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Abstract

The use of free lanthanide ions and their complexes for plasmid DNA pBR322 and chromosomal DNA cleavage was studied. Plasmid pBR322
DNA was treated by lanthanide chlorides fEpLa®t, Nd®, P+, Gd**) in HEPES buffer (pH 7.0, 7.5 and 8.0) at 24, 37, 50, 63, amtC76
The formation of linear and nicked plasmid forms was investigated depending on the reaction conditions. Heterogeneous lanthanide complexes
of ethylenediamine tetraacetic acid (EDTA) immobilized on insoluble methacrylate support and iminodiacetic acid (IDA) immobilized on
styrene support were used as catalysts plasmid for DNA pBR322 cleavage, too. The temperature of reaction mixture had substantial influence
on cleavage rate. The precipitation of DNA occurred during the measurement of interactions between chromosomal DR{Aiansl La
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction lanthanide ions and their complexes for chromosomal and

plasmid DNA pBR322 cleavage.
Molecular biotechnology applications are based on isola-

tion and transfer of genes (DNA) from one organism into

another[1,2]. In vitro, DNA molecules of bacteria, viruses 2. Materials and methods

and higher species are manipulated using naturally occur-

ring enzymes—including restriction nucleases. The devel- 2.1. Chemicals

opment of synthetic, sequence-selective cleavage agents and

structure probes for DNA itself and for DNA-bound drugs Agarose was purchased from Lachema (Brno, Czech Re-

are essential for further expected applications in molecular public), ethidium bromide, restrictag&oR|l, DNA marker

biology, medicine and related fields. (used in gel electrophoresis) lambda Di#dIII, lan-
Most of the known synthetic catalysts for DNA hydrol- thanide chlorides from Sigma (St. Louis, USA). Plasmid

ysis are metal ions and their soluble or even insoluble DNA pBR322 was obtained from New Englands BioLabs

complexes. In particular, lanthanides are known as excellent(Hertfordshire, Great Britain), chromosomal DNA from Re-

catalysts of DNA cleavag¢3-5]. They hydrolyze phos-  anal (Budapest, Hungary). Linearized DNA pBREZ22IRI

phodiester linkages in simple phosphate esters, oligonu-(4322bp) was prepared according to the published pro-

cleotides, RNA and single stranded DNA at reasonable tocol [15]. Chelex 100 (I), sorbent with immobilized

rates under physiological conditior8,6—8] There are iminodiacetic acid functional groups on 1% cross-linked

some papers dealing with the cleavage of plasmid DNA by polystyrene (concentration: 0.6 mmol/g) was from Sigma

non-lanthanide ionf,10] and lanthanide ionfl1,12] The (St. Louis, USA).

use of small-molecule complexes for lanthanide-mediated

oligonucleotide hydrolysis are reviewed in pafi3]. Insol-

uble complexes are advantageous for their simple removal

from reaction mixturg10,14] 0
The aim of this work was to prepare insoluble polymeric /_<
lanthanide complexes and to compare the effect of both free N OH
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The other common chemicals and solvents were of ana-

Iytical grade.

2.2. Equipment
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2.3.2. Preparation of lanthanide complexes

Sorbent IV (0.06 g) was added to 3ml of 0.05M ac-
etate buffer pH 5.5 and 0.05 M lanthanide chloride (Lg)CI
and the mixture was gently shaken 3h under labora-
tory temperature. Then the mixture was washed three

Agarose gel electrophoresis was carried out using a 3000times with 10ml of acetate buffer and three times with

Xi power supply (Bio-Rad Lab., Richmond, USA). Cleaved
reaction products of pPBR322 were visualized on UV tran-
silluminator EB-20E (UltraLum, Paramount, USA), and
photographed with a CD 34 Polaroid Camera (Polaroid,

10ml of sterile distilled water. The sorbent was resus-
pended in 1 ml of water and diluted six times before use
(0.01g/ml).

Cambridge, USA). Spectrophotometric measurements were2.3.3. Measurement of lanthanides activity

carried out on a UV spectrophotometer DMS 100 (Varian,
Mulgrave, Australia).

Plasmid pBR322 DNA was treated by lanthanide chlo-
rides (Edt, La®t, Nd®t, P+, Gt) in HEPES buffer (pH

(6]
o
0.
v

o
O @

2.3. Methods

2.3.1. Preparation of carrier

The chelating macroporous methacrylate copolymer
with ethylenediamine tetraacetic acid (EDTA) ligand was
prepared from poly(glycidyl methacrylate-ethylene
dimethacrylate-60/40) P(GMA&e-EDMA) Il [16], particle
size 4-8um, by two-step reaction. First step was am-
monolysis[15] of epoxide groups Il with aqueuos ammo-
nia (28 wt.%, 14 ml)[16], for 2 days at room temperature
[17,18] The amino sorbent Ill was washed with water. It
contained 1.67 mmol Nplg dry substance (according to
nitrogen elemental analysis: N: 2.34%).

Amino derivative Il (1g) was suspended in 10 ml of an-
hydrous pyridine, refluxed under stirring with EDTA dian-
hydride (2.059)[19] for 2h and then left standing over

@ oy

o}
N/\f
OH

7.0, 7.5 and 8.0) at 24, 37, 50, 63, and°@b The reaction
time was upto to 3 h (for free lanthanides) or upto 10 h (for
immobilized lanthanides). Using free lanthanide ions, the
cleavage mixture containedu2 of 100 mM solution of ap-
propriate ion, 4.l of 50 mM HEPES buffer, 0.2l of plas-
mid DNA (1 pg/pl). The volume of reaction mixture was
adjusted to 2@l with water. The reaction was stopped with
5wl of 0.5M EDTA (pH 8.0).

The cleavage activity of immobilized system was assayed
after incubation of 1Q.l of a water suspension containing
0.1 mg of IV—Lr?+ (or 0.08 mg of I-LA*), 0.2l of plasmid
DNA (1 pg/pl) and 4pl 50 mM HEPES buffer. The amount
of carrier was choosen so that the same amount of active
groups was in the reaction mixture. The volume of reaction
mixture was adjusted to 30 with water. In the case of im-
mobilized systems the reaction was stopped by cooling down

night at room temperature. The product was washed with and gel electrophoresis analysis was carried immediately.

water and remaining anhydride groups were hydrolyzed un-

der mild conditions. Carrier IV contains 3.37% N. It corre-

Chromosomal DNA was assayed after incubation of
30wl 100mM L&t ions, 0.1ml of chromosomal DNA

sponds 0.48 mmol EDTA groups/g dry substance (calculated (1.6 mg/ml), 0.376 ml of acetate buffer (0.2 M acetic acid

from difference in nitrogen in Il and V).

+ 0.2M sodium acetate, pH 5.0) and the total volume
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of reaction mixture was adjusted to 3ml. UV absorbance 2 4 6 8 10 12 14 16
measuremer[R0] at 220-320 nm followed. ;

2.4. Gel electrophoresis

Gel electrophoresis was carried out in 1% agarose, at
2.5V/cm for 3h using TBE buffer (45mM Tris-borate,
1mM EDTA, pH 8.0). DNA was stained with Og/ml
ethidium bromide and photographed under 305 nm UV light
on a TT667 film with CD34 Camera. The presence of differ-
ent plasmid forms (circular covalently closed (ccc); linear Fig. 1. Agarose gel electrophoresis of plasmid DNA pBR322 digested

(lin); open circle (OC)) was _monit_ored on the gel according for upto 3h at 63C by N+ ions, HEPES buffer (pH 8.0). Lanes 1-7:
to the shift of their mobilities. Linearized pBR3ZE20ORI plasmid DNA pBR322 treated with 10 mM Rd ions for 0, 30, 60, 90,

was used as the control of the presence of linear form. 120, 150, and 180 min, respectively; laneA8DNA/HindIll marker; lanes
9-15: control plasmid DNA pBR322 (without Rd ions) treated for 0,

30, 60, 90, 120, 150, and 180 min, respectively; lane 16: linearized DNA
. ) pBR322EcoRI.
3. Results and discussion

DNA is highly negatively-charged polyelectrolyte, due form and, after cleavage of the second strand, to the linear
to negative charges associated with their phosphate groupsform. This cleaved plasmid products can be easily separated
In solutions, the charge neutralization of nucleic acids and characterized by agarose gel electrophoresis. The time
is presumably achieved through the interactions with of incubation in which linear plasmid form appeared and
positively-charged metal ions. From this point of view the ccc plasmid form disappeared was chosen as evaluation cri-
DNA counter-ion interactions have critical importance in teria for lanthanide ion activity. Weak cleavage of plasmid
the study of nucleic acids properties. The phosphate groupsDNA was detected at 5CC (the results are not shown), pro-
of DNA are strongly affected among many metal ions by nounced at 63 and 7&. The results are given ifable 1

lanthanide ion$21] too. All the tested lanthanide ions introduced single-stranded and
double-stranded DNA nicks into plasmid DNA creating oc
3.1. Cleavage of plasmid DNA and lin forms of different intensities. The catalytic activity

of tested lanthanide ions was slightly different due to their

A model system using plasmid pBR322 was used for various physico-chemical characteristics. The pH influence

the evaluation of optimal experimental cleavage conditions. was not important in tested range (pH 7.0 and 8.0) in used
This model was successfully used in the characterization of experimental arrangement. For this reason, the cleavage was

the biological activity of DNase | immobilized on magnetic carried out at pH 8.0 in further experiments. The results of

particles and activated by Mh and C&+ ions[22]. pBR322 DNA hydrolysis at pH 8.0 in the presence offNd
The cleavage of plasmid DNA pBR322 was tested in the ions at temperatures of 68 are given inFig. 1
presence of free lanthanide cations—2EuLat, Nd®t, The lanthanides are toxic to biological systems due to

Pt and Gd*. Hydrolysis of DNA was carried out in their similarity to C&* ions[23]. The cleavage of plasmid
10 mM HEPES buffer (at pH 7.0, 7.5, 8.0) and at tempera- DNA using lanthanide EDTA and IDA complexes in so-
tures 24, 37, 50, 63, and 76 for upto 3 h. The cleavage of lution (non-immobilized) and immobilized form (1-£,

one of the two strands of the supercoiled form of plasmid IV-Ln®+) was studied due to their stability and resistence
DNA was followed by its conversion to the open circular to metal exchange. No cleavage of plasmid DNA was de-

Table 1
Plasmid DNA pBR 322 cleavage at different temperatures using lanthanide iofs) (and their chelates
Lanthanide Temperaturé ) Ln3*/time (min)
Eutt Gt La®* Nd3+ P+
cce lin cce lin cce lin cce lin cce lin
Ln3t (free) 63 30 30 30 30 60 60 120 30 120 30
76 30 30 30 30 30 30 30 30 30 30
IV—Ln3t 63 +++ - +++ - +++ - +++ - +++ -
76 + 60 + 60 180 90 180 60 180 60
I-Ln3+ 63 60 30 90 30 180 30 60 30 60 30
76 30 30 30 30 30 30 30 30 30 30

IV-EDTA complex, I-IDA complex; decrease of band intensity in reaction time 3h:); (+) band of strong and weak intensitys-Y no band.



172 B. Rittich et al. / J. Chromatogr. B 800 (2004) 169-173

tected at laboratory temperature (Z2) after 3 days treat- 2 4 6 8 10 12 14 16
ment if EDTA-lanthanides complexes in solution were used. g
No cleavage of plasmid DNA was detected within 3 h at tem-

peratures of 78C, too. This fact was apparently caused by

abundance of EDTA excess in the reaction mixture as im- (A)
mobilized lanthanide EDTA complexes has been active (see

further). These results agree with literatj24,25] as the

complexation of lanthanide ions with EDTA is used for the

stopping of reaction. Plasmid DNA cleavage was detected in

time shorter than 3 h at elevated temperaturg@6nly with

the immobilized lanthanide complexes of EDTAabple ). T EERSEE
No linear plasmid form but smear occurred using the carrier
amount which corresponded to the 10 mM lanthanide con-
centration in solution due to the accident double stranded
breaks in plasmid molecules. The linear form appeared us-
ing 10x lower amount of carrier. The reason of the change
of catalytically active lanthanide concentrations is not clear.
The cleavage of plasmid DNA pBR322 using immobilized
Euwt, La®t, Nd®*t, GP*, and PF EDTA complexes at
76°C is shown inFig. 2 There are also other EDTA ion
chelates than lanthanides which cleaved DNA. The EDTA
complex of Fé* cleaved DNA by free radical mechanism in
the presence of hydrogen peroxide. The fragments could not
be re-ligated by ligasg6] as they were different from those
produced by nucleases. The use of this system in biotechnol-
ogy applications is, therefore, limited. Preferential hydroly-
sis of gap and bulge sites in DNA by ¢EDTA complexes

at pH 7.0 and 37C was describefP5].

The cleavage of plasmid DNA pBR322 using I-¥n ()
was carried out in next experiments. The r?suns are given in Fig. 2. Agarose gel electrophoresis of plasmid DNA pBR322 digested
Table 1 A comparable cleavage of plasmid DNA pBR322 upto 180min at 76C by EDTA (IV) complexes with E®t, Gd**,
using IDA complexes appeared at lower temperaturé (G0 La®t, Nd®t, and P#t. HEPES buffer (pH 8.0). (A) Bif and Gd+t
results are not shown) than IV—£h. The time of incuba- ~ complexes. (B) L& and N complexes. (C) Gt complex. Lanes
tion in which linear plasmid form appeared corresponded 1—3 ‘i‘gg 9_—1.5{ P'“;““iﬁ?“é?\jf@f;éggﬁeif°f 0'13%_6?' gofdlé?\i A15Q
to the decrease of the stability consta#s,28] of related 2ER322 reated for 0, 30, 60, 60, 120, 150, and 180 MM fane & DNA
complexes (EDTA, IDA) or to the decrease of effective ionic pBR322EcoR], lanes 9-13: control without particles for 0, 60, 120, 150,
radii [27]. The time of ccc plasmid form disappearance also and 180 min.
corresponded to the decrease of the stability constants and
effective ionic radii of tested lanthanides (excepttp

Sequence-selective and hydrolytic artificial nucleic (DNA absorbance increases, {84]. However, no cleavage of dou-
and RNA) acid cleavage agents were prepared by the at-ble stranded DNA can be detected in this case using neutral
tachment of lanthanide ion-iminodiacetate complexes to agarose gel electrophoresis.

DNA oligomer (sequence-recognizing sit¢29]. Supports The precipitation of DNA occured during the spectropho-
with immobilized IDA as chelating reagents were also used tometrical measurement of interactions between chromoso-
for chromatographic separation of lanthanif2®,30] The mal DNA and L&" ions (the results are not shown). Pre-
silica gel and hydrophilic methacrylate supports seem to cipitated DNA, whose absorbance at 260 nm decreased, was
give better separation compared with those on polystyrenevisible as a suspension of “cotton wool”. The precipitation
[30]. Different bonding and steric environments affect the of DNA occured in the presence of $a ions at 1 and
basicity of the IDA groups and hence produce different 10 mM concentrations. Using agarose gel electrophoresis no

stability constants. cleavage of tested DNA was observed (after re-desolving
of precipitated DNA). The L% salt of chromosomal DNA
3.2. Interactions of free La®* ions with chromosomal DNA was more resistant to the action of DNase | activated by

Mg?t ions. DNA was not visualized after 3 min of cleav-
The cleavage of chromosomal DNA (for example using age with DNase | activated by Mg ions using gel agarose
DNase 1) is manifested by the increase of ultraviolet light electrophoresis. The same degree of cleavage was observed
absorption at 260 nm. In the case of DNA condensation the after 45 min DNase | treatment if the mixture of kgand
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La3t ions (10 mM) was used for their activation. However, [6] M. Komiyama, N. Takeda, H. Shigekawa, Chem. Commun. (1999)

no precipitation and the decrease of absorbance occured if 1443.

) A [7] M.R.S. Hargittai, K. Musier-Forsyth, RNA 6 (2000) 1672.
EDTA was added to the reaction mixture. [8] J.R. Morrow, in: A. Sigel (Ed.), Metal lons in Biological Sys-

tems: Probing of Nucleic Acids by Metal lon Complexes of Small
Molecules, Marcel Dekker, New York, 1996, p. 561-592.

4. Conclusion [9] L.M.T. Schnaith, R.S. Hanson, L. Que, Proc. Natl. Acad. Sci. USA
91 (1994) 569.

N .. _[10] C.S. Jeung, C.H. Kim, K. Min, S.W. Suh, J. Suh, J. Biorg. Med.
The results presented in this report show that lanthanides™ ~ chem. Lett. 11 (2001) 2401.

ions (EGT, La®t, Nd®t, P+, Gd*") are suitable nonen-  [11] J. Sumaoka, T. Igawa, K. Furuki, M. Komiyama, Chem. Lett. (2000)
zymatic cleavage agents for the cleavage of plasmid DNA 56.

pBR322. In the pH range 6-8, their activity was not [g} ;-J'gi"r":r;kfi-nsg’gﬁo‘éa'ir’:"-c'ﬁ;"r:yaBri“o"’l‘v g?;&l;’?gl(zooo) 356.
_markedly changed. However, tempe_rature ha_d substantlal{m C.S. Jeung, :J.B. Son; Y.H. Kim, J. Suh, Bioorg. Med. Chem. Lett.
influence on cleavage rate. Catalytically active are also 11 (2001) 3061.

heterogeneous IDA and EDTA lanthanide complexes on [15] J. Sambrook, E.F. Fritsch, T. Maniatis, in: Molecular Cloning, second
polymethacrylate or polystyrene type of supports. Higher ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

cleavage activity was shown for carrier with IDA ligands. 16 |1:98gg. 1. radil. 3. Kélal. Eousek. A Makiomol. Ch
The carriers prepared in this way will be applied in the next [16] 48 (l'g;’s) ‘135ra . Rald, Loupek, Angew. Makromal. Lhem.
applications. [17] A. JehlEkova, F. Svec, J. Kalal, Angew. Makromol. Chem. 81 (1979)
87.
[18] M. Hruby, Selective adsorbents of selected toxic cations and anions.
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