a restriction digest, and visual i z&dJuly 2006
thereafter. There are al so probe- based assays which exploit the

ol i gonucl eoti de hybridi zation to specific sequences 20 and subsequent
detection of the hybrid. It is also possible to sequence the DNA after
further steps known to the skilled arzgsan. Qther nethods apply a
diversity of DNA sequences to a silicon chip to which specific probes
are bound and yield a signal when a conpl enentary sequences bind. The
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fluid, sputum stoo I opsy specinens, bone marrow, oral ‘rinses, blood
serum ti§§g@§F5¢8ﬁﬁély 2006 -20 urine or mxtures thereof. The present

i nvention al so enconpasses bi ol ogi cal sanples such as a fluid fromthe

human or ani,

| body; preferably the bio]ogical ample is whol e, bl ood,
bl ood pl aslids P pefeded thatgne Frixhae Ofﬁ’élciﬁho?%‘?so?"&ﬁamt%‘aﬁif%s rrsatwaif erably
EDTA bLOOCbonﬂﬁQQJ id@sdi&riBbrE)ﬂo?éig abildOQ]UNAThﬁ ﬁb@ﬁﬁkgﬂg asim (Rlsrfas cﬁf ebe,abl y
EDTA.. hepari it e asma. .l n enbodi ment i aventi on
Che 1Bi of ogretraobafis DR P RREE oP AR B deifved ot > Biapy oulrtc g ane)
vi ruses ormiamotparian. Theviewf canlbe hepatitissovipnefHeAY B diepatitis B hieusnfHBYI),e of
nucl ei ¢ agj ds,. r ot |l erj.al nri.ses.d Y b eic
nei d( oy <Gr i EoRhS GIEPEIRY huRR iR RERGG B BIRDY B RENERA o
RNA or botpepilbmeyirwsdP\)emparvovirusB:. a (at | east one) microorgani sm
The virus can be hepatitis A virus (HAV), hepatitis B virus (HBV),
hepatitis C virus §HC\0 t he human imunodeficiency virus (H V), the
hunan  papit is aseepreferigd thaymprast npeleig a6 compBrent and the othies sugeisfagidsed t hat
a tafsgeg ”:HEEﬁ%iﬁecffés&tfhﬂ?ﬁ?H@é@fgb%&‘&%gvgeﬂig%hhﬁé te{} &lrﬁicﬁi@%i&i&r}qﬂén&rte_ q
purified essentially as described above, en. t he target nucleic aci
conponent 1 @Wtrﬁwp%@pﬂpﬂﬁ%ﬁ%ae-détw@hﬁedi wigh the Polgmerese FhaiRd wi t h
t he pol ynefea@®nChi@th specifically amplifies target sequences to detectable amounts. Other
possible amplification reactions are the ligase Chain Reaction (LCR, Wu, D.Y., and
Wallace, R.B., Genomics 4 (1989) 560-569, and Barany, F., Proc. Natl. Acad. Sci.
20 USA 88 (1991) 189-193); Polymerase Ligase Chain Reaction (Barany, F., PCR
Methods and Applic. 1 (1991) 5-16); Gap-LCR (WO 90/01069); Repair Chain
Reaction (EP 0439 182), 3SR (Kwoh, D.Y., et al,, Proc. Natl. Acad. Sci. USA 86
(1989) 1173-1177; Guatelli, J.C,, et al., Proc. Natl. Acad. Sci. USA 87 (1990) 1874-
1878; WO 92/08800), and NASBA (US 5,130,238). Further, there are strand
25 displacement amplification (SDA), transciption mediated amplification (TMA),
and Q-beta-amplification (for a review see e.g. Whelen, A.C., and Persing, D.H.,
Annu. Rev. Microbiol. 50 (1996) 349-373; Abramson, R.D., and Myers, T.W., Curr.
Opin. Biotechnol. 4 (1993) 41-47).

Particularly preferred is the TagMan® detection method disclosed in WO 92/02638
30 and the corresponding US patents US 5,210,015; US 5,804,375; US 5,487,972. This
method exploits the exonuclease activity of a polymerase to generate a signal. In
detail, the target nucleic acid component is detected by a process comprising

contacting the sample with an oligonucleotide containing a sequence



reaction which specifically anplifies target sequences to detectable
anounts. Qther possible anplification reactions are the |igat®&Jdhaboo
Reaction (LCR, Wi, D.Y., and Willace, R B., CGenomcs 4 (1989) 560-569, and
Barany,. F., Proc. Natl. Acad. Sci. 20 USA 88 (1991) 189-193); Pol ynerase

Li gase Chain Reaction (Barany, F., PCR Methods and Applic. 1 (1991) 5-16);
Gap-LCR (WD 90/01069); Repair Chain -Beaction (EP 0 439 182), 3SR (Kwoh,
D.Y., et al., Proc. Natl. Acad. Sci. USA 86 (1989) 1173-1177; Guatelli,
J.C., et al., Proc. Natl. Acad. Sci. USA 87 (1990) 1874- 1878; WD 92/ 08800)
and NASBA (MBpEMEBGrRE8). refiontdfcthe taiger Budeie asidr edmdp@Bntiang|alsbetedt
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aci d anneahydtolysistofighd labéiedd}hggondmtebtls deteetndl ané/ vhmehaived. [ TagMan®

ol i gonucl e t t i's
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i s treatedformed and danmaracgesetal tgeme popsasedwseforatheng a 5' to
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nucl ease a t|V|t of th rase -t ave the anneal ed, |abelled

ol i gonucl e elase a‘ﬁlaerFlé‘l tg‘%sf‘@’ﬂ ‘gg%tiqneﬂncﬁr%f Getign r??fé1°§|1§ﬁ§P OTRAFEFAS%ed by t he
hydr ol ysi ssdliitiédv@hhsabel | ed ol i gonucl eotide is detected and/ or mneasured.
TagMan(r) technology elimnates the need for a solid phase bound reaction
conplex to be forned and nade detectable. In nore general terns, a
procedure The folewlfg puamplesatreferenods, aartdarfipatesnuaed gprovided dtoc arighotient

fol l owed b Mn&rﬁghﬁﬁé P 'Eheslsr%g)enit $nvention, the true scope of which is set forth in the
20 appended claims. It is understood that modifications can be made in the

procedures set forth without departing from the spirit of the invention.

Description of the Figures

Figure 1 Activity of ProteinaseK at t=0Omin in relation to varying
concentrations of guanidinium thiocyanate (0 min values). The x
25 axis indicates the molar concentration of guanidinium
thiocyanate, the y axis indicates the activity of Proteinase K in

[%].

Figure2 . Activity of Proteinase K at t=15min in relation to varying
concentrations of guanidinium thiocyanate (15 min values). The
30 x axis indicates the molar concentration of guanidinium
thiocyanate, the y axis indicates the activity of Proteinase K in

[%].



di scl osed wherein the anplification and/ or detection reaction is a
honogeneous sol uti on-phase. The foll owi ng exanpl es, referencesJulpddod i gures
are provided to aid the understanding of the present invention, the true
scope of  which is set forth in the 20 appended clains. It is understood that
nodi fications can be nade in the procedures set forth w thout departing
fromthe spirit of the invention. Descppption of the Figures 25 Figure 1
Activity of Proteinase Kat t = 0 mninrelation to varying concentrations
of guani di ni um thiocyanate (0O m n values). The x axis indicates the nolar
concentrati Eiguﬂ:f3 guani dyieldush DNIAi ocygapat enl Hldwel, mcax'd'fngi tndlExaatpésZtahd activity

of Protei nase in N ActlvH; of, Pr ase K at mn in
relation to vary| ng coﬁggﬁ | XHRe® guartlllledl W‘? lePenm}rr]l&tﬂele m n

val ues). The 30 x axis 1ndntaucatlesDNhey1ehbira;ug p@nnldﬂwciam]mndfcaqdam dheni um
t hi ocyanate, the y axis e activity of Proteinase Kin N 18
July 2006 -22 Figure 3 S\/Armlld& %V?%Hk@l n g per m blood, according to Exanple
2 and Table 3. The x axis indicates the respective experinent the y axis

ndi cat es tgufh Y1 | Ayl DODRAY it BePR A Al Aligakchatfe g St andar d

devi at| ons re 4 Yiel g per accor ng to Exanple
3 and Table 5. The x akable?. edh%’@%mtdkféteﬁéhfb@éﬁqc%e SXSEMaRHIHNE VAKE v axi s

i ndicates the DNA yiel CinHi%aﬂéQﬂﬁQDNm éP&ﬁPQgpA'rﬁﬂale'ﬁQ%ﬁ@mﬁfeﬁ ddhe standard
deviations. 10 Figure 5 Yiel DNKII n g per bl ood, according to Exanple

4 and Table 7. The x adndar él?"éaé{oé‘é t he respectl ve experinent, the y axis
indicates the DNA yield in g per m blood. Also indicated are the st andard

devi ati ons. Fi%gére 5 Yield of DNA in pg per ml blood, according to Example 4 and

10 Table 7. The x axis indicates the respective experiment, the y axis
indicates the DNA yield in pg per ml blood. Also indicated are the

standard deviations.

Example1

15 (A) Incubation of Proteinase K in the presence of a chaotropic agent

10 pl of a 20 mg/ml stock solution of Proteinase K (Roche Diagnostics GmbH,
Mannheimm, catalogue no. 745723; 90 mg dissolved in 4.5 ml water) was mixed
with a chaotropic buffer containing 50 mM Tris-HCl pH 6.0, 1% DTT, 20%
Triton-X100 and x M Guanidinum thiocyanate; x = 0, 1, 2, 3, 4, 5, 6). Directly after

20 mixing the Proteinase K activity was measured in a first aliquot (10 pl) of the
mixture using the assay described below (0 min activity value). 15 min after mixing
the Proteinase K activity was measured in a second aliquot (10 pl) of the mixture
using the assay described below (15 min activity value).

(B) Assay to determine Proteinase K activity

25 10 pl of the Proteinase K in chaotropic buffer (see above, (A)) were mixed with
assay buffer, that is to say 980ul 0.2 M Triethanolamin, 0.05% (weight by volume)
PEG 6000, 0.1 M Calcium chloride, and 10 pl of a 200 mM substate solution. The
substrate was Suc-Ala-Ala-Ala-p-Nitroanilid. The assay buffer was provided in a

cuvette. Immediately after mixing the cuvette was placed in a Photometer.



15 (A) Incubation of. Proteinase Kin the presence of a chaotropic agent 10
pl of a 20 ny/m stock solution of Proteinase K (Roche Di agno$ idg 2bH
Mannhei nm cat al ogue no. 745723; 90 ngy dissolved in 4.5 m water) was m xed
wi.th a chaotropic buffer containing 50 M Tris-HC pH 6.0, 1% DIT, 20%
Triton- X100 and x M Guani di numthi ocyanate; x =0, 1, 2, 3, 4, 5, 6).
Directly after 20 m xing the Protei nas@3K activity was nmeasured in a first
aliquot (10 I) of the mixture using the assay described below (0 nin
activity value). 15 mn after mxing the Proteinase K activity was measur ed
in a secondMahdtmunEnte 1@bsorptén ) heranitadtenr ever uki min tah€256€s dhedasivity befd bel ow
(15 mn act |ty 25 10
ot "t he- proiburifad it ik RPNl BRE RS ol Rh ARSI ABEL b ¥ 7
assay buff whanghmabserpﬁmnsaaﬂo.’a@mo 0.2 M Triethanol amin, 0.05% (wei ght by

vol ume) PEG 6000, 0.1 M Cal ciumchloride, and 10 pl of a 200 mM substat e
solution. The substrate was Suc-Al a-Al a- Al a- g Nitroanilid. The assay buffer
was provi defiablal distscihged min veluee @f dhelagtivatyt off Pretsingsg X e thapeasercevefs pl aced
in a Bhoto Lfidinith &ub%yaam@t ﬂeédlliveﬁei%&m&&u&ﬁbgﬁ%pfn' QD) THRE & lisgtken over

15 mn at 2 The actiVvit %elnase K in the assay buffer was
cal cul at ed olr%rflﬁbvqlpﬁe@. a&&ﬂﬁha Brgteigage\K in ﬂt%%@félcm £B§@F1f5’tl‘1“8n at 405

nm Table 1th|1¢c5§'§1$at§ hethe d‘mfaemaddﬁe@ntpiuohbgwamxi VAY 3 wéll £reht ebmasleraliel N t he
presence of uani di ni um t hi ocyanate at the different concentrations given
Ph UR) - Tabiio SHOFOPE 15B! TESHIY, LA YRNSGHE FRRIRER 10 TEGUR TPt Bilee. K- 1
the pr ese?C;ﬁ:tﬂftygfulall llald:leTbtﬁli‘ﬂasé Ki 1ﬁahamaflﬁolabuffdﬂ®vld'lduft ehadttopioagant(saat | on)s
given,in S _we as the rol,.value C e resent

The V0l ves U cetonaint 15 oBdThnr Uy FuE et g8t 5 0044 O o Bhiralled;

Pr ot ei nase #ud Tallh2 acqgriplotallywépresentdtin digure hand Figpiec2.agent (see 10 (A),
corresponding to 0.5 Um; this value was set as 100% The data of Table 1
and Table 2 are graphlcally represented in Figure 1 and Figure 2. Table 1
Activity of Te#hletei nase K at t O mninrelation to varying concentrations
of guani di ni um t hi ocyanat e (0 m n val ues) concentration [MActivity[% 081
194 Activity of Proteinase K at t=0min in relation to varying concentrations of

guanidinium thiocyanate (0 min values)

concentration {M] | Activity [%]

0 81

1 94

2 100

3 66

4

5

6

15

Table 2

Activity of Proteinase K at t=15min in relation to varying concentrations of

guanidinium thiocyanate (15 min values)

concentration [M] | Activity [%]
0 105
1 95




2100 366 41 50 60 15 Table 2 Activity of Proteinase Kat t =15 mn in
relation to varying concentrations of guanidinium thiocyanat &8 (ulg2f06

val ues) concentration [MActivity[% 0105 195 18 July 2006 -24 2 3 4 5 6 95
1 00 O.Exanple 2 (A Reagents a) Proteinase K stock solution: reconbi nant
Protei nase K, PCR grade, 50 Um 5 b) Lysis Buffer: 4 M guani di ni um

t hi ocyanate, 50 mM Tris-HC1, 20% Triten4-X100, pH 6.0 c) Binding Buffer: 4 M
guani di ni um t hi ocyanate, 50 mM Tris-HCL, 20% Triton- X100, pH 6.0 d)

I nhi bi tor Renmoval Buffer: 5, M guanidinium hydrochloride, 20 mM Tris-HCl, 10
38% et hanol, pH 6.6 e) Wash{Buffer2 20 nV NaCP9p 2 Tris-HC, 80% et hanol ,
pH 7.5 3 1
4 0
’ 5 0
6 0
Example 2
(A) Reagents
a) Proteinase K stock solution: recombinant Proteinase K, PCR grade, 50 U/ml
5 b) Lysis Buffer: 4 M guanidinium thiocyanate, 50 mM Tris-HCl, 20% Triton-
X100, pH 6.0
c) Binding Buffer: 4 M guanidinium thiocyanate, 50 mM Tris-HCl, 20% Triton-
X100, pH 6.0 B
d) Inhibitor Removal Buffer: 5M guanidinium hydrochloride, 20 mM Tris-HCl,
10 38% ethanol, pH 6.6
e) Wash Buffer: 20 mM NaCl, 2 mM Tris-HCI, 80% ethanol, pH7.5
f) Elution Buffer: 50 mM Tris-HC), pH 8.2
g) Ethanol (100%)
Additionally necessary: Commercially available spin columns containing a silica
15 membrane, e.g. NucleoSpin Blood L, distributed by Machery & Nagel.
(B) Experiment 1: one-step procedure without Proteinase K treatment
1. pipette 1,000 pl EDTA blood into a 15 ml Falcon tube
2. add 1,000 pl Lysis Buffer, vortex gently
3. incubate for 15 min at room temperature on a roller mixer, agitate
20 4. puta spin column in a new Falcon tube
5. transfer the mixture of steps 1.-2. (about 2,000 ul) to the spin column
6. centrifuge for 3 min at 1,900 x g. ’
7. add 1,000 pl Inhibitor Removal Buffer
8. centrifuge for 2 min at 4,500 x g.
25 9. add 2,000 pl Wash Buffer
10. centrifuge for 10 min at 4,500 x g.
11. discard flowthrough and put filter column in a new Falcon tube



f) Elution Buffer: 50 mM Tris-HCL, pH 8.2 g) Ethanol (100% Additionally
necessary: Conmercially available spin colums containing a si8idu2006
menbrane, e.g. NucleoSpin Blood L, distributed by Machery & Nagel. (B)
Experiment 1: one-step procedure without Proteinase K treatnent 1. pipette
1,000 | EDTA blood into a 15 mM Falcon tube 2. add 1,000 | Lysis Buffer,
vortex gently 3. incubate for 15 m n at25r-oom tenperature on a roller m xer,
agitate 20 4. put a spin colum in a new Fal con tube 5. transfer the

m xture of steps 1.-2. (about 2,000 |) to the spin columm 6. centrifuge for
3 min at 1, 920ektgwithl 30@pldra-;heaed|(70°GhEbitioarBuiRenoval Buffer 8. centrifuge

for 2 mn ag&jingsggi%_f&d?é%a% Ogﬁlgt\%ﬁﬁgpagurg Wash Buffer 10. centrifuge for 10

I
mn at 4,50 ‘ : rough and put filter colum in a new
Fal con t ubel4.8cenitifuge d@e mpbati300sigite with 300 | pre-heated (70C) El ution

Buf fer 13.4kn f e t t M, 14. centrifuge for 2 mn
at 4,500 x éb ?g%u&gﬁr@mn{}&%g W0, S 00, 280 and 320 nm 5 (0

Experidrent 2: one-step procedure including Proteinase K treatment 1. pipette
125 | Proteinase Kinto a 15m Falézon_tubdej 2. add 1,000 pl EDTA bl ood,
vortex gent (§) Bxpesiament 200s-ytep pracedwsginduding Broteinaseektreptments. i ncubat e and
shake at 56C for 15 min (e.g. by using a thernom xer), agitate 5. put a

spin colum _in a new F on,tubgﬁ,ﬁ. t{é}_@g‘jfr the m xture of steps 1.-3.
(about 2, 123 | PRee L M SFOFIRASE riRto L1omIdiHqopitERe for 3 nin at 1,900 x g 8.
add 1, 000 | 2] nhddi 000 LReEDDAdlodduidreex getly 9. centrifuge for 2 mn at 4,500 x
g 10. add 23.0 Ogdé 9,08@&%}!@%@&%&, vortex gently

10 incubate and shake at 56°C for 15 min (e.g. by using a thermomixer), agitate

put a spin column in a new Falcon tube

centrifuge for 3 min at 1,900 x g
add 1,000 pl Inhibitor Removal Buffer
centrifuge for 2 min at 4,500 x g
10. add 2,000 pl Wash Buffer
11. centrifuge for 10 min at 4,500 x g.
12. discard flowthrough and put filter column in a new Falcon tube
13. eluate with 300 ul pre-heated (70°C) Elution Buffer

20 14. incubate for 5 min at room temperature

4
5
6. transfer the mixture of steps 1.-3. (about 2,125 pl) to the spin column
7
8
9

15

15. centrifuge for 2 min at 4,500 x g.
16. OD measurement of the eluate at 260, 280 and 320 nm

(D) Experiment 3: two-step procedure including ethanol

pipette 125 pl Proteinase K into a 15ml Falcon tube
add 1,000 pl EDTA blood, vortex gently
add 1,000 pl Lysis Buffer, vortex gently

25

incubate and shake at 56°C for 15 min (e.g. by using a thermomixer), agitate
add 1,000 pl Ethanol, vortex gently

30 put a spin column in a new Falcon tube

transfer the mixture of steps 1.-5.(about 3,125 pl) to the spin column
centrifuge for 3 min at 1,900 x g.

. add 1,000 pl Inhibitor Removal Buffer

10. centrifuge for 2 min at 4,500 x g

W e N U



11. centrifuge for 10 mn at 4,500 x g. 12. discard flowthrough and put
filter colum in a new Falcon tube 13. eluate with 300 pl pr &8 hdu26d6 (700
Elution Buffer 20 14. incubate for 5 mn at roomtenperature 15. centrifuge
for 2 mn at 4,500 x g. 16. OD neasurenent of the eluate at 260, 280 and 320
nm (D) Experinment 3: two-step procedure including ethanol 25 1. pipette 125
| Proteinase Kinto a 15nml Fal con tube262. add 1,000 | EDTA bl ood, vortex
gently 3. add 1,000 | Lysis Buffer, vortex gently 4. incubate and shake at
56C for 15 mn ée.g. by using a thernom xer), agitate 5. add 1,000 pl

Et hanol , vollerdd@m00 yl BasisBuffet a spin colum in a new Fal con tube 7.

transfer the m .z Aabout 3,125 1) to the spin colum 8.

. )5 . .
centrifuge ?or cé{tm r%eg{)r ?@gga% gO.‘6 > add 1,000 pl Inhibitor Renoval Buffer
10. centri f lie disearddlawthroygh and pot fltey cobnanpy a pe@dalcog tuble add 2, 000 pl Wash

Buf fer 12. genthifigieh 5 uiRe Hetedl70tCPERt¥nBukSy di scard flowt hrough and
put filter colum_on a new Falcon tube” 14. eluate with 300 | pre-heated

(70C) 5El ut i bh EAubate for 3 Bin pHEOGRRICBPRRHUS nin at room tenperature 16.

centrifuge i@r cgntﬁﬁ%(%rgﬂ,nﬁggtz;gs@xéj. OD neasurenment of the eluate at 260,
280 and 320 hm (E) eri rrenfl 4: ut WO- @e 5 ro 3ﬁazgure i ncl udi ng Bi ndi ng Buffer
10 1. pipette measgirgmgpiqithe el ?@elahf ’2 @@Tﬂc di®®on tube 2. add 1,000 |
EDTA bl ood, vortex gently 3. add 1,000 pl Lysis Buffer, vortex gently 4.
reubate snd ke B PO AT S el gl oo xer), a0t 2o
new Fal con tube 7. transfer the mxture of the steps 1.-5. (about 3,125 |)
to thg spi “1.C°1'aiBQ€t‘e 125 pl Proteinase K into a 15ml Falcon tube

add 1,000 ul EDTA blood, vortex gently

add 1,000 pl Lysis Buffer, vortex gently

incubate and shake at 56°C for 15 min (e.g. by using a thermomixer), agitate

add 1,000 pl Binding Buffer, vortex gently

15 put a spin column in a new Falcon tube

transfer the mixture of the steps 1.-5. (about 3,125 pl) to the spin column
centrifuge for 3 min at 1,900 x g

add 1,000 pl Inhibitor Removal Buffer

centrifuge for 2 min at 4,500 x g.

. add 2,000 ul Wash Buffer

centrifuge for 10 min at 4,500 x g.

A S T A Ll

[—
e

20

—

. discard flowthrough and put filter column on a new Falcon tube
eluate with 300 pl pre-heated (70°C) Elution Buffer

incubate for 5 min at room temperature

—
vk

25

—
*

centrifuge for 2 min at 4,500 x g.
OD measurement of the eluate at 260, 280 and 320 nm

—
N



8. centrifuge for 3 mn at 1,900 x g 9. add 1,000 | Inhibitor Renoval Buffer
10. centrifuge for 2 min at 4,500 x g. 20 11. add 2,000 pd Was&JEuRPes 12.
centrifuge for 10 min at 4,500 x g. 13. discard flowthrough and put filter
colum on a new Falcon tube 14. eluate with 300 | pre-heated (70C) El ution
Buf fer 15. incubate for 5 mn at roomtenperature 25 16. centrifuge for 2
mn at 4,500 x g. 17. OD neasurenent off7the eluate at 260, 280 and 320 nm 18
July 2006 -27 Table 3 Yield of human DNA, in [g/m bl ood] Experinment
1Experinment 2Experinment 3Experinment 4 (a)8.7211.7821.2317.96

(b)8.8112. 5TdMe4317. 30 Mean8. 7712. 1819. 3317. 63 SDO. 060. 552. 680. 46 (a) and
(b) indicate data fromreplicate experinents; SD:. standard deviation 5 Table
4 DNA purity as determ ned by 260 nm 280 nmratios with 320 nm correction
(a) (b) Exﬁi@id@ffdmmar@ﬂémmélgfmﬂﬂﬂp@rl ment 3Experinent 4 1.951.921.871.88
1. 961. 851.881.84 (a) and (b) |nd| cate data from repl icate experinments (see
Table 3) Wth regard to mpurity—of pPNA—a260—m280—rnmragtio—(inctudi ng 320
nm correction) of 1.8 |@xperinentdgaddperimentiei| fgperment ahxpertmentthtia show
that the 10 rre%ll?od accorn di n% 3;2) t he in){?%i on,; thaf 7ks tg sayl7t9tge rret hod of
Experiment 4 oduces ettalt w A i

(1T rot—aDNA—ot—hi gryer—purt t y} conpar ed
with the the Hothod of |Expetdlmant |3, ER&Apl e |3 1743 17.30
Mean 8.77 12.18 19.33 17.63
SD 0.06 0.55 2.68 0.46

(a) and (b) indicate data from replicate experiments; SD: standard deviation

5 Table 4

DNA purity as determined by 260 nm/280 nm ratios with 320 nm correction

Experiment 1 | Experiment 2 | Experiment 3 | Experiment 4
(a) 1.95 1.92 1.87 1.88
(b) 1.96 1.85 1.88 1.84

(a) and (b) indicate data from replicate experiments (see Table 3)

With regard to purity of DNA, a 260 nm/280 nm ratio (including 320 nm
correction) of 1.8 £ 0.1 is regarded as being acceptable. The data show that the

10 method according to the invention, that is to say the method of Experiment 4
produces equally pure (if not a DNA of higher purity) compared with the the
method of Experiment 3.

Example 3
(A) Reagents

15 a) Lysis buffer / binding Buffer, chaotropic (7M [lysis buffer] / 4M [binding
buffer] guanidinium thiocyanate, 50mM Tris-HCl, 20% Triton-X100, pH 6.0)
b) Inhibitor Removal Buffer (5M guanidinium HCl, 20mM Tris-HCl, 38%
ethanol, pH 6.6)
¢) Washing Buffer (20mM NaCl, 2mM Tris-HCI, 80% ethanol, pH 7.5)



(A) Reagents 15 a) Lysis buffer / binding Buffer, chaotropic (7M[lysis
buffer] / 4M[binding buffer] guanidiniumthiocyanate, 50mV T8 jdyB9G 20%
Triton- X100, pH 6.0) b) Inhibitor Renoval Buffer (5M guanidinium HC, 20nM
Tris-HCt, 38% ethanol, pH 6.6) c) Washing Buffer (20mM NaCl, 2nM Tris-HCl,
80% et hanol, pH 7.5) 18 July 2006 -28 d) Elution Buffer (50mM Tris, pH 8.1)
e) Ethanol (absolute) Addi tionally nee&¥sary: dass fibre filter colums (
with silica nmenbrane, Nucl eoSpin Blood L, conmercially available from
Macher ey- Nagel erlrrent 5, one-step procedure: Lysis Buffer: 7M no
bi ndi ng bufcger%lltl@mﬁufftr (EW'EFWM% pipetted into a 15 nl Fal con tube,

1, 000 | It;yse)z mgﬁ&éabsgﬂltm was added aﬂd thelvit ube was vortei(ed Thg mxtﬁre
was i ncubate at_56C _on Ther no xer neWF con tube with a
gl ass fi br eAddifipgal YcB?%Wﬁ%@asspﬁ‘b"\?l @é"d ephemnpd with %l%aaFPﬁFrg’rb?eeMatl on
(about 2, OQQu&leos;pkmebbamec&ﬁnﬁmm&aﬁbueoﬂﬂoxﬁ Madl'ﬂére?@ﬂage[)anSf erred to the
filter colum1 ter centrifugation at 1,900 x g for 3 mn 1,000 |

I nhi bi tor Renoval Buffer was transferred to the colum, followed by another
cent r bf ugat (B) Expéreipest 5, bneS2pprocedare: 2¥§i§ Buffét 78, nbd bﬁiding Buf@20 | Washi ng
Buffer was transferred to the colum, tollowed by centrifugation at 4,200 x
g for 10 mn. The fl owm hrough was di scarded and the filter colum was 15 put
on a new Fal,o@hult EDEA k&mmdrampmleﬂéctlmciacﬂsﬁ meFacal utbedl,080 phLEsdObwffeor e- heat ed

(70C) H uti @rMEW I %ded 8 tEe t{ltbeQ«pas @?;tg)?ed 'ﬁ?% mEJ[tarestJg giﬂ)ake% ffg\)p ?% Sﬁhurm and

i ncubated f ARGt Yoom ntr| 200 x
for 2 mn attt$é°(fbo\m1FheomgHvIuoas Pameaﬁzlewh bx,beopth a:gllasscﬁins 1tyr erdarmarveatent at

230, 260 0 L
Bt ter - 7w PR st T ik |l Phfepilby P (aP, 08P B DERRMMIdEe LY SLS
Fal cdf tubeconxeronmqn 1.5 M)swantransferradrtonghe flter selian. fHter ogptrifugasioneai

vort exed. Tf‘@od&?tf’df 8 Was ]!dibbupﬁtlﬂﬁbft&r R%élo%lnBuﬁér @Q@tﬁﬁs@n@ﬁ'%n&e'\ﬂ Xer.
5000 Bi ndi ng_ Buf m xed vaortexing. A n eél Fal con tube
ers

with a gl as®4mpy @llpwpci By ae@qiawqxﬁ@gﬁﬁl%fta%at 4400 X §doD2 Mo

prepar at i o (EEIWashiRE Butfer WivaRids@prR a6 MELHlhRn| Hlloded br)ceﬂﬁlﬁu afubansf erred

to the filter zco%'xg br 10 M. THEHowehib33h Wil dbarted Ind thaled! cofuin Was' 2°° !

15 put on a new Falcon tube. Bound nuc1e1c acids were eluted using 500 pl pre-heated
(70°C) Elution Buffer. The Elution Buffer was transferred to the column and
incubated for 5 min at room temperature. After centrifugation at 4,200 x g for 2
min the flowthrough was analyzed by optical density measurement at 230, 260, 280
and 320 nm.

20 (C) Experiment 6, two-step procedure: Lysis Buffer: 7M, Binding Buffer: 4M

1,000 pl EDTA blood was pipetted into a 15 ml Falcon tube, 1,000 pl Lysis buffer
(7 M) was added and the tube was vortexed. The mixture was incubated for 15 min
at 56°C on a Thermo Mixer. 500pul Binding Buffer (4 M) was added mixed by
vortexing. A new Falcon tube with a glass fibre filter column was provided and the
25 whole sample preparation (about 2,500 pl; chaotrope concentration 4.5 M) was
transferred to the filter column. After centrifugation at 1,900 x g for 3 min 1,000 pl
Inhibitor Removal Buffer was transferred to the column, followed by another
centrifugation step at 4,200 x g for 2 min. After that, 2,000 pl Washing Buffer was
transferred to the column, followed by centrifugation at 4,200 x g for 10 min. The
30 flowthrough was discarded and the filter column was put on a new Falcon tube.
Bound nucleic acids were eluted using 500 pl pre-heated (70°C) Elution Buffer. The

Elution Buffer was transferred to the column and incubated for 5 min at room



| nhi bi tor

Renoval

Buf fer was transferred to the col um,

fol |l oned by anot her

centrifugation step at 4,200 x g for 2 min. After that, 2,000!8Julag®¥itng

Buf f er was
g.for 10 mn.

on a new Fal con tube.
pre-heated (70C) Elution Buffer.
colum and i ncubated for
centrifugation at 4,200 x g for 2 min the flowt hrough was

transferred to the col um,

foll owed by centrifugation at 4,200 x

The 30 fl owt hrough was di scarded and the filter colum was put

5 mn at

Bound nucl eic acids were eluted using 500 |
The -Bution Buffer was transferred to the
room 18 July 2006 -29 tenperature.

After
anal yzed by

optical derntsinpygrateas Wfemsentrifug2®, a2 @200 280foanl 1820 therflowttsbegts wésel d of

(b) 11. 350 TR TRori bt LRE R BERn e SDE KT oA ST AREZ 2 Bt from

replicate experinents;

det er m ned By,
Experi nent 'E)%x
data fromreplicate experinments (see Table 5) Exanple

Lysi s buff eyield &ihﬂﬁ—iaﬂg)ﬁﬁfifnqu/lﬁ]k@%cgopi c (7TM[lysis buffer] / 5M[lysis
r

SD: standard devi ation
&60 nm 280 nmratios with 320 nmcorrection (a)
perinment 6 1.921.94 1.881.81 1.901.88 (a) and (b)

Table 6 DNA purity as

(b) nean
i ndi cate
10 (A) Reagents a)

buffer] / 4M[binding burfe guani di ni um t hi ocyanate, 50nmM Tris-HCl, 20%
Triton- X100, pH 6.0) b) Inhibitor Removal Buffer (5M guanidinium HCl, 20nM
Tris-HC1, 38% Experiment 5 | Experiment 6

(a) 5.95 11.35

(b) 11.35 13.02

Mean 8.65 12.18

SD 3.82 1.18

5 (a) and (b) indicate data from replicate experiments; SD: standard deviation
Table 6

DNA purity as determined by 260 nm/280 nm ratios with 320 nm correction

Experiment 5 | Experiment 6
(a) 1.92 1.94
(b) 1.88 1.81
mean 1.90 1.88

(a) and (b) indicate data from replicate experiments (see Table 5)

Example 4
10 (A) Reagents

a) Lysis buffer / binding Buffer, chaotropic (7M [lysis buffer] / 5M [lysis buffer] /
4M [binding buffer] guanidinium thiocyanate, 50mM Tris-HCI, 20% Triton-
X100, pH 6.0)

b) Inhibitor Removal Buffer (5M guanidinium HCI, 20mM Tris-HCI, 38%

15 ethanol, pH 6.6)

c) Washing Buffer (20mM NaCl, 2mM Tris-HCI, 80% ethanol, pH 7.5)

d) Elution Buffer (50mM Tris, pH 8.1)

e) Ethanol (absolute)



15 ethanol, pH 6.6) c) Washing Buffer (20mM NaC, 2nM Tris-HC, 80% et hanol ,
pH 7.5) d) Elution Buffer (50nM Tris, pH 8.1) e) Ethanol (abs®dJuly@p0as July
2006 -30 Additionally necessary: G ass fibre filter colums ( with silica
menbrane, e.g. NucleoSpin Blood L, comrercially available from

Miacher ey- Nagel ) (B) Experinent 7, one-step procedure: Lysis Buffer: 7M no
bi ndi ng buffer 1,000 | EDTA bl ood was-pppetted into a 15 m Fal con tube,
1,000 I Lysis buffer 5 (7 M was added and the tube was vortexed. The

m xture was incubated for 15 mn at 56C on a Therno M xer. A new Fal con tube
w th a gl asadditibnhalyf hhdewar)ccﬂ}lrasmﬁbfesﬁlt@r ooluched (amdicht kiﬁca/mmnebmaerpé.ga
preparatio b chaot 0 opcentr ati Q M was transferred
Do PRt Dot Bogt, comBIBa Drfiigtio oy Mache FED 1S n L 060 ol

I nhi bi tor Renoval Buffer was transferred to the 10 colum, followed by

washi ng oot 1 BRBeREy SpEM prdcc{ile Tyl balel 780 RO MRS ORI pation a

4,200 x g for 10 min. The fl ow hrough was di scarded and the filter colum
was put ong ?%%‘EB?ACB&& %&Qf%ﬁ&@&‘%@%is‘aﬁ&F%be@%uﬁ’é’e'i%o@'pﬁ'lgﬁs Ysf&g 500 |

pre- heated El ution lution Buffer was transferred to the

col um? and @M) waspddedrnddhe subeiwasyortexrsdmlbe migiug Wrsinculated fog dammips ygat i on

at 4,200 X g 9o od a ThédmloNlisfet. WhEY BhIgHn Ve vAtRh ¥REORH¥ ﬁspuaf taainndrms' ty
60, 280 . and 320 nm (O er| ment go step

measur enent at

procedure: l’.’&%’l‘égBﬁfléeF}*e SRROlE; fAIMRlE BIAPR Orl4 ”(50@ QOOEIBJFAC FEWPwas

pi Set Led [ B&dhc@nﬂtﬁldﬂ 3. Ei}épwas trdRdferrdd Qﬁﬂlelﬁltéx‘scblimﬁmgAﬁér ceBfiflfatidn ﬂgg Cadded
and the tu svrtexe e m.xtur ed far m,n_a on a
Thermo M xeb?0%59800BihdiAgL @3} Pg]rln}%‘ﬁ‘t%\i\%é‘éo Qﬁﬁ&ﬁ‘g W%e&ra&?é“\?grttoe ®ng. A new
Fal cai® t ubecohiini, follgvad Hyfanbther téﬂttlﬁrganonh step arzvaszomctgvfbﬁlednmndﬂhhélat whol e
sanpl e prep i abo 500 oL r nc ati.on._3

transferr ed?’p86 Pﬁw %hlfltger ffg% 8sntﬁan ,g?frf %rtoégg ?cpl[ I;Nedb Cfnggﬁlg\@mo\ﬁ/af or 3
mn 1,000 |at26200mhg fort By mRerthedlovBhidugh weash&calad@ faedrthd ﬁttor cdiem@omusrm

fol | oved by ﬁ FQ.EQIE btHeU B8k Hu&&@&a&&w vt d(uﬂn{; 50 fl aftidt er that,
3 o0 fommecheag

2,000 | rg was transferred t eco
centrif ugat {7(9 htEhlthZO@ufferg Ther Elugion B.uffer h‘éas fiﬂaéﬁlﬁeltr?d saghe W@h-lfﬂils@&lr ded and

the fjsl ter gRLbIIEd ¥&S5 PMh RFo8mNeWpeak &N ARP Eentrifugation at 4,200 x g for 2
min the flowthrough was analyzed by optical density measurement at 230, 260, 280
and 320 nm. :

(C) Experiment 8, two-step procedure: Lysis Buffer: 5M, Binding Buffer: 4M

1,000 ul EDTA blood was pipetted into a 15 ml Falcon tube, 1,000 pl Lysis buffer

20 (5 M) was added and the tube was vortexed. The mixture was incubated for 15 min
at 56°C on a Thermo Mixer. 500l Binding Buffer (4 M) was added mixed by
vortexing. A new Falcon tube with a glass fibre filter column was provided and the
whole sample preparation (about 2,500 pl; chaotrope concentration 3.5 M) was
transferred to the filter column. After centrifugation at 1,900 x g for 3 min 1,000 pl

25 Inhibitor Removal Buffer was transferred to the column, followed by another
centrifugation step at 4,200 x g for 2 min. After that, 2,000 pl Washing Buffer was
transferred to the column, followed by centrifugation at 4,200 x g for 10 min. The
flowthrough was discarded and the filter column was put on a new Falcon tube.
Bound nucleic acids were eluted using 500 pl pre-heated (70°C) Elution Buffer. The

30 Elution Buffer was transferred to the column and incubated for 5 min at room
temperature. After centrifugation at 4,200 x g for 2 min the flowthrough was
analyzed by optical density measurement at 230, 260, 280 and 320 nm.



Bound nucl eic acids were eluted using 500 | pre-heated (70C) Elution Buffer.
The 30 Elution Buffer was transferred to the colum and i ncubl Bdy 2006 5 mi n
at room tenperature. After centrifugation at 4,200 x g for 2 mn the

fl.ow hrough was anal yzed by optical density neasurenent at 230, 260, 280
and 320 nm 18 July 2006 -31 Table 7 Yield of human DNA, in [g/m bl ood]
Experiment 7Experinent 8 (a)5.957.16 ¢B}1l1l.3512. 20 Mean8. 659. 68 SD3. 823. 57
(a) and (b) indicate data fromreplicate experinents; SD. standard deviation
Table 8 5 DNA purity as determ ned by 260 nni 280 nmratios with 320 nm
correction Table7(b) nean Experinent 7Experinent 8 1.921.91 1.881.92
1.901.92 (a) and (b) indicate data fromreplicate experinents (see Table 7)
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255. -33- Patent Clainms A nethod for adsorbing a nucleic acid froma

bi ol ogi cal sanple to a solid phase, conprising the steps of (18)Julr2006di ng
an aequous lysis buffer that contains a chaotropic agent; (b) mxing the

| ysis buffer with the biological sanple, whereby the concentration of the
chaotropic agent in the mxture is bet nlM and 4 M and incubating the
m xture; (c) dissolving an additional afbunt of chaotropic agent in or
addi ng an aequous sol ution containing additional chaotropic agent to the

m xture of step (b), thereby increpgipgcidimsconcentration of the chaotropic
agent in the mxture by nore than 0.5 M (d) contacting the m xture of step
(c) with the solid phase, thereby adsorbing the nucleic acid fromthe

mxture to the sal mdthphn&sleadslihﬁngratmw@sa@rfwnrﬂg Bi6loglcal Bardple G ar sider i zed
in that the chaotropic age s.sel ected fromthe group consisting of
guani di ni um hydPll?égICBPﬁpglémgdh NPRA ﬁcum t hi ocyanat e, guani di ni um

i sothi ocyanate, an alkali iodide, and an alkali perchlorate. The method

according to any, of the.¢lainmns 1 a 3 a%ctetrlzed in_ that tthe l ysi s

i fer of step (9 cuarideEibaleBie R A SR ot brsrt " 1 et nod
accor pIiSng_ t o cl afbin 3mixahgrthet ysis zbufférn withathet helegieal nsampleh whreotbgothet i ¢
activity i's select ed flomide & e%ha@@ésgse)lﬁfm@ RIDIS PernRERYQYNASE K

Pronase E, Protease acl | I'sin e net hod
according to any of alhle‘lM,andrﬁlC!!b%tmgét e pivgHEget eri zed in that the lysis

buffer of step (@) CcaMoNiAg a8 ﬂﬁqtﬁrﬂﬁa&ou&@oﬂéﬁ%ugﬁﬁﬁageﬁéuﬁor h&mpehhod

according to claimb5, characterlzed in that. the ent in the Tysis
buffer of step (a) iquerstaleipn ¢aniaining addisigpal Cé‘éﬂ%‘?@?@ﬂifl d¢ thsomixiiicdodecy!

sul fatg Lithium dodemyedp Ithaﬂesy ince@sinkthe é@kbﬁ’t}a’imﬁwmhmg@ﬁbg@,aéem
Deoxycholi ¢ aci d, SOdltﬁ% auroB/ 5 sar coshie: Triton- X100, Tween 20, Cctyl
bet a- D- gl ucosi de, mgygs by more than

(d) contacting the mixture of step (c¢) with the solid phase, thereby
adsorbing the nucleic acid from the mixture to the solid phase.

15 2. The method according to claim 1, characterized in that
the chaotropic agent is selected from the group consisting of guanidinium
hydrochloride, guanidinium thiocyanate, guanidinium isothiocyanate, an
alkali iodide, and an alkali perchlorate.
3.  The method according to any of the claims 1 and 2, characterized in that
20 the lysis buffer of step (a) contains an enzyme with proteolytic activity.
4.  The method according to claim 3, characterized in that
the enzyme with proteolytic activity is selected from the group consisting of a
Caspase, Proteinase K, Pronase E, Protease from Bacillus sp (Esperase), and
Subtilisin.

25 5.  The method according to any of the claims 1 to 4, characterized in that

the lysis buffer of step (a) contains a detergent.



CHAPS or Sul phobetaine 14. 7. The nethod according to any of the clains 1 to
6, characterized in that the solid phase conprises a porous of8daly-20060us

m neral substrate selected fromthe group consisting of silica gel, glass
fibers, quartz fibers, and 10 zeolites. 8. The nethod according to any of
the clainse 1 to 6, characterized in thagg_the solid phase conprises magnetic
glass particles. 9. A nethod to isolate a nucleic acid from a bi ol ogi cal
sanple, conprising the steps of 15 (a) providing an aequous |ysis buffer

that contai ne. a Themkthofiaccordipto clath SMéhardeterizb@id thei S buffer with the

bi ol ogi cal sanmpl e, whereby the concentration of the chaotropic agent in the
mxture is between 1 M and 4 M and incubating the mxture; (c) dissolving
an addi tional anthandetagenthmotheopysis bokfert of Btepr (adddi sefpceod fidth aeqgup

sol uti on cont ai nj ngQ: i ticongli.chao e t to t-he m.xtur step (b),
t her eby increasi%ggFﬁggcéﬁge%#¥%Pio%&%gwthggﬁ%éotlgBP@'aggicyFiﬁ%%W% m xture
by nore than 0. 5Cafyltiniethytaovhohinmbeonside,i dDpdrgsholand acidnt sotliuny  tlduoyti xt ur e
of step (c) with - SOk e, rRby S i u E id from
the m >F<5t ure to t%até&%glg’ glt)llllt?%-eg?gs err;&%g)z%s e%‘gglaf% Ftﬁgﬂ%ﬁﬁe&glg P’l g‘*"%ﬁ%&?‘?’r omthe
li quid phase; (f§$HARS arfuilphpbataiigildg the sol i d phase of step (e) with a
washing buffer; (g) eluting the nucleic acid fromthe solid phase thereby
isolating the nuclei cid; 18 July 2006 -35 (h) optionally precipitating
the nucl ei ¢ &ci d%@ﬁ@ﬁ%@rdmgéw%m the glaimes Lo, chasrigrizethinthd preci pi t at ed
nucleic acid. 10. The nethod according to claim9, characterized in that 5

t he chaotropic .a@gnt s, selected fromthe glhou consi s%hn f gu nj[ gi ni um
hydr ochl ori de, gUSrPHf REESH MRS A LR 06 APFOHYS HInSHH %tedan

al kal i iodide, afrdmatheagioabi cqasisting asfasitica tl, Jibss fibeRpduane ditdisygndo any of
the clgjns 9 and_1 characterized in that the lysis buffer of step (a)

contai ns an enzy‘??é)(i)l\t/ﬁsth proteolytic activity and a

8.  The method according to any of the claims 1 to 6, characterized in that
the solid phase comprises magnetic glass particles.

9. A method to isolate a nucleic acid from a biological sample, comprising the
steps of

15 (a) providing an aequous lysis buffer that contains a chaotropic agent;
(b) mixing the lysis buffer with the biological sample, whereby the
concentration of the chaotropic agent in the mixture is between 1 M
and 4 M, and incubating the mixture;
(c) dissolving an additional amount of chaotropic agent in or adding an
20 aequous solution containing additional chaotropic agent to the mixture
of step (b), thereby increasing the concentration of the chaotropic agent
in the mixture by more than 0.5 M;
(d) providing a solid phase and contacting the mixture of step (c) with the
solid phase, thereby adsorbing the nucleic acid from the mixture to the
25 solid phase;
(e) separating the solid phase from the liquid phase;
(f) optionally washing the solid phase of step (e¢) with a washing buffer;
(g) eluting the nucleic acid from the solid phase thereby isolating the

nucleic acid;



10 detergent. 12. The nethod according to claim1ll, characterized in that
the enzynme with proteolytic activity is selected fromthe grodp Jalgr206ti ng
of a Caspase, Proteinase K, Pronase E, Protease fromBacillus sp
(Esperase), and Subtilisin, 15 and the detergent is selected fromthe group
consi sting of Sodium dodecyl sulfate, _kikt_hi um dodecyl sulfate,

Cetyl tri nmet hyl ammoni unbrom de, Deoxycholic acid, Sodiuml auroyl sarcosine,
Triton- X100, Tween 20, COctyl beta-D gl ucoside, Nonidet P40, CHAPS and

Sul phobet ai ne 14¢h)13optidiallypidristatiag ettt acidlodistepl@) frohathaeerd zed in
that 20 the m xture of ]r??t e@r g;??{)‘«‘ .c%gt(gi ns .z hedbi ol ogi cal sanpl e, guanidinium
thi ocyanate at a cont@t'PALTINGPIUBOTCICH%Tris salt at a concentration of
about 25 mM Triton-X100 at a concentration of about 10% vol une by vol une,
and Proteinase K, whereby the proteolytic activity of Proteinase Kin the
m xture is about 3 Um, and whereby the pH of the mxture is about 6. 25
14. The net hde atheomdtheg aceordingitenclabm 9¢ blzarant¢remed amthak n t hat 18 July 2006 - 36
the m xture of step (b) contains the biological sanple, guanidinium

hydrochl ori de at a concentration of about 2.7 M urea_ at a concentration of
about 5 mv Tri stheaghaotepig agshicisntelestadofioms thassonp Sopmiatingr of guanidinigmat a

concentration of hﬁﬁ@@mor@%;gwﬁmnﬁm lodatNgh iR Aoy the! oy the S

proteolytic activ t%.%ﬁlPro ei nase K%b@ he m Xture i s about Un, and
wher eby” the pH oflkehiPdide apd an plkabgersblordt® 4 and 6.5. 15. The nethod
according to claim 12, characterized in that the m xture of step (b)
contains the,bio i cal ,sanmpl.e, .qguani dini ym d hl.ori de. at.

concentrat i oﬁP'of Jrﬁ%&?ﬁmg.a&é%flm@rtgén%?f] e&%ﬂf&%ﬁ#@?ﬁ’oﬁm@?g%e‘iﬂb%?t 1.6 nmV
Tris salt at a concentration of about 85 nmV] EDTA at a concentration of
about 88 nM Na . C i [ - a
concentration quh §§%ﬂ?bﬁ%}vﬁ%@%§&%}§%ﬁ§n§%% %%@F%@gaﬁ&&nﬁr eaby t he

proteolGtic actid¢tergentf Proteinase Kin the mxture is about 3 Uni, and
whereby the pH of the m xture is between 4.4 and 6.5. 15 16. The net hod
according to_claim 13, characterized in that the m xture of step (b) is

i ncubat ed f of210Ths Aethodageordimede clpimdipeheractsrized in that

the enzyme with proteolytic activity is selected from the group consisting of a
Caspase, Proteinase K, Pronase E, Protease from Bacillus sp (Esperase), and
Subtilisin,

15 and the detergent is selected from the group consisting of Sodium dodecyl
sulfate, Lithium dodecyl sulfate, Cetyltrimethylammoniumbromide,
Deoxycholic acid, Sodium lauroyl sarcosine, Triton-X100, Tween 20, Octyl
beta-D-glucoside, Nonidet P40, CHAPS and Sulphobetaine 14.

13. The method according to claim 12, characterized in that

20 the mixture of step (b) contains the biological sample, guanidinium
thiocyanate at a concentration of about 2 M, Tris salt at a concentration of
about 25 mM, Triton-X100 at a concentration of about 10% volume by
volume, and Proteinase K, whereby the proteolytic activity of Proteinase K in
the mixture is about 3 U/ml, and whereby the pH of the mixture is about 6.

25 14. The method according to claim 12, characterized in that



bet ween about 20C and about 75C, whereby the m xture is agitated. 17. The
met hod according to any of the clainms 9 to 16, characterized i18 Julya006he
solid phase conprises a porous or non-porous mneral substrate selected 20
fromthe group consisting of silica gel, glass fibers, quartz fibers, and
zeolites. 18. The nethod according to agy_of the clains 9 to 16,
characterized in that the solid phase conprises magnetic glass particles.
19. The nethod according to any of the clains 9 to 18, characterized in that

the 25 biologi cib fikitee oFOBRpI BHS cHREIET ihd! bioddi®al SKFEY PuakidfihihS.
viruses or-m thlljyrd?gchlioq—led’eeac%fd concentration of about 2.7 M, urea at a concentration of
about 5 mM, Tris salt at a concentration of about 5 mM, Triton-X100 at a
concentration of about 9% volume by volume, and Proteinase K, whereby the
5 proteolytic activity of Proteinase K in the mixture is about 3 U/ml, and

whereby the pH of the mixture is between 4.4 and 6.5.
15. The method according to claim 12, characterized in that

the mixture of step (b) contains the biological sample, guanidinium
hydrochloride at a concentration of about 2.4 M, urea at a concentration of

10 about 1.6 mM, Tris salt at a concentration of about 85 mM, EDTA at a
concentration of about 88 mM, NaCl at a concentration of about 8§ mM,
Triton-X100 at a concentration of about 9% volume by volume, and
Proteinase K, whereby the proteolytic activity of Proteinase K in the mixture
is about 3 U/ml, and whereby the pH of the mixture is between 4.4 and 6.5.

15 16. The method according to claim 13, characterized in that

the mixture of step (b) is incubated for 10 min to 30 min at a temperature
between about 20°C and about 75°C, whereby the mixture is agitated.

17. The method according to any of the claims 9 to 16, characterized in that
the solid phase comprises a porous or non-porous mineral substrate selected
20 from the group consisting of silica gel, glass fibers, quartz fibers, and
zeolites.
18. The method according to any of the claims 9 to 16, characterized in that
the solid phase comprises magnetic glass particles.
19. The method according to any of the claims 9 to 18, characterized in that the

25 biological sample comprises bacterial cells, eukaryotic cells, viruses or
mixtures thereof.





