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Abstract

The isolation and purification of nucleic acids is essential for many procedures in molecular biology. After showing that bacterial and
eukaryotic genomic DNA can be specifically bound to the CIM DEAE monolithic column, this characteristic was exploited in development of
a simple and fast chromatographic procedure for isolation and purification of genomic DNA from cell lysates that does not include the usage of
toxic organic solutions. The purity and the quality of the isolate as well as the duration of the procedure was similar to other chromatographic
methods used today for isolation of genomic DNA, but the initial sample volume was not restricted.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction on the degree of purity of the genomic DNA required for the
analysis to be performed.

Genomic DNA constitutes the total genetic information of Chromatographic purification, especially the introduction
an organism. The nature of genomic DNA, size and number of ion exchange chromatography and affinity chromatogra-
of chromosomes varies among different organisms. In con- phy has enabled the production of highly purified macro-
trast to bacteria, whose DNA is in direct contact with the molecules. The crucial factor for a successful and fast sep-
cytoplasm, the DNA in an eukaryotic cell is sequestered in aration of macromolecules is a reduced mass transport re-
the nucleus, which occupies about 10% of the total cell vol- sistance within large open-end pores/channels as described
ume[1]. Eukaryotic cells additionally contain genomic DNA by various authors like, e.g. Tennikova and co-worKar4]
in the mitochondria and plants and lower eukaryotes, in the for high performance membrane chromatography on porous
chloroplasts. Understanding the organization and function of monolithic disks or Teeters et gb] and Endres et aJ6] on
the genome requires many molecular studies and first of all stacked-membrane columns based on polyethersulfone.
an understanding of its primary structure. Monoliths are considered as a novel generation of sta-

The isolation and purification of nucleic acids is essential tionary phases introduced in the past 15 ydarsl1] As
for many procedures of molecular biology. In recent years, opposed to individual particles packed into chromatographic
many different protocols and methods have been developedcolumns, monolithic supports are cast as continuous homoge-
forisolation and purification of genomic DNA from prokary- neous phases. They represent an approach that provides high
otic and eukaryotic cells. Some of these procedures are basedates of mass transfer at lower presqi&. Mass transfer in
on phenol extraction and alcohol precipitat[@h, while oth- monoliths is mainly based on convection and that is the basis
ers are based on chromatographic separation, as is the caser naming one particular type of these supports as Convec-
with most commercial kits. The choice of a method depends tive Interaction Medi& (CIM) [13].

In this article, an application of ClIfimonolithic columns
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2. Experimental

2.1. Chemicals
Luria—Bertani (LB) medium was from Institute of

Immunology Inc. (Zagreb, Croatia). Tris(hydroximethyl)-
methylamine, ethylene—diamine tetraacetic acid (EDTA),

isopropanol, boric acid, sodium acetate and ethidium bro-

mide were purchased from Sigma (St. Louis, MO, USA).
Ethanol and 34-morpholino)propanesulfonic acid (MOPS)
were obtained from Amresco (Solon, OH, USA). RNase
A, lysozyme, proteinase K, Tween-20, Triton X-100,
guanidineHCI, MgCly, sucrose\ DNA-Hindlll digested
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TrisCl, pH 8.0; 50 mM EDTA pH 8.0; 0.5% Tween-20; 0.5%
Triton X-100 and 20@g/mIRNase A). Lysozyme (2 mg/1 mli
bacterial culture) and proteinase K (final concentration of
100pg/ml) were added in the homogeneous suspension and
the solution was incubated at 3Z for 30 min. Solution of
3 M guanidineHCI and 20% Tween-20 was added to the
lysate (in volume of 0.3 volume of lysate) and the lysate
was incubated at 5GC for 30 min. Lysate was mixed with an
equal volume of chromatographic binding buffer and it was
applied on the monolithic disk.

Suspension of MRC-5 cells was mixed with one volume of
lysis buffer (1.28 M sucrose; 40 mM TrisCl, pH 7.5; 20 mM
MgClo; 4% Triton X-100) and three volumes of ice-cold

size marker and KiloBase DNA size marker were obtained distilled water and incubated on ice for 10 min. Cell lysate
from Amersham Biosciences (Uppsala, Sweden). Qiagenwas centrifuged at 4C for 15min at 130 g and super-

Blood & Cell Culture DNA kit was from Qiagen (Hilden,
Germany).

2.2. Instrumentation

All column chromatography experiments were performed
usingAKTA purifier (Amersham Biosciences, Uppsala, Swe-
den).

Electrophoresis of genomic DNA was carried out using

the electrophoretic unit HE 33 (Hoefer, San Francisco, CA,

natant was discarded. Pellet was resuspended in 0.25-2 ml
of ice-cold lysis buffer and three volumes of ice-cold dis-
tilled water, centrifuged at 4C for 15min at 1300« g. Su-
pernatant was discarded and pellet was resuspended in di-
gestion buffer (800 mM guanidindCl; 30 mM TrisClI, pH

8.0; 30 mM EDTA, pH 8.0; 5% Tween-20; 0.5% Triton X-
100). Proteinase K was added to the final concentration
of 100pg/ml and the solution was incubated at°&D for
30min. Lysate was mixed with an equal volume of chro-
matographic binding buffer and applied on the monolithic

USA). Agarose gels were UV illuminated and photographed column.

using Kodak digital science Image Station 440 CF (Eastman

Kodak, Rochester, NY, USA).

Spectrophotometric determination of genomic DNA pu-
rity and yield was performed by BioPhotometer (Eppendorf,
Hamburg, Germany).

2.3. Bacterial and mammalian cells

Escherichia coliDH5a cell culture (Life Technologies,
Paisley, UK) was grown overnight at 3 in LB medium.

Pellet from the appropriate volume was obtained by centrifu-

gation at 4000« g for 10 min and was resuspended in an
appropriate volume of lysis buffer.

The MRC-5 (human lung fibroblasts), obtained from the
European Collection of Animal Cell Culture (ECACC, cat-
alog no. 84113001), were grown in MEM-H supplemented
with 10% fetal calf serum. Cells that have grown in a mono-

layer were harvested using 0.25% trypsin and centrifuged at

1500x gfor 10 min at 4 C. The pellet was washed and resus-

As a positive control, the genomic DNA purified by a
commercial Qiagen Blood & Cell Culture DNA Genomic-
tip 20/G Kit was used. Maximal amount of DNA that can be
purified with these columns is 20.

2.5. Chromatographic media and buffers

CIM® monolithic columns bearing weak (diethyl-
aminoethyl, DEAE) anion group made of highly porous
poly(glycidyl methacrylate—co-ethylene dimethacrylate)
were from BIA Separations, Ljubljana, Slovenia. CiM
monolithic columns consist of a 3mm12mm i.d. disk
shaped highly porous matrix that is seated in a non-porous
self sealing fitting ring. The bed volume of one disk is
0.34ml, and the porosity is 62%. The disk shaped ma-
trix is inserted in commercially available housing (BIA
Separations) and connected to an HPLC system.

The binding buffer used for the separation of both pu-
rified genomic DNA and cell lysates on CfMDEAE was

pended in an appropriate volume of cold phosphate-buffered25 mM MOPS, 0.5 M NacCl, pH 7.0, containing 15% (v/v) iso-

saline (PBS).

2.4. Lysis of bacterial and mammalian cells

Preparation of the bacterial or mammalian cells lysate was
carried out with buffers and by procedures suggested in Qia-

gen Genomic DNA Handbook 08/2001 with some modifica-
tions as indicated.

propanol. As the elution buffer, 25 mM MOPS, 1.5M NacCl,
pH 7.0, containing 15% (v/v) isopropanol, was used.

2.6. Purification of genomic DNA using monolithic disk
CIM® DEAE disk monolithic column was placed in an

appropriate housing connected to the HPLC system. Equili-
bration of monolithic column was carried out by 50 column

Bacterial pellet was resuspended in an appropriate volumevolumes of binding buffer (25 mM MOPS, 0.5M NacCl, pH

(0.5-1 ml/1 ml bacterial culture) of lysis solution (50 mM

7.0, containing 15% isopropanol) at a flow rate of 4 ml/min.
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During the chromatography absorbance at 280 and 260 nm— 15 110

were monitored at flow rate of 3 ml/min. E }f’ T E o0
Genomic DNA was applied on a C[IMDEAE mono- Q 80
lithic column. Depending on the sample volume, application g - gg <
was carried out by using sample loop or HPLC pump. Non- % 5 A\ 50 :’;
bound substances were washed out by binding buffer at a§ 3 w R gg ko
flow rate of 3 ml/min. Elution was undertaken by using step- E 1 T = = N . z 5 7 420 @
wise gradients (at 50 and 100% buffer B, each step lasted3 W0
for 2min). Non-bound macromolecules, fractions collected <5 -10

Time (min)

during washing step as well as fractions eluted by increasing
of salt concentration were collected and further analyzed.
Reger]eratlon of CIfl DEAE disk mqnollthlc column Fig. 1. Profile obtained during chromatography of purified bacterial genomic
was carried out after each run by washing with 10 column pna on CIM® DEAE disk. During the run flow through (FT), washing (W)
volumes of 2M NacCl followed by 10 column volumes of and elution (E) fractions were collected. Binding buffer: 25 mM MOPS,

0.5 M NaOH at a flow rate of 4 ml/min. 0.5M NaCl, pH 7.0, 15% (v/v) isopropanol; elution buffer: 25 mM MOPS,
1.5M NacCl, pH 7.0, 15% (v/v) isopropanol; flow rate: 3 ml/min.

— 260 nm — 280 nm — Buffer B (%)

2.7. Ethanol precipitation Cell culture DNA Kit from a lysate prepared from 1.2 ml of

overnight culture (approximately 4:5610° of cells; approx-
imately 20p.g of DNA). The chromatographic profile is pre-
sented irFig. 1and it shows two peaks, the firstis in the flow
through (FT) fraction and the second was obtained during
The elution step (E). During the run, fractions were collected
and afterwards were precipitated with ethanol in order to pro-
vide genomic DNA free of substances from chromatographic
buffers. Namely, in the presence of high (0.1-0.5 M) concen-
tration of monovalent cations, ethanol induces a structural
transition in nucleic acid molecules which causes them to ag-
gregate and precipitate from solutidry]. Unlike DNA, most
salts and small organic molecules (including isopropanol) are
soluble in 70% ethanol, and therefore, ethanol precipitation
and washing of the pellet will effectively desalt DNA.

Fig. 2shows agarose gel with the precipitates of fractions
collected during chromatographic run presentedrig. 1
Genomic DNA is present only in the peak obtained during
elution Fig. 2 lane E) and not in the flow through or washing
fractions Fig. 2, lanes FT and W).

In order to find out whether eukaryotic genomic DNA
could also be successfully bound to CINDEAE monolithic

Sodium acetate (3 M, 0.1 volume), pH 4.6 and 2.5 vol-
umes of 95% ethanol were added to each sample. After
10 min incubation on ice, samples were centrifuged at maxi-
mum speed for 20 min and supernatant was discarded. Pellet
were washed by adding 4@0of 70% ethanol and were cen-
trifuged for 10 min at maximum speed. All traces of alcohol
were carefully removed by pipetting; pellets were dried and
resuspended in an appropriate volume (minimally §of
10mM TrisCl, pH 8.0.

2.8. Analytical gel analysis

To analyze the results of purification procedure, agarose
gel electrophoresis was carried out by using a horizontal 0.7%
agarose slab gels in 89 mM Tris, 89 mM boric acid and 2 mM
EDTA, pH 8.3. The electrophoretic separation was performed
at a constant voltage at room temperature for 45min. Ge-
nomic DNA was stained with ethidium bromide solution in-
cluded in the gel (1ug of ethidium bromide was added to
1 ml of agarose gel).

. . M C FT W E
3. Results and discussion

o ' fy ey =B e )
Results of our previous research on viral RINA] and
plasmid DNA purifications[15] have shown that nucleic
acids can be successfully bound to GINDEAE monolithic
columns. Based on these results and on the fact that the pores
in monolithic columns are large enough to harbour nanopar-
ticles[4,14-16] we wanted to investigate whether genomic
DNA, both bacterial and eukaryotic, could be specifically
bound, isolated and purified from complex solutions by chro-
matography on CINt DEAE columns. Such a method would
enable a simple and fast DNA isolation without the usage of Fig. 2. Ethidium bromide-stained agarose gel with the fractions collected
toxic organic solvents like phenol or chlorophorm. d_uring phromatog_raphy ofpurifigd bacterialgenomi_c_DNA on EIDEAE _
In order to find out whether genomic DNA could be bound disk 0:|g. D: M,‘ KiloBase DNA size marker; C, positive control (pa(?terlal
o ) genomic DNA isolated by QIAGEN Blood & Cell culture DNA Kit); FT,
to CIM® DEAE monolithic column, we applied a sample W, E, fractions collected during the flow through, washing and elution step,
of bacterial genomic DNA purified with Qiagen Blood & respectively; bp, base pairs.

10000 bp —> e it
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Fig. 5. Profile obtained during chromatography of bacterial cell lysate on
Fig. 3. Profile obtained during chromatography of purified eukaryotic ge- CIM® DEAE disk. During the run flow through (FT), washing (W) and
nomic DNA on CIM® DEAE disk. During the run flow through (FT), wash-  elution (E) fractions were collected. Binding buffer: 25 mM MOPS, 0.5M
ing (W) and two elution (E1 and E2) fractions were collected. Binding NaCl, pH 7.0, 15% (v/v) isopropanol; elution buffer: 25 mM MOPS, 1.5M
buffer: 25mM MOPS, 0.5M NaCl, pH 7.0, 15% isopropanol (v/v); elu- NaCl, pH 7.0, 15% (v/v) isopropanol; flow rate: 3 ml/min.
tion buffer: 25 mM MOPS, 1.5M NaCl, pH 7.0, 15% (v/v) isopropanol;
flow rate: 3 ml/min.

Iytical methods we used during this research (agarose gel
column, we applied a sample of DNA isolated with Qiagen electrophoresis, polymerase chain reaction (PCR) and spec-
Blood & Cell culture DNA Kit from 0.5x 10 MRC-5 cells trophotometric measurements) did not show any differences
(approximately 2Qug of DNA). The obtained chromatogram I DNA molecules form the two elution peaks, and there-
is presented iffig. 3and it contains three peaks: one is inthe foreé, we can only speculate that they result from DNA frag-
flow through fraction and two were obtained during elution Ments of different conformation. During all chromatographic
step Fig. 3. Presence of genomic DNA in the precipitates "Uns of samples containing eukaryotic DNA on CIDEAE
of collected fractions was determined by agarose gel elec-columns, we always obtained two elution peaks of genomic
trophoresis Kig. 4). All genomic DNA was bound to the DNA. Aﬁerwe have gstabllsh.ed that the DNA purity in both
column as evidenced by the absence of DNA in lanes corre-Peaks is the same, in following experiments, we have col-
sponding to the flow through and washing fractioR&y( 4, lected the two peaks as a single elu_tlon fraction.
lanes FT and W). After the wash, the concentration of salt _ After we have shown that genomic DNA from both bacte-
in the chromatographic buffer was raised, DNA was eluted 'ial and mammalian cells can be efficiently bound to €IM
and it was present in both elution peaRig 4, lanes E1 and ~ DEAE disks, we were interested in testing whether ge-
E2). Although only one stepwise gradient was used (50% NOMIC DNA could be specifically _bound, isolated and puri-
buffer B), two well separated peaks were observed. Possiblefied directly from cgll lysates by using these chromatographlc
explanation could be in technical limitation of HPLC sys- cqumns.AbactelrlaI lysate pre_pared from 12 ml of overnight
tem. Making of stepwise gradient was too slow and practi- culture was applied. The run is presented-ig. Sand gel
cally, linear gradient was obtained. This was the reason why electrophoresis of precipitated chromatographic fractions in

two peaks were eluted in a narrow time period. The ana- Fi9- 6 Bacterial DNA was bound to the column and was
eluted in a single peak, which is in agreement with the re-

sults presented iRigs. 1 and 2
M C FT W E1 E2

LIL DL 3
M C FT W E
- — -
23 130 bp —— e il —— (SR S S
10000 bp —— = Bl
-

Fig. 4. Ethidium bromide-stained agarose gel with the fractions collected

during chromatography of purified eukaryotic genomic DNA on €IM

DEAE disk (Fig. 3: M, A DNA-Hindlll digested size marker; C, positive Fig. 6. Ethidium bromide-stained agarose gel with the fractions collected
control (eukaryotic genomic DNA isolated by Qiagen Blood & Cell culture  during chromatography of bacterial cell lysate on GIRIEAE disk Fig. 5):

DNA Kit); FT, W, fractions collected during the flow through and washing M, KiloBase DNA size marker; C, positive control (bacterial genomic DNA
step, respectively; E1, E2, the first and the second peak obtained during theisolated by Qiagen Blood & Cell culture DNA Kit); FT, W, E, fractions
elution, respectively. collected during the flow through, washing and elution step, respectively.
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Fig. 7. Profile obtained during chromatography of eukaryotic cell lysate on
CIM® DEAE disk. During the run flow through (FT), washing (W) and
elution (E) fractions were collected. Binding buffer: 25 mM MOPS, 0.5M
NaCl, pH 7.0, 15% (v/v) isopropanol; elution buffer: 25 mM MOPS, 1.5M
NaCl, pH 7.0, 15% (v/v) isopropanol; flow rate: 3 ml/min.

The profile obtained after application of lysate (containing
eukaryotic genomic DNA) prepared from 0<510° MRC-5
cells is presented ifig. 7 and as expected, it shows three
peaks: the first is in the flow through fraction and it does not
contain DNA (as shown by gel electrophoresi§ig. 8 lane
FT) and the following two peaks, collected as a single chro-
matographic sample, are in the elution fraction and contain
genomic DNA Fig. 8, lane E).

Our next interest was to investigate whether we can
achieve the up-scale of applied volume. We applied vari-
ous sample volumes to the same GINDEAE column. The
highest number of MRC-5 cells from which the lysate was
prepared was 1.06 108 and we did not detect the presence
of genomic DNA in the flow through or washing fractions.
Likewise, the largest volume of overnight bacterial cell cul-
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Fig. 9. Profile obtained during chromatography of bacterial cell lysate not
treated with RNase on CIRIDEAE disk. During the run flow through (FT),
washing (W) and two elution (E1 and E2) fractions were collected. Binding
buffer: 25 mM MOPS, 0.5M NacCl, pH 7.0, 15% (v/v) isopropanol; elution
buffer: 25mM MOPS, 1.5M NacCl, pH 7.0, 15% (v/v) isopropanol; flow
rate: 3ml/min.

One of the most common impurities in DNA samples after
the isolation procedure are RNA remnants. In majority of
protocols for DNA isolation, RNA is removed by addition of
RNases, but in order to validate the process, it is preferable
to omit the usage of all enzymes, even the usage of lysozyme
in DNA isolation from bacterigl8].

During preparations of bacterial or eukaryotic cell lysates,
we treated the samples with RNase and no RNA was detected
in any of the fractions. As we have shown in our previous pa-
per, by using chromatography on CEIMDEAE column it is
possible to separate RNA from plasmid DNA in a single step,
without the usage of RNas¢E5]. In order to show that ge-
nomic DNA can also be separated from RNA and that it is
not necessary to conduct enzymatic RNA digestion, we ap-
plied a cell lysate from 1.2 ml of overnight bacterial culture

ture used to prepare the lysate was 30 ml, and DNA was alsog, ciM® DEAE column. The chromatographic profile is pre-
detected only in the fraction collected during elution. The gented irFig. 9and is shows two elution peaks, first contains
chromatographic profiles were in concordance with the pro- gNA and the second contains genomic DNA, as is confirmed

files obtained after application of smaller sample volumes by agarose gel electrophoresiég. 10. This separation pro-

(data not shown). Neither of the samples caused column clog-
ging and our opinion is that much larger volumes could be
used but this remains to be confirmed. M_FT W _EiE2

- i o -—...a‘,r,'n
i e s
e ]

23 130 bp—> ‘
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FEICT £33

23130 bp — E' —

Fig. 8. Ethidium bromide-stained agarose gel with the fractions collected
during chromatography of eukaryotic cell lysate on GINDEAE disk Fig. 10. Ethidium bromide-stained agarose gel with the fractions collected
(Fig. 7: M, A DNA-HindlIl digested size marker; C, positive control (eu-  during chromatography of bacterial cell lysate not treated with RNase on
karyotic genomic DNA isolated by Qiagen Blood & Cell culture DNAKit);  CIM® DEAE disk Fig. 9: M, A DNA-HindIll digested size marker; FT, W,

FT, W, E, fractions collected during the flow through, washing and elution fractions collected during the flow through and washing step, respectively;

step, respectively. E1, E2, thefirstand the second peak obtained during the elution, respectively.
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file is in agreement with our previous results of separation of 4. Conclusion

RNA from plasmid DNA. Namely, those results showed that

during chromatography on CIRMDEAE column, RNA is In this paper, we have shown that both bacterial and eu-

eluted in a single peak prior to plasmid DNA5]. The same karyotic genomic DNA can be successfully bound to €M

results were obtained for separation of eukaryotic DNA and DEAE monolithic column and we have developed a simple

RNA (data not shown). and fast chromatographic procedure for isolation and purifi-
After each chromatographic separation and ethanol pre-cation of genomic DNA from cell lysates that does notinclude

cipitation of the collected fractions, the purity and concentra- the usage of toxic organic solutions.

tion of obtained genomic DNA were examined by agarose gel

electrophoresis and by spectrophotometric measurements.

These two methods are complementary because the measurdreferences

ment of absorbance on 260 nm does not discriminate between

DNA and RNAJ[2], and therefore, should be used for determi- [1] B. Alberts, D. Bray, J. Lewis, M. Raff, K. Roberts, J.D. Watson,

nation of DNA concentrations only after the absence of RNA 'i"gogicu'arsfsio'ogy of the Cell, Garland Publ., New York, London,

is Cor?ﬁrmed by aga“?se gel electrophoresis. The_absence Of[2] J. Saympt;rook,. D.W. Russel, Molecular Cloning: A Laboratory Man-

proteins from genomic DNA samples was determined spec- ual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 2001,

trophotometrically Apgo/Azgo Was always between 1.7 and p. 6.1.

1.9 for both bacterial and eukaryotic DNA samples. The [3] T.B. Tennikova, B.G. Belenkii, F. Svec, J. Lig. Chromatogr. 13

purity and the quantity of isolated DNA were comparable _ (1990) 63.

. . [4] T.B. Tennikova, R. Freitag, in: H.Y. Aboul-Enein (Ed.), Analytical
to those obtained by other chromatographic methods used and Preparative Separation Methods of Biomacromolecules, Marcel

nowadays for isolation of genomic DNA (for instance, Qia- Dekker, New York, 1999, p. 255.
gen Blood & Cell culture DNA Kit) (data not shown). [5] M.A. Teeters, S.E. Conrardy, B.L. Thomas, T.W. Root, E.N. Light-
Furthermore, the integrity of genomic DNA isolated by foot, J. Chromatogr. A 989 (2003) 165.

Chromatography on CI@I DEAE columns was satisfactory. [6] H:N. Endres, J.A.Q. Johnson, C.A. Ross, J.K. Welp, M.R. Etzel,
Biotechnol. Appl. Biochem. 37 (2003) 259.

Besides V.isual examination on agaros_e Qe's' the integrity was [7] A. Strancar, P. Koselj, H. Schwinn, D. Josic, Anal. Chem. 68 (1996)

also monitored by PCR and by restriction fragment length 3483.

polymorphism (data not shown). [8] S. Hijerten, J.-L. Liao, R. Zhang, J. Chromatogr. 473 (1989)
Regeneration of monolithic columns was already tested 273.

and results show the possibility of consecutive usage of the [9] K. Cabrera, D. Lubda, H.-M. Eggenweiler, H. Minakuchi, K. Nakan-

. . . ishi, J. High Resolut. Chromatogr. 23 (2000) 93.
same disk when regeneration procedure was included after[lO] M. Schulte, D. Lubda, A. Delp, J. High. Resolut. Chromatogr. 23

each rur[19]. In our work with genomic DNA, just one disk (2000) 100.
was used for all purifications of bacterial DNA and another [11] T.B. Tennikova, F. Svec, in: F. Svec, T.B. Tennikova, Z. Deyl (Eds.),
for all purifications of eukaryotic DNA. After approximately Monolithic Materials: Preparation, Properties, and Applications (J.

15 runs on each disk. we did not observe any change in sep- Chromatogr. Libr., vol. 67), Elsevier, Amsterdam, 2003, p. 352.

ti Its. S 'I | that b lied [12] A. Strancar, A. Podgornik, M. Barut, R. Necina, in: R. Freitag (Ed.),
?‘ra '9” resu S', ample vo ume at can be app I? onmono- Modern Advances in Chromatography, vol. 76, Springer, Heidelberg,
liths is not restricted, and various volumes also did not affect 2002, p. 49.
the chromatographic separations. The duration of the pro-[13] A. Strancar, M. Barut, A. Podgomik, P. Koselj, D. Josic, A.
cedure is substantially shorter when compared to classical ~ Buchacher, LC GC 10 (1998) 660. _
DNA isolation protocols (protocols that do not include chro- [14] K. B”ranowc, D. Forcic, J. Ivancic, A. Strapcar, M. Barut, T. Kosutic-

. . . Gulija, R. Zgorelec, R. Mazuran, J. Virol. Methods 110 (2003)

matographic steps) and is comparable to the duration of DNA 163
purification with Other commermally a\{a"able columns. [15] K. Branovic, D. Forcic, J. Ivancic, A. Strancar, M. Barut, T. Kosutic-

In order to obtain as intact genomic DNA molecules as Gulija, R. Zgorelec, R. Mazuran, J. Chromatogr. B 801 (2004) 331.
possible, we monitored the pressure inside the HPLC systenilﬁ] P. Kramberger, N. Petrovic, A. Strancar, M. Ravnikar, J. Virol. Meth-
and adjusted the flow velocity so that the pressure does not___2ds 120 (2004) 51. o

d 20 bar. Generally, we used flow velocities between 3[17] T:H. Eickbush, E.N. Moudrianakds, Cell 13 (1987) 295.

Excee oo y'_ ; ~~ . Y[18] M. Marquet, N.A. Horn, J. Meek, Biopharmaceuticals 8 (1995) 26.
and 4 ml/min, but depending on the technical characteristics|19] k. Branovic, A. Buchacher, M. Barut, A. Strancar, D. Josic, J. Chro-

of a HPLC system, even faster separations can be achieved.  matogr. A 903 (2000) 21.
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