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Chartreusin binds cooperatively to poly(dA-dT)-poly(dA-dT) and poly(dG-dC)-poly-
(dG-dC). Both the site-exclusion model and the specific site model yield cooperative binding
constants of about 5x10°M~! and 3x10°M~! for the AT and GC polymers, respectively,
and the same stoichiometry and intrinsic binding constant for both polymers of 5 nucleotides
per binding site and 3.1 x10*M™!. The Scatchard plot for calf thymus DNA is curved in
the opposite sense from that of cooperative binding. These binding data did not fit the site-
exclusion model with the cooperative binding parameter as a variable nor the specific site,
negative-cooperative binding model. The site-exclusion model with a cooperative binding
parameter of unity yielded a binding constant of about 4<10*M~! and a stoichiometry of
about 5 nucleotides per binding site. The same model for transfer and ribosomal RNA yielded
binding constants of 5x10°M~! and 7x10° M~! and stoichiometries of about 13 and 6 nu-
cleotides per binding site, respectively.

Chartreusin is an antitumor antibiotic isolated from Streptomyces chartreusis.” 1ts structure,
Fig. 1, was determined by chemical degradation methods.” Chartreusin is active against a number of
mouse tumors,®* but was not developed clinically because of low solubility and rapid excretion into
the bile. However, a biologically active analog of chartreusin that does not show low solubility or
rapid excretion has recently been isolated.”

Efforts to determine the mechanism of antitumor activity of chartreusin revealed that it inhibits
RNA, DNA, and protein synthesis and RNA
and DNA polymerase activities.” Chartreusin Fig. 1. Structure of chartreusin.
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Fig. 2.
(A) Change in the absorbance spectrum of chartreusin (1.6 x 10~? M) with added CT-DNA.
®00,01.6, 432,263, @9.2,014.9, v349. The numbers give the molar ratio of
nucleotide to chartreusin. 5 cm cell.
(B) The effect of the biopolymers on the absorbance spectrum of chartreusin (1.6 x 10~% m).
Scm cell.  The molar ratio of nucleotide to chartreusin is 6.5. O Chartreusin, o t-RNA,
H r-RNA, ® CT-DNA, 00 GC polymer, a AT polymer.
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tative study of the binding of chartreusin to poly(dA-dT)-poly(dA-dT), poly(dG-dC)- poly(dG-dC),
CT-DNA, transfer RNA (t-RNA) and r-RNA.

Materials and Methods

Escherichia coli 16s+23s r-RNA, yeast t-RNA, and poly(dA-dT)- poly(dA-dT) were obtained from
Miles Laboratories, Inc.; CT-DNA from Calbiochem; and poly(dG-dC)-poly(dG-dC) from P-L
Biochemicals.

Absorbance binding data were obtained on Cary 15 Spectrophotometer at 24°C in 5 cm cells.
Chartreusin solutions at 1.6 x107° m in 0.01 M phosphate buffer (pH 7.2) were titrated with small por-
tions of concentrated polymer solutions and a chartreusin stock solution so that the concentration of
chartreusin remained constant. The concentrations of the polymer stock solutions were calculated
from the absorbance maxima using the following molar extinction coefficients: 6,200 for poly(dA-
dT) - poly(dA-dT); 8,400 for poly(dG-dC)-poly(dG-dC); 6,600 for CT-DNA, 7,900 for yeast t-RNA;
and 7,750 for r-RNA. The absorbance binding data at 420 nm were analyzed by various methods
described in the text. The following molar extinction coefficients at 420 nm were used in the calcu-
lations: 12,700 for unbound chartreusin, and for totally bound chartreusin; 8,039 for r-RNA; 7,750
for t-RNA, and 7,230 for CT-DNA and the AT and GC polymers.

Results and Discussion

Visible Absorption Spectra
The visible absorption spectrum of chartreusin is dominated by two band maxima at 400 and 420
nm and two less intense bands which appear as shoulders near 385 and 445 nm (Fig. 2A). The addition
of CT-DNA, yeast t-RNA, poly(dA-dT)-poly(dA-dT), poly(dG-dC) poly(dC-dG), and E. coli 165
23s r-RNA to solutions of chartreusin changes the absorption spectrum of the antibiotic as illustrated in
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Fig. 3. Binding curves (A) and Scatchard plots (B) for chartreusin and the biopolymers studied in this
work.

The solid lines represent values calculated from the binding parameters determined by least squares
analysis.

A t-RNA, B r-RNA, @ CT-DNA, ] GC polymer, A AT polymer.

(8)

(A)

0.2
« 0.1
. ‘Mﬁ
0 0.4 0.8 1.2
Cgx 103 P
Table 1. Binding parameters determined by least squares analysis.
Specific site model (SCHWARZ) Site-exclusion (McGHEE and voN HiPPEL)
Kyx10~4 w K. X104 1/B K;x10~* w K.x10~4 1/B
AT 10+3 5.14+0.9 5045 5 3.1+£0.3 14.54+1.5 4546 4.6+0.04
polymer (Estimated)
GC 1542 2.3+0.2 3442 5 3.14+0.3 9.24+1.5 2845 4.6+0.1
polymer (Estimated)
CT-DNA Not determinable 4.240.2 1.000 — 5.4+0.3
(Assumed)
r-RNA Not determined 0.724-0.02 1.000 — 6.240.3
(Assumed)
t-RNA Not determined 0.54-+0.02 1.000 —_ 13.140.9
(Assumed)

Fig. 2A for mixtures of CT-DNA and chartreusin. The absorption spectrum in the 350~450 nm
region shifts to longer wavelengths and decreases in intensity, the shoulder absorption near 445 nm dis-
appears, and isobestic points appear near 428 and 438 nm. These spectral changes are similar for all of
the above polymers except that the concentration of polymer necessary to produce a given spectral change
differs. This dependence of the absorption pattern on polymer is shown in Fig. 2B for polymer-

chartreusin mixtures obtained at the same molar ratio of polymer-nucleotide to chartreusin of about
6.5.

Binding Isotherms and Scatchard Plots
The binding isotherms of r vs. Cy (r=molar ratio of bound chartreusin to polymer-nucleotide, C, =
free chartreusin concentration) and Scatchard plots are shown in Fig. 3. The horizontal nature of the
CT-DNA, the AT polymer, and the GC polymer binding curves at large C;. values indicate about 0.2
bound chartreusin molecules per nucleotide for the AT and GC polymers and about 0.1 for CT-
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Fig. 4. Plots from which the binding parameters DNA at saturation binding.
were determined by linear regression analysis in

the speciiic site model of SCHWARZ, The Scatchard plots of r/Cy vs. r shown in
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analyses are given in Table 1.

Analysis of the AT and GC Absorbance Data

For comparison purposes, the AT and GC polymer data can be analyzed according to the site-
exclusion model of McGHEE and voN HippEL? and ScHELLMAN!® and the specific site model of
ScawaArz.'”  To apply the specific site binding model of SCHWARZ requires that the number of binding
sites per nucleotide or phosphate group, B, be estimated from a plot of C;/Cy vs. Cy/Cy; where Cy is
the molar concentration of unbound chartreusin, C, is the total molar concentration of chartreusin,
and Cy is the total molar concentration of phosphate or nucleotide groups. The intercept on the
C,/C; axis from the straight line determined from data at small values of Cy/C, is 1/B. The quantity
@ is determined from B, Cy, and the molar concentration of bound chartreusin, Cg, according to: =
Cp/CxB. A plot of Cy vs. 4/ Ci[(1-26)/4/6(1-6)] (from equation 31 of reference 11) should yield a straight
line of slope 1/K,w and Cy-axis intercept of 1/K.. In the expressions above, K, is the cooperative bind-
ing constant, w is the cooperative binding parameter, and K./w is the intrinsic binding constant, K;.
The Cy vs. 4/ Cy[(1-26)/4/6(1-6)] plots are shown in Fig. 4. The binding parameters and their errors
(standard deviations) determined from the data of Fig. 4 by linear regression analysis and standard
error propagation methods are given in Table 1.

The site-exclusion model of McGHEE and voN HipPEL was applied to the AT and GC data ac-
cording to equation 15 of their publication.” (The “2w-1" term in this equation was corrected to
“2w-1".) The parameters 1/B, w, and K, were varied in a nonlinear regression analysis'® to yield the
results given in Table 1. The lines shown in the AT and GC Scatchard plots of Fig. 3B were calcu-
lated from the best fit parameters given in Table 1.

A row comparison of the AT and GC parameters given in Table 1 yields results attributable to the
formulations inherent in each theory. Thus, the values of K, and w from the site-exclusion model are
smaller and larger, respectively, than those from the specific site model. In addition, the values of K,
and w for each polymer combine to yield nearly equal values of K,. This behavior of the parameters
is expected since in each theory, 1/K, approaches the value of C; at the midpoint of the binding curve
(Cy vs. 1) as w increases in magnitude.'® A column comparison of the AT and GC data of Table 1
shows that K, and w from both theories are greater for the AT polymer than for the GC polymer.
The values of K, for a given theory are equal to within the calculated standard deviations.
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Analysis of the DNA-chartreusin Scatchard Data

The Scatchard plot of chartreusin with DNA is more difficult to analyze. The curvature of the
plot could be attributed to multiple binding sites,'* to specific site, negative-cooperative binding,'*’ to
site-exclusion binding,?:!® to aggregation of free chartreusin,'* to incorrect determination of the
extinction coefficient of the bound chartreusin species (¢3), or even to the nature of the DNA.'» The
quantity ¢; was determined by extrapolation techniques'® at moderate nucleotide/chartreusin molar
ratios (10~ 30) and also from large molar ratios (50~ 100) (total binding). The two values of 5 were
identical to within experimental error, ¢=7,228 and 7,276, and so we considered ¢ to be well determin-
ed. We did not evaluate the effect of CT-DNA type on the Scatchard plot and found no evidence for
free chartreusin aggregation at ten times the concentration of the interaction experiments. The binding
data could not be analyzed according to the specific site, negative-cooperative binding model of SCHWARZ
since a straight-line plot based on equation 31 (see Fig. 4) was not obtained. Attempts to fit the data to
a model with two affinity constants and two stoichiometry parameters were unsuccessful. This leaves
the site-exclusion binding model to consider.

Attempts to analyze the chartreusin-DNA data with the site-exclusion model of McGHEE and voN
HippeL?® (their equation 15) were unsuccessful. Depending on the initial estimates, the K;, 1/B, and w
parameters either did not converge to meaningful values, had very large standard deviations, or both.
The results suggested we decrease the number of parameters. This was done by fitting the data to the
non-cooperative (w=1) binding model (equation 11 of reference 9). Convergence was obtained in
this analysis to yield the calculated parameters and standard deviations given in Table 1. The Scatchard
curve calculated from these parameters is presented as the line through the chartreusin - CT-DNA data
in Fig. 2B.

For comparison purposes, the straight-line Scatchard data for t-RNA and r-RNA were treated in
the same way as those for CT-DNA. The binding parameters from this analysis are shown in Table 1.
Analysis of the t-RNA and r-RNA data according to standard Scatchard methods would yield binding

constants 1/B times greater than those shown in Table 1.

Discussion of the Binding Data

Based on the magnitudes of the intrinsic binding constants given in Table 1, the order of binding
affinity is: CT-DNA> AT polymer ~ GC polymer >r-RNA >t-RNA. However, since the binding of
chartreusin to the AT and GC polymers is cooperative, the binding constant for these polymers at sites
adjacent to bound chartreusin molecules is much greater than the intrinsic binding constant (w times
as great for one neighbor). Based on the cooperative binding constants for these polymers and the
intrinsic binding constants for the other polymers, the order of binding affinity is as follows: AT poly-
mer ~ GC polymer>CT-DNA>r-RNA>t-RNA. This order agrees better with the absorbance data
of Fig. 2B than the previous binding order since, according to Fig. 2B, the AT and GC polymers shift
the chartreusin spectrum further towards that of the bound-species spectrum than does CT-DNA (at
a given molar ratio of nucleotide to chartreusin). Furthermore, the latter binding order is also in
better agreement with our findings that the induced CD spectra for the AT and GC polymers are
significantly greater than that for CT-DNA.®

The reason why chartreusin binds cooperatively to the AT and GC polymers but not to CT-DNA
is unclear. One possible explanation might be that chartreusin binds with high affinity to alternating
pyrimidine-purine base pair sequences 2 or 3 base pairs in length (as suggested by the binding data of
Table 1) and with low affinity to other sequences. In this case, chartreusin molecules would be in close
proximity on the AT and GC polymers for cooperative interaction to occur. The probability of these
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high affinity sites appearing adjacent to one another in CT-DNA would be small (assuming a random
distribution of bases). Hence, chartreusin would not bind cooperatively to CT-DNA. This explana-
tion is consistent with a recent study which suggests that chartreusin binds specifically to 5’-CGC-3’
sequences.”  Our results suggest that chartreusin binds with high affinity to alternating AT sequences
as well. Additional studies are necessary to clarify the base pair specificity of chartreusin.
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