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SUMMARY

Nogalamycin, a cytotoxic antibiotic, inhibited DNA-directed
RNA synthesis by binding to adenine or thymine of the DNA
primer. Partial structures of nogalamycin and its derivatives are
shown. All compounds were highly cytotoxic to KB and
L12l0 cells in culture; all, except nogalarene, inhibited unidine
incorporation into RNA more than thymidine or valine
incorporation into DNA or protein, respectively. However,
nogalarene inhibited all three macromolecule syntheses
equally. All the derivatives bound to DNA with resulting
increase in the Tm (@@Tm) of DNA. At equimolar
concentrations of the compounds, the i@Tm with
nogalamycin was twice that obtained with the other
compounds. The base specificity of the compounds in binding
to DNA is reported. The results indicate that: (a) the absence
of the nogalose side chain markedly affected binding of the
compounds to DNA and also their cytotoxicity, and (b) the
oxygen attached to carbon 7 was involved in determining the
specificity of binding to bases in DNA. The antileukemic
activity in vivo of these compounds is reported.

INTRODUCTION

Nogalamycin is a cytotoxic antibiotic which inhibits
DNA-directed RNA synthesis by binding to the DNA primer
(3). However, unlike actinomycin D, which is believed to bind
to the deoxyguanylate residues in DNA (8), nogalamycin is
postulated to act by binding to the deoxyadenylate or
thymidylate residues (3). Nogalamycin completely inhibited
the hydrocortisone-induced increase in tryptophan pyrrolase
activity, but it did not affect the substrate-induced increase
(9). These results indicated that nogalamycin interferes
primarily with RNA, including mRNA synthesis. Arnighi (1)
reported that the nucleolar RNA synthesis was more
susceptible to nogalamycin and actinomycin than
chromosomal RNA synthesis.

In this paper we compare the biological activities of several
nogalamycin analogs. The fmdings suggest that nogalamycin
binds to DNA at 2 different sites and that the oxygen
attached to carbon 7 of the tetracyclic ring influences the
specificity of binding of the analogs to the bases in DNA. A
part of this paper has previously been presented (2).

MATERIALS AND METHODS

The inhibition, by nogalamycin and its analogs, of cell
growth was determined by the method of Smith et aL (13) and
Buskirk (4), respectively. The method used to determine the
incorporation of radioactive precursors into DNA, RNA, and
protein has been described previously (3).

Calf thymus DNA was obtained from Calbiochem, Los
Angeles, Calif. Escherichia coil DNA was extracted from cells
in the log phase by the method of Marmur (10). Apurinic
DNA was prepared from calf thymus DNA by the method of
Tamm et aL (1 5). The melting temperature (Tm ) Of DNA was
determined with a recording thermospectrophotometer
(Gilford Instruments Laboratories Inc., Oberlin, Ohio (14).
The difference spectra were measured in the Cary
spectrophotometer, in specially designed cuvets described by
Trowne and Rabin (16), by the method of Goldberg et a!. (8).

E. coil RNA polymerase was isolated and the assay was done
by the method of Chamberlin and Berg (7). The AlP-' 4C (47
mCi/mmole) and GTP-' 4C (153 mCi/mmole) were obtained
from Schwarz BioResearch Inc., Orangeburg, N. Y. The poly
dAT and poly dI:dC were obtained from Biopolymers
Laboratory of General Biochemicals, Inc., Chagrin Falls, Ohio.

The thymidine-methyl-3 H (2 Ci/mmole), uridine-3 H (15
Ci/mmole), DL-valine-l-' 4C (20.4 mCi/mmole) and L-proline
1 4C (>180 mCi/mmole) were obtained from New England

Nuclear Co., Boston, Mass.
The E. coli cell-free protein-synthesizing system (5-30) was

prepared by the method of Nirenberg and Matthaei (1 1). For
this purpose, E. coil B cells harvested in middle log phase were
obtained from General Biochemicals, Inc. For assay of
radioactivity incorporated into protein in the cell-free systems,
the reaction was stopped with 5 ml I 0% TCA2 plus bovine
serum albumin (0.5 mg/mi). The precipitated protein was
washed twice with 10% TCA, heated for 20 mm at 70 with
0.5 N perchionic acid, and washed twice more with 10%
TCA, once with ethanol-ether, and finally with ether. The
dry material was dissolved in formic acid and counted in a
scintillation counter.

The method described by the Cancer Chemotherapy
National Service Center, National Cancer Institute (6), was
used in determining the effect of the agents on the survival
of leukemic (LI 210) mice. The parent line was obtained
from Dr. I. Wodinsky (Arthur D. Little Co., Cambridge,
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DrugConcentration (@g/ml)Inhibition

(%)â€˜

RNADNAProteinNogalamycin0.580405Nogalarol3.2723915O-Methylnogalarol1

.0713057-Deoxynogalarol3.0693027Nogalarene36.2717480Nogalamycin

N-oxide10069013

DrugConcentration

for 50% inhibition
(mMmoles/ml)RNA

GrowthNogalamycin

O-Methylnogalarol
7-Deoxynogalarol
Nogalarol
Nogalarene
Nogalamycin N-oxide
Nogalose0.4

1 0.006
0.85 0.13
2.04 0.68
3.18 0.166

25 1.77
55.7 0.35

>320 >225

Activity ofNogalamycin Analogs

Mass.) and was maintained by weekly i.p. inoculation of
ascitic cells into female BDF1 (C57BL/6 X DBA/2) mice (19
Â±2 g). The therapy schedule is described under Table 6.

The different nogalamycin analogs were prepared by Dr.
Paul F. Wiley of our laboratories and their structures are
shown in Chart 1 (18).

0 COOCH3
[@uI;2I@A;@3@

CH3

Nogalamycin : R nogalosyl â€”CH3O OH

CH3 OCH3Nogalarol: R = H
O-Methylnogalarol: R CH3 OCH3
7-Deoxynogalarol: no OR on carbon 7 of Ring A
Nogalamycin N-oxide: The N in nogalamycin has 2 CH3 groups
attached. In nogalamycin N-oxide the N also has an 0 attached.
Nogalarene: Ring A becomes aromatic and the OH on carbon 9 and
the OR on carbon 7 are absent.
This is a schematic representation in which the amino sugar moiety
(C8H1 7NO8) is attached to 2 adjacent positions of the 1, 2, 3, 4
group carbons and 2 hydroxyls are present in 2 positions of the 1, 4,
6, 11 group carbons (P. F. Wiley, personal communication; Ref. 18).

Allexperimentsweredoneinduplicate;severalexperiments
were repeated and were found to be reproducible. The
highest and lowest value in any particular experiment did
not deviate from the mean by more than 10%.

RESULTS

Inhibition of Growth and of Macromolecule Syntheses. The
incorporation of appropriate precursors into RNA, DNA, and
protein was inhibited to different extents by the drugs and
are compared in Table 1. The results show that nogalamycin
and all its derivatives, except nogalarene, inhibited the
incorporation of precursor into RNA much more than into
DNA or protein. Nogalarene inhibited precursor incorpora
tion into all 3 macromolecules about equally. The levels
needed for 50% inhibition of RNA synthesis and growth are
compared in Table 2. The results indicate that : (a)
nogalamycin was the most inhibitory of all the compounds
tested; (b) the order of inhibition of RNA synthesis was
nogalamycin > O-methylnogalarol > 7-deoxynogalarol >
nogalarol > nogalarene > nogalamycin N-oxide. The order of
inhibition of growth was nogalamycin > O-methylnogalarol
> nogalarol > nogalamycin N-oxide > 7-deoxynogalarol >
nogalarene. The inhibition of RNA synthesis was measured

Table 1

Effect ofnogalamycin and its derivatives on precursor
incorporation into RNA, DNA , and protein by KB cells

KB cells (2 X 106 cells/ml) were incubated with drug and radioactive
precursor for 2 hr. The labeled isotopes were added at the following
levels: thymidine-methyl-3H, 1.5 MCi/S @zg/mImedium; uridine-3H, 1
MCi/S pg/mI medium; DL-valine-l-1 4C, 0.1 MCi/23 Mg/mI medium; and
the incorporation into DNA, RNA, and protein respectively, was
determined.

C8H17NO8

Chart 1. Structure of nogalamycin and analogs.

Table 2

Cytotoxicitv of nogalamycin and its derivatives
for KB cells in culture

The inhibition of RNA synthesis at different concentrations of the
drug was determined after 2 hr contact between cells and drug under
conditions described in Table 1. The inhibition of growth was measured
after 3 days of contact between cells and drug according to methods
described previously (3).

after 2 hr incubation of cells with drug while growth
inhibition was measured after 3 days of incubation of cells
with the drug.

Binding of Drug to DNA and Inhibition of DNA-directed
RNA Synthesis. Nogalamycin is postulated to act by binding
to the dA or dT moiety of DNA, thus inhibiting DNA
directed RNA synthesis. The effect of varying proportions of
drug to DNA on the increase in â€œTmâ€œ@ ) 15 shown in
Chart 2, a and b. The results indicate that the order of
increase in Tm of both calf thymus and E. coil DNA was
nogalamycin > nogalarol, O-methylnogalarol, 7-deoxy
nogalarol > nogalarene or nogalamycin N-oxide. The very
low degree of binding of nogalamycin N-oxide to DNA (as
indicated by L@&Tm)could be due to the decreased basicity of
the compound as compared to nogalamycin, but this
consideration does not apply to the other compounds which
are equally as basic as nogalamycin. The greater increase in

@ causedby nogalamycinascomparedto itsderivatives
could be due to either (a) more nogalamycin binding to
DNA and all the drugs binding in a similar manner, (b)
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Drug@47ODNAApurinicDNANogalamycin

Nogalarol
O-Methylnogalarol
7-Deoxynogalarol
Nogalareneâ€”0.27

â€”0.33
â€”0.35
â€”0.285
â€”0.1â€”0.07

â€”0.07
â€”0.06
â€”0.25
+0.02

B. K. Bhuyan and F. Reusser

S

S

Chart 2. Effect of increasing drug concentration on Tm of DNA.
The Tm of DNA (with and without drug) was determined in a
medium of 3 mM NaCl solution and 0.3 mM sodium citrate, pH 7.
Calf thymus (a) and E. coli DNA (b) equivalent to 0.36 A260 unit
were used and gave Tm values of 59.7 Â±0.3Â°and 65.9 Â±1.6
respectively.

nogalamycin binding to DNA differently from its derivatives,
or (c) a combination of these. An attempt to distinguish
between these possibilities was made on the basis of the fact
that the binding of nogalamycin to DNA results in decreased
absorption by the drug. This decrease is proportional to the
amount of drug bound to DNA. The decrease in absorption
caused by the binding of different drugs to calf thymus
DNA is compared in Chart 3. The results show that 1 jimole
of each of the 3 drugs was bound per 31 260 units calf
thymus DNA. This result might indicate that nogalamycin
stabilizes DNA more than the other drugs by binding in a
different manner. A good dose-response curve was not
obtained with 7-deoxynogalarol. Nogalarene behaved
differently from nogalamycin as seen by the slope of the
curve. Nogalarene also precipitated DNA at about 1 j.zmole
drug/lO A260 units calf thymus DNA.

Addition of apurinic DNA, unlike DNA, does not cause
marked spectral changes in the absorption of nogalamycin
(3). The decreasein absorptionwhendifferentdrugscorn
bined with apurinic DNA or DNA are compared in Table 3.
The results indicate that apurinic DNA caused little spectral
change in the absorption of nogalamycin, nogalarol, and
O-methylnogalarol. 7-Deoxynogalarol behaved differently
from the above 3 drugs. Apuninic DNA apparently was
bound to a marked degree by 7-deoxynogalarol. This might

260 DNA/pmole Drug

Chart 3. Decrease in absorption obtained at different ratios of drug
to DNA. The maximum decrease in absorption of nogalamycin on
binding to DNA was obtained at 470 mp. The decrease in absorption
was measured in the Cary spectrophotometer by the method of
Goldberg et aL (8). All substances were dissolved in 0.01 M
NaCI-0.01 M Tris-HC1, pH 6.4. One ml of a solution containing 200
m@molesdrug was mixed with 1 ml solution containing different
amounts of DNA. The spectrum of the mixture was read against that
of the drug alone at 100 mpmoles/ml from 400 to 550 m@.

Table 3

Maximum decrease in absorption ofdrug on combining
with calfthymus DNA or apurinic DNA

All compounds were diluted in 0.01 M Tris-Ha and 0.01 M NaCl, pH
6.4. One ml of a solution containing 200 mMmoles of the drug was
mixed with 1 ml solution containing 0.33 mg/ml DNA or apurinic DNA
for all except nogalarol. For nogalarol, 1 mg/mi DNAor apurinic DNA
was used. The absorption spectrum of the mixture of drug and DNA
was measured, against a mixture of the drug and vehicle, from 400 to
600 mp. Maximum decrease in the absorption of the drug by DNA and
apurinic DNA occurred at 470 m@z.

m@ii@oIedrug/As, unit [ c!ll DNA

indicate that 7-deoxynogalarol has a base specificity in
binding to DNA which is different from nogalamycin.

Effect on E. coli RNA Polymerase. When E. coil RNA
polymerase was used with poly dAT as primer, nogalamycin
caused 99% inhibition of RNA synthesis compared to only
3% inhibition when poly dG:dC was used as the primer (3).
Therefore, the inhibition of RNA synthesis by the different
drugs was compared with poiy dAT as the primer. The
results are shown in Chart 4. The amounts of drug needed
for 50% inhibition of RNA synthesis were as follows
(rnpmoles/ml): nogalamycin, 0.85; O-methylnogalarol and
nogalarene, 14.5; 7-deoxynogalarol, 39; and nogalarol, 51.
Except for nogalarene, the order of inhibitory activity was
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Chart 4. Inhibition of E. coli RNA polymerase activity primed u@
poly dAT. The method is described in detail under Table 4.

the same as that observed when inhibition of precursor
incorporation into RNA in intact KB cells was measured (see
Table 2). The inhibition of RNA synthesis primed by poly
dI:dC was then determined at drug concentrations which
caused 80% inhibition of poly dAT primed RNA synthesis.
In this experiment, actinomycin D was used as a positive
control compound. In accordance with previous reports (7),
actinomycin D inhibited only RNA synthesis primed by poly
dG:dC and not those primed by poiy dAT or poly dI:dC.
The results given in Table 4 indicate that nogalamycin,
nogalarol, and O-methylnogalarol inhibited RNA synthesis
primed by poly dAT to a much greater extent than when
poly dI:dC was used as the primer. Nogalarene and
7-deoxynogalarol did not show such base specificity.

Inhibition of Polypeptide Synthesis in a Cell-free System.
Since nogalarene inhibited protein synthesis markedly in
intact cells, its activity in a cell-free system was compared
with nogalamycin and O-methylnogalarol. The results given
in Table 5 show that nogalamycin did not inhibit protein
synthesis in intact cells or polypeptide synthesis in the
cell-free system. Nogalarene inhibited protein synthesis in
intact cells and polypeptide synthesis in the cell-free system
while O-methylnogalarol was active only in the cell-free
system. Also, polyproline synthesis directed by poly C was
more sensitive to the compounds than polyphenylalanine
synthesis directed by poly U. Similar differential sensitivity
has been reported by Vazquez (17) with@ chloramphenicol,
erythromycin, and several other antibiotics@@

Antileukemic Activity of the Drugs. The acute toxicity and
antileukemic activity of the drugs are compared in Table 6.
Nogalamycin was the most toxic of all the compounds
tested. However, O-methylnogalarol which was 0.1 as

DrugConcentration(m@moles/ml). Poly dATInhibition

(%)Poly

dI:dCPolydG:dCNogalamycin2.38122Nogalarol1007426O-Methylnogalarol8575217-Deoxynogalarol1107382Nogalarene557569Actinomycin

D100038

20 40

ConcentrationInhibition

(%)Phenyla1anine@i

4C -@Proline@i4C-@Drug(pmole/ml)polyphenylalaninepolyprolineNogalamycin0.593O-Methylnogalarol0.543774Nogalarene0.712860

so 100

Activity ofNogalamycin Analogs

Table4

Inhibition ofE. coliRNA polymerase activity primed by
poly dJ:dCand poly dAT

The assay mixtures (0.25 ml) contained: Tris-HC1(pH 7.9), 5
@moles;MgC12, 1 @mole;mercaptoethanol, 3 @smoles;MnCl2@0.25
@imole;GTP, UTP, CTP for poly dAT-primed reaction or AlP, CTP,

UTP for poly dI:dC-prime@ reaction, 0.1 @imoleeach; tI@erespective
labeled nucleotide (ATP-1 C for poly dAT and GTP-' C for poly
dI:dC) contained 0.5 @&Cii4C/mole; poly dAT, or poly dI:dC, 0.Q4
A260 @tE. coil RNA polymerase, 35 @g.Reactions were run at room
temperature for 15 mm, tubes were then chilled in ice, and 3 ml cold
3.5% perchioric acid containing 60 mg Ceite/100 ml were added. The
acid-insoluble product was collected on O.45-p Miflipore filters (type
HA, Millipore Corp., Bedford, Mass.), and the filters were washed
extensively with cold 0.1 N HG. The filter discs were then dried and
counted in 15 ml Diotol. In the dI:dC-primed reaction, the control (no
drug) tube gave 1060 cpm compared to 200 cpm for the tube
containing no primer. In the dAT-primed reaction, the control tube (no
drug) gave 2600 cpm compared to 174 cpm for the tube containing
no primer.

I

boo
I
I

C

A
A

0

0
A
A

2
.0
0
I

a

0
5
A
0

11
A
0
0
I
C.
E
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A
0

Table5

Effect ofnogalamycin and its derivativeson polypeptide
synthesis by the E. colt cell-free system

The reaction mixture contained the following (jsmoles/ml):Tris-HCI,
pH 7.8, 100; KG, 50; AlP, 1; p-mercaptoethanol, 6; sodium
phosphoenolpyruvate, 5; pyruvate kinase, 20 @g;amino acids minus
L-phenylalanine zr L-proline, 0.05 each; GTP, CFP, UTP, 0.03 each;
L@phenylain4ne@1C (02 @iQ), 0.01 ; and 100 @gpoly U or
L-proline-1 C (0.4 @LCi),0.01, and 100 @sgpoly C; 1.3 mg (protein) of
E. coli S-30 preparation.Total volumeof the reactionmixturewas0.5
ml. Tubes were incubated for 20 mm, after which they were
deproteinized with 10% TCA and the precipitates were washed and
counted as described under â€œMaterialsand Methods.â€•In tjie control
tubes (no drug), L-phenylalanine-14C and L-proline- 4C were
incorporated to give 3200 cpm/mg protein and 850 cpm/mg protein,
respectively.

cytotoxic as nogalamycin was more active as an antileukemic
agent in mice than nogalamycin. Nogalamycin N-oxide and
7-deoxynogalarol were inactive.

Antibacterial Activity of Nogalamycin Analogs. The
antibacterial activities of several of the nogalamycin analogs
are compared in Table 7. The results indicate that, like
nogalawycin, the analogs were active against gram-positive
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Acute LD50. L1210 ID50bAntileukemic

activity
inmiceâ€•J@j@

IncreaseinDruga(mg/kg)(pg/ml)
,(mg/kg) life-span(%)Nogalamycin8.80.0360.5

26 Â±3
1 32Â±3
2 8(toxic)Nogalarol250.62

â€¢15 21
30 32Â±4
6021O-Methylnogalarol88.40.3

@ 25 42 Â±7
@ 40 48Â±7

60Toxic7-Deoxynogalarol
178

Nogalamycin N-oxide
Nogalarene0.9825

17 Â±3
50 10Â±3
75 Toxic
12.5 8
3 0

Antibacterial activity ofnogalamycin analogs
Antibacterial activity in vitro was determined by the method of

Smith et al. (12).Minimum

inhibitory concentration(j@g/ml)Staphylo

Bacillus coccus E.coliDrug
subtiis aureus K. pneumoniae ProteusvulgarisNogalamycin

0.39 0.39 100 >100
Nogalarol 6.25 12.5 25 >100
O-Methylnogalarol 6.25 12.5 50 >100
Nogalarene 1.56 50 >100 >100

â€˜B.K. Bhuyan and F. Reusser

protein synthesis. This conclusion is based upon the assump
tion that precursor incorporation is an effective measure of
synthesis. However, changes in pool size or in degradation
rates could have been affected by drug administration.

The ability of the drugs to inhibit RNA synthesis in intact
cells and in the cell-free RNA polymerase system and to
increase the Tm Of DNA are arranged in order of decreasing
activity: (a) RNA synthesis: nogalamycin > 0-methyl
nogalarol > 7-deoxynogalarol > nogalarol > nogalarene >
nogalamycin N-oxide; (b) RNA polymerase: nogalamycin>
0-methylnogalarol > nogalarene > 7.deoxynogalarol >
nogalarol; (c) increase Tm of DNA: nogalamycin >
nogalarol, 0-rnethylnogalarol, 7-deoxynogalarol > nogalarene
> nogalamycin N-oxide. The order of activities are
approximately the same in all cases except for the position
of nogalarene in the RNA polymerase system. This result
suggests that the inhibition of RNA synthesis in intact cells
and in the RNA polymerase system results from the binding
of drug to DNA. However, the order of growth inhibition,
namely nogalamycin > 0-methylnogalarol > nogalarol >
nogalamycin N-oxide > 7-deoxynogalarol > nogalarene, is
very different from the order of inhibition of RNA
synthesis. The inhibition of RNA synthesis in intact cells is
measured after a 2-hr incubation of cells with drug while the
inhibition of growth was measured after 3 days incubation
with drug. It is possible that while RNA synthesis may be
the prime site of inhibition, in long-term incubation other
inhibitory effects of the drugs are superimposed on RNA
inhibition leading to inhibition of growth. This might result
in difference in the order of arrangement of the drugs for
inhibition of RNA synthesis and of growth.

Although similar amounts of nogalamycin, nogalarol, and
0-methylnogalarol were bound per mg DNA, nogalamycin
stabilized DNA (as seen by increase in Tm) to a much
greater extent than the other 2 compounds. Nogalamycin
differs from nogalarol and 0-methylnogalarol in possessing
the sugar (nogalose) side chain. This might indicate that, in
addition to the hydroxyl groups on the chromophore,
nogalose is involved in the binding of the nogalamycin to
DNA resulting in greater stabilization of the DNA helix.
Nogalose by itself does not bind to DNA. In case of
daunomycin, the hydroxyl groups on the chromophore as
well as the amino groups on the sugar (daunosamine) have
been implicated in the linkage between daunomycin and
DNA (5). A similar situation may exist for nogalamycin;
namely, there may be 2 binding sites between DNA and the
antibiotic. The characteristics of the binding between DNA
and nogalamycin indicate that, like proflavin, the antiobiotic
or at least its chromophores may intercalate between
adjacent base pairs of helical DNA (3). Since the ring system
of nogalamycin is larger than proflavin, it is possible that the
nonintercalated portion of the antibiotic molecule may
project into the minor groove of DNA and cause steric
interference of the RNA polymerase. This type of binding
has been suggested for daunomycin to explain the selective
inhibition of RNA synthesis (5).

Unlike nogalamycin or nogalarol or 0-methylnogalarol,
7-deoxynogalarol does not have any oxygen attached to
carbon 7. Unlike the former 3 compounds, 7-deoxynogalarol

Table6

Antileukemic activity ofnogalamycin and its derivatives

a@o@u@jonsof all drugs, except nogalamycinN-oxide, were injected
i_p. in determining antileukemic activity and the acute LD50.
Nogalamycin N@oxidewas injected as a homogenized suspension in
0.25% aqueous methyl cellulose.

bThe dose for 50%inhibition ofgrowth of L1210 cellsin culture was
determined by Mr. H. H. Buskirk of our laboratories. The L1210 cells
and drug were inoculated into tubes and the cells were counted 3 days
later.

CDTH9@ were administered i.p., once daily for 7 days starting 24 hr
after 10 L1210 cells were implanted. The control mice died after 7 Â±
0.65 days. The percentage of increase in life-span was calculated
according to protocols established by the Cancer Chemotherapy
National Service Center (5). In order to be considered active, a
compound must increase the life-spanof leukemic animalsby 25%.Ten
mice were used at each dosage level. The results under % increase in
life-span are the average of 2 or 3 separate experiments with the average
deviations noted.

Table7

bacteria and not against most gram-negative bacteria. How
ever, in contrast to nogalamycin, nogalarol and 0-methyl
nogalarol were active against Klebsiella pneumoniae.

DISCUSSION

The results indicate that nogalamycin and several of its
derivatives inhibited RNA synthesis more than DNA or
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binds markedly to apurinic DNA and. equally strongly to
poly dAT and poly dI:dC. Nogalamycin, nogalarol, and
0-methylnogalarol bind preferentially to poly dAT. This
change in the specificity of binding to polynucleotides could
be either due to the absence of the nonbonding electrons on
the oxygen attached to carbon 7 or change in the con
formation of the 4th ring due to removal of the OH or OR
groups attached to carbon 7. Evidence cited earlier suggests
that the nogalose side chain may bind to DNA. However,
this binding does not affect the specificity of binding
towards poly dAT and poly dI:dC.
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