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Mixtures of DNAwith the three antibiotics zorbamycin, phleomycinor bleomycin
were analyzed by UVand circular dichroism measurements. The results indicate that a
physical interaction between isolated DNAand each of the three antibiotics occurs and that
these antibiotics definitely bind to DNA.

Zorbamycin is a broad spectrum antibacterial and antifungal agent and is related to the
phleomycins and bleomycins. Zorbamycin was found to induce rapid degradation of the DNAand
RNAfractions in bacterial cells1}. DNAdegradation is initiated first and is closely followed by the
degradation of RNA.No degradation of isolated DNAis observed in the presence of zorbamycin.
DNAand RNAsyntheses are not impaired in cell-free systems. Since the initial effect of the
antibiotic is expressed at the level of the DNAfraction, it was concluded that zorbamycin somehow
induces a change in the structure or function of the cellular DNAfraction which leads to a rapid
breakdown of this fraction. No evidence for any direct interaction of isolated DNAwith zorbamycin
could be demonstrated by a variety of parameters. We now wish to present ultraviolet (UV) and
circular dichroism (CD) measurements which indicate that a physical interaction between isolated
DNAand zorbamycin does indeed occur. For comparative purposes, UV and CD data obtained
with phleomycin- and bleomycin-DNA mixtures are also included. Phleomycin and bleomycin
have been shown to interact with DNAby techniques other than UVand CD2).

Materials and Methods

Calf thymus DNAwas purchased from Worthington Biochemicals. Bleomycin, Cu2+-free,
was purchased from Nippon Kayaku, Co., Japan; Phleomycin-Cu2+ complex was obtained from
Bristol Laboratories, Inc. The structures of these antibiotics have been published recently2'3'4). Their
molecular weights amount to approximately 1,540. The structure of zorbamycin is unknown but its
molecular weight is estimated to be similar to phleomycin and bleomycin. Direct comparisons of
their effects on an equal weight basis is thus permissible. The name zorbamycin applies to the
Cu2+-containing complex of the antibiotic.
Circular dichroism (CD) data were obtained on a Cary 60 spectropolarimeter interfaced with

an IBM 1800 computer. The instrument was calibrated with 10-camphorsulfonic acid4j5). Ultraviolet
absoprtion (UV) data were also obtained on the Cary 60 (simultaneously with the CD) from a record
of the dynode voltage of the CDphototube. The UVdifference spectra were obtained on a Cary
15 spectrophotometer. The vertical bars above the CDcurves represent the estimated error of the
measurements. The false rotation of the Cary 60 was checked with dichromate solution and found
to be about 0.001 degree at an absorbance of about 2.5.
All compoundswere dissolved in water. The exact compositions of the reaction mixtures are

given in the Figure legends. The UVand CD characteristics of the compounds used in these studies
* to whomcorrespondence should be sent.
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are detailed in the following. The wavelength maxima are expressed in millimicrons followed by
the intensity in terms of specific quantities: UV, absorptivity; CD, specific ellipticity (degrees
ellipticity divided by the path length in dm and the concentration in g/cm3).

Calf Thymus DNA. UV: 258m// (15.5); CD: 218m// (950), 245m// (-2240), 275m// (2080).
Zorbamycin. UV: 244m// (15.9), 298m// (5.0); ,CD: 230mp (-390), 253mp (1470), 270m//

sh (850), 313m// (-760).

Phleomycin. UV: 244m/* (13.2), 298m// (4.6); CD: 230m// (0), 251m// (1270), 272mpt

sh (470), 312m// (-700).

Bleomycin. UV: 235mp sh (14.2), 291m// (9.5); CD: 248mp (-200), 285m// (470).

Results and Discussion

The individual CDand UVabsorption curves obtained with calf thymus DNA,zorbamycin,
phleomycin or bleomycin are shown in Fig, 1. DNAhas CDmaxima at 275, 245 (negative) and
218 mfi and a UVmaximumat 258m/u. Zorbamycin and phleomycin possess similar UVand CD
characteristics in that both compounds show a broad UVband near 300m/z, a well defined UV
maximumat 244m.[x and CDbands near 315 (negative), 270 (shoulder) and 250mpi. The major
difference between the CDcurves of zorbamycin and phleomycin is observed at 230 m.[x where the
ellipticity values are negative for zorbamycin and zero or positive for phleomycin. This difference
is reproducible and significant as it is in excess of the estimated experimental error. The UVand
CD spectra for bleomycin differ substantially from those of either zorbamycin or phleomycin. The
CD spectrum of bleomycin is dominated by a large positive band at 285 m.fjt which is probably due
to the same electronic transition(s) responsible for the UVmaximumat 290m^. In addition bleo-
mycin shows a slight shoulder near 240m/* in the UVspectrum and a weak negative band near
250m/* in the CD spectrum. The position of this weak CD band must be considered somewhat
uncertain due to the relatively large uncertainty of the ellipticity values below 250 iriju.

That the UVand CD spectra of Cu2+-free bleomycin differ substantially from those of phleo-
mycin and zorbamycin maybe due to the effect of Cu2+-chelation on the spectra of phleomycin and
Fig. 1. CD( )andUV(---)spectraof: (A) calf thymus DNA
(200/ig/ml in H2O); (B) zorbamycin; (C) phleomycin and (D}
bleomycin. All antibiotic solutions were 80 «g/ml in H2O.

zorbamycin and/or to the

chromophoric differences of the
antibiotics. Thus, bleomycin

contains a conjugated di-thiazole

ring system while ,phleomycin
does not because of one less
carbon-carbon double bond in

one of the thiazole rings4).
Nevertheless, the simplest inter-

pretation of the DNA-antibiotic
interaction studies described
below is the same for all three

antibiotics even though the UV
and CD spectra of bleomycin
differ significantly from those of
phleomycin and zorbamycin.
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Fig. 2. CD (A) and UV (B) spectra of DNA (100
fjtgIml) and zorbamycin (40j«g/ml) in H2O, in

separate cells (a) and the same cell (b).

. 3. CD (A) and UV (B)-difference spectra in
H20. The DNAand antibiotic concentrations

of the samples used for CDspectra were 100
^g/ml and 40 /*g/ml, respectively. The concent-
rations of the samples used for the UVspectra

were:
DNA (90.4 ^g/ml)-zorbamycin (36.1 jug/ml),
DNA (90.4 jug/ml)-phleomycin (36. 1 jag/ml),
DNA (100 /zg/ml)-bleomycin (40 /ig/ml).

The CD and UVcurves of DNA-zorba-
mycin mixtures are given in Fig. 2. The con-
trol curves (solid lines) were obtained with DNA
and zorbamycin present in separate cells, each
read against water as a blank and represent the
sumofthecurvesshownin Figs. 1A and IB. The
dashed curves in Fig. 2 were obtained with

zorbamycin and DNAmixed in a single cell.

It is evident that both spectra of the DNA-
zorbamycin mixtures differ significantly from

the control spectra although the differences are
more enhanced in the CDcurve. This indicates that some interaction had occurred between DNA
and zorbamycin upon mixing of the two components. However, the specific nature of the electronic
transitions responsible for these spectral differences are difficult to define.

These differences are better visualized by the use of difference spectra. Difference UVand CD
spectra were thus prepared with DNAmixed with either zorbamycin, phleomycin or bleomycin
(Fig. 3). The curves represent the data obtained with DNA-antibiotic mixtures (baseline) subtracted
from the data of DNAand antibiotic in separate cells (sample line). In the case of the DNA-
zorbamycin mixtures the difference spectra are thus equivalent to the differences between the two
UVand CDspectra shown in Fig. 2. The spectral changes occurred instantly upon mixing of the
components and remained stable for at least the duration of the time needed to record the spectra
(l~2hrs.).

The difference CDspectrum obtained with the DNA-zorbamycin mixture shows a shallow
negative deflection from the baseline at aooroximatelv 300 ma. a stron? oositive deflection at 270 mu
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and another negative deflection at 250m^. A similar CDdifference spectrum was obtained with a
mixture of DNAand phleomycin. The only distinct difference between the DNA-zorbamycin and
DNA-phleomycin CDdifference spectra resides in the intensity of the negative deflection at 250 m/u.
The CDdifference spectrum obtained for the DNA-bleomycin mixture differs significantly from
the ones obtained with either zorbamycin or phleomycin. A negative maximumis observed at
290 mju and a broad, shallow positive deflection with a maximumnear 258 m/u.

The UVdifference spectra of the three DNA-antibiotic mixtures are all quite similar as each
shows a positive maximumnear 258 m/A.

The interpretation of these CDand UVdifference curves in terms of which of the two respective
components of the mixtures contributes, and to what extent, toward the measured deflections is
difficult. As DNAand antibiotics possess UVand CD absorption, both DNAand the antibiotics
upon mixing and interaction with each other can contribute to the net observed difference spectra.
Overlapping effects of neighboring absorption bands might have opposite signs and to some extent
might cancel each other. Wepresent here the simplest interpretation of the data obtained.

The CDresults suggest that the antibiotics bind to DNAwithout causing an extensive change
in the secondary structure of the DNAhelix. On the other hand a significant change in the rota-
tional characteristics of the antibiotic transitions occurs as a result of asymmetric perturbations
induced by the DNAmolecule as the antibiotics bind to DNA.This interpretation is based on the
observation that the CD maxima of the DNA-antibiotic difference spectra (Fig. 3) coincide somewhat
more closely with the CDmaximafor the antibiotics alone rather than with the CDmaximafor
DNAalone (Fig. 1). No positive or negative remnant contributions of DNAat the 275m/* or
245 mpi regions are evident or necessary to interpret the difference curves. This interpretation is
perhaps somwhatmore clear in the case of the DNA-bleomycinCDdifference spectrum.

The commonfeature of the UVdifference spectra, a positive maximumnear 258 vapt, indicates
that the absorptivity of the UVband in this region has decreased. As the antibiotics alone possess
low absorbance in this region of the UVspectrum, we may assume that the decrease of absorbance
in the 258mpt region can be attributed to the DNAcomponent present in the mixture. Such a
decrease in absorbance on the part of the DNAindicates that, as a result of the interaction of the
DNAwith the antibiotics, the degree of regularity of the DNAhelix increases somewhat.

Zorbamycin and phleomycin alone show a weak CDband at 570m/n (not shown in Fig. 1).
Attempts to measure interactions between DNAand phleomycin at this band failed due to formation
of precipitates upon mixing of DNAand antibiotic at antibiotic concentrations (1 mg/ml) sufficiently
high to allow detection of the 570mft band. No precipitation occurred with DNA-zorbamycin
mixtures under the same conditions. However, the rotational characteristics of the 570 m/x band in
the CDspectrum did not change upon mixing of DNAwith zorbamycin.
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