Met hod for Washing a Col utm And Met hod. for Extracting
Menbr ane- Bound Tar get Ml ecul es Background of the
Invention 1. Field of the Invention The present
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membranes may be centrifugal force, when the process is manipulated on a centrifuge,

or atmospheric pressure, when vacuum manifold is adopted.

Generally, the purification procedure using silica membrane chaotropic technology
comprises three steps, i.e., binding, washing, and eluting. The handbook for these
commercial products usually provides two procedures for the operators’ choice. One
is centrifuge protocol, and the other is vacuum protocol. Compared to vacuum
protocol, the centrifuge protocol comprises more steps and takes longer time, and
therefore it is suitable for handling less number of samples. However, the centrifuge
protocol is more stable because the liquid in the column passes through the
membrane(s) more completely after each centrifugation procedure, and the residue of
liquid scarcely remains in the column. On the other hand, the vacuum protocol is
easier to operate and takes less time compared to the centrifuge protocol, and therefore



easier to operate and takes less tine conpared to the
centrifuge protocol, and therefore -1 it is suitable
for handling a | arger nunber of sanples. However, the
vacuum protocol is unstable because usually, the
liquid in the colum is unlikely to pass through the
menbr ane(s) conpletely after each vacuum procedure,
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enough, the residue of organic solvents cannot be eliminated.

Therefore, it is valuable to devise a method for washing a column and & method for
extracting membrane-bound target molecules, such as silica-membrane-bound nucleic
acids, DNA, or RNA, for the application of vacuum protocol, especially for
automation, to eliminate the residue of organic washing liquid, while no additional

centrifugal step or heating step is necessary.



yield of nuclei.c acids m ght be reduced as a result.
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membrane column for next elution step.

According to the other aspect of the present invention, a method for extracting
membrane-bound target molecules containing the above washing method comprises

the steps of:

a) preparing a column containing at least one membrane at its bottom end,

b) filling the column with a solution containing the membrane-bound target
molecules and impurities;

¢) drawing the solution through the membrane such that the membrane-bound
target molecules are bound to the membrane and the solution is drained out
of the column

d) filling the column with a first washing liquid to remove the impurities while
still leaving the membrane-bound target molecules bound on the membrane,

e) drawing the first washing liquid through the membrane and out of the
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b) filling the cotum with a solution containing the

menbr ane- bound target nolecules and inpurities; c)

drawi ng the sol ution through the nmenbrane such that
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according to a preferred enbodi nent of the present
i nvention; Descriptions of the Drawings

Fig. 1A illustrates a step of the method according to a preferred embodiment of the
present invention,

Fig. 1B illustrates a step of the method according to a preferred embodiment of the
present invention;

Fig. 1C illustrates a step of the method according to a preferred embodiment of the
present invention,

Fig. 1D illustrates a step of the method according to a preferred embodiment of the
present invention;

Fig. 1E illustrates a step of the method according to a preferred embodiment of the
present invention;

Fig. IF illustrates a step of the method according to a preferred embodiment of the
present invention;

Fig. 1G illustrates a step of the method according to a preferred embodiment of the
present invention; and

Fig. 1H illustrates a step of the method according to a preferred embodiment of the

present invention.



Fig. 1 Cillustrates a step of the nethod according to
a preferred enbodi nent of the present invention; Fig.

IDillustrates a step of the nethod according to a
preferred enbodi nent of the present invention; Fig.
l1E illustrates a step of the nethod according to a

preferred enbodi nent of the present invention; Fig.
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column, has been bound with target molecules, such as nucleic acid, DNA, or RNA

and contains impurities, such as non-target molecules, for example, residuals of
organic washing buffer or chaotropic salts after a washing step, a washing liquid
having a capability of releasing the membrane-bound target molecules from the
membrane to a liquid-free form, such as water or an elution buffer compatible with the
subsequent applications of the target molecules, is loaded into the column, the target
molecules will be further brought into the membrane with the washing liquid pulled
downwards by osmosis as soon as the washing liquid dissolves the bound target
molecules to a free form. Consequently, the target molecules and the liquid remained
in the column are separated by the membrane. Accordingly, almost all of the target
molecules are in or have passed through the membrane, while most of the impurities
are still contained in the washing liquid and remained in the column. While at least a
portion of the washing liquid in the column that does not pass through the membrane
is removed, the impurities will be also removed together and almost none or a tiny
amount of the target molecules are lost, which can subsequently effectively reduce the

contaminations from the previous washing step (if any) for the subsequent eluting step.



assuned that the liquid in the colum hardly contains
the target nolecules. Accordingly, after a nmenbrane
colum, such as a silica or glass nenbrane spin
col um, has been bound with target nol ecul es, such as
nucl eic acid, DNA, or RNA and contains inpurities,
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i)
liquid for the recovery of the membrane-bound target molecules (referring to Fig.
1H).

Experiment:

Genomic DNA is purified using the QIAGEN QIAamp DNA Blood Mini kit
according to the vacuum protocol. Briefly, a 1.7 ml blood sample in a 5 ml tube is
mixed with 170 pl QIAGEN protease and 1.7 ml buffer AL, then, incubated at 56°C
for 16 min, adding 1.7 ml ethanol to the sample, and mixed again by pulse-vortexing
for 20 sec, then, aliquot 630 pl into 8 QlAamp spin columns, continuing the wash
steps. At the end of the washing step, each spin column is weighted to approximately

evaluate the amount of the residual washing liquid in the column; the average weight
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of the colum 10 (referring to Fig. 1 B); d) filling
the colum 10 with a first washing liquid 13, which is
often organic, so as to renove the inpurities while
still leaving the target nol ecul es bound on the
menbrane (referring to Fig. 1C); e) drawing the first
washing liquid 13 through the nenbrane 11 and out of

of spihhwluranlisi icrddked rte 250 migng/- Comigi @ cokbPared Yo thdit ofiginaheveight.

|l ym, 10 with a.second washing |liquid 14, such as an
Th“'“éﬁ%#i"ﬂﬂ‘%‘ﬂﬁ?‘fﬁampé?s %@Y‘%&H&P%&Pﬁ@capabi lity of
rel easi ng the nenbrane-bound target nolecules from :
the ne anes t.0 | 1 quid-free form (referring to .
1 IUFE'@‘%“PI %’ioogyl ?éélavn&@%é (égédﬁépniﬁc[ﬁ% q $RiRjcglurgns without
fubtheM kRS vingP tef r&sti&uaqowgmn%%&ﬁ"&f & [thBY%olhn BlloWEd by a
hg_flll.lng the colum 10 wTh an elution liquid 15 so
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adding 1.7 m ethanol to the sanple, and m xed again
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Eplé!p . esidual washing liquid in the col um;
Dl? e a%‘"’é‘?é%‘t ﬁg{l'ght -6 of spin colum is increased to

25 ng +/- 2 ng as conpared to their original weight.
4. In Group IV, 850 pl of buffer (AE) is added into the spin column, and then is
removed immediately. Finally, adding 200 pl of elute buffer (AE) and eluting
genomic DNA by centrifugation.,

The DNA quantity (0.D.260) of each sample is determined by the photo-spectrometer
so as to evaluate the yield of nucleic acids. In addition, quantitative PCR (QPCR)
using QuantiTect SYBR Green PCR kit (QIAGEN) is employed to evaluate the
influence of different washing methods on QPCR by amplification and detection of
GAPDH,; 15 pl of eluate containing genomic DNA from each sample is mixed with 35
pl of QPCR master reagent containing primers. The results are listed in Table 1
below.

Table 1

Group | Sample | Yield (OD260) | Ct of QPCR

I 1 6.5 ug 27.0
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buffer AE or water, has the capability of releasing the nucleic acid from silica
membrane. Further, analysis of the inhibition effect of the residual washing liquid in
the columns from the previous washing step using QPCR shows that, Group I, without
removing the residual washing liquid in the columns, has Ct values of about 27,
whereas Group II has Ct values of about 23 using centrifugation to remove the residual
washing liquid in the columns. The result obviously shows the inhibition effect of
QPCR due to the co-elution of genomic DNA with the residual washing liquid in the
The Ct values of QPCR in Groups Il and IV are all about 23 and close to

the Ct values of Group II, showing that the method of the present invention can

columns.

effectively remove the residual washing liquid in the columns from the previous

washing step.

In conclusion, the present invention offers a method for washing a column and a
method for extracting membrane-bound target molecules which are characterised by
using an eluting buffer, water, or even any expected buffer as an additional washing
liquid to effectively remove the impurities or residual washing liquid in the column

from the previous washing step. The present invention can replace the
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22.9 From Table 1, it can be seen that the yields of

four Groups are all close to each other, therefore,

t he nmethod of the present invention does not reduce

the yield of nucleic acid preparation, while adding
aforcmnmtm@dnaddlgonhle cantdlfugatml ovvalmrhng stiegubdwesuctheasraditional

byf f er 1 h [
WaShlP &l Sé%% tﬁﬁ‘ g‘h‘“??e?%" aCIhC?"l:t ro %ﬁcsmg etgg%ﬁgﬁ r anlgg{ molecules
(nucldroimtide)y foradﬂhd:g/ﬁicmhrénd hlmatnmlpndotehhmiiogjf fusitig o inemiterane column

resi dual hi.ng |i qui e colu s.fromthe
or a spEoRYS WEIAIIgse ey o PRerebpbsBRURD FHATORRR |
wi t hout reaning t he resi dual mashlng I|qU|d in the
..cqlums, has C val ues of about 27 o]
Whlqug‘se @tvemruilé s drenpsisserited (s farms el rﬂfFf?‘x %‘% ment those
skilled ei‘ﬁo‘ﬂ?e | ¥ g&lﬂ%mse"‘ﬁﬁ'ﬁ' thg iﬂv@ﬁ%&%' &t Qﬁllcﬁé Soed with

resu the i itron effec
modl@a@mauﬁlthm thh 8pitid aeqi seansrridhe appasded cloimswi t h t he
residual washing liquid in the colums. The G val ues
of QPCRin Goups Il and N are all about 23 and cl ose
to the G values of Goup Il, show ng that the nethod
of the present invention can effectively renove the
resi dual washing liquid in the colums fromthe
previous washing step. In conclusion, the present
invention offers a method for washing a columm and a
nmet hod for extracting nenbrane-bound target nol ecul es
whi ch are characterised by using an eluting buffer,
wat er, or even any expected buffer as an additi onal
washing liquid to effectively renove the inpurities
or residual washing liquid in the colum fromthe
previ ous washi ng step. The present invention can
repl ace the




-8 aforenenti oned additional centrifugation or heating
step between the traditional washing step and the
eluting step without reducing the yield of target
nol ecul es (nucleic acids) for silica nenbrane
chaotropi c technol ogy using a nenbrane colum or a
spin colum, while it is so easy for operation,
Whaendsingéd j5:f or automation. While the invention has
been described in terms of a preferred enbodi nent,
1. Armethed fok meslung arcolwmn sontajping at lesstaie menthgang, papurities and
' j [ ] i th ..nodifications,
et Ouerett bl echfes ERGRLERRd iur 00 clai ma. oo
What is clained is: 1. A nmethod for washing a col umm

i NirNQ. | east on enbr.an i rities and
a R LA ha v PR BPRBITRY frctieasin Tis mierayR-hound target
mbt]nules_a‘?omshé mgnbrape t zhb tiquidgfree €arpal loaded 1|@f thefco]umn and at
rel easi.ng t nmenpr ane- .target, nmolecules from
lepft RIOR TdBe Saahinegind FHL 40 Pl salpain thaerscns! es through
theGhétibranBds skbseh@éftly feniWell #6mahe LORIMR &S it @ffbétfitbld remove
left i.n the, colum that does not pass through the

thedmpraHes indthe ¢al@uent |y renmoved from the col um as to
effectively renove the inpurities in the colum. 2.
The nmet hod of Claim 1, wherein the nenbrane is a
2. Thy methpdonf Glaum 4, whateim the membrins inatsiling wfgldisanembrane.
wherein the target nol ecules are nucleic acids, DNA,
or RNA. 4. The nethod of Caim1l, wherein the washing
3. Thé guihbd of Glaiml Lt whéreidf the. tardet nidlecutes hedmadleiClaridyy DNA, or
Rjg;l{erei n the washing liquid is water. 6. A nethod for
‘racting nmenbrane-bound target nol ecul es conprising
the steps of a) preparing a colum containing at

4. TRAEHOAREIRR dongereom theoNEsing gors et REERoung
t ar get

5. The method of Claim 1, wherein the washing liquid is water.

6. A method for extracting membrane-bound target molecules comprising the steps

of:

a) preparing a column containing at least one membrane at its bottom end;

b) filling the column with a solution containing the membrane-bound target
molecules and impurities;

¢) drawing the solution through the membrane such that the membrane-bound
target molecules are bound to the membrane and the solution is drained out
of the column

d) filling the column with a first washing liquid to remove the impurities while
still leaving the membrane-bound target molecules bound on the membrane;

e) drawing the first washing liquid through the membrane and out of the
column;

f) filling the column with a second washing liquid having a capability of
releasing the membrane-bound target molecules from the membrane to a

liquid-free form;
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nol ecul es and inpurities; c) drawing the sol ution

t hrough the nenbrane such that the nenbrane-bound
target nol ecul es are bound to the nmenbrane and the
solution is drained out of the colum d) filling the
colum with a first washing liquid to renove the
inpurities while still |eaving the nenbrane-bound

g} ar@getoving &muﬁm&m&zﬂ%ph ﬂri]iﬁefrdm rtlikf] ﬁrpeof the):ohlmawi ng
rst, washi [ t he ne and out
i ' EarBnihian bfief Haatet e sisagus-bound
tangd mcilecdlesm adhd;\ﬂwm forg dRaRithd inénf¥rand; %haaSI ng the
feggpane d targe; mol ecul es fromt hé menbrane to a
h wing the istion lidu throvghhthe mgmbrencsand) gellegting; thy clution
{/v: flgilﬁld ‘i‘&qme S’&%VEBPOHEI e W¥miGRhe By cﬁﬂrgét']ﬂofegﬁlegm um

lution I'i'quid so as to rereas
menbr ane-bound target nolecules to a liquid-free form

I I
7. THE A, ORHG 80rRAF D ts  5 f Hnd
I|qU| d for the recovery of the nenbrane-bound target
th f Claimé6, wh th
8. TREMEAESS Clhim ¢ cubBPghedarszt fianilos 8% e frdeitsa DYA, or
RNlAai m 6, wherein the target nol ecules are nucleic

acids, DNA, or RNA 9. The nethod of Caim6, wherein
the first washing liquid is organic. 10. The nethod of

9. TKd ﬁbﬂio@ of WI8TE 6NwhBRirS fie FRdt Wﬁéﬁih%ﬁ {dd%'o?' dnjcan elute
buffer. 11. The method of daim mherel t he second

washing liquid is water. -11
10. The method of Claim 6, wherein the second washing liquid is an elute buffer.

11, The method of Claim 6, wherein the second washing liquid is water.
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