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Abstract-The results reported in this paper describe the effects produced by the antibiotic Coumermycin 
A, (CA1) on survival and metabolism of chick embryo fibroblast cells (CEF), and give a clue to the 
understanding of its toxicity. The drug acts primarily at the level of DNA and RNA synthetic enzymes; 
no effect on DNA superstructure is detectable at doses at which cytotoxicity is pronounced. A 
spectroscopic approach produced evidence that CA1 binds to DNA, RNA, chromatin components such 
as histones and to a structurally unrelated protein such as bovine serum albumin. Furthermore, CA, 
behaves like a pure non-competitive inhibitor of lactic dehydrogenase, a ubiquitous enzyme not involved 
in nucleic acid metabolism. The interaction of CA1 with a wide range of macromolecules playing 
different biological roles is certainly relevant to its activity and adds a new insight into the mechanism 
of action of this antibiotic. These observations are also discussed in the light of the alleged role of CA1 
as a specific inhibitor of DNA topoisomerase in eukaryotic cells. 

The use of inhibitors of DNA synthesis is sometimes 
a valuable approach for understanding the mech- 
anisms of DNA replication and the roles of various 
enzymes, which are particularly complex in 
eukaryotic cells. Coumermycin A1 (CAl), a natural 
analogue of Novobiocin, is a coumarin- and 
carbohydrate-containing antibiotic produced by 
Streptomyces richiriensis [l, 21. It is active against 
a variety of bacteria, particularly Gram-positive 
organisms [3]. It has also been shown to inhibit 
preferentially the replicative DNA synthesis in E. 
coli [4], in which system the drug is a specific inhibitor 
of the B subunit of DNA gyrase [5, 61. For this 
reason it has also been employed in the search for 
topoisomerase II and gyrase-like activities in eu- 
karyotes [7-91. However, the biochemical evidence 
for the implication of these enzymes as specific tar- 
gets of CA1 in a DNA replication sensitive step does 
not seem to be conclusive. 

Recently the antibiotic has also proved to be active 
in blocking the replication of DNA [lo. 111 and 
RNA viruses [12], probably by affecting vital func- 
tions mediated by host cells, as suggested by the 
toxicity of the drug on BHK and CV, cells [lo, 111. 

The objective of the present work was to inves- 
tigate the cytotoxicity of CA1 for chick embryo 
fibroblast cells (CEF) by metabolic studies; in par- 
ticular, experiments were performed to discover if 
any macromolecular synthesis was preferentially 
affected. 

The reason for choosing CEF for our studies was 
dictated by their being natural hosts of different 
viruses and easily obtained in primary cultures, 
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which, in contrast with cell lines, have not adapted 
their biosynthetic enzyme activities to conditions of 
continuous in vitro growth. Further attention was 
focused on the study of the DNA structure of treated 
cells, since recent reports on the parent compound 
Novobiocin were quite conflicting in defining the 
nature of changes occurring in DNA [13, 141. 

In order to supplement the investigation on metab- 
olism and cell survival, physico-chemical studies on 
the interaction of CA1 with biological macro- 
molecules involved in DNA and RNA synthesis were 
performed. Such studies were extended to other 
molecules selected as possible model targets of the 
drug. 

MATERIALS AND METHODS 

Chemicals and radioactive compounds. Coumer- 
mycin A1 was a kind gift from Prof. R. E. Hand- 
Schumacher (Yale University, Medical School). The 
antibiotic was dissolved in dimethyl sulphoxide 
(DMSO) and stored in small aliquots at -20”. DMSO 
(spectroscopic grade) and KI (extra pure) were pur- 
chased from Merck; ethidium bromide (EB), N- 
ethylmaleimide (NEM), phenyl methyl sulphonyl 
fluoride (PMSF) and dithiothreitol (DDT) were from 
Sigma. cu-Amanitin was a kind gift from Prof. M. La 
Placa (University of Bologna, Medical School). 
Phosphocellulose (P-11) was purchased from What- 
man and DEAE-Sephadex A-25 from Pharmacia. 

Ribosomal RNA (Sigma) from rabbit liver was 
freed of contaminating protein and DNA by treat- 
ment with DNAse (Type I, Sigma) plus proteinase 
K (Type XI, Sigma), followed by several phenol 
extractions. Calf thymus DNA (Type I, Sigma) was 
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activated as reported [ 151; A-DNA was obtained from 
Amersham. Histones (Type 111s) and bovine serum 
albumin (BSA) fraction V were purchased from 
Sigma; LDH (from rabbit muscle) was from Boeh- 
ringer Mannheim. 

Unlabelled deoxynucIeoside or ribonucleoside tri- 
phosphates were obtained from Boehringer. 
Mannheim. [3H]methyl thymidine (specific activity 
4C!-60 Ci/mmole), [5-3H]uridine (specific activity 
20-30 C~mmole) and L-[4,5-3H]leucine (specific 
activity 100-150 Ci/mmole) were from the Radio- 
chemical Centre (Amersham, Bucks., U.K.). 
[3H]dTTP (30 Ci/mmole) and [5-3H]UTP (23 Ci/ 
mmole) were also from the Radiochemical Centre. 

plastic flasks (Falcon). At this stage CEF were 
removed from the plates with a rubber policeman, 
harvested by centrifugation. washed three times with 
citrate-saline and resuspended at lo8 cells/ml in lysis 
buffer [ZO] (50 mM Tris-HC1, pH 7.6, 0.1 mM K- 
EDTA, 0.2 mM DDT, 1 mM PMSF. 10% glyceroi, 
0.5 M KC1 and Triton X-100 0.5%). 

Cells and culture conditions. Primary cultures of 
CEF were obtained from lo-day-old embryonated 
eggs as described [16]. 

Cells were seeded into 3 and 6 cm diameter Petri 
dishes (Falcon) and cultured in Dulbecco modified 
minimal essential medium (DMEM) with the addi- 
tion of 10% heat inactivated fetal calf serum (FCS, 
Gibco), HEPES (20mM), antibiotics and L-gluta- 
mine (2 mM). Culture vessels were maintained in a 
moist atmosphere of 5% CO2 in air. 

Cells were lysed by three cycles of freezing and 
thawing in liquid nitrogen and finally disrupted with 
three 10 set bursts at 1 min intervals by using a 
microprobe of a Branson B12 sonifier set at a power 
of 20. The homogenate was centrifuged for 1 hr at 
40,000 rpm in a Beckman SW 50.1 rotor. The super- 
natant was collected and partial purification of DNA 
polymerase awas achieved by ion-exchange chroma- 
tography first on a 15 ml DEAE-Sephadex A-25 
column, then on a 5 ml phosphocellulose (P-11) col- 
umn as described elsewhere [20, 211. All operations 
were carried out at 4”. The assay conditions for DNA 
polymerases CY were those described by Yamaguchi 
et al. [20] using a volume of 100 PI. 

Measurement of cell numbers, DNA, RNA and 
protein synthesis. Cells in a steady and exponential 
state of growth were incubated with various concen- 
trations of CA, freshly made up in DMEM each time 
before use. Cell numbers were measured at the 
beginning and after the period of treatment by count- 
ing trypsinized cells in a conventional haemocyto- 
meter under phase contrast. 

Partial purification and assay of RNA polymerase 
II. Cells were harvested and washed as described 
above and cell extracts were prepared for chroma- 
tography as reported by Lobban and Simonovitch 
[22]. The chromatographic separation of the enzyme 
through a DEAE-Sephadex A-25 column and the 
assay conditions were also performed according to 
these authors (221. 

Pulse labelling experiments in the presence of the 
compound were carried out by adding to the culture 
for a period of 30 min 5 ,&i/ml of the following 
metabolites: [3H]thymidine, [3H]uridine and 
[3H]leucine, the latter in the medium without leu- 
tine. In some experiments the drug was removed by 
washing the cells extensively before incubation with 
the radioisotopes. At the end of the incubation 
period the cells were processed to measure TCA- 
precipitable radioactivity as described elsewhere 
[171. 

Spectrometric studies. The concentrations of CA, 
in DMSO and Novobicin in H20 were determined 
spectrophotometrically using &a0 = 6 x 10J (M/cm) 
and Es01 = 600 (M/cm), respectively. NADH con- 
centration was also determined spectrophotometri- 
call using an extinction coefficient of 6.22 x lo3 
Cdm). F or calf thymus DNA. A-DNA and ribo- 
somal RNA, &,o was taken as 6600 (M/cm). The 
measurements were carried out using solutions of 
nucleic acid prepared so as to have optical density 
units of 2, 1 and 0.4 at 26Onm, depending on the 
experimental requirements. No buffer was used. 
except where indicated. 

Neutral sucrose density gradient analysis. The sedi- 
mentation properties of CEF nucleoids were exam- 
ined by using the method of Cook and Braze11 [18]. 
Cells were labelled by overnight incubation at 37” 
with 5 &i/ml t3H]thymidine and then incubated for 
2 hr with fresh medium containing CA1 but not 
radionuclides. In some experiments CA1 was also 
added during the labehing period. Cells (5 x 105) in 
50 ~1 of PBS were eventually added to 1.50 ~1 of Iysis 
solution [18] and the mixture was Iayered on top of 
a preformed 15-30% sucrose gradient after 20min 
at room temperature. In separate experiments dif- 
ferent concentrations of EB were included in the 
sucrose solutions. Gradients were spun at 30,000 rpm 
for 30min at 20” using a Beckman SW 50 rotor. 
Fractions were collected from the bottom of each 
tube and the radioactivity present was determined 
by fiquid scintillation spectrometry as described in 
ref. [19]. 

In a typical experiment. 10 ~1 of a concentrated 
solution of CA1 (1.53 mM) in DMSO was diluted to 
the desired concentration in doubly-distilled water, 
directly into the absorption or fluorescence cuvette. 

The absorption spectra were recorded on a 
Perkin-Elmer 576 spectrophotometer having. when 
appropriate, the protein or nucleic acid control 
samples in the reference cell. In the visible range. 
this arrangement cancelled out the effect of light 
scattering due to the macromolecular phase and any 
siight absorption of these materials in the range 
300-400 nm: moreover. in the UV range it enabled 
the contribution of the drug to the absorption of the 
mixture to be recorded separately. The optical den- 
sity in the absorption maximum for cell, solvent and 
sample was no more than 1.0. The absorbance at 
280 nm (where the measurements were performed) 
obeyed Beer’s law up to concentrations of 28 PM. 

Partial purification and assay of DNA polymerase 
LY. CEF were used as the source of enzymatic activity. 
Cells obtained from 9 to 10 days fertilized eggs as 
described earlier were grown to confhience in large using a 15 nm siit. 

Fluorescence measurements were performed by 
means of a Perkin-Elmer MPF 44A spectrophoto- 
fluorometer equipped with a DCSU2 unit. Standard 
conditions were fluorescence excitation at 347 nm 
with a 15 nm slit, and fluorescence emission at 447 nm 
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The temperature was kept constant at 25 f 0.2” 
by means of a thermocryostat Braun 1441-1425. 
Commercial quartz cells (Hellma) with a 1 cm path 
length were used in all the experiments. Many chem- 
icals are strongly fluorescent or are fluorescence 
quenchers, therefore glassware was washed with a 
mixture of ethanol and nitric acid before use. 

The experiments performed to determine Kapp, 
the apparent binding constant of CA, to either BSA 
or histones or DNA or RNA, were carried out keep- 
ing the antibiotic concentration constant; depending 
on the final concentration of the macromolecule, 
different ratios of nucleic acid or protein (P) to drug 
(D) were obtained. In order to achieve a better 
evaluation of the KaPP at low P/D ratios, the equation 
of Papaphilis and Shaw [23] was used: 

(C”, x C?_)/(A” -A) = [K&E’- EC)]-’ 

+ (E” - E,)-‘[(C; + C:) - (A’-A)/(E’-EC)] 

where Cp and Co, are the concentrations of protein 
or nucleic acid and of the drug, respectively, A and 
A0 the absorbance of the ligand in the presence and 
absence of the bound drug, and E” and E, the molar 
extinction coefficients of the free and bound ligand, 
respectively. 

Fluorescence quenching results were plotted 
according to the Stern-Volmer equation [24], which 
can be written as: 

Fe/F’= 1 + K(Q), with K = K,t 

where F. and Fare the fluorescence quantum yields 
in the absence and presence of the quencher, (Q) 
is the quencher concentration, K the Stern-Volmer 
constant, r the fluorescence decay time in the 
absence of quencher, and Kq the quenching rate 
constant. 

Experimentally, small aliquots (50& of a con- 
centrated KI solution (2 M) were added to a 2 ml 
sample solution with an absorbance of 0.1 at the 
excitation wavelength of 347 nm. Corrections for 
dilution were made when necessary; since KI does 
not absorb at the excitation wavelength, no correc- 
tion for inner filter effects was required. 

RESULTS 

Cytotoxicity of CA, 

The addition of CA1 to confluent monolayers of 
CEF showed that the drug was toxic for the cells in 
a steady-state of growth and that the cell1 survival 
was affected by the drug in a dose-dependent man- 
ner. Treatment with 20 pg/ml CA1 for 24 hr produced 
a significant decrease in cell number (Table 1A). 
With such a drug concentration, cell viability began 
to decrease as early as 10-12 hr following addition 
of the compound to the culture dishes; eventually 
the cells lysed. 

Lower doses of 5 and 10 fig/ml had only a minor 
effect on cell survival (Table 1A) and a concentration 
of 1 pg/ml was not toxic under such experimental 
conditions. The cytotoxicity of the drug was more 
pronounced when cell survival was studied on a 
population of CEF in an exponential phase of growth 
as shown in Table 1B. In this case the TD~~ was found 
to be between 1 and 2 pg/ml. 

Table 1. (A) Cytotoxicity of CA1 for CEF in a stationary 
condition of growth 

Cell numbers 

(Z& 
at 24 hours % of control 

(x10-6) (taken as 100%) 

0 2.3 100 
1 2.3 100 
5 2.1 94 

10 1.8 84 
20 1.1 48 

To confluent monolayers of CEF (2.5 X 106cells/dish) 
different drug concentrations were added. Cells were 
counted after an incubation period of 24 hr with the drug 
(see Materials and Methods). 

Table 1. (B) Cytotoxicity of CA1 for CEF in an exponential 
condition of growth 

Cell numbers 

(Pz& 
at 72 hours % of control 

(x10-4) (taken as 100%) 

0 24.6 100 
0.5 19.5 79.2 
1 16.4 66.6 
2 6.3 25.1 
5 1.1 4.5 

10 0.8 3.2 
20 0.3 1.3 

To 3.625 x 104 adherent CEF, different drug concentra- 
tions were added. Cells were counted after an incubation 
period of 72 hr with the drug (see Materials and Methods). 

Effect of CA1 on nucleic acid and protein synthesis 

Both DNA and RNA synthesis were affected 
within 90 min by 20 ,ug/ml CAi, and after 6 hr the 
uptake of both uridine and thymidine was reduced 
to ca 10% of the initial value. An effect on protein 
synthesis, as determined by the incorporation of 
leucine, required a longer time and higher concen- 
tration of CAi (Fig. 1). 

In some experiments the compound had also been 
removed from the culture by extensive washing, and 
then the cells were pulse-labelled for 30 min with 
[3H]thymidine at various times in order to see if the 
blocking of DNA synthesis was reversible. 

An exposure of 7 hr prior to pulse-labelling of the 
cells was enough to keep a constant level of inhibition 
over the following period of 12 hr (see Table 2). 

Sedimentation of nucleoids from CEF treated with 
CA1 in neutral sucrose gradients 

A structure resembling nuclei (nucleoids), but 
depleted of protein, containing intact supercoiled 
and circular DNA [25] is obtained by lysing eu- 
karyotic cells in a non-ionic detergent at high salt 
concentrations [18]. 

A conformational modification of DNA contained 
in nucleoids, caused by a variation in the degree of 
supercoiling, is reflected on sucrose gradients [18]. 
The sedimentation pattern of nucleoids from cells 
treated with two different concentrations of CA1 was 
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Fig. 1. Measurements of the incorporation of radiolabelled precursors of DNA, RNA and protein in 
CEF in pulse-labelling experiments at various concentrations of CA,. 0. 66.5 hr; 0. 3-3.5 hr: A. 

l-l.5 hr. 

unchanged (see Fig. 2A). The same results were 
obtained independently when the cells were incu- 
bated with the drug during the entire pulse period 
or only during the chase (data not shown). 

Titration of the degree of supercoiling in the DNA 
from nucleoids of treated and untreated cells was 
also performed by analysing the sedimentation pro- 
file of the two preparations in sucrose gradients, 
containing increasing amounts of ethidium bromide 

Table 2. Residual activity of CEF ([3H]Tdr incorporation) 
after exposure to CA1 (20 &ml) for 7 hr: effect of drug 

removal 

Hours after removal of CA, % residual activity* 

2 80 
4 80 

12 85 

* Values normalized to the activity present after treat- 
ment of 7 hr with CA,, taken as 100%. 

A 

40 

30. 
a 
0 

20 . 
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d 

0 5 10 15 
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[26]. Low concentrations of the dye in fact induce 
the relaxation of supercoiled DNA; on the contrary, 
at higher dye concentrations, positive supercoiling 
occurs [27. 281. These transitions are accompanied 
respectively by a drop and an increase in sedimen- 
tation rate, and a typical biphasic pattern is shown 
in Fig. 2B for CAL-treated and untreated cells. In 
both, relaxation was more evident with a dose of 
2 pug/ml ethidium bromide. 

These data indicate that the extent of negative 
supercoiling is unaffected by CA1 at concentrations 
at which the drug is cytotoxic and rapidly inhibits 
DNA synthesis. 

Assay of DNA polymerase (Y and RNA polymerase 
II 

These enzymes were chosen in consideration of 
the metabolic studies which indicated interference 
of CA1 with nucleic acid synthesis. In vitro assays 
showed that CA1 inhibited DNA and RNA poly- 
merases in a dose-dependent manner (Figs. 3A and 
3B). It can be observed that RNA polymerase II, 

UB 

g 0.61 
Oh-F- 50 

ETHIDIUM BROMIDE (@/ml) 

Fig. 2. (A) Sedimentation profile in a neutral sucrose density gradient of nucleoids from CEF. 0. 
Control. II, in the presence of 5 pg/ml CA, : 0. in the presence of 20 ng/ml CA,. (B) Sedimentation 
profile in a neutral sucrose density gradient of nucleoids from CEF in the presence of increasing amounts 
of ethidium bromide. The data are plotted as the ratio of sedimentation distances of the DNA from 
control nucleoids (0) and the DNA from treated cells (0). Each point represents the mean of three 

separate measurements. 
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CA~WB/mll CA$wml) 

Fig. 3. Effect of CA1 on DNA polymerase (Y (A) and on RNA polymerase II (B). (A) The reaction 
mixture of the nassay contained the following in 100 fl volume: 5 mnole Tris-HCl (pH 7.4), 100 nmole 
D’IT, 800 nmole MgCl2, 10 nmole each of dATP, dCTP and dGTP, 8 pg activated calf thymus DNA, 
66 pmole [3H]dTTP (30 Ci/mmole), 15% glycerol, 4 pg BSA, 3 mnole KC1 and enzyme. Incorporation 
was normalized to the volume of control reaction lacking drug. Each point is the average of three 
determinations; 100% represents 0.330 pmole dTTP incorporated in 30 min at 37”. The reaction was 
shown to be sensitive to NEM [21]. (B) The reaction mixture for RNA polymerase II contained the 
following in 1OOp volume: 4.99 mole Tris-HCl (pH 7.9), 0.166mole MnCl2, 0.62mole NaI, 
62.25 nmole each of ATP, CTP and GTP, 357 pmole [3H]UTP (28 Ci/mmole), 0.25 mnole pmercapto- 
ethanol, 11.62 pg calf thymus DNA and enzyme. Incorporation was normalized to the volume of control 
reaction lacking drug. Each point is the average of three determinations; 100% represents 2.22 pmole 
UMP incorporated in 30 min at 37”. The specificity of the reaction is indicated by its intensity to a- 

amanitin [37]. 

under the experimental conditions employed, is 
slightly more sensitive to the drug than DNA poly- 
merase LY. 

Interaction of CA1 with LDH 

In order to discover if the only target of the action 
of CA1 were enzymes involved in DNA and RNA 
synthesis, we decided to study the possible interac- 

1 2 3 

I/ [Na-pyruvate](mMl 

Fig. 4. Lineweaver-Burk plot of LDH activity in the 
absence (0) and presence of CA, (0, 3.6 PM; 0, 7.9 @vI; 
A, 11.5 PM; A, 14.4 PM; W, 25.1 PM). The reaction mix- 
ture ‘contained, in a final volume of 2 ml, 0.0011 mM LDH, 
0.177 mM NADH and sodium pyruvate at increasing con- 
centrations ranging from 0.05 to 0.275 mM, in 5 mM phos- 
phate buffer. Initial rates of NADH oxidation, as deduced 
from the slope of velocity-progress curves [38], were used . . * . . . 

Cont. of CA1 Cm) 

Fig. 5. Dixon plot of the inhibition of LDH activity by CA, 
(3.6, 7.9 and 11.5 ,&I) for different sodium pyruvate con- 
centrations (0. 0.05 mM; 0, 0.075 mM; Cl. 0.10 mM; A, 

m an caicmations. 0.125 mM; A, 0.150 mM; W, 0.20 mM; t, 0.275 mM). 

tion of the drug with an enzyme catalysing a reaction 
metabolically wide apart and ubiquitous such as 
LDH. 

It is apparent from Figs. 4 and 5 that CA1 interacts 
with the enzyme; it appears to act as a pure, non- 
competitive inhibitor with a K,,, of 270 PM and a Ki 
of 5.7 $4. 

Interaction of CA1 with nucleic acid and protein: 
spectrometric studies 

The results of the biological and enzymatic assays 
presented above prompted us to investigate if and 

0.8 I 
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WAVELENGTH ( nm 1 

Fig. 6. Absorption spectra of CA1 (7.5 ,uM) in different 
solvents and interacting with different macromolecules. 
000, 99.5% H20-0.5% DMSO; --. 6OpM RNA; 
-O-, 60 y/ml histones: p, 60 y/ml BSA; ---, 30 PM y- 

DNA and calf thymus DNA; 000. DMSO. 

how the drug interacts with other non-enzymatic 
proteins and with nucleic acids, which are natural 
substrates of some of the enzymes described. 

The absorption spectra of CA1 in an aqueous sol- 
vent (99.5% HzO-0.5% DMSO), at a biologically 
significant concentration (7.5 PM), in DMSO and in 
the presence of BSA are shown in Fig. 6. The protein 
affected the absorption spectra appreciably: a hyper- 
chromic effect of ca 14% together with a red shift 
of ca 8 nm for the band centred at 280 nm was 

ä 
-1 

2 
3 EX : 347 nm 

Table 3. Affinity constants of CA, for different 
macromolecules 

P/D K “PP 
CA,-BSA 0.57-2.6 6.3 x 10’ 
CA,-Histones 0.4X-2.9 8.7 x lo’ 
CA,-DNA 3.5-7.3 3.8 x 10 
CA,-RNA 4.9-10.9 2.6 x 10J 

observed. Also the band centred at 347 nm was 
blue-shifted ca. 30 nm. Similar but less-marked spec- 
tral modifications were produced in DMSO. The 
absorption spectrum of CA, in the presence of his- 
tones 111s showed again a shoulder at 310nm and 
the absorption maximum at 282 nm. The interaction 
of the drug with A-DNA at a P/D ratio of one drug 
molecule/four base pairs caused the 347 nm band to 
disappear. On the contrary, such a band did not 
disappear in the presence of ribosomal RNA at the 
same, and higher, P/D ratios. 

The fluorescence spectra, as shown in Fig. 7. fol- 
lowed a pattern similar to that of the absorption 
spectra. The emission band of CA1 in 99.5% H20- 
0.5% DMSO resulted from the superimposition of 
four bands with the maxima centred at 429. 455 and 
503 nm, respectively, as determined by the second 
derivative spectra (not shown). The fluorescence 
intensity was reduced above 3-fold in the presence 
of BSA and ca 2-fold in the presence of histones. 
Linear DNA and ribosomal RNA reduced the emis- 
sion intensity about three times. 

The apparent affinity constants of CA, with the 
proteins and nucleic acids tested are reported in 
Table 3. The values seem to indicate that the drug 
binds with higher affinity to the protein compared 
to the nucleic acids. 

In order to investigate how deeply buried the drug 
becomes when interacting with BSA or DNA, flu- 
orescence quenching experiments were performed 
with II. From an inspection of Fig. SA, it is evident 

I 

EM ~447 nm 

WAVELENGTH (nm 1 

Fig. 7. Excitation and emission fluorescence spectra of CA, (1.65 PM) in different solvents and interacting 
with different macromolecules. 000, 99.5% HzO-0.5% DMSO; --, 60 PM RNA: -C. 60 )‘/ml 

histones: -, 60 y/ml BSA; ---, 30 ,uM calf thymus DNA; 000. DMSO. 
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1 4 

mM 1/m M-l 

Fig. 8. (A) Stern-Volmer plots of the quenching of CA1 fluorescence by I- in water (0) and in the 
presence of BSA (A) and calf thymus DNA (0). (B) Inverse Stern-Volmer plots of the quenching of 

CA, fluorescence in water (0) and in the presence of BSA (A) and calf thymus DNA (0). 

that CA, fluorescence is screened from the action of 
the quencher when the antibiotic interacts with the 
macromolecules. Figure 8B shows that only cu 40% 
of CA1 fluorescence is indeed available to the action 
of the quencher. 

DISCUSSION 

The data presented here show that the antibiotic 
CA1 is toxic for CEF in primary cultures and it is 
rapidly cytolytic at concentrations of 10-20 ,ug/ml. 
The cytotoxicity of the drug seems to stem from an 
action at the level of DNA and RNA synthetic 
enzymes, as documented by our metabolic studies 
with intact cells. Such studies in fact indicate that 
the interference with nucleic acid synthesis is an early 
biochemical lesion and that the effect on protein 
synthesis is probably secondary. The experiments on 
DNA polymerase LX and RNA polymerase II, which 
are responsible, respectively, for the replication of 
chromosomal DNA [29, 301 and the synthesis of 
cytoplasmic messenger RNA [31] in superior cells, 
show an inhibition of these enzymes at doses at which 
the antibiotic is cytotoxic in vivo. These observa- 
tions, while giving a clue to the pharmacological 
effect of the drug at the molecular level, do not 
support the assumption that CA1 is active as an 
anti-topoisomerase in eukaryotic cells, as has been 
suggested in analogy to the prokaryotic model [9, 
321. Indeed, at doses at which cytotoxicity is pro- 
nounced, there is no detectable effect on DNA 
superstructure. Evidence for this is obtained by 
observing that nucleoids from treated and untreated 
cells have the same sedimentation rate in neutral 
sucrose density gradients and that their DNA has a 
comparable degree of negative supercoiling after 
ethidium bromide titration. 

Identical types of studies carried out with Novo- 
biocin in mammalian cells have produced conflicting 
results about changes occurring in nucleoid sedi- 
mentation, and no conclusive evidence has been 
derived for the mechanisms involved [ 13, 141. More- 
over, both CA1 and Novovbiocin have been com- 

pared in order to study the effect on SW40 replication 
[lo]. No alteration in supercoiling of the viral nucleic 
acid was observed following addition of CA1 to the 
infected cells. On the other hand, the reduced degree 
of DNA supercoiling after treatment with Novobio- 
tin [lo] has been tentatively explained not by the 
involvement of a topoisomerase activity but as a 
consequence of inhibition of protein synthesis. More 
recent in vitro studies have shown that a topoiso- 
merase from human fibroblasts [33] and Xenopw 
luevis [34] is sensitive to CA1, but at extremely high 
doses. It appears, therefore, that for eukaryotic cells 
in general there is apparently no need to postulate 
an effect of DNA topoisomerase in order to explain 
the mechanism of the antibiotic activity. 

In the course of this investigation, an additional 
interesting finding was the pattern followed by DNA 
synthesis after removal of the drug from cell cultures 
that had already shown signs of depressed metabolic 
activity at this level. Our data indicate that within 
the periods examined CA1 inhibition of DNA syn- 
thesis is not reversible. This phenomenon could be 
explained by postulating the presence of acceptor 
molecules within the cell and the occurrence of a 
drug-acceptor complex that is quite stable once 
formed. In line with this thought, we decided to 
study the interaction of the drug with several macro- 
molecules which may play this role. 

We found that indeed CA1 interacts with RNA 
and DNA and this is at variance with what has been 
previously reported. i.e. that while CA1 interacts 
with BSA, no indication was found of its binding to 
DNA [35]. Furthermore, in addition to nucleic acids, 
CA1 binds to histones 111s leaving open the possibility 
that other chromatin components may interact with 
the drug, the interaction affecting their structure and 
activity. This would call for more complex mech- 
anisms of action of the drug than those already 
proposed [3], 

The physico-chemical and biochemical studies pre- 
sented in this paper, however, indicate that CA1 is 
not a selective inhibitor of topoisomerase in eu- 
karyotic cells. It rather acts by affecting a wide 
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variety of macromolecules. some of them structurally 14. M. F. Lavin, Biochem. biophys. Res. Commun. 100, 
(BSA) or enzymatically (LDH) unrelated to nucleic 328 (1976). 

acid metabolism. The spectroscopic data indicate 15. S. Yoshida. T. Kondo and T. Ando, B.B.A. 353. 463 

that the interactions of CA] with nucleic acid or (1974). 

protein should take place by means of the formation 16. H. Rubin. in Tissue Culture, Methods and Applications 

of weak bonds, as also shown to occur for furocou- 
(Eds. P. F. Kruse, Jr. and M. K. Patterson, Jr.), p. 

marin derivatives [36]. 
119. Academic Press, New York (1973). 

It appears, therefore, that the toxicity of the 
17. M. G. Santoro. B. M. Jaffe. E. Geraci and M. Esteban, 

antibiotic has to be ascribed to its aspecific inter- 
J. gen. Viral. 63, 435 (1982). 

18. P. R. Cook and I. A. Brazell, Nature. London. 263 
actions with several cellular components and not 679 (1976). 
only with intermediates or enzymes of nucleic acid 19. M. R. Mattern and R. B. Painter. B.B.A. 563. 293 
metabolism. (1979). 

20. M. Yamaguchi, A. Matsukage and T. Takahashi, J. 

Acknowledgements-This work was supported by CNR biol. Chem. 255. 7002 (1980). 

grants. No. 820 240852 (Progetto Finalizzato Controllo 21. H. J. Edenberg. S. Anderson and M. L. De Panphilis, 

delle Malattie da Infezione) and No. 80.005 64.04/115.4971. J. biol. Chem. 253. 3273 (1978). 
22. P. E. Lobban and L. Simonovitch, Ceil. 4. 167 (1975). 

1. 

2. 

3. 
4. 
5. 

6. 

7. 

8. 

9. 

10. 
11. 
12. 

13. 

REFERENCES 

H. Kawaguchi, T. Naito and H. Tsukiura, J. Antibiot. 
Ser. A 18, 11 (1965). 
J. Berger. A. J. Schoecher. A. D. Batcho, B. Pecherer, 
0. Keller, J. Maricq, A. E. Karr, B. P. Vaterlaus. A. 
Furlenheier and H.’ Spiegelberg,’ Antimicrob. Agents 
Chemother. 778 (1966). 
N. T. Cozzarelli,‘A. de”. Biochem. 46, 641 (1977). 
M. J. Ryan, Biochemistry 15, 3769 (1976). 
A. Sugino. N. P. Higgins, P. 0. Brown, C. L. Peebles 
and N. R. Cozzarelli. Proc. natn. Acad. Sci. U.S.A. 
7.5, 4838 (1978). 

27. C. Benyajati and A. Worcell, Cell. 9, 393 (1976). 
28. J. Vinograd. J. Lebowitz, R. Radloff. R. Watson and 

P. Laipis. Proc. natn. Acad. Sci. U.S.A. 53. 1104 
(1965). 

29. A. Weissbach, A. Reu. Biochem. 46. 25 (1977). 
30. M. A. Waaar. M. J. Evans and J. A. Huberman. 

M. Gellert, M. H. O’Dea, T. Itoh and J. I. Tomizava, 
Proc. natn. Acad. Sci. U.S.A. 73. 4474 (1976). 
F. J. Castora and M. V. Simpson. J. biol. Chem. 254. 
1193 (1979). 

Nucleic Acid Res. 6. 1933 (1980). 
31. E. A. Zylber and S. Penmam. Proc. natn. Acad. Sci. 

U.S.A. 68. 2861 (1971). 
32. M. R. Mattern, R. F. Paone and R. S. Day. B.B.A. 

697. 6 (1982). 

A. Akrigg and P. R. Cook, Nucleic Acid Res. 286, 845 33. N. Fox and G. Studzinski. J. Histochem. Cytochem. 
(1980). 30, 366 (1982). 
M. R. Mattern and D. A. Scudiero. B.B.A. 653. 248 
(1981). 

34. M. I. Baldi. P. Benedetti, E. Mattoccia and G. P. 
Tocchini Valentini, Cell 20. 461 (1980). 

35. M. J. Ryan and R. D. Wells. Biochemistry 15, 3778 
(1976). 

H. J. Edenberg, Nature, Lond. 286. 529 (1980). 
B. Franke and J. Margolin, J. gen. Viral. 52,401(1981). 
G. Palti, G. Conti, P. Portincasa and G. C. Schito. 
Fifth International Congress of Virology. P43/14. 
Abstr. Strasbourg (1981). 
M. R. Mattern and R. P. Painter, B.B.A. 563. 306 
(1979). 

23. A. D. Papaphilis and Y. H. Shaw, B.B.A. 4j6, li2 
(1977). 

24. 0. St&n and M. Volmer, Phys. Z. 20, 183 (1919). 
25. P. R. Cook and I. A. Brazell. J. Cell Sci. 39. 303 

(1976). 
26. P. R. Cook and I. A. Brazell. J. Cell Sci. 19. 261 

(1975). 

36. G. Rodighiero, Med. Biol. Enuironment 10,177 (1982). 
37. T. J. Lindell, F. Weinberg. P. W. Morris, R. G. Roeder 

and W. J. Rutter. Science 170, 447 (1970). 
38. H. J. Fromm. Initial Rate Enzyme Kinetics. p. 41. 

Springer, Berlin (1975). 


