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Abstract—A new cyclen derivative N-1-naphthyl-[4-amino-5-0x0-5-(1,4,7,10-tetraazacyclododecan-1-yl)]valeramide and the copper
(IT) complex were synthesized and characterized. The copper (II) complex showed DNA cleavage ability without the existence of
other additives. The pUCI19 plasmid DNA was cleaved to linear form by 0.71 uM of complex under physiological conditions.
B-Cyclodextrin was used to investigate the relationship of nuclease activity and DNA binding ability. The addition of B-cyclodextrin
exhibited an unexpected ability to promote the cleavage of DNA. The role of the B-cyclodextrin in DNA cleavage process was stud-
ied by "TH NMR and fluorescence spectrum. According to the data of viscosity measurement, it was confirmed that the binding of
complex with DNA should be a groove binding model. All the results suggested that the increasing of the DNA cleavage ability was
attributed to the interaction between B-cyclodextrin and the naphthyl moieties. B-Cyclodextrin could include the naphthyl moieties
and keep it from the minor/major groove of DNA and decreased the DNA binding ability, therefore, the copper (II) center was

activated to generate more reactive oxygen species, which was responsible for DNA cleavage.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

For the especial stability under physiological conditions,
DNA that contains the genetic instructions is one of the
most important biomacromolecules in all living organ-
isms. The half-life of DNA by spontaneous hydrolysis
will be thousands to billions of years.!™* However, it
could be hydrolyzed with the help of artificial nucleas-
es>’ or be damaged by reactive oxygen species
(ROS).® The ROS such as single oxygen ('0,), superox-
ide anion (O,), and hydroxyl radical ((OH) usually
were produced under aerobic environment with the help
of some oxidants or ultraviolet light.®!' The damage of
DNA by ROS might have potential therapeutic applica-
tions that could eradicate tumor cells.'>!* And the
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knowledge about the DNA damage by ROS can be used
to avoid the harm of ROS and to investigate the process
of repairing of the damaged DNA in living organ-
ism.!*!15 Many transition metal complexes were used
as DNA cleavage agents. Copper (II) ion is one of the
most important ions in human body. Moreover, in the
presence of H,O,, the DNA damage effected by copper
ions is more significant than those of any other transi-
tion metal ions.'® Copper ions were employed in many
artificial metal nucleases and attracted an increasing
attention.!”1?

Small aromatic hydrocarbons and their derivatives
showed an excellent DNA binding ability. Intercala-
tion and groove binding are the most likely binding
modes in the interaction between aromatic hydrocar-
bons and DNA.2%2! Agents binding to DNA were ex-
plored as probes of DNA structure or as
chemotherapeutic agents.?>>> Cyclodextrins, water sol-
uble cyclic oligosaccharides, have been recognized as
ideal molecular receptors. Their rigid, bucket-shaped
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hydrophobic cavities are good container for small
molecules.?®?’ This kind of commercially available
natural products was widely used in chemical and bio-
chemical processes, especially in enzyme mimic. Cyclo-
dextrins were also used in the cleavage of DNA, it
was reported that some cyclodextrins-Cg, conjugates
were synthesized and used as photodriven DNA-cleav-
age reagents.’® 3% In this process, cyclodextrins were
used just to improve the water solubility, the photo-
driven DNA cleavage ability was attributed to the ful-
lerene moieties.3!3?

In this work, a copper (IT) complex Cu(CGN) (Scheme
1) was synthesized and characterized (CGN = N-1-
naphthyl-[4-amino-5-0x0-5-(1,4,7,10-tetraazacyclodod-
ecan-1-yl)]valeramide). In the ligand structure, naphthyl
ring was linked with the cyclen moiety, which could
coordinate to copper (II) ions, through a glutamic acid
bridge. Cu(CGN) showed DNA cleavage ability under
physiological conditions. In the cleavage process, the
copper center of the complex could bind to the phos-
phate oxygen atoms of DNA by electrostatic interac-
tion,** meanwhile, the naphthylamine moiety could
bind to DNA by partial intercalation from the minor/
major grooves.>* In order to elucidate the role of naph-
thylamine moiety in DNA cleavage, B-cyclodextrin was
used to form an inclusion with the naphthylamine moi-
ety. The nuclease activity was improved with the addi-
tion of B-cyclodextrin. To the best of our knowledge,
this is the first example that the addition of cyclodextrins
could promote the cleavage of DNA.

2. Results and discussion
2.1. General synthesis

The synthetic route is shown in Scheme 1. Compound
3 was prepared by the coupling reaction between o-
naphthylamine (1) and 4-(tert-butoxycarbonylamino)-
5-0x0-5-(4',7',10'-tris(zert-butoxycarbonyl)-1’,4’,7’,10’
-tetraazacyclododecan-1’-yl)valeric acid (2) in the
presence of isobutylchloroformate. Then 3 was depro-
tected by TFA and then basified with NaOH to give the

free ligand 4. The copper (II) complex 5 was obtained by
the coordination reaction of 4 and Cu(NOj),.

2.2. "TH NMR spectrum studies

'"H NMR spectrum is one of the useful methods in
studying the formation of cyclodextrin inclusions.3>-3
The aromatic '"H NMR signals of free ligand CGN indi-
cated the competitive interactions with the naphthyl ring
between calf thymus DNA (CT DNA) and B-cyclodex-
trins (Fig. 1). The aromatic '"H NMR signals shifted to
higher field after the addition of CT DNA or B-cyclo-
dextrin (Fig. 1b and c). This shift indicated the interac-
tions between a-naphthylamine moieties and DNA, and
it also implied the occupation of CD cavities by a-naph-
thylamine. The upfield shift was only 0.1-0.2 ppm,
therefore the binding mode of CGN to CT DNA should
not be the intercalation between naphthyl ring and the
base pair stack®” (Fig. 1b). For the poor solubility of
B-cyclodextrin in water, only a small amount of B-cyclo-
dextrin was added to the D,O solution of 20 mM CGN
and 5.2 mM CT DNA, the concentration of B-cyclodex-
trin was 9.3 mM and the ratio of B-cyclodextrin and
CGN was only 1:2. The '"H NMR signals slightly and
obviously shifted after the addition of B-cyclodextrin
(Fig. 1d), this result indicated that part of the a-naph-
thylamine moieties entered into the CD cavity from
the binding position of CT DNA.

2.3. Fluorescence titration

Fluorescence titration is a useful method in the studies
of binding properties of small molecules to DNA33°
and the studies of the host—guest interaction in cyclodex-
trin chemistry.*®“? Considering the strong fluorescence
quench effect of copper (II) ion, only free ligand
(CGN) was used in this study. The addition of CT
DNA could quench the fluorescence of CGN. The fluo-
rescence quench results were quite consistent with the
classical Stern—Volmer equation.*?

FO/F: 1 +KSV[Q]

where F, and F are the fluorescence intensitics of CGN
in the absence and presence of CT DNA, respectively.
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Scheme 1. Preparation of Cu(CGN).
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Figure 1. 'H NMR spectra of the naphthyl moieties in 0.5 mL of D,0. (a) CGN only; (b) CGN + CT DNA; (c) CGN + B-cyclodextrin; (d)

CGN + CT DNA + B-cyclodextrin.

Ky, is the Stern—Volmer quenching constant and [Q] is
the concentration of DNA. According to the quench
curve (Fig. 2), the value of K, is 3.0x 10* L/mol
(R=0.997). It is a quite high value compared with that
of the similar compound.?°

Contrasting to that of CT DNA, the addition of B-cyclo-
dextrins to CGN induced the enhancement of fluores-
cence intensity (Fig. 3a), which indicated the
formation of B-cyclodextrin inclusion. This result could
be used to prove the competition binding with CGN
between DNA and B-cyclodextrin. Therefore, we add
B-cyclodextrin to a CGN-DNA solution and test the
fluorescence intensity of the solutions. If the fluores-
cence intensity were enhanced, we would conclude that
the a-naphthylamine moieties entered into the cavities
of B-cyclodextrin from the DNA groove. As shown in
Figure 3b, the titration results accorded with our suppo-
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Figure 2. Fluorescence quench curve of CGN by CT DNA.
[CGN] = 0.2 mM, /¢ = 274 nm. Phosphate buffer (0.1 M), pH 7.4.
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Figure 3. Fluorescence titration of B-cyclodextrin to (a) CGN and (b)
DNA-CGN. [DNA]=1.2x10">mol/L, [CGN]=2.0x 10"*mol/L,
Jex = 274 nm. Phosphate buffer (0.1 M), pH 7.4.
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sition. In such a system, in which CGN fully interacted
with CT DNA, the fluorescence intensities increased
associated with the addition of B-cyclodextrins. The
experiment results were consistent with the previous re-
sults of '"H NMR.

2.4. Absorption spectrum studies

The absorption spectrum of CT DNA in the presence
and absence of Cu(CGN) or CGN was studied. When
Cu(Il) complex or the free ligand was added to DNA
solution, the absorption intensity increased. However,
the spectra only added up the absorption of DNA and
CGN (Cu(CGN)). This result indicated that the binding
mode between CGN (Cu(CGN)) and DNA was not
intercalation.

2.5. Viscosity measurements

The viscosity measurement of DNA is regarded as the
most effective method to confirm the DNA binding
mode.* ¢ Classical intercalative mode needs the re-
agent to intercalate into the base pairs of DNA and to
lengthen the DNA helix, so the viscosity of DNA will in-
crease. By contrast, if the partial or non-classical inter-
calation in DNA helix occurred, the changes of
viscosity will be less or no changes will occur. The results
of the effect of Cu(CGN) on the viscosity of CT DNA
solution are shown in Figure 4. The relative viscosity
of DNA was very slightly decreased associated with
the addition of Cu(CGN). Considering the '"H NMR
and absorption spectrum results, the binding mode of
Cu(CGN) with DNA was partial intercalation between
the o-naphthylamine moieties and the minor/major
groove.

2.6. Nuclease activity of complex

2.6.1. Cleavage of pUC19 DNA by copper (II) complex.
The DNA cleavage ability of Cu(CGN) was studied un-
der physiological conditions (37 °C and pH 7.4, in 0.1 M
phosphate buffer without additional reagent). The cleav-
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Figure 4. Effects of increasing amounts of Cu(CGN) on the relative
viscosity of CT DNA. [DNA]=0.2 mM.

age of the substrate, supercoiled pUCI19 plasmid DNA,
was monitored by gel electrophoresis on agarose. And
the DNA cleavage ability was obtained from the con-
versed amount of supercoiled DNA (SC, Form I) to
nicked circular form (NC, Form II) and linearized
DNA (LC, Form III).

Incubating DNA with the complex, increase of complex
concentration led to the increase of conversion ratio of
SC DNA (Fig. 5). At a higher concentration of complex
(0.714 mM), SC DNA was almost converted to nicked
DNA completely (Fig. 5, lane 7), and, meanwhile, small
amount of LC DNA was produced.

The chemistry of DNA cleavage by Cu(CGN) was
kinetically studied by quantifying the amount of SC
and NC forms of DNA.#’ These data were used to per-
form simple kinetics. As shown in Figure 6, a time
course plot described the decrease of SC form and the
increase of NC form during the reaction. Both of two
curves fitted well to a pseudo-single exponential curve.
According to the curve fits, the DNA cleavage rate con-
stant at 37°C with the complex concentration of
0.714 mM was estimated to be 0.428 h™! (R? = 0.961).

2.6.2. Mechanistic studies. The cleavage mechanism was
studied by using a series of scavengers that could inhibit
the reactive oxygen species. For example, sodium azide
was used as singlet oxygen scavenger, SOD was used

NC
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Figure 5. Agarose-gel-electrophoresis patterns for the cleavage of
plasmid pUC19 DNA (7 pg/mL) in NaH,PO,/Na,HPO, buffer (pH
7.4) at 37 °C for 12 h. Lane 1, DNA control; lanes 2-7, DNA with
[Cu(CGN)] = 17.9 uM, 35.7 pM, 0.072mM, 0.143 mM, 0.357 mM,
0.714 mM.
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Figure 6. Time course of DNA cleavage (7 pg/mL) by Cu(CGN)
(0.714 mM) at 37 °C in NaH,PO4/Na,HPO, buffer (pH 7.4). ¥, SC
DNA; A, NC DNA.
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as superoxide scavenger, dimethylsulfoxide (DMSO)
and tert-butylalcohol were used as scavenger of hydro-
xyl radical. Plasmid pUC19 DNA was incubated with
Cu(CCN) in the presence of sodium azide, SOD,
DMSO, and tert-butylalcohol, respectively, and the re-
sults are shown in Figure 7. It is obvious that sodium
azide completely inhibited the cleavage process, and
SOD partially inhibited the cleavage. However, DM SO
and tert-butylalcohol did not show any inhibition ability
against DNA cleavage. That is to say, singlet oxygen
and superoxide were the most possible reactive oxygen
species, and the possibility of hydroxyl radical in the
mechanism could be ruled out. This result was different
from many other DNA cleavage reactions, in which hy-
droxyl radical acted as reactive oxygen species, and sin-
glet oxygen scavenger could not inhibit the cleavage
process.

To be sure of the nuclease active point in Cu(CGN), the
cleavage reaction catalyzed by Cu(CGN) was compared
with those reactions catalyzed by equimolar of free li-
gand, copper (II) cyclen complex, and Cu(NOj3),,
respectively. The results are listed in Table 1. The nucle-
ase activity of Cu(CGN) was not the simple summation
of the activities of free ligand and copper (II) salt.
Cu(CGN) showed much higher cleavage ability than
CGN, that is to say, the coordination of copper (II) ions
should be the core unit in cleavage.*® The copper com-
plexes have the ability to bind O, molecule and to acti-
vate the molecular oxygen to form ROS.*> A proposed
mechanism of DNA cleavage is shown in Scheme 2.

2.6.3. p-Cyclodextrin-promoted DNA cleavage. 3-Cyclo-

dextrin did not show any DNA cleavage ability. How-
ever, as shown in Figure 8, it was found that the
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Figure 7. Agarose-gel-electrophoresis patterns for the cleavage of
plasmid pUCI9 DNA (7 pg/mL) by Cu(CGN) (0.714 mM) in
NaH,PO,4/Na,HPO, buffer (pH 7.4) at 37 °C for 12 h. Lane 1, DNA
control; lane 2, Cu(CGN) control; lanes 3-6, with the addition of 1 M
DMSO, tert-butylalcohol, sodium azide, and 100 U SOD, respectively.

Table 1. Results of pUC19 DNA cleavage catalyzed by 0.714 mM of
different cleavage agents for 12 h

Cleavage agent NC DNA (%) LC DNA (%)
Control 5.0

Cu(CGN) 84.7 15.3

CGN 7.4

B-Cyclodextrins 6.3

Cu(CGN) + 0, — [ Cu(CGN)0, | —> 10, + 0,

Scheme 2. A proposed mechanism to form ROS.
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Figure 8. (a) Agarose-gel-electrophoresis patterns for the cleavage of
plasmid pUC19 DNA (7 pg/mL) by Cu(CGN) (0.714 mM) in NaH,PO,/
Na,HPO, buffer (pH 7.4) at 37 °C for 12 h. Lane 1, DNA control; lanes
2-7, DNA + Cu(CGN) + B-cyclodextrin, the concentrations of cyclo-
dextrins were 0, 0.714, 1.428, 3.57, 7.14, 14.28 mM respectively. (b)
Quantitation of linearized DNA relative to nicked DNA per lane.

addition of B-cyclodextrin was able to promote the
DNA cleavage ability of Cu(CGN). To study the role
of B-cyclodextrin in the cleavage process, different equiv-
alents of B-cyclodextrin were added to the cleavage sys-
tem. The increase of B-cyclodextrin led to the increase of
relative amount of LC DNA (Fig. 8). That is to say, the
addition of B-cyclodextrin promoted the nuclease activ-
ity of Cu(CGN). As shown in Figure 8b, the tendency of
the amount of LC DNA demonstrated the competitive
interaction with Cu(CGN) between DNA and
B-cyclodextrin.

Associating with the results of 'H NMR spectrum and
the fluorescence titration, the promotion of nuclease
ability by B-cyclodextrin attributed to the decrease of
the DNA binding ability. B-Cyclodextrin could include
the naphthyl moieties and keep it from the minor/major
groove of DNA, and, as a result, the interaction between
copper center and phosphate oxygen atoms of DNA
backbone would be weakened.’® The process is shown
below (Fig. 9).

3. Conclusion

The preparation and DNA nuclease activity of a new
copper (II) complex was investigated. It could cleave
DNA by the generation of 'O, and O,~, which was an
oxidative mechanism. B-Cyclodextrin was proved to im-
prove the nuclease activity of Cu(CGN), which included
an o-naphthylamine moiety. Addition of B-cyclodextrin
could broke the groove binding between Cu(CGN) and
CT DNA, as a result, the DNA binding ability of
Cu(CGN) was weakened, and 'O, and O, could be
generated more effectively. The fluorescence quench
experiments of free ligand CGN induced by CT DNA
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Figure 9. DNA cleavage process promoted by B-cyclodextrins.

or B-cyclodextrin were studied. The competitive interac-
tion with CGN between DNA and B-cyclodextrin was
confirmed by "H NMR and fluorescence titration. The
binding mode of Cu(CGN) with CT DNA was partial
intercalation from the minor/major groove according
to the results of absorption spectrum and viscosity mea-
surement. [t was for the first time reported that B-cyclo-
dextrin could promote the cleavage of DNA.

4. Experimental
4.1. Materials and characterizations

High Resolution Mass Spectrometry (HR-MS) data
were recorded on a Bruker Daltonics Bio TOF mass
spectrometer. The '"H NMR spectra were measured on
Bruker AV 11-400 MHz and Bruker AV 11-600 MHz
spectrometer and the ¢ scale in ppm referenced to resid-
ual solvent peaks or internal tetramethylsilane (TMS).
Fluorescence spectra were measured at room tempera-
ture in air by a Hitachi FL-4500 fluorescence spectrom-
eter and corrected for the system response. Absorption
spectra were recorded in aqueous solution on a TU-
1901 spectrophotometer. All other chemicals and re-
agents were obtained commercially and used without
further purification. CT DNA was directly dissolved in
water at a concentration of 1 mg/mL and stored at
4 °C. Phosphate buffer (0.1 M) was prepared by mixing
1 M of aq sodium dihydrogen phosphate and 1 M of aq
disodium hydrogen phosphate, then diluted to 100 mL.
CGN, Cu(CGN), and B-cyclodextrin solutions were pre-
pared by dissolving an amount of relative compound in
water and stored in dark.

4.2. Synthesis of Cu(II) complex

4.2.1. Preparation of 3. A mixture of 4-(tert-butoxycar-
bonylamino)-5-0x0-5-(4,7,10-tris(tert-butoxycarbonyl)-

1,4,7,10-tetraazacyclododecan-1-yl)valeric acid 2 (0.685
mmol, 0.48 g) and TEA (0.105 mL) in 80 mL of CH,Cl,
under an N, atmosphere was cooled to —15 °C, isobu-
tylchloroformate (0.105 mL) was then added. After stir-
ring for 2 min, a-naphthylamine 1 (0.1 g, 0.685 mmol)
was added and the mixture was stirred at —15 °C for
0.5 h, then stirred at room temperature overnight. The
solvent was removed under reduced pressure, and the
residue was purified by column chromatography (silica
gel, ethyl acetate—petrol ether, 2:1, v/v) to yield the prod-
uct as a white solid 3. Yield: 55%. "H NMR (CDCls,
400 MHz) 6: 1.39-1.46 (36H, m, Boc-CHj3), 1.95-2.05
(2H, m, CH,-CH), 2.60-2.67 (2H, m, CH,-CO), 3.20-
3.67 (16H, m, cyclen-CH,), 4.60 (1H, m, CH-CO),
5.68 (1H, s, NH-Boc), 7.45-7.49 (3H, m, naphthalene-
H), 7.68-7.70 (1H, d, J=8.0Hz, naphthalene-H),
7.85-7.87 (1H, t, J=28.0 Hz, naphthalene-H), 7.99-
8.00 (1H, d, J= 5.6 Hz, naphthalene-H), 8.13 (1H, s,
naphthalene-H), 8.81 (1H, s, NH-CO); IR (KBr) v:
3426, 2975, 2929, 1695, 1464, 1407, 1366, 1249, 1165,
970, 858, 776, 673, 559 cm™'; HR-MS (ESI): Calcd for
C;3HegNgOjg  [M+H]™:  m/z=827.4919. Found:
827.4601.

4.2.2. Preparation of 4. To a solution of 3 (0.17 mmol,
140 mg) in 30 mL of CH,Cl, was added TFA (1 mL).
After stirring at room temperature for 4 h, the solvent
was removed under reduced pressure to give an oil. To
the oil was added 50 mL of ether, and a white solid
was formed by trituration. The solid was washed for
three times with ether and dried under vacuum to give
the product salt. The salt was dissolved in water, and
10 mL of 2 N aqueous NaOH solution was added, the
mixture was then extracted with CH,Cl, (3x 30 mL).
The organic phase was washed with brine and then dried
over anhydrous Na,SO,. After removing the solvent un-
der reduced pressure, the product was obtained as a
white solid. Yield: 70%. '"H NMR (CDCl;, 400 MHz)
0: 1.88-1.91 (2H, m, CH,-CH), 2.25-2.31 (2H, m,
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CH,-CO), 2.60-2.90 (12H, m, CH,-NH), 3.57-3.63
(4H, m, CH,-N), 3.97-3.98 (1H, m, CH-CO), 7.45-
7.54 (3H, m, naphthalene-H), 7.69-7.71 (1H, d, J=8
Hz, naphthalene-H), 7.85-7.87 (2H, d, J = 6.8 Hz, naph-
thalene-H), 7.95-7.97 (1H, d, J = 7.6 Hz, naphthalene-
H), 9.04 (1H, s, NH-CO); IR (KBr) v: 3428, 2925,
2852, 1631, 1539, 1501, 1456, 1400, 1261, 1127, 799,
674cm™'; HR-MS (ESI): Caled for Cy3H34NGO,
[M+H]": m/z = 427.2816. Found: 427.2188.

4.2.3. Preparation of 5. To a solution of 4 (0.12 mmol,
50mg) in ethanol was added Cu(NO;),'3H,O
(0.24 mmol, 58 mg). After stirring for 5 h, a blue powder
appeared. The blue powder was filtered and then washed
with ethanol. Yield: 90%. IR (KBr) v: 3435, 3243, 2924,
1630, 1592, 1384, 1128, 1012, 801, 572 cm™'; HR-MS
(ESI: Caled for ChHyCuNgOg [M—NOs+Nal*: mifz =
287.0908. Found: 287.1226.

4.3. "H NMR study

Six hundred megahertz 'H NMR spectra were gained on
Bruker AV 1I-600 MHz spectrometer. CGN, CGN/
DNA, CGN/B-cyclodextrins, and CGN/DNA/B-cyclo-
dextrins were directly dissolved in D,O, respectively.

4.4. Fluorescence spectrum study

4.4.1. Fluorescence quench of CGN by CT DNA. Hun-
dred microliters of 5mM CGN was added to 2.5 mL
of phosphate buffer (pH 7.4). A series of 1.0 mg/mL
DNA solution (5-25 uL) were added and the fluores-
cence spectrum in the absence (Fy) or presence (F) of
CT DNA was measured at Ay =274nm and
Aem = 373 nm.

4.4.2. Fluorescence titration of p-cyclodextrin. Hundred
microliters of 5 mM CGN was added to 2.5 mL of phos-
phate buffer (pH 7.4). The range of 10 mM B-cyclodex-
trin (20-100 pL) were added in the absence or presence
of 1.0 mg/mL CT DNA (30 pL), respectively. Fluores-
cence intensities of the blank (F;) and the mixed solution
(F) were measured at o, = 274 nm and A, = 373 nm.

4.5. Viscometric studies

Viscosity experiments were carried out with an Ubbe-
lodhe viscometer in a water bath and maintained the
constant temperature at 37 °C. A range of 30-150 pL
of 5SmM Cu(CGN) solution were added in 15mL of
0.2 mM CT DNA solution. The flow time was measured
by a digital stop watch.

4.6. DNA cleavage experiment

Plasmid DNA (pUC19) cleavage activity of Cu(CGN)
was monitored by agarose gel electrophoresis. In a typ-
ical experiment, supercoiled pUCI9 DNA (5pL,
0.025 g/L) in NaH,PO4/Na,HPO, (100 mM, pH 7.4)
was treated with different concentrations of complex,
followed by dilution with the NaH,PO,/Na,HPO, buf-
fer to a total volume of 35 pL. The samples were then
incubated at 37 °C for different time and loaded on a

1% agarose gel containing 1.0 g/mL ethidium bromide.
Electrophoresis was carried out at 40 V for 30 min in
TAE buffer. Bands were visualized by UV light and
photographed followed by the estimation of the inten-
sity of the DNA bands using a Gel Documentation
System.
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