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isomeric conjugates had carrier moieties of
70,000 and 60,000 MW, respectively. To
eliminate the surface-bound conjugates, the
detached cells were first washed for 5 mm-

utes at 37#{176}in S ml of BSS containing 5 mgI
ml hepanin (8). They were subsequently
washed 3 more times in BSS at room tem-
perature. The pellet of washed cells was
then dissolved in 1 N NaOH. The experi-
ments measuring the uptake of :IHMTX
poly(L-lys) in presence of a 10-fold excess
of poly(L-lys) were carried out with larger
culture flasks (75 cm2) and used a lower
MTX concentration (1 x 10’ M). At that
concentration, the poly(L-lys) content is 0.5

�g/ml; the incubations were therefore car-
ned out in presence or absence of 5 �g/ml
unlabeled poly(L-lys) of the same molecular
weight.

Measurement ofgrowth inhibitory effect

of MTX and MTX-poly(L-lys) on MTX-
transport proficient and deficient cells.

The growth inhibitory studies were done
on three CHO cell lines, namely the wild
type, WTT, and the 2 mutants, Pro3
MtxIt� 53 and Pno4 Mtx’�” 4-5. The three
cell lines were seeded with 5 x i04 cells per
tissue culture flask (25 cm2) and were first
grown for 24 hours in normal growth me-
dium. The monolayers were then exposed
for 4 days to culture medium containing
various concentrations of MTX given either

as free on conjugated drug, as previously
described (3). The experiments measuring
the growth inhibitory effect of MTX-
poly(L-lys) in the presence of an excess of

unconjugated poly(L-lys) or poly(D-lys)
were carried out at only one MTX concen-
tration, i.e., 1 X 10� M. That concentration
corresponds to a content of 0.5 �g/ml
poly(L-lys) of 70,000 MW. Unconjugated
poly(L-lys) of 70,000 MW and poly(D-lys) of
60,000 MW were added in amounts of 0.5
to 4.0 �g/m1. The cells were counted after
the 4 day exposure to the drug and their
number was expressed as percent of the
control cells grown in the absence of con-
jugate.

RESULTS

We showed previously that MTX-poly(L-
lys) can inhibit the growth of CHO cells at

MTX concentrations which are ineffective

when given as free drug (3). This result,
obtained with Pro3 Mtx’�” 5-3, has now
been confirmed using a second transport
deficient mutant, Pro4 MtxRI1 4.5 de-
scnibed by Flintoff and Saya (6, 7). These
two cell lines are compared with their pa-
rental wild type in Fig. 1, with regard to
their response to increasing concentrations
of MTX and MTX-poly(L-lys). It is appar-
ent that 40 and 70 times higher concentra-

tions of free MTX are required for compa-

rable growth inhibition of the two trans-
port-deficient lines. Conjugation to poly(L-
lys), however, reduces the difference in the
dose causing a 50% inhibition (ID’�o) to a

factor of 2 and 3, respectively. Under the
conditions of our experiments, the inhibi-
tory effect of MTX conjugate on the wild
type line is slightly less than that of the free
drug and the IDro’s differ by a factor of 3.

While most of our data were obtained with
a conjugate containing poly(L-lys) of MW
70,000, it is clear that carriers of other sizes
can be as effective. As shown in Table 1, a
poly(L-lys) of MW as small as 3,100 appears
to retain adequate drug carrier properties

after conjugation and may have some ad-
vantages for in vivo studies.

The marked inhibitory effect of MTX-
poly(L-lys) on cell growth is in sharp con-
trast with its minimal effect on DHFR ad-
tivity in vitro. As shown in Fig. 2, MTX is

a very potent inhibitor of DHFR in its free
form while its poly(L-lys) conjugate is 3
orders of magnitude less effective. The con-
centrations which cause 50% inhibition of

enzyme activity are S X 10� M and 2 x 10�
M for the free and conjugated drug, respec-
tively. It is conceivable that the remaining
activity of the conjugate may be due to
traces of free MTX, which would suggest
that the conjugate was 99.75% pure. The
addition of free poly(L-lys) up to 50 �g/ml
did not interfere with the enzyme assay. To
test whether this loss of activity might be
restored by hydrolysis of the conjugate,
MTX-poly(L-lys) was incubated overnight
at 37#{176}in the presence of .025% trypsin. As
indicated in Fig. 2, the tryptic digest had
intermediate inhibitory activity. Similar re-
coveries were obtained when the conjugate
was exposed for 1 hour at 37#{176}to pronase.
Chromatography of the pronase digest of
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FIG. 4. Growth inhibitory effects of MTX, MTX-

poly(L-lys) MW 7O,tXX� and MTX-poly(D-lys) MW

60,t:xJo on cultured CHO cell lines

Cells were grown in presence of 1 x 10b M MTX
given either as free drug or as conjugated drug.

Hatched column: MTX-resistant cells [Pro3 MtxR�

5-3]. Open column: Wild type, MTX-sensitive cells

WTT. The control flasks contained 4.8 x 10’ and 4.9

x 10’ cells for the WTT and Pro3 lines, respectively.

tion of 1 x 10� M. At that concentration, in
agreement with the data of Fig. 1, free
MTX caused a 70% inhibition of transport
deficient cells, while MTX-poly(L-lys)
caused a near total growth inhibition of
both transport proficient and deficient cells.
The poly(D-lys) conjugate, however, had no
inhibitory effect on either cell line. When

Pro3 Mtx� 53 cells were exposed for 24
hours to 3H-MTX-poly(D-lys) and exam-

med for their content of small molecular

3H-MTX derivatives, no such component
was detected in their cell extracts (Fig. 3
lower panel).

The difference in the pharmacologic ef-
fect of the poly(L-lys) and poly(D-lys) con-
jugates is not due to differences in their
cellular uptake. When transport deficient
cells were exposed for 1 hour to comparable
concentrations of 3H-MTX-poly(L-lys) and
3H-MTX-poly(D-lys), they took up similar

amounts of the two conjugates. Table 2
compares the cell bound activity measured

after 1 and 61 minute exposures to :IH..MTX
or 3H-MTX conjugates. Net uptake of the
poly(L-lys) conjugates, expressed by the dif-
ference between 61 and 1 mm, was 200
times greater than that of free drug, con-
firming prior data (3). The net uptake of
the L-lys and D-lys conjugates, however,

TABLE 2

Cellular uptake of3H-MTX, 3H-MTX-poly(L -lys) and

3H-MTX-poly(D-lys)

Pro3 MTXRIt 53 cells were exposed to iH�MTX

or ‘H-MTX conjugates. The difference in cell-associ-

ated radioactivity measured after a 61 and 1 mm

cpm/mg cell
protein

[MTX] 1 x 100’M

‘H-MTX 33

H-MTX-poly(L-lys) 6089

H-MTX-poly(D-lys) 6409

[MTX] 1 x 10 M

H-MTX-poly(L-lys) 643

‘H-MTX-poly(L-lys) + 5 jzg/ml poly 519

(L-lys)

was of comparable magnitude. The non-

significant elevation in cell-bound 3H-

MTX-poly(D-lys) activity appears to be re-
lated to the use of trypsin to detach the
monolayens; because the trypsin will break
down poly(L-lys) but not poly(D-lys), it can
be expected to decrease the amount of sun-

face-bound poly(L-lys) in monolayers ex-
posed to ‘H-MTX-poly(L-lys) for either 1

or 61 mm.
Table 2 also shows the effect of a 10-fold

excess of unlabeled poly(L-lys) on the up-
take of 3H-MTX-poly(L-lys). At a MTX

concentration of 1 x 10 ‘ M, the conjugate
contains 0.5 �g/mJ poly(L-lys) of 70,000

MW. The addition of 5.0 �g/ml poly(L-lys)
decreased by 20% the cellular uptake of �

MTX-poly(L-lys). This suggests that
poly(L-lys) can compete with :3HMTX
poly(L-lys) for uptake but only moderately
so.

By contrast, even moderate excesses of

poly(L-lys) profoundly influenced the phar-
macologic effect of MTX-poly(L-lys) during

a 4-day growth period. As was shown by
Fig. 1, the growth of Pro3 Mtx’� 5.3 cells
is markedly (95%) inhibited by a 4-day ex-

posure to 1 X 7M MTX-poly(L-lys). This

inhibition, however, is counteracted by the
addition of free poly(L-lys) to the growth
medium. As shown by Fig. 5, 1.0 �g/ml of
poly(L-lys) markedly reduced and 2.0 �g/ml
totally prevented the inhibitory effect of
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FIG. 5. Grou’th inhibitory effect of MTX.poly�L-

his) in the presence ofpoly(�L .lys�) andpoly�’D .lys�)

Pro 3 Mtx’#{176}’5-3 cells were grown for 4 days in

medium containing I x 10 � M MTX-poly(L-lys) MW

70,000, in the presence of increasing amounts of either

poly(I.-lys) MW 70,000 (---) or poly(D-lys) MW

60,0(X) (- - - -0- - - -). Number of cells was counted after

4 day treatment and expressed as percent of controls

grown without drug. The control flask contained 7.4

x 10’S cells.

MTX-poly(L-lys). The same qualitative
and quantitative pattern of protection was

observed when free poly(D-lys) was used

instead of poly(L-lys). At high concentra-
tions, poly(L-lys) appeared to increase the
number of cells beyond the control values.
This overshooting appears to be due to the
fact that polylysine increases the adhesion
of growing cells to their substrate, and thus
slightly increases the number of cells per
monolayer.

DISCUSSION

The observation that conjugation of

MTX to poly(L-lys) drastically reduces its
inhibitory effect on DHFR is interesting in
view of the work of Whitehead (9), who

showed that conjugation to hexaglutamate
does not change the affinity of MTX for
the enzyme. It is likely that the positive

charges, rather than the size, contributed
by the poly(L-lys) moiety prevent a normal
binding of the conjugated MTX to DHFR.

The finding that MTX-poly(L-lys) is an
extremely poor inhibitor of dihydrofolate
reductase in vitro implies that in order to

inhibit cell growth, MTX-poly(L-lys) con-
jugate must be reactivated once ingested.

On the basis of the data of Figs. 2, 3 and 4
we suggest that this reactivation is a result
of the intracellular proteolytic breakdown
of the poly(L-lys) carrier, followed by the
release inside the cell of a small pharma-

cologically active adduct of MTX. Similarly
we suggest that the lack of inhibitory effect

of MTX-poly(D-lys) is due to the lack of
breakdown of the poly(D-lys) carrier. We
previously observed (3) that brief trypsini-
zation of MTX-poly(L-lys) in vitro prior to
its administration to cultured cells abol-

ishes its inhibitory effect on transport-de-
ficient cells, and conclude therefore that
the digestion of the conjugate and the lib-
eration of the pharmacologically-active
MTX adduct must take place inside the
cell and not in the tissue culture medium.

The route followed by the MTX-poly(L-
lys) conjugate can be, to some extent, in-
ferred from our prior observations with
horseradish peroxidase-poly(L-lys) conju-
gation. We showed (1, 2) that reaction prod-
ucts of a horseradish peroxidase-poly(L-lys)
conjugate are seen in numerous pinocytotic
vesicles and vacuoles of various sizes, some
of which share the morphology and locali-

zation of secondary lysosomes (digestive
vacuoles). It is most likely, therefore, that

the MTX-poly(L-lys) conjugates follow the

same path, and that the enzymatic break-
down of the poly(L-lys) carrier occurs in
secondary lysosomes. In order to inhibit
cell growth the small molecular MTX ad-
duct must be transported or must diffuse
across the lysosomal membranes to reach
its cellular targets. Since cells deficient in

MTX transport are inhibited by MTX-
poly(L-lys) it must be assumed that the
passage of the MTX-adduct from the lyso-
some into the cytoplasm is not limited by
the transport deficiency expressed at the
cell surface. Several possible explanations
can be suggested, among them an increased
permeability of the lysosomal membrane, a

different transport mechanism for the
MTX adduct, or a high intralysosomal con-
centration of MTX-adduct. Warren, Ni-
chols and Bender have shown that, at high
concentrations of MTX, diffusion exceeds
other forms of transport (10).
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We showed that at a concentration of 1
x i0� M about 40 times more 3H-MTX is
taken up in one hour when given to trans-

port proficient cells in the form of conjugate
than when given in the form of a free drug
(3). Yet Fig. 1 indicates that the biologic

effect of MTX-poly(L-lys) is slightly less
than that of free MTX. This discrepancy

between transport and effect must be due
in part to the fact that only a small fraction

of the ingested conjugate is broken down
inside the cell. In Fig. 3 this fraction is of
the order of 25%. It is conceivable also that
the small degradation product(s) contained
in this fraction are pharmacologically less
active than MTX. This question will be
resolved when the breakdown product(s)
are characterized and isolated in quantities
that can be tested in the DHFR enzyme
assay. It is not likely that MTX-poly-
(glutamate) is a major constituent of this
fraction, because the conversion of MTX to
MTX-poly(glutamate) would not be com-
plete under the conditions of our expeni-
ment (9), and free MTX would thus have
to be detectable. It is most probable that
the main degradation product(s) are MTX-
lysine or MTX-oligolysines.

It is evident from these data that the
intracellular release of pharmacologically-

active MTX or MTX derivatives is a criti-
cal factor limiting the biological activity of
MTX-poly(L-lys). The data of Fig. 5 show
furthermore that this release process can
be easily upset by experimental conditions
such as the presence of competing amounts
of poly(L-lys). It is noteworthy that al-
though poly(D-lys) is not useful as a carrier
for MTX it is as effective as poly(L-lys) in
inhibiting the biologic effect of MTX-
poly(L-lys) when present in excess in the
growth medium. The mechanism of this

inhibition is not yet understood. One at-
tractive hypothesis is that only a fraction
of the MTX-poly(L-lys) ingested is directed

towards lysosomes. It is conceivable that
the size of this fraction is concentration-
dependent, and that an excess of poly(L-
lys) decreases the fraction of MTX-poly(L-
lys) that reaches lysosomes. It has been
shown in another cell system that, in con-
trast to conventional fernitin, cationic fer-
ritin is found not only in lysosomes, but

also in stacked Golgi cisternae, in condens-
ing vacuoles and in elements corresponding
in description to GERL (11). It is conceiv-
able that an excess of poly(L-lys) increases
such a shift of transport away from second-
any lysosomes.

Regardless of what fraction of MTX-
poly(L-lys) may be reaching secondary ly-
sosomes, this conjugate can be called a
lysosomotropic drug (12, 13). Because the

conjugate itself is not biologically active in

vitro, it offers a good example of a “lyso-
some-activated drug.” Since the specific ac-
tivities of lysosomal proteolytic enzymes

are often significantly higher in certain
types of solid tumor than in their tissue of
origin (14), it is conceivable that this drug
conjugate may be found to be activated at
a faster rate in some tumor tissues. Thus,
besides overcoming transport resistance,
MTX-poly(L-lys) may turn out to have
some added selective toxicity toward tumor

cells with high lysosomal activity. The ef-
fect of MTX-poly(L-lys) on tumor cells and
tumor-bearing animals is now under inves-
tigation in our laboratory. Poly(L-lys) con-

jugated to 6-aminonicotinamide has been

administered to tumor-bearing mice and
found to have anti-tumor effects (15). This
observation, as well as preliminary data
from our laboratory, suggests a potential

use of poly(L-lys)-drug conjugates as anti-
tumor agents.
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SUMMARY

DUVERNAY, V. H., J. A. PACHTER, AND S. T. CROOKE. DNA binding studies on

several new anthracycline antitumor antibodies: II. The importance of the carbo-

methoxy-group at position-lO ofthe class II anthracycline molecule. Mo!. Pharmaco!.

16: 623-632 (1979).

The DNA binding characteristics of the new anthracycline antitumor antibiotics, mar-
cellomycin and rudolfomycin, were compared with those of their respective lO-descarbo-
methoxy analogues. The fluorescence spectra were determined and the fluorescence

quenching effects caused by interactions with the four natural DNAs-calf thymus DNA,
salmon sperm DNA, Clostridium perfringens DNA and Micrococcus luteus DNA-were
characterized. Binding parameters were determined by Scatchard analyses of results
obtained by titrating anthracycline fluorescence with increasing concentrations of DNA.
Removal of the carbomethoxy-group from position 10 of marcellomycin or rudolfomycin

caused a significant reduction in DNA binding ability for all four DNAs studied. These
results are correlated with a marked decrease in antitumor activity, and nucleolar RNA
synthesis inhibitory activity, as previously reported, and thus confirm earlier studies
indicating that one subcellular target of anthracycline antitumor action is nucleolar
preribosomal RNA synthesis. Additionally, the correlation between DNA binding ability

and antitumor activity provides further evidence of the mechanism of action of Class II
anthracyclines.

INTRODUCTION

The specificity of interaction of anthra-
cyclines with DNA has been the subject of
many studies using a variety of techniques
including equilibrium dialysis (1, 2) spectro-
photometric methods (1, 3, 4), and fluores-

This work was supported in part by a grant from

Bristol Laboratories and by NIH grant CA-10893-10
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(1978).

623

cence methods (5-9). As a result, a major

portion of the anthracycline-DNA intenac-
tion has be found to involve the intercala-

tion (10) of the antibiotic between adjacent
bases of the native DNA-duplex. Waning
(11) and others (4, 9, 12) further supported
this argument by their demonstration that,
upon intercalation of anthracyclines into
the native DNA-duplex, secondary struc-
tural alterations occurred in the DNA. One
result is decreased template activity of the
DNA molecule (13-17). The studies of Pi-
gram and co-workers (18) have demon-
strated that in addition to the strong inter-

0026-895X/79/050623-10$02.0O/0
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calative binding process, the interaction of
daunomycin with DNA involves weaker

electrostatic interactions between the am-
monium group of the amino-sugar of dau-
nomycin and the phosphate group of the
DNA backbone.

Previous studies from this laboratory
have demonstrated that anthracyclines can

be divided into two classes based upon their
selectivity for the inhibition of nucleolar
RNA synthesis (19). Accordingly, class I

anthracyclines inhibit DNA and nucleolar
RNA syntheses at approximately equiva-
lent concentrations and class II anthracy-
dines inhibit nucleolar RNA syntheses at
drug concentrations from 200- to 1300-fold
lower than those required to inhibit DNA
synthesis. The structural features of the
class II anthracycline molecule that may
account for these differences include the
presence of a carbomethoxy-group at posi-
tion-lO (of the aglycone) and a glycosidic
side-chain containing from two to three
sugars (19).

Further studies have demonstrated the

importance of the carbomethoxy-group at
position-lO of the class II anthracycline

molecule (20). It was shown that removal
of the carbomethoxy-group from the mar-
cellomycin (MCM’) and rudolfomycin
(RDM) molecules resulted in a marked de-

crease in nucleolar RNA synthesis inhibi-
tory potency, in vitro cytotoxicity, and in
vivo antitumor activity against L-1210 leu-
kemia. Figure 1 shows the structures of
MCM, RDM and their respective descar-
bomethoxy-analogues.

To delineate further the possible mech-
anism of action of class II anthracyclines,
the present study was undertaken to ex-
amine the importance of the carbo-
methoxy-group at position- 10 of the class II
anthracyclines MCM and RDM, relative to
their DNA binding characteristics. This
was accomplished by employing fluores-

I The abbreviations used are: MCM, marcellomy-

cm; I)-MCM, 10-descarbomethoxy-marcellomycin;

RDM, rudolfomycin; I)-RI)M, lO-descarbomethoxy-

rudolfomycin; EDTA, ethylene diaminetetracetic acid,

disodium salt; A�, absorbance at 260nm; � absorb-

ance at 280nm; K�,, apparent association constant;

n�,,,, apparent number of binding sites per nucleotide;

DMSO, dimethylsulfoxide.

cence titration studies.

MATERIALS AND METHODS

Materials. Calf thymus DNA (43% GC),

salmon sperm DNA (41% GC), Micrococcus
!uteus DNA (72% GC), Clostridium per-

fringens DNA (28% GC) and EDTA were
purchased from Sigma Chemical Company,

St. Louis, Mo. The ratios of absorbance at
260nm (A2,51) to the absorbance at 280nm
(A2�) for all of the DNA preparations fell
between 1.8 and 1.9. The ultraviolet-visible

spectra of these drugs were determined on

the Cary 14 recording spectrophotometer
or on the Beckman Acta III recording spec-
trophotometer. The anthracycline antibiot-
ics MCM, D-MCM, RDM, and D-RDM
were all generously supplied by Bristol Lab-
oratories, Syracuse, N.Y. Aqueous stock so-
lutions of anthracyclines were prepared by
wetting the drug crystals with DMSO, fol-
lowed by addition of water. Stock drug
solutions were stored at -20#{176}and used
within 2 to 4 weeks. Working stock solu-
tions of each drug were prepared by dilution

of aqueous stock solutions with DNA bind-
ing buffer (0.05 M sodium phosphate buffer,

pH 6.2, 0.05 M NaCl, 0.001 M EDTA). Con-
centrations of anthracycline solutions were
determined spectrophotometnically in
methanol using molar extinction coeffi-
cients determined in this laboratory (see
Table 1). DNA concentrations were deter-
mined spectrophotometnically at 260 nm
using a molar extinction coefficient, with
respect to nucleotides, of 6600 M ‘ . Thus,
DNA concentrations were expressed in
terms of micromoles nucleotide residues/
liter (jiM nucleotides). All spectrophotomet-
nc determinations were made on the Zeiss
PMQ-3 spectrophotometer using 1-cm path

length quartz cuvettes. Spectrofluorometric
measurements were made on an Aminco
Bowman 4-8 106 spectrophotofluorometer
using a 1-cm quartz cuvette.

Fluorescence spectra and fluorescence
quenching effects of DNA. Fluorescence
spectra of each of the anthracycline anti-
biotics were determined by exciting a 1 ml
solution of 5 iM drug at the visible absonp-
tion maximum of each drug (see Table 1),
and varying the emission wavelength in the

lower energy region of each spectrum.



OH

H3C

FI3C

OH
OH

N(CH3)2

NH2

A

Marcellomyc in,

lO-Descarbomet hoxy-

marcellomycin, R = H
1O-Descarbomethoxy-

iudo 1 fomyc in R -H

DNA BINDING STUDIES ON SEVERAL NEW ANTHRACYCLINES 625

R = COOCH3 Rudolfomycin , R - COOCFI3

FIG. 1. Structures of marcellomycin, lO-descarbomethoxymarcellomycin, rudolfomycin and JO-descarbo-

methoxyrudolfomycin

TABLE 1

Spectral and fluorescence parameters of marcellomycin, rudolfomycin, and their I0-descarbomethoxv-

analogues

Anthracycline Absorbance’

Extinction
coefficient (at

absorbance,
Arna�)

Excitation
wavelength

Fluores-

wavelengthcence

(nm) (M ) (rim) (nm)

Marcellomycin

10-descarbomethoxy-marcellomycin

Rudolfomycin

10-descarbomethoxy-rudolfomycin

490

448

490

490

13,400

8,600

13,900

11,100

490

450

490

490

555

550

555

550

U Absorbance maxima were obtained from the absorption spectra of each anthracycline: marcellomycin (23),

10-descarbomethoxymarcellomycin (20), rudolfomycin (24) and 10-descarbomethoxyrudolfomycin (20).

Quenching of drug fluorescence by DNA
was measured by addition of microliter vol-

umes of concentrated DNA solutions to the
cuvette. The dilution effect caused by ad-
dition of the DNA solution was negligible.
Listed in Table 1 are the fluorescence pa-
rameters, excitation and emission wave-
lengths, determined for each drug.

Binding measurements. All measure-
ments were carried out at 25#{176}in DNA
binding buffer (0.05 M sodium phosphate
buffer, pH 6.2, 0.05 M NaCl, 0.001 M EDTA).

A minimum of two determinations of bind-
ing parameters were made for each anthra-
cycline-DNA combination. Identical prep-

arations of each DNA were used for all
anthracyclines. Each binding determina-

tion consisted of a minimum of 1 1 different
DNA concentrations, each of which con-

sisted of duplicate or triplicate samples. All
solutions were maintained on ice until the
binding reaction was initiated.

The DNA binding of anthnacycline anti-
biotics was measured by spectrofluorome-

try in a manner analogous to previous stud-
ies (7, 9, 21, 22). This was done by titrating
fixed concentrations of anthracycline (3, 4,

5 or 10 /SM) with increasing concentrations
of DNA, thereby varying the DNA/drug
ratios from 0 to 200. The DNA/drug ratio
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FIG. 2. Fluorescence spectral changes of JO-descarbomethoxymarcellomycin and JO-descarbomethoxyru-

dolfomycin upon interaction u’ith salmon sperm DNA

Spectra were taken on 5 �M anthracycline solutions in 0.05 M sodium phosphate buffer, pH 6.2, 0.05 M NaCl,

0.001 M EDTA. Spectra were obtained by using the specific excitation wavelength of each anthracycline (see

Table 1) and recording drug fluorescence at wavelengths in the low energy region of the spectrum (longer

wavelengths). Increasing concentrations of DNA were obtained by addition of microliter volumes of a concen-

trated solution of salmon sperm DNA in the above buffer: (A) rudolfomycin; (B) 10-descarbomethoxyrudolfo-

mycin; (C) 10-descarbomethoxymarcellomycin.




