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ABSTRACT 

Actinomycin D in low concentrations was suggested to inhibit 

ribosomal RNA (rRNA) transcription via an extranucleolar mechanism. 

Actinomycin D was proposed to inhibit unique messenger RNAs (mRNAs) 

coding for proteins needed for the maintenance of rRNA transcription. 

According to this hypothesis actinomycin D would bind to specific 

nonribosomal DNA with high affinity. This hypothesis was investigated 

by isolating high molecular weight rat liver DNA, digesting it with 

restriction endonuclease EcoRI, adding [3H] actinomycin D in low con

centration, performing RPC-5 chromatography to separate the restriction 

fragments and subsequent hybridization to rRNA. It was observed that 

actinomycin D bound to nonribosomal DNA with high affinity. The same 

experiment was performed with nucleolar DNA. High affinity actinomycin 

D binding was not observed in nucleolar DNA. 

Discrete high affinity binding DNA for actinomycin in rat liver 

DNA was also observed when another restriction endonuclease BamHI was 

used to cleave rat liver DNA. However, with rat liver DNA digested 

with restriction endonuclease Hindlll, such a high affinity actinomycin 

D binding DNA was not observed. 

Actinomycin D was also demonstrated to bind to discrete site(s) 

in at least four more eukaryotic species (salmon, calf, herring and 

human) after DNA from these species were digested by EcoRI, labeled 

actinomycin D added, and RPC-5 chromatography performed. 

viii 



Labeled actlnomycin D bound to its high affinity binding DNA 

was displaced by unlabeled actlnomycin D in a concentration range of 

biological significance. However, six other antitumor agents, 

(doxorubicin, aclacinomycin, carminomycin, marcellomycin, musettamycin 

and pyrromycin) which also intercalate into DNA, did not significantly 

displace labeled actinomycin D from its high affinity binding DNA. 

Since this high affinity actinomycin D binding DNA is hypoth

esized to be involved in the inhibition of rRNA transcription, the 

actinomycin D binding DNA could have a role in the regulation of rRNA 

transcription. To date this is the first time that a probable 

regulatory DNA has been characterized by selective drug binding. 
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CHAPTER 1 

INTRODUCTION 

Actlnomycins obtained from Streptomyces are compounds which 

have red colored crystals and form yellow orange solutions. They are 

formed by at least seven species of Streptomyces. Actinomycins 

possess both antibiotic and cytostatic effects. Actinomycin D 

(formally known as actinomycin Ĉ ) is the most effective antibiotic 

of this group of structurally related compounds. Streptomyces 

antibioticus and Streptomyces parvullus are the major commercial 

sources for the isolation of actinomycin D. 

Historical Background 

Gasperini (1890) first found that the mold Actinomycetes 

(Streptomyces sp) antagonized the growth of other microorganisms. 

Greig-Smith (1917) demonstrated that certain strains of Actinomycetes 

inhibited the growth of various soil-inhabiting bacteria. Leiske 

(1921) studied the ability of pur cultures of certain Actinomycetes 

to inhibit the growth of bacteria and Rosenthal (1926) investigated 

the inhibitory effect of Actinomycetes upon the specific growth of 

Bacillus diphtheria. 

Actinomycin D was the first crystalline antibiotic derived 

from Streptomyces antibioticus. It was isolated by Waksmann and 

Woodruff in 1940. It was extracted in ether from the culture broth 

of the organism Streptomyces antibioticus. Chemical analysis revealed 
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that it contained a cyclic polypeptide (Waksmann and Tishler 1942). 

It was characterized by an antimicrobial spectrum with high activity 

against gram positive bacteria, limited activity against gram nega

tive bacteria and even less activity against fungi. 

Schulte (1952) demonstrated that actinomycin D has a remark

able effect in inhibiting the growth of certain tumors; especially 

those of Hodgkin's disease or other lymphomas. This effect was seen 

in experimental animals and also in man (Hackman 1960). The final 

stage in the recognition of actinomycin D as a chemotherapeutic 

agent in the treatment of certain neoplastic diseases came with the 

official report of the Council on Drugs of the American Medical 

Association for April 25, 1966 in which it was stated that actinomycin 

D is useful in the control of several types of tumors, especially 

when the agent is combined with surgery and irradiation (Liebner 1962). 

Chemistry of the Active Principles of Streptomyces (Actinomycins) 

The actinomycin molecule contains a heterocyclic chromophore 

moiety which absorbs in the visible region (441 nm) (Bulock and 

Johnson 1957). The actinomycin chromophore "phenoxazone" is 3-amino, 

8-dimethyl, 2-phenoxazone, 4,5 dicarboxylic acid (Fig. 1). The 

chromophore contains two carboxyl groups with two amide pentapeptides. 

Actinomycins with the same two pentapeptide residues are 

called isoactinomycins while those with two different pentapeptides 

are referred to as anisoactinomycins. The amino acids linked by amide 

bonds to the 4 and 5 carboxyls are always L-threonine whose hydroxyl 
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Figure 1: Structure of Actinomycin D 



group is always lactonized with the carboxyl of the fifth amino acid. 

The second amino acid can be D-valine or D-alloisoleucine, the third 

can be L-proline, L-hydorxyproline, pipecolic acid or sacrosine, the 

fourth is always sarcosine and the fifth can be L-N-methylvaline or 

L-N-methyl isoleucine. Peptide groups contain free NH2 groups only 

in the two threonine residues (Brockmann and Lackner 1960, 1964a,b, 

1967, Brockmann and Manegold 1965, Brockmann and Muxfeldt 1958). 

Biological Significance of the Actinomycins 

Since actinomycins inhibit the growth of gram-positive 

bacteria, one can speculate as to their possible functions in the 

microorganisms in which they are produced. It has been suggested 

that antibiotics may have evolved to provide biological dominance 

among various species in a natural environment (Bu'Lock 1961, Gwatkin 

1962). Bu'Lock (1965) proposed that the synthesis of secondary 

metabolites such as antibiotics provide an essential function in 

replication of the organism by inhibiting-cell division. It is also 

possible that antibiotics which are normally made by fungi, serve as 

low molecular weight repressor molecules which selectively inhibit 

certain metabolic processes within the cell via selective effects on 

transcription. 

In higher eukaryotes (those organisms which contain nuclei), 

actinomycin D has two-fold significance: (1) It is an inhibitor of 

DNA-dependent RNA synthesis (Kersten et al. 1969, Kirk 1960, Reich 

et al. 1961) and has been used as a biochemical tool in numerous 



investigations of cellular events, especially RNA and DNA synthesis 

as well as virus replication. Also of great importance is: (2) the 

clinical use of actinomycin in the treatment of Wilm's tumor (Farber 

1966), gestational choriocarcinoma (Friedman and Cerami 1973), and 

mixed metastic embryonal carcinoma of the testis (McKenzie 1966, Li 

1971). Wilm's tumor therapy with actinomycin D in combination with 

radiotherapy and surgery has achieved long-term remissions and cures 

in 60-98% of patients. 

Mechanistically the antibiotic intercalates into DNA, and 

inhibits DNA-dependent RNA synthesis. DNA replication is also inhibited 

by actinomycin D but at a considerably higher concentration of drug 

indicating either a different mechanism of inhibition of replication, 

or that synthesis of DNA requires some product of transcription. Two 

different models have been proposed for the interaction of actinomycin 

D with double-stranded DNA: (1) intercalation of phenoxazone moiety 

of actinomycin between base pairs adjacent to guanine residues (Muller 

and Crothers 1968), and (2) hydrogen bonding between the functional 

2-amino and 3-oxo groups of the chromophore and the 2-amino groups of 

the guanine (Hamilton et al. 1953). X-ray diffraction analysis of a 

crystalline complex of two molecules of deoxyguanosine and one mole

cule of actinomycin D deoxyguanosine interaction (Sobell et al.:1971). 

This result suggests that actinomycin D may have selective effects on 

DNA which is G-C rich. 

Actinomycin D selectively inhibits nucleolar ribosomal RNA 

(rRNA) transcription in low concentrations in intact cells in culture 
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(0.001 - 0.1 yg/ml). It has been assumed since the original observa

tion of Perry (1962) that actinomycin D selectively binds to nucleolar 

ribosomal DNA (rDNA) to inhibit rRNA transcription. This assumption 

was based on the fact that the nucleolus is the site of rRNA transcrip

tion (Maul and Hamilton 1967, Busch and Smetana 1970) and is also 

enriched in deoxyguanosine (McConkey and Hopkin 1964) the base to 

which actinomycin D purportedly binds (Goldberg et al. 1963, Sobell 

et al. 1971). 

Nucleolar RNA polymerase transcribes rRNA as a large precursor 

molecule (45S) which is subsequently processed into 28 and 18S rRNA 

(Winberg and Penman 1970). The 18S rRNA ultimately gets incorporated 

into 40S ribosomal subunit while the 28S rRNA becomes incorporated 

into the large 60S ribosomal subunit along with 5S RNA (Jeanteur and 

Altardi 1969). 

It is now known that there are three separate RNA polymerases 

in eukaryotes (Roeder and Rutter 1969): RNA polymerase I transcribes 

rRNA and resides in the nucleolus (Widnell and Tata 1961, Pogo et al. 

1967). RNA polymerase II transcribes heterogenous nuclear RNA (hnRNA) 

which is then processed to messenger RNA (mRNA). This enzyme resides 

in nucleoplasm along with RNA polymerase III (Roeder and Rutter 1970). 

RNA polymerase III transcribes 4S (tRNA) and 5S RNA (Weinman and 

Poeder 1974). 

a-Amanitin, the bicyclic octapeptide from Amanita phalloides 

is a specific inhibitor of RNA polymerase II at low concentrations 

(<1 ug/ml) (Lindell et al. 1970). In higher concentrations (>400 yg/ml) 
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RNA polymerase III is also inhibited by a-amanitin (Weinmann and 

Roeder 1974). RNA polymerase I is not inhibited by a-amanitin in 

most eukaryotes with the exception of yeast (Hager et al. 1976). 

Fiume and Laschi (1965) observed that addition of a-amanitin 

to cells in culture caused nucleolar fragmentation. Their finding can 

therefore be interpreted to indicate a dependence of nucleolar integ

rity on events in nucleoplasm. Since a-amanitin inhibits the enzyme 

which specifically transcribes mRNA, others have also suggested that 

there may be an extranucleolar control over the transcription of rRNA 

in the nucleolus (Jacob et al. 1970, Schmid and Sekeris 1973, Tata et al. 

1972). This dependence of nucleolar integrity on the events in 

nucleoplasm is also supported by the evidence that ultraviolet radia

tion, an inhibitor of rRNA transcription in cells in culture (Perry 

1963), does not affect rRNA transcription if nucleoli are irradiated 

directly. However, irridation of the nucleoplasm did cause an inhi

bition of rRNA transcription (Montgomery et al. 1964). 

It is also well known that rRNA transcription is directly 

dependent upon protein synthesis (Holland 1963, Higashi et al. 1968, 

ttillems et al. 1969, Muramatsu et al. 1970, Craig and Perry 1970, 

Cooper and Gibson 1971, Gross and Pogo 1976). Various inhibitors of 

protein synthesis, such as puromycin (Holland 1963) and cyclohexamide 

(Willems et al. 1969) cuase the inhibition of rRNA synthesis in vivo 

and a time-dependent loss of endogenous nucleolar RNA polymerase 

activity (Muramatsu et al. 1970, Lindell 1977). These observations 

indicate that certain proteins are required for the maintenance of 

rRNA transcription in eukaryotes. 
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The assumption that actinomycin D in low concentrations was a 

direct inhibitor of RNA polymerase I at the level of nucleolus was 

reassessed after the observation that it took almost a 100-fold greater 

concentration of drug to inhibit rRNA transcription in vitro (isolated 

nucleoli) as was needed in the inhibition of rRNA transcription in 

cells in culture (Lindell 1976). When actinomycin D action was subse

quently examined in isolated nuclei, it was found that there was 

slight (20%) concentration-dependent inhibition of RNA polymerase II 

activity in the range 0.001 - 0.1 yg/ml (Lindell 1976). The concentra

tion range for the inhibition of nucleoplasmic transcription corresponded 

to the same concentration range which affects 45S rRNA transcription 

in intact cells in culture (Perry and Kelly 1970). There is also 

additional evidence that nucleoplasmic RNA (mRNA) is inhibited in 

cells in culture in low concentration (0.001 - 0.1 ug/ml) by 

actinomycin D (Lindell et al. 1978). 

These observations suggest a possible extranucleolar mechanism 

of actinomycin D action in vivo, ie., actinomycin D is inhibiting 

unique mRNAs which code for proteins needed for maintenance of rRNA 

synthesis. Since actinomycin D in vivo inhibits rRNA transcription 

very rapidly, and this is due to the apparent inhibition of mRNA tran

scription, the mRNA(s) selectively inhibited by actinomycin D must 

have a rapid turnover (Lindell et al. 1978). Earlier studies by 

Suskind (1965, 1967) indicated that a low concentration of actinomycin 

D affected the rapid labeling of nucleolar proteins as revealed by 
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autoradiography. While nucleolar protein labeling was markedly 

affected, nucleoplasmic labeling was unaffected. 

If actinomycin D selectively binds in the nucleoplasm to 

inhibit the transcription of mRNA, one would expect to see a great 

preponderance of grain density over that region of the nucleus by 

autoradiography. However, all of the studies performed to date have 

used a much higher concentration of labeled actinomycin D than that 

needed to inhibit rRNA transcription in vivo. Despite the preponder

ance of evidence suggesting a direct action of this drug on the 

nucleolus, Simard (1967) and Aczel and Enesco (1975) suggested that 

the locus of actinomycin D binding is to the heterochromatic region 

of the nucleoplasm rather than nucleolus on the basis of autoradio

graphic evidence. Another study also pointed to selective nucleo

plasmic binding of actinomycin D in the eukaryotic genome. Tata and 

Baker (1974) who developed a technique to separate nucleoli, 

heterochromatin (repressed or nontranscribed chromatin), and 

euchromatin (actively trancribed chromatin), observed that labeled 

actinomycin D is more highly bound to the region of euchromatic DNA 

which also contains the highest amount of endogenous RNA polymerase II-. 

The suggestion that the nucleolus may not be a direct site of 

actinomycin D action is also supported by the results of an investiga

tion of the kinetics of inhibition of 45S precursor rRNA. Perry and 

Kelly (1970) found that rRNA isolated from nucleoli of mouse L-ceils 

treated with actinomycin D (0.01 and 0.08 pg/mL, 1 hr) reveal a small 

but discrete 45S peak of RNA on polyacrylamide gels. If actinomycin 
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D affected nucleolar transcription directly, one might expect to find 

incomplete transcripts which indicate that chain elongation is being 

terminated prematurely. Instead, a discrete 45S RNA peak is seen at 

both concentrations examined. Actinomycin D also has no effect on 45S 

RNA processing into 28S and 18S RNA (Weber 1974). Since a correlation 

of the inhibition of RNA polymerase II by actinomycin D in vitro 

(isolated nuclei) has been found by Lindell (1976) and the inhibition 

of 45S RNA synthesis in vivo (intact cells in culture) (Lindell et al. 

1978), a precursor-product relationship between mRNA and 45S RNA 

synthesis was postulated. However, the nature of the two observations 

cited above may be unrelated to the ultimate regualtion of rRNA tran

scription. 

Hypothesis 

The working hypothesis of this thesis, based on many previous 

observations, predicts that high affinity binding of a low concentra

tion of actinomycin D would occur to DNA which is not rDNA. If this 

high affinity actinomycin D binding to a discrete part of DNA could 

be demonstrated, this DNA may ultimately be involved in the regulation 

of rRNA transcription in vivo. Further, if this high affinity 

actinomycin D binding DNA could be isolated, it is possible that this 

DNA could be used as an in vitro screening tool to investigate whether 

other antitumor agents or actinomycin analogues which also intercalate 

Into DNA, share the same mechanism of action as actinomycin D in the 

selective inhibition of rRNA transcription. 



CHAPTER 2 

MATERIALS AND METHODS 

Isolation of Rat Liver Nuclei 

Sprague Dawley rats (average weight 150 gm, 10 weeks old, male 

and female) were sacrificed by decapitation. Livers were surgically 

removed and nuclei were isolated by the procedure of Hewish and 

Burgoyne (1973) as modified by Woll (1980). This procedure involves 

the replacement of divalent cations by the polyamines spermine and 

spermidine. In addition, the chelators EDTA and EGTA are employed to 

sequester endogenous divalent cations. Alkaline sucrose gradient 

centrifugation has revealed that nuclei isolated by this procedure 

contain very high molecular weight DNA as compared to the DNA from 

nuclei prepared by the procedure of Blobel and Potter (1966) (Duffy 

and Lindell 1980). 

Isolation of Rat Liver Nucleoli 

Nuclei were isolated from rat livers by the procedure of 

Blobel and Potter (1966). They were suspended in one-half volume 

(original liver weight) of 0.34 M sucrose and 1 mM phenylmethylsulfonyl-

fluoride (PMSF) (Lindell 1975). Nuclei (in 10 ml aliquots) were 

sonicated in Corex centrifuge tubes (Branson model S-110 sonicator 

equipped with microtip, power setting 4) four to eight times for 30 

seconds each at alternating 30 second intervals. The nucleolar 

11 
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sonicate was maintained in an ice-water bath for optimal cooling. 

Adequate disruption of nuclei was determined by visual examination in 

a phase microscope. The sonicate was underlayed with an equal volume 

of 0.88 M sucrose containing 1 mM PMSF and centrifuged in a swinging 

bucket rotor (HB-4, Sorvall) at 3640 x g for 15 minutes. The super

natant was poured off immediately and the nucleolar pellet was re-

suspended in one-half volume (w/v of original liver wet weight) of 

0.61 M sucrose containing 1 mM PMSF by brief sonication as before. 

The sonicate was recentrifuged as mentioned above. The supernatant 

was poured off and the final nucleolar pellet was resuspended in one-

tenth volume (original liver weight) in 10 mM Tris-HCl, 5 mM MgĈ , 

1 M sucrose pH 7.5 containing 1 mM PMSF and 5 mM dithiothreitol. 

Nucleoli isolated by this method contain greater than 95% RNA 

polymerase I. 

Isolation of Rat Nuclear and Nucleolar DNA 

Rat liver nuclei were diluted with 2.5 volumes (original 

volume of suspended nuclei) of 10 mM Tris-HCl, 10 mM EDTA, 10 mM NaCl, 

pH. 7.9 containing 2% sodium dodecylsulfate. The viscous material was 

subjected to proteinase K (100 ng/mL, Beckman) digestion and incubated 

for 36 hours at 45°. The DNA was then extracted four times with an 

equal volume of choloroformrisoamyl alcohol (24:1) by gentle mixing 

and then centrifuged at 16,000 x g for 15 minutes at 4°. After addi

tion of two volumes of cold (-20°) 95% ethanol, the DNA was spooled 

and resuspended in 0.1 M sodium acetate buffer, pH 5. If the DNA 



13 

solution was not clear, it was retreated with proteinase K (100 yg/mL) 

for an additional 24 hours at 45° and extracted two times with an 

equal volume of chloroform:isoamyl alcohol as before. The DNA was 

then treated with 20 yg/mL bovine pancreatic RNase A (Worthington) for 

45 minutes at 37°. The DNA was the re-extracted with chloroform:isoamyl 

alcohol as before, centrifuged as above, and then dialyzed against 

4 L of 0.1 M Tris-HCl, 10 mM MgCl2, 50 mM NaCl, pH 7.5 for 48 hours 

at 4°. The resulting DNA was highly viscous at a concentration of 

200 yg/mL and spectrophotometry characterization of absorbance at 

280, 260, 230 nm revealed no protein. In addition, no protein was 

found by the Folin-Lowry method (1951). DNA was quantitated using 

the following relationship: A26 0nm 50 yg = 1.0. The DNA was stored 

at 4° in the presence of a small amount of chloroform. 

Nucleolar DNA was prepared in the same way described for 

nuclear DNA except after the addition of ethanol, the DNA was centri

fuged at 16,000 x g for 30 minutes instead of spooling. 

Procaryotic and Eukaryotic DNA 

E. coli DNA (Grade I) was purchase from Sigma and was used 

without further purification. 

DNA from calf thymus, herring sperm, salmon testes and human 

placenta were purchased from Sigma. The various DNAs were suspended 

in 0.1 M Tris-HCl, 50 mM NaCl and 10 mM MgĈ , pH 7.5 to a final 

volume of 250 yg/mL, treated with proteinase K (50 yg/ml) and allowed 

to digest for 24 hours at 45°. The DNA was extracted two times with 
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chloroform:isoamyl alcohol as described above and dialyzed versus 

the same buffer as before. 

Isolation of the Restriction Endonuclease EcoRI 

The restriction endonuclease EcoRI was prepared from E. coli 

strain RY-13 (New England Biolabs) by the procedure of Sumegi et al. 

(1977). The enzyme was stored at -20° in 20 mM potassium phosphate, 

0.3 mM EDTA, 10 mM (3-mercaptoethanol, 0.2 M KC1 and 50% glycerol, pH 

7.4 containing 0.5 mg/ml autoclaved gelatin as described. 

Restriction endonucleases BamHI and Hindlll were purchased 

from Bethesda Research Laboratories. 

Digestion of Various DNAs with Restriction Endonucleases 

Rat liver DNA was digested with various restriction endonucle

ases (1 unit/yg DNA) for 60-90 minutes at 37°. One unit of endonucle

ase activity is defined as that amount of enzyme required to digest 

1 yg of bacteriophage lambda DNA in 1 hour at 37°. The reactions were 

terminated by the addition of 0.1 M Na£ EDTA to a final concentration 

of 20 mM. The digest was then deproteinized with an equal volume of 

chloroform:isoamyl alcohol (24:1) and centrifuged as described above. 

The digested DNA was then heated for 10 minutes at 70° and quickly 

chilled in ice-sluch bath. Rapid cooling prevents the rejoining of 

sticky ends. 

EcoRI Digestion of Rat Nuclear DNA. Rat nuclear DNA (1 mg) 

was digested in a buffer containing 0.1 M Tris-HCl, 50 mM NaCl and 

10 mM MgCl2, pH 7.5 and treated as described above. 
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EcoRI Digestion of Rat Nucleolar DNA. Rat nucleolar DNA 

(200 yg) was digested and treated as described above. 

EcoRI Digestion of E. coli DNA. E. Coli DNA (1 rag) was 

digested and treated as described above. 

EcoRI Digestion of Various Eukaryotic DNAs. One mg each of 

DNA from calf thymus, herring sperm, salmon testes and human placenta 

were digested with EcoRI and treated as described above. 

BamHI and Hindlll Digestion of Rat Nuclear DNA. Rat liver DNA 

(200 yg) was digested with BamHI for 60 minutes at 37° in a buffer 

containing 20 mM Tris-HCl, 7 mM MgCl2, 0.1 M NaCl and 2 mM 3-mercaptoe-

thanol, pH 8.0 (Smith and Chirikjian 1977) and treated as described 

above. Rat liver DNA (200 yg) was digested with endonuclease Hindlll 

in a buffer containing 20 mM Tris-HCl, 7 mM MgCl and 60 mM NaCl, pH 

7.4, (Danna and Nathans 1972) and treated as described above. 

RPC-5 Chromatography 

Preparation of RPC-5. Plaskon CTFE 2300 powder (50 gm) was 

placed into a glass bottle and two ml of Adogen 464 [methyl tvialkyl 

(Cg-Ĉ g) ammonium chloride] was dissolved in 125 ml chloroform and 

poured over the 50 gm of plaskon. The bottle was stoppered tightly 

and vigorously agitated for 4 hours on a mechanical shaker. The 

slurry of plaskon in chloroform was poured into a large ceramic 

evaporating dish and the chloroform allowed to evaporate (in a 

ventilated hood) under an infra red lamp. Occasionally the mixture 

was stirred with a large ceramic spatula. The dry powder was then 

stored in a glass stoppered bottle. 
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Column Packing. Forty gm of RPC-5 was ground vigorously with 

a mortor and pestle. The finely ground dry packing was made into a 

slurry in a buffer of 0.45 M KC1 in 10 mM Tris HC1, 2 mM Na thiosulfate, 

10 mM EDTA, pH 6.8. The slurry was placed in a beaker and stirred 

overnight with a magnetic stirrer and degassed. Three types of 

columns were packed with the RPC-5 buffer slurry. 

a) Analytical: (30 cm x 1.5 mm Teflon tubing, Altex). This 

column was used for resolving up to 200 ug of endonuclease restricted 

DNA. 

b) Intermediate: A 4.9 ml stainless steel column (25 x 0.5 

cm, Altex) was used for resolving up to 1 mg endonuclease restricted 

DNA. 

c) Preparative: A 40 ml stainless steel column (50 x 1 cm, 

Altex) was used for resolving up to 5 mg endonuclease restricted DNA. 

All these columns were partially filled with 0.45 M KC1 in 

10 mM Tris-HCl 2 mM Na thiosulfate, 10 mM EDTA, pH 6.8 and the slurry 

of RPC-5 in the same buffer was poured into the column and packed 

under pressure by increasing the flow rate with a Milton-Roy Minipump 

(model 396) until a pressure of 250-500 psi was reached. 

Preparation of DNA Samples. [3H]Actinomycin D (13.1 Ci/mMol, 

Amersham) was then added (37,000 dpm,ml) to the various endonuclease 

digested DNA samples to a final concentration of 0.004 ug/mL. The 

various digested DNAs containing [3H]actinomycin D were then diluted 

with an equal volume of 0.9 KC1 in 20 mM Tris-HCl, 4 mM sodium 

thiosulfate, 20 mM EDTA, pH 6.8. 
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Resolution of Various DNAs. The samples (DNA containing [3H] 

actinomycin D) were applied to the jacketed intermediate column 

maintained at 43°. High pressure liquid chromatography was performed 

according to the method of Wells et al. (1979). After application, 

the column was washed with 20 mL of strating buffer to remove unbound 

[3H]actinomycin D and the restricted DNA was eluted with a linear 

gradient (40 ml) of 0.45 to 0.75 M KC1 in 10 mM Tris-HCl, 2 mM Na 

thiosulfate, 10 mM EDTA, pH 6.8. Fractions of 0.6 mL were collected 

and the DNA was quantitated by absorbance at 260nm. Aliquots (200 pL) 

of each fraction were counted to determine the amount of [3H]actinomycin 

D bound to DNA. Scintillation counting was performed in toluene 

containing 4 g/L Ominflour (New England Nuclear) and Triton X-100 (33%) 

in a Tracor Mark III with an efficiency of 55%. Conductivity of the 

fractions was determined with a Radiometer CD-I conductivity meter. 

Preparative RPC-5 Chromatography. Rat liver DNA (5 mg) was 

digested with EcoRI and treated as described above. After applying 

to the preparative column, washing with 50 ml of starting buffer, DNA 

was eluted with alinear gradient (200 ml) as described above. 

Fractions of 3.0 mL were collected, DNA and [3H]actinomycin D were 

quantitated as described above. 

Rechromatography of High Affinity Actinomycin D Binding DNA. 

High affinity actinomycin D binding DNA isolated by preparative RPC-5 

chromatography was diluted with an equal volume of 0.47 M KC1 in 10 

mM KC1 in 10 mM Tris-HCl, 2 mM sodium thiosulfate, 10 mM EDTA, pH 6.8, 

so that the final salt concentration was 0.55 M KC1. [3H]actinomycin 

D was then added to the high affinity actinomycin D binding DNA 
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obtained from the preparative RPC-5 chromatography at a final concen

tration of 0.004 pg/ml. After application to the analytical column 

and washing with 20 ml of starting buffer, the DNA was eluted with a 

linear gradient (40 ml) of 0.55 to 0.75 M KC1 in 10 mM Tris, 2 mM 

sodium thiosulfate, 10 mM EDTA, pH 6.8. Fractions of 0.6 mL were 

collected. DNA and [3H]actinomycin D were quantitated as described 

above. 

Preparation of Labeled rRNA 

Rat liver nucleoli were prepared and suspended as described 

above. Routine preparations of nucleoli contained greater than 98% 

RNA polymerase I as assayed in the presence and absence of ot-amanitin 

(Gamo and Lindell 1974). Transcription in vitro was performed at 37° 

for 90 minutes as previously described (Roeder and Rutter 1969, 

Lindell 1975) using 2 mL of nucleoli in a final volume of 4.9 mL. 

The amount of ATP was 3 x 10_lt M and 230 yCi of [a-32P]ATP (23 Ci/Mol, 

New England Nuclear) was present. Sodium dodecylsulfate was added to 

the reaction mixture (final concentration of 1%) and it was extracted 

with an equal volume of redistilled phenol at 60° three times and 

centrifuged at 16,000 x g (HB-4, Sorvall) for 10 minutes at 4°. The 

aqueous phase was made 0.1 M NaCl and 2 volumes of ethanol (-20°) 

added. The RNA was allowed to stand at -20° overnight and then 

centrifuged at 16,000 x g (HB-4, Sorval) for 10 minutes at 4°. The 

RNA pellet was washed with 66% ethanol containing 0.1 M NaCl at 4°C 

and suspended in 25 mM Tris-HCl, 8 mM MgCl2, pH 7.4. The RNA was then 



3.9 

treated with 20 yg/mL DNase I (RNase free, Worthington) at 37° for 

15 minutes. The preparation was re-extracted with phenol, centrifuged, 

and reprecipitated as described above. The specific activity of the 

resulting RNA was 2.22 x 107 cpm/mg. 

Hybridization Saturation of DNA 

Nuclear DNA (15 yg) and nucleolar DNA (1 yg) were immobilized 

on 2.5 cm nitrocellulose filters (Millipore HAWP, 0.45 y) by vacuum 

filtration according to the precedure of Baker (1976). Hybridization 

of nuclear and nucleolar DNA was carried out in a final volume of 

1 mL each in four separate vessels containing 2 x SSC (standard 

saline citrate) pH 7, 30% formamide, 0.1% sodium dodecylsulfate, 25 

mM Hepes and four different concentrations (7, 15, 30 and 60 yg) of 

[32P]rRNA. Each vessel also contained a filter without DNA to 

determine the amount of nonspecific RNA bound as a control. Filters 

were incubated for 48 hours at 45° and then washed five times with 

2 x SSC (15 mL filter) at room temperature. Unhybridized RNA was 

digested with 20 yg/mL RNase for 20 minutes at 37°. Filters were 

then washed at room temperature five times with 2 x SSC (3 mL/filter) 

and then dried in an oven at 60°. Filters were counted as described 

above and background counts were subtracted from hybridized counts. 

Hybridization of Nuclear and Nucleolar Rat Liver from RPC-5 
Chromatography 

Individual fractions of EcoRI digested nuclear and nucleolar 

DNA fractionated by RPC-5 chromatography were immobilized on 
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nitrocellulose filters in an amount proportional to the hybridization 

saturation experiment above. One-fourth of each fraction (150 yL) of 

nuclear DNA from RPC-5 chromatography and one-tenth volume (6 yL) 

from each fraction of nucleolar DNA were denatured and applied to 

Individual nitrocellulose filters as described above. Hybridization 

of 160 filters from the RPC-5 profile of nuclear and nucleolar DNA 

was carried out in a single vessel containing 15 mL of buffer and 

2 x 10® cpm [32P]rRNA. In addition, blank filters were included for 

background determination. Filters were washed, treated and counted 

as described above. 

Development of Drug Displacement Assay 

[3H]Actinomycin D was added to the high affinity actinomycin 

D binding DNA obtained from the preparative RPC-5 chromatography to 

a final concentration of 0.1 yg/ml (950,000 dpm/ml). 

Competition with Unlabeled Actinomycin D. Actinomycin D was 

diluted in distilled water to the final concentrations of 0.001, 

0.003, 0.01, 0.06, 0.1 and yg/ml. Final actinomycin D concentration 

was determined from the following relationship: Ai^i ̂  = 24.6/ymole, 

pH 7.0. Aliquots (30 yL) of [3H]actinomycin D-DNA complex were 

pipetted to 10 DE-18 [diethylamino ethyl (DEAE)] filters (2.3 cm, 

Uhatman). Each filter contained 10,000 dpm of [3H]actinomycin D-DNA 

complex. This was determined by washing the filter in 95% ethanol 

three times for 10 minutes each in a volume of 10 mL ethanol per 

filter. Filters were then washed once for five minutes in a volume 
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of 5 ml ether per filter. Filters were air dried and counted as 

described above. Background determinations were performed by pipetting, 

boiled [3H]actinomycin D-DNA complex onto filters and washing as 

described above with ethanol and ether. Actinomycin D does not bind 

to denatured (single-stranded) DNA. 

The filters containing actinomycin D-DNA were incubated with 

0.1 pg/ml unlabeled actinomycin D in a final volume of 15 ml at room 

temperature. Two filters were removed from the incubation medium at 

0, 0.25, 0.5, 1, 2, 5, 10 and 15 minutes, respectively. All filters 

were washed and counted as described above. This experiment was per

formed to determine the time-course of [3H]actinomycin D displacement. 

Next, the concentration dependence of [3H]actinomycin D 

displacement by actinomycin D was determined. [3H]Actinomycin D-DNA 

complex was pipetted to DE-81 filters as above. The filters con

taining the actinomycin D-DNA complex were then incubated in six 

actinomycin D concentrations (0.001, 0.003, 0.01, 0.06, 0.1 and 1 

yg/ml) in a final volume of 15 ml each for 15 minutes at room temper

ature. The 100% control filters were washed in an identical way with 

water. Background was determined from samples (30 pi each), of boiled 

actinomycin D-DNA which were pipetted onto DE-81 filters and incubated 

in distilled water, washed, and counted as described above. 

Competition with Other Intercalating Drugs. These drugs were 

diluted into the following final concentrations in distilled water 

from stock solutions of 1 mg/ml: 
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canninoraycin 0.067, 0.67, 6.7 pg/ml 
pyrromycin 0.036, 0.36, 3.6, 36 ug/ml 
marcellomycin 0.00006, 0.0006, 0.006, 0.06, 0.6 pg/ml 
musettamycin 0.001, 0.01, 0.1, 1, 10 ug/ml 
aclacinomycin 0.0003, 0.003, 0.03, 0.3, 3 ug/ml 
doxorubicin 0.092, 0.92, 9.2 pg/ml 

Aliquots of the [3H]actinomycin D-DNA complex were pipetted to DE-81 

filters and duplicate filters were incubated in dilutions of the 

various drugs as described above. They were then washed in ethanol 

and ether as described above prior to counting. 



CHAPTER 3 

RESULTS 

RPC-5 Chromatography of EcoRI Digested Rat Liver DNA Containing [3H] 
Actinomycin D and Hybridization of RPC-5 Fractions with Ribosomal RNA 

This experiment was performed to determine if actinomycin D 

binds with high affinity to a specific site(s) in rat liver DNA and 

whether this sequence(s) is present in non-ribosomal DNA. When 1 tng 

rat liver DNA was digested with EcoRI and [3H]actinomycin D added to 

the fragments at a concentration of 0.004 ug/ml, it can be seen (Fig. 

2A) that labeled actinomycin D is bound with the highest affinity to 

a discrete fraction which elutes at 0.63 M KC1 after high pressure 

liquid chromatographic separation on RPC-5. After a single pass over 

this column, this fraction is 400-fold purified, although in some 

experiments a 700-fold purification was obtained. When aliquots of 

identical column fractions were denatured and immobilized on nitro

cellulose filters, hybridization with [32P]rRNA revealed a number of 

fractions which hybridize (Fig. 2B). But there is no hybridization 

of [32P]rRNA to the fraction which binds actinomycin D with highest 

affinity. 

RPC-5 Chromatography of EcoRI Digested Rat Nucleolar DNA Containing 
[3H]Actinomycin D and Hybridization with Ribosomal RNA 

The purpose of this experiment was to investigate whether 

high affinity actinomycin D binding DNA is also present in the 

23 
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Figure 2. RPC-5 Chromatography of EcoRI Digested Rat Liver DNA -
[3H]Actinomycin D 

v . Fractionation of EcoRI digested rat liver DNA by RPC-5 
chromatography. Rat liver DNA (1 mg) was digested with 
EcoRI, labeled with [3H]actinomycin D (0.004 ug/ml), and 
fractionated by RPC-5 chromatography as described in 
Materials and Methods. Panel A shows DNA concentration 
measured as A2gonm (solid line) and those fractions which 
bind [3H]actinomycin d (dashed line). Panel B shows 
those fractions which hybridize to [32P]rRNA prepared as 
described in Materials and Methods. All data are expressed 
as total cpra or dpm per fraction. 



nucleolus and if this DNA is ribosomal DNA. When 200 yg rat nucleolar 

DNA was digested with EcoRI, [3H]actinomycin D added (0.004 yg/ml), 

and RPC-5 chromatography performed, it is observed (Fig. 3A) that 

there are numberous DNA fractions which bind [3H]actinomycin D. 

However, the magnitude of labeled drug bound to any one fraction is 

less than that observed when 1 mg of total rat DNA is digested (Fig. 

2A) . When aliquots of these DNA fractions were also immobilized onto 

nitrocellulose and hybridized with [32P]rRNA, an identical pattern of 

hybridization (Fig. 3B) is seen when compared to that of 1 mg digest 

of total DNA (Fig. 2B). In addition, the amount of [32P]rRNA hybrid

ized to total DNA and nucleolar DNA was identical even though different 

amounts of DNA were immobilized from each column profile. This was 

determined from the hybridization saturation of total DNA and nucleolar 

DNA (Fig. 4) where it was found that the nucleolar DNA isolated was 

20-fold enriched in rDNA sequences over total DNA. Therefore, in the 

analysis of 200 pg of nucleolar DNA (Fig. 3), this represents a four

fold enrichment in rDNA sequences compared to total DNA (Fig. 2). 

RPC-5 Chromatography of EcoRI Digested E. Coli DNA Containing [3H] 
Actinomycin D 

This experiment was designed to determine if prokaryotic DNA 

possesses high affinity actinomycin D binding DNA as demonstrated in 

a eukaryotic species (rat). When 1 mg of E. coli DNA was digested 

with EcoRI, [3H]actinomycin D was added (0.004 yg/ml) and resolved by 

RPC-5 chromatography (Fig. 5), a specific actinomycin D binding frac

tion was not observed. Although there are numerous peaks of DNA 
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Figure 3. RPC-5 Chromatography of EcoRI Digested Rat Nucleolar DNA -
[3H]Actinomycin D 

Fractionation of EcoRI digested rat liver nucleolar DNA by 
RPC-5 chromatography Nucleolar DNA (200 yg) was digested 
with EcoRI, labeled with [3H]actinomycin D (0.004 vig/ml) 
and fractionated by RPC-5 chromatography as described in 
Materials and Methods. Panel A shows DNA concentration 
measured as A260nm (solid line) and those fractions which 
bind [3H]actinomycin D (dashed line). Panel B shows those 
fractions which hybridize to [32P]rRNA prepared as de
scribed in Materials and Methods. All data are expressed 
as total cpm or dpm per fraction. 



<M 
I 
o 

CL o 
TS 
<1) 
M 
"5 
"IZ 
n 
>s 
X 
< 
z 
DC 
L_ 

CL 

4 

3 

2 

1 

0 

•-—^nucleolar 
•—•nuclear 

~T~ 

15 30 45 60 

32PrRNA (^g/ml) 

Figure 4. Hybridization Saturation, Total Rat DNA Versus Rat Nucleolar DNA 

Hybridization saturation of total rat DNA and nucleolar DNA. Hybridization was performed 
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Figure 5. RPC-5 Chromatography of EcoRI Digested E. Coli DNA -
[3H]Actinomycin D 

Fractionation of EcoRI digest E. coli DNA by RPC-5 
chromatography. Solid line is the DNA concentration 
measured as AogOnm and the dashed line indicates those 
fractions which bind [3H]actinomycin D. Conditions of 
digestion and chromatography are found in Materials and 
Methods. Profile from RPC-5 chromatography is from a 
1 mg digestion. 
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which bind actinomycin D, none of them is as highly purified (ratio 

of [3H]actinomycin D/DNA A260iua) when compared to rat DNA. Actinomycin 

D binding to the main peak in E. coli DNA is distributed over many 

fractions and the DNA fractions which bind actinomycin D did not elute 

at the same salt concentration as seen with rat DNA (Fig. 2A). 

RPC-5 Chromatography of BamHI Digested Rat Liver DNA-Actinomycin D 
and Hindlll Digested Rat Liver DNA Containing [3H]Actinomycin D 

These experiments were performed to determine if the high 

affinity actinomycin D binding DNA could be obtained when other re

striction endonucleases are used besides EcoRI. When 200 pg rat 

liver DNA was digested with restriction endonuclease Bam HI [3H] 

actinomycin D added (0.004 pg/ml) and RPC-5 chromatography performed, 

it can be seen (Fig. 6) that labeled actinomycin D is also bound to 

DNA in a discrete fraction. When the same rat liver DNA was digested 

with restriction endonuclease Hindlll and the same experiment performed 

as described above, labeled drug did not bind to a discrete DNA frac

tion. Rather, it was observed that labeled actinomycin D was bound 

to DNA in various fractions (Fig. 7). 

RPC-5 Chromatography of Various EcoRI Digested Eukaryotic DNA 
Containing Labeled Actinomycin D 

The rationale for this experiment was to demonstrate that DNA 

from various eukaryotic species have similar specific high affinity 

binding site(s) for actinomycin D as observed in rat liver,DNA. When 

1 mg of calf thymus DNA was digested with EcoRI, [3H]actinomycin D 
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Figure 6. RPC-5 Chromatography of BamHI Digested Rat Liver DNA -
[3H]Actinoraycin D 

Fractionation of BamHI digested rat liver DNA (200 jig) by 
RPC-5 chromatography. Solid line is the DNA concentration 
measured as A2S0nm anc* t'ie dashed line indicates those 
fractions which bind [3H]actinomycin D at an initial 
concentration of 0.004 jig/ml. Conditions of digestion and 
chromatography are found in Materials and Methods. 
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Figure 7. RPC—5 Chromatography of HindXXX Digested Rat Liver DNA — 
[ HjActinomycin D 

Fractionation of Hindlll digested rat liver DNA (200 yg) 
by RPC-5 chromatography. Solid line is the DNA concentra
tion measured as A25 0nm an(* t*ie dashed line indicates those 
fractions which bind [JH]actinomycin D at an initial 
concentration of 0.004 yg/ml. Conditions of digestion 
and chromatography are found in Materials and Methods. 
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added (0.004 pg/ml), and RPC-5 chromatography performed, it is seen 

(Fig. 8) that actinomycin D is bound to two very discrete fractions 

of NDA with high affinity. These fractions elute at 0.64 M and 0.73 

M KCl. 

High pressure liquid chromatography of EcoRI digested herring 

sperm DNA (1 mg) containing labeled actinomycin D (0.004 ug/ml) reveals 

(Fig. 9) that [3H]actinomycin is bound to DNA in virtually every frac

tion. However, the binding is greater in two fractions which elute 

at 0.58 and 0.70 mKCl concentrations. The fraction eluting at 0.58 

KCl is very discrete DNA as compared with the DNA eluting around 0.70 

M KCl. 

A similar experiment with salmon testes DNA (Fig. 10) demon

strated that [3H]actinomycin D is bound with high affinity to only 

one discrete fraction which elutes at 0.57 M KCl as was demonstrated 

for rat liver DNA. 

[3H]Actinomycin D is also bound with high affinity to EcoRI 

digested human placental DNA in two discrete fractions as evidenced 

by RPC-5 chromatography of 1 mg human placental DNA containing 0.004 

yg/ml actinomycin D (Fig. 11). These two discrete fractions of high • 

affinity actinomycin D binding DNA eluted at 0.63 and 0.70 M KCl. 

Preparative RPC-5 Chromatography 

Preparative RPC-5 chromatography of EcoRI digested rat liver 

DNA containing labeled actinomycin D was performed to isolated large 

amounts of high affinity actinomycin D binding DNA. Large amounts of 

this high affinity actinomycin D binding DNA. Large amounts of this 
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Figure 8. RPC-5 Chromatography of EcoRI Digested Calf Thymus DNA -
[3H]Actinomycin D 

Fractionation of EcoRI digested calf thymus DNA (1 mg) by 
RPC-5 chromatography. Solid line is the DNA concentration 
measured as Aosonm and the dashed line indicates those 
fractions which bind [3H]actinomycin D at an initial 
concentration of 0.004 yg/ml. Conditions of digestion and 
chromatography are described in Materials and Methods. 
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Figure 9. RPC—5 Chromatography of EcoRX Digested Herring Sperm 
DNA - [3H]Actinomycin D 

Fractionation of EcoRI digested herring sperm DNA (1 mg) 
by RPC-5 chromatography. Solid line is the DNA concentra
tion measured as A26 0nm anc* t*ie dashed line indicates those 
fractions which bind [JH]actinomvcin D at an initial 
concentration of 0.004 pg/ml. Conditions of digestions and 
chromatography are found in Materials and Methods. 
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Figure 10. RPC-5 Chromatography of EcoRI Digested Salmon Testes 
DNA - [3H]Actinomycin D 

Fractionation of EcoRI digested salmon testes DNA (1 mg) 
by RPC-5 chromatography. Solid line is the DNA concentra
tion measured as A2S0nm anc* ĉ e dashed line indicates 
those fractions which bind [3H]actinomycin D at an initial 
concentration of 0.004 ug/ml. Conditions of digestion and 
chromatography are found in Materials and Methods. 
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Figure 11. RPC-5 Chromatography of EcoRI Digested Human Placenta 
DNA - [3H]Actinomycin D 

Fractionation of EcoRI digested human placental DNA (1 mg) 
by RPC-5 chromatography. Solid line is the DNA concentra
tion measured as Aasonm and the dashed line indicates 
those fractions which bind [3H]actinomycin D at an initial 
concentration of 0.004 pg/ml. Conditions of digestion and 
chromatogrpahy are found in Materials and Methods. 
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DNA were needed for experiments to determine whether other antitumor 

drugs which intercalate into DNA, displace bound:labeled actinomycin 

D from the discrete fraction of DNA isolated by RPC-5 chromatography. 

When 5 mg of rat liver DNA was digested with EcoRI, [3H]actinomycin 

D added and RPC-5 chromatography performed, it was observed (Fig. 12) 

that a single high affinity actinomycin D binding fraction could be 

obtained. This fraction also eluted at 0.63 MKC1 similar to that 

observed on the intermediate column (Fig. 2A). 

Rechromatography of High Affinity Actinomycin D Binding DNA from 
Preparative RPC-Chromatography on an Analytical RPC-5 Column 

Rechromatography was performed to possibly further purify the 

high affinity actinomycin D binding DNA from rat liver DNA and/or to 

demonstrate the homogeneity of this fraction. When high affinity 

actinomycin D binding DNA isolated from preparative high pressure 

liquid chromatography was rechromatographed on an analytical RPC-

column, it can be seen (Fig. 13) that this procedure did not result 

in any further significant purification but the DNA did elute from 

the column in the identical salt concentration in a very discrete 

peak. This fraction represents about 500-1000 digestion fragments. 

Drug Displacement Assay 

The purpose of these experiments was to investigate whether 

actinomycin D or other antitumor agents which intercalate into DNA 

displace actinomycin D from its high affinity binding site on DNA. 

If other drugs displace labeled actinomycin D, it would indicate that 
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Figure 12. Preparative RPC-5 Chromatography of EcoRI Digested Rat 
Liver DNA - [3H]Actinomycin D 

Fractionation of EcoRI digested rat liver DNA (5 mg) by 
preparative RPC-5 chromatography. Solid line is the DNA 
concentration measured as Aasonm ant* the dashed line 
indicates those fractions which bind [3H]actinomycin D at 
an initial concentration of 0.004 ug/ml. Conditions of 
digestion and chromatography are found in Materials and 
Methods. 
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Figure 13. Rechromatography of High Affinity Actinomycin D Binding DNA 

Rechromatography of high affinity actinomycin binding DNA 
from preparative RPC-5 chromatography on an analytical 
RPC-5 column as described in Materials and Methods. 
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these drugs might share a similar mechanism of action as actinomycin 

D in the inhibition of rRNA transcription. 

Competition of Bound f3H]Actinomycin D-DNA Complex with Un

labeled Actinomycin D. This experiment was designed to see if [3H] 

actinomycin D binding to DNA is reversible. It was first necessary 

to demonstrate that unlabeled drug displaces [3H]actinomycin D and to 

determine the amount of time needed to allow this displacement to 

occur. High affinity actinomycin D binding DNA was equilibrated with 

0.1 pg/ml [3H]actinomycin D and pipetted onto ten DE-81 filters. The 

filters containing the [3H]actinomycin D-DNA complex were incubated 

with unlabeled actinomycin D at a concentration of 0.1 yg/ml in a 

volume of 15 mL. Filters were removed at the times indicated and 

washed in ethanol and ether as described in Materials and Methods. 

It was observed (Fig. 14) that [3H]actinomycin D is rapidly displaced 

by 0.1 yg/ml unlabeled actinomycin D. After 2 minutes, 80% was dis

placed, in 5 minutes, 98% was displaced and after 15 minutes, 99% was 

displaced. Therefore, this time (15 minutes) was chosen to perform 

subsequent experiments with various concentrations of actinomycin D 

and other drugs. 

[3H]Actinomycin D Displacement with Various Concentrations of 

Cold Actinomycin D. This experiment was performed to determine what 

concentrations of cold actinomycin D completely displace [3H]actinomycin 

D from its high affinity binding site on DNA and the concentration 

which displaces 50% of [3H]actinomycin D. These results are seen in 

Figure 15. [3H]Actinomycin D, bound to its high affinity binding DNA, 
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Figure 14. [3H]Actinomycin D Displacement by Unlabeled Actinomycin D 
From High Affinity Binding DNA Versus Time 

Displacement of [^H]actinomycin D bound to high affinity 
actinomycin D binding DNA by unlabeled actinomvcin D 
(0.1 yg/ml) with time. Development of the displacement 
assay is described in Materials and Methods. 
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Figure 15. Competetion of [3H]Actinomycin D with Various Concentrations 
of Unlabeled Actinomycin D 

- _ . Competetion of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA with unlabeled actinomycin D 
(0.001 - 0.1 vig/ml) . The competetion assay is described 
in Materials and Methods. 
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was displaced by a concentration range of unlabeled actinomycin D 

corresponding to the same range of its biological significance (0.001 -

0.1 ug/mL), ie., the inhibition of rRNA transcription in vivo. The 

control for this experiment consisted of denatured DNA-actinomycin D 

complex pipetted to the same DE-81 filters. These filters were washed 

as described in the Materials and Methods section and this value was 

subtracted from each point. [3H]Actinomycin D does not bind to 

denatured DNA as expected and the value obtained represented the 

amount of free labeled drug nonspecifically bound to DE-81 filters. 

Competition of f 3H]Actinomycin D-DNA Complex with Other Inter

calating Drugs. When six different drugs which intercalate into DNA 

were added to labeled actinomycin D-DNA complex (equilibrated with 0.1 

yg/mL [3H]actinomycin D), the following results were obtained: 

Doxorubicin (Adriamycin): There is not a significant displace

ment of [3H]actinomycin D from high affinity actinomycin D binding DNA 

by this drug. At a concentration of 9.2 yg/ml, adriamycin displaced 

25% of labeled actinomycin D (Fig. 16). Adriamycin at a concentration 

of 9.2 yg/mL inhibits 50% of rRNA transcription in vivo. 

Aclacinomycin: In a concentration range of 0.0003 to 3 yg/mL, 

only 12% of [3H]actinomycin D was displaced from its high affinity 

binding site on DNA (Fig. 17). Concentration of aclacinomycin re

quired to inhibit 50% of rRNA transcription in vivo is 0.03 yg/ml. 

Pyrromycin: A displacement of 28% of £3H]actinomycin D was 

observed when high affinity actinomycin D binding DNA was incubated 

with pyrromycin from 0.036 yg/mL to 36 yg/mL (Fig. 18). A 50% 
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Figure 16. Competetion of [3H]Actinomycln D With Adriamycin 

Displacement of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA by unlabeled adriamycin (0.92 -
92 ug/ml). The competetion assay is described in 
Materials and Methods. 
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Figure 17. Competetion of [3H]Actinomycin D With Aclacinomycin 

Competetion of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA with unlabeled aclacinomycin 
(0.003 - 3 ug/ml). The competetion assay is described in 
Materials and Methods. 
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Figure 18. Competetion of [3H]Actinomycin D With Pyrromycin 

Displacement of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA with unlabeled Pyrromycin 
(0.36 - 3.6 ug/ral) . Tlae competetion assay is described 
in Materials and Methods. 
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Inhibition of rRNA transcription in vivo is observed when 3.6 yg/mL 

concentration of pyrromycin is used. 

Marcellomycin: There was no displacement of [3H]actinomycin 

D when filters containing high affinity actinomycin D binding DNA was 

Incubated with marcellomycin at concentrations of 0.00006 yg/mL to 

0.6 yg/mL (Fig. 19). The concentration of marcellomycin required to 

inhibit 50% of rRNA transcription in vivo is 0.006 yg/mL. 

Carminomycin: [3H]Actinomycin D bound to its high affinity 

binding DNA was also not displaced by carminomycin in a concentration 

range of 0.067 yg/mL to 6.7 yg/mL (Fig. 20). The concentration of 

carminomycin required to inhibit for rRNA transcription by 50% is 

6.7 yg/mL. 

Musettamycin: When five different concentrations of 

musettamycin (0.001 yg to 10 yg/mL) were used to displace [3H]actinomycin 

D from its high affinity binding site, the amount of [3H]actinomycin 

D displacement was not significant (Fig. 21). Musettamycin at a 

concentration of 0.1 yg/mL inhibits 50% of rRNA transcription in vivo. 

These results indicate that at least six anti-tumor drugs, 

which intercalate into DNA, did not significantly displace actinomycin 

D from its high affinity binding DNA. The results indicate that these 

drugs probably do not share the unique mechanism of action of 

actinomycin D in the inhibition of rRNA transcription. 
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Figure 19. Competetion of [3H]Actinomycin D With Marcellomycin 

Competetion of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA with unlabeled marcellomycin 
(0.00006 - 0.6 ug/ml). The competetion assay is described 
in Materials and Methods. 
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Figure 20. Competetion of [̂ H]Actinomycin D With Carminomycin 

Competetion of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA with unlabeled carminomycin 
(0.67 - 6.7 yg/ml). The competetion assay is described 
in Materials and Methods. 
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Figure 21. Competetion of [3H]Actinomycin D With Musettamycin 

Competetion of [3H]actinomycin D bound to high affinity 
actinomycin D binding DNA with unlabeled musettamycin 
(0.001 - 10 ug/ml). The assay is described in Materials 
and Methods. 



CHAPTER 4 

DISCUSSION 

It was predicted at the onset of this project that actinomycin 

D in low concentrations (0.001 ug/ml - 0.1 vig/ml) would bind to non-

ribosomal DNA as a probable mechanism of inhibiting rRNA transcription 

According to this model, actinomycin D inhibits the transcription of 

mRNA at the level of RNA polymerase II rather than directly at the 

level of rDNA in the nucleolus. This mRNA is translated into proteins 

which are required for the maintainance of rRNA transcription. Since 

actinomycin D rapidly inhibits rRNA transcription, it was also pre

dicted that mRNA inhibited by this drug would have a rapid turnover 

(Lindell et al. 1978). Therefore, high affinity actinomycin D binding 

DNA could ultimately be involved in the regulation of rRNA transcrip

tion. A concentration of 0.004 pg/ml [3H]actinomycin D was employed 

to perform these experiments because it represents the low end of the 

concentration range (0.001 - 0.1 pg/ml) required to specifically 

inhibit rRNA transcription in intact cells. In addition, it was 

thought that this concentration of drug would bind to those fragments 

of DNA with which actinomycin D might specifically interact to pro

duce that inhibition. The restriction endonuclease EcoRI was arbi

trarily chosen to cleave DNA because this enzyme is well characterized 

readily available and easy to isolate. 

51 
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It was recognized that a method of separating restriction 

fragments of DNA would be necessary to localize the binding of labeled 

actinomycin DNA to discrete fractions or fragments. Since there may 

be up to 10 x 106 fragments produced by the action of a restriction 

endonuclease on the mammalian genome, the identification and purifica

tion of any fragment(s) which binds the drug with high affinity could 

present major problems in the ultimate identification of that frag

ment (s) . 

A procedure was therefore necessary which would accommodate 

milligram quantities of these fragments and allow reproducible results. 

In addition, it was recognized that the same degree of purification 

would be necessary for the preparation of larger amounts of the puni

tive fragment(s). The procedure chosen to analyze this possibility 

involved RPC-5 chroamatography. RPC-5 is composed of Adogen 464 

(Methyl trialkyl ammonium chloride) which is coated on Plaskon CTFE 

Powder (A polycholorotriflouro methylene resin). It is therefore a 

positively charged column which is useful in binding nucleic acids 

which contain multiple negative charges. It is a useful tool for 

high resolution transfer RNA, fractionation of double stranded DNA 

restriction fragments, DNA oligonucleotides and the complementary 

(single) strands of DNA restriction fragments. The technique can be 

used for separating microgram to milligram quantities of DNA. The 

profile of fractionation on RPC-5 is not always similar to gel 

electrophoresis which separates on the basis of molecular weight. In 

some cases RPC-5 column chromatography can completely resolve duplex 
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restriction fragments of the same size. Restriction fragments can be 

eluted from an RPC-5 column by either KC1 or a Na acetate gradient. 

The KC1 elution was chosen because it has been shown that resolution 

was much better with KC1 than with sodium acetate (Wells et al. 1979). 

High pressure liquid chromatography of EcoRI digested rat 

DNA on RPC-5 was initially performed using the analytical column to 

this system was excellent, the amount of [3H]actinomycin D bound to 

the fractionated DNA resolved was somewhat low. Since a higher 

specific activity of the drug was not available, it was decided to 

develop a column which would separate larger amounts (up to 1 mg) of 

the DNA. 

High pressure liquid chromatography on an intermediate column 

of RPC-5 of EcoRI digested rat liver DNA bound to [3H]actinomycin D 

(0.004 yg/ml) demonstrated (Fig. 2A) that this drug is bound to rat 

DNA with a high affinity in a discrete fraction. This high affinity 

actinomycin D binding DNA was further characterized by hybridization 

with labeled rat rRNA. By this criteria, it was demonstrated that 

this high affinity actinomycin D binding DNA was nonribosomal in 

nature. When the same experiment was performed with rat nucleolar 

DNA (which is enriched in rDNA sequences) actinomycin D did not bind 

to a similar discrete fraction with high affinity. As shown in Figure 

3, although actinomycin D binds to a number of fractions of EcoRI 

digested nucleolar DNA, these fractions do not represent rDNA sequences 

as evidenced by hybridization with [32P]rRNA. Since rRNA used for 

hybridization was transcribed in vitro these transcripts represent 
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more than 28 and 18S sequences. Ballal et al. (1977) demonstrated 

that rRNA trascribed in isolated nucleoli iji vitro has an identical 

Tl nuclease digestion pattern by homochromatography as 45S RNA. 

Ribosomal RNA transcribed in vitro, therefore contains sequences 

which are not found in 28S and 18S rRNA and therefore represents the 

complete 45S transcript. 

This observation that actinomycin D in a low concentration 

(0.004 yg/ml) binds to nonribosomal DNA with .high affinity supports 

the contention that actinomycin D may be acting in an extranucleolar 

fashion to inhibit rRNA transcription. However, this evidence is not 

ultimate proof of that hypothesis. In addition, these results raise 

the question whether actinomycin D at this concentration, binds to 

DNA on the basis of deoxyguanosine content alone. Goldberg et al. 

(1962) and Sobell et al. (1971) originally suggested that actinomycin 

D preferentially binds to DNA which contains high amounts of 

deoxyguanosine. Ribosomal RNA (45S) has a GC content of 70% and 

those sequences not found in 28 and 18S rRNA contain up to 77% GC 

(Amaldi and Altardi 1968, Willems et al. 1968). Since rDNA has one 

of- the highest characterized amounts of deoxyguanosine and 

deoxycytosine, the observations that actinomycin D possesses a high 

affinity for nonribosomal DNA raises doubts that actinomycin D, in 

this concentration, binds to deoxyguanosine with high affinity. Wells 

and Larson (1970) drew a similar conclusion regarding the necessity 

of deoxyguanosine content of DNA and actinomycin D binding. However, 

it is still possible that the nonribosomal DNA to which actinomycin D 
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binds with highest affinity is enriched in GC bases. This can not be 

determined until base composition and sequencing of this DNA can be 

performed. These studies using the present fraction are not possible 

because it is not pure DNA. 

The experiments with other restriction endonucleases were 

performed to ascertain if such a high affinity actinomycin D binding 

could also be observed with different restriction endonucleases. 

When rat liver DNA was digested with restriction endonuclease BamHI 

(Fig. 6) actinomycin D also bound to one discrete high affinity binding 
4-

5 f-GGATCC-3f 
iste(s). Endonuclease BamHI cleaves at nn„.nn bases while 

I j "CLlAujô j 

EcoRI cleav.o at bases. When rat liver DNA was 
j —01 lAAJb—J 

digested with the restriction endonuclease Hindlll, actinomycin D did 

not bind to any discrete fraction. Instead it was found that labeled 

5 f-AAGCTT-3 f 
drug bound to various fractions. Since Hindlll cleaves at c• 3 -TTCGAA-5 

it is probable that this enzyme has cleaved the high affinity 

actinomycin D binding DNA into numerous fractions. This assumption 

could be tested by isolating high affinity actinomycin D binding DNA 

by EcoRI digestion and than treating this fraction with Hindlll. 

However, this experiment is best performed on DNA which is homogenous. 

This experiment might also provide information on the sequence(s) 

which bind the drug with highest specificity. Using additional 

restriction endonucleases, it should be possible to determine which 

DNA fragment(s) specifically bind actinomycin D with highest affinity. 

RPC-5 chromatography of various EcoRI digested eukaryotic 

DNAs containing labeled actinomycin D were performed to determine if 
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this drug also binds to discrete fraction in other species of eukaryotes. 

While actinomycin D binds to only one discrete fraction of EcoRI 

digested DNA from salmon testes (Fig. 10) and rat liver (Fig. 2), the 

EcoRI digests of DNA from calf thymus, herring sperm and human 

placenta binds actinomycin D in two discrete fractions with high 

affinity. It is possible that these additional fractions arise due 

to incomplete DNA digestion by the restriction endonucleases employed. 

However, digestions with increased amount of enzyme also resulted in 

similar profiles (data not shown). 

The presence of more than one specific site for actinomycin 

D in various eukaryotic species raises some interesting questions. 

It is possible that both discrete fractions may have similar base 

sequence to which actinomycin D binds with high affinity as seen in 

rat and salmon. Multiple actinomycin D binding site(s) could also be 

due to the presence of two genetic loci which have arisen during 

evolution via gene duplication. It would ultimately be interesting 

to sequence these discrete fractions from a single species ie., human 

DNA. The results could provide interesting new information about the 

criteria for high affinity actinomycin D binding to specific base 

sequence. If the result demonstrates that actinomycin D binds to the 

same base sequences in almost all eukaryotic species, then this DNA 

has been highly conserved in evolution. 

It is anticipated that high affinity actinomycin D binding 

DNA in various eukaryotic species is also nonribosomal DNA. However, 

it was not possible to further characterize these various high affinity 
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actinomycin D binding DNAs by hybridization with rRNA because nuclei 

from these various eukaryotic species were not available for jin vitro 

transcription to isolate rRNA. 

These results demonstrate that actinomycin D in this low 

concentration (0.004 pg/ml) binds with high affinity to discrete 

site(s) in various eukaryotic species. A similar site of actinomycin 

D binding in prokaryotes is not likely since such highly specific 

fractions could not be demonstrated in E. coli. 

Rechromatography of high affinity actinomycin D binding rat 

DNA from preparative RPC-5 chromatography on an analytical RPC-5 

column (Fig. 13) demonstrated that this DNA chromatographs in a true 

fashion, since it is eluted from the column in the identical salt 

concentration (0.63 M KC1) in a very discrete peak. However, because 

this fraction may contain 500-1000 additional fragments, this discrete 

fraction may still represent more than just one specific affinity 

actinomycin D binding sequence. It will be important to further 

purify this fraction by additional separation techniques. In addition, 

other separation methods will also have to be employed to enrich this 

fragment(s) and also provide further information about homogeniety. 

Despite the apparent complexity of this fraction, the observa

tion that low concentrations (0.001 - 0.1 yg/ml) of unlabeled 

actinomycin D displaced bound actinomycin D (Fig. 15) from high 

affinity actinomycin D binding DNA provides further evidence for 

possible role of this DNA in the regulation of rRNA transcription 

In eukaryotes. At a concentration of 0.004 yg/ml actinomycin D, 50% 
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of labeled drug was displaced. Perry and Kelly (1970) observed that 

a concentration of 0.008 iJg/ml actinomycin D inhibited 50% of rRNA 

transcription in cells in culture. The slope of this displacement 

curve is somewhat unusual however, it must be remembered that this 

fraction of DNA represents many different EcoRI fragments. This 

experiment will have to be repeated when the pure DNA sequence becomes 

available. The unusual correlation of these two very different 

experiments performed jin vitro on isolated DNA and in vivo in whole 

cells support the possibility that high affinity actinomycin D binding 

DNA could ultimately be involved in the regulation of rRNA transcrip

tion. 

The observation that other antitumor drugs, which intercalate 

into DNA and inhibit rRNA transcription in cells in culture (Crooke 

et al. 1978), did not significantly displace actinomycin D from high 

affinity DNA binding is somewhat surprising. It is possible that 

actinomycin D binding to this DNA is so specific that these drugs 

cannot displace the drug from this DNA. On the other hand, a direct 

inhibition of rRNA transcription at nucleolus by these antitumor 

ggents can not be ruled out. For further characterization, it will be 

necessary to obtain these other drugs in radioactive form. To date 

none of these antitumor agents is available in radioactive form. 

It is interesting to observe that three of the six antitumor 

agents tested doxorubicin, aclacinomycin and pyrromycin, which dis

placed up to 25% of labeled actinomycin D, were isolated from various 

Streptomyces species. Actinomycin D is also isolated from a 
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Streptomyces species. The other three antitumor agents carminomycin, 

musettamycin and marcellomycin did not displace [3H]actinomycin D 

from this DNA. Carminomycin is isolated from Actinomadura carminata, 

while musettamycin and marcellomycin are isolated from two species of 

Actinosporagnium. 

These observations demonstrate that actinomycin D binds to a 

unique fraction of nonribosomal DNA in the rat with very high affinity. 

Binding of actinomycin D to this DNA may provide the much needed clue 

to the ultimate understanding of the regulation of rRNA transcription 

in eukaryotes. Because the drug is binding to a fraction of nucleo-

plasmic DNA, this DNA may code for certain mRNAs involved in the 

proposed model of rRNA transcription. Previous results obtained in 

this laboratory also support the hypothesis that rRNA transcription 

may be regulated at the level of mRNA transcription. That is, pro

teins translated from these specific mRNAs appear to be required for 

RNA polymerase I to transcribe rRNA. This evidence was also obtained 

using actinomycin D. Low concentrations of actinomycin D which effect 

rRNA transcription in vivo fractionally inhibit endogenous RNA 

polymerase II activity in isolated nuclei. Further these same low 

concentrations of actinomycin D do not inhibit transcription by 

endogneous RNA polymerase I in isolated nuclei (Lindell 1976). 

Additional studies of actinomycin D in vivo have been interpreted to 

involve a selective inhibition of certina mRNAs which code for those 

proteins needed for nucleolar transcription. These purported regula

tory mRNAs have been suggested to have ,a rapid turnover (Lindell et al. 
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1978) to account for the rapid inhibition of rRNA transcription by 

low concentrations of actinoraycin D. 

Earlier studies with a-amanitin were instrumental in the 

formulation of this hypothesis for an extranucleolar control of rRNA 

transcription. The observation that a-amanitin causes nucleolar 

fragmentation in cells in culture (Fiume and Laschi 1965) and other 

observations with a-amanitin in vivo demonstrated a reduction in rRNA 

transcription when mRNA was inhibited also suggested the possibility 

of an extranucleolar control of rRNA transcription (Jacob et al. 1970, 

Schmid and Sekeris 1972, Tata et al. 1972). 

It is also well known that rRNA transcription is dependent 

upon protein synthesis (Holland 1963, Higashi et al. 1968, Willems et 

al. 1969, Muramatsu et al. 1970, Craig and Perry 1970, Cooper and 

Gibson 1971, Gross and Pogo 1976a). Amino acids starvation of cells 

in culture also effects rRNA transcription probably due to an inhibi

tory effect on protein synthesis (Vaughan et al. 1967, Maden et al. 

1969, Shields and Korner 1969, Smulson 1970, Franze-Fernandez and 

Pogo 1971, Tiollais et al. 1971, Fan et al. 1973, Jolicoeur and 

Labrie 1974). Franze-Fernandez and Pogo (1971) and Franze-Fernandez 

and Fontanive-Seneguesa (1973) have demonstrated that amino acid 

starvation of cells produces a rapid decline in the activity of RNA 

polymerase I assayed in nuclei isolated from these cells. Further, 

Franze-Fernandez and Fontanive-Senguesa (1973) and Grummt et al. 

(1976) have demonstrated that refeeding caused a rapid re-establishment 

of nucleolar RNA Polymerase I activity. 
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Yu and Feigelson (1972) originally suggested that RNA 

polymerase I itself is rapidly turning over, and subsequently Lampert 

and Feigelson (1974) proposed that rRNA transcription is dependent 

upon a rapidly turning over factor which is necessary for the possible 

initiation of RNA polymerase I or rDNA. It is therefore possible 

that the amount of this factor(s) is ultimately controlled by the 

availability of the mRNA coding for this protein(s). 

A number of other observations also indicate that actinomycin 

D may not be effecting rRNA synthesis directly. Suskind (1965) 

observed that low concentrations of actinomycin D inhibited incorpora

tion of [̂ H]leucine into nucleoli of intact HeLa cells as determined 

by autoradiography. These same low concentrations of actinomycin D 

did not inhibit incorporation of labeled amino acid into nucleoplasmic 

proteins. Lastick and McConkey (1976) found that a low concentration 

of actinomycin D (0.04 pg/ml) inhibited the incorporation of [35S] 

methionine (30 minute pulse) into the 40S ribosomal subunit peptides 

(Sr S2, Sg, Ŝ , S20̂ ' observation suggested to them that 

actinomycin D prevented the "exchange" of ribosomal subunit peptides 

with the pre-existing 40S subunit. However, this observation could 

now also be interpreted to indicate that actinomycin D inhibited the 

transcription of the mRNA for these proteins. 

Copper and Bravermann (1977) asked the question whether 

actinomycin D in low concentrations was a direct inhibitor of protein 

synthesis. They enucleated lymphocytes with cytochalasin B and 

observed that once nuclei are removed, actinomycin c?id not inhibit 



62 

protein synthesis indicating that an inhibition of translation was 

due to inhibition of the synthesis of mRNA. This result also provides 

evidence for actinomycin D inhibition of mRNA transcription. 

Actinomycin D has previously been shown to have no effect on the 

processing of 45S RNA to 28 and 18S rRNA (Weber 1974). 

Recent studies by Lindell and Duffy (1979) with cycloheximide 

further revealed additional evidence that the ultimate regulation of 

rRNA trasncription resides at the level of mRNA transcription. They 

found that cycloheximide ixi vivo caused a rapid increase (30 minutes) 

in RNA polymerase II and III activity as assayed in isolated nuclei. 

This rise in enzyme activity is indicative of an increase in mRNA, 

4S RNA and 5S RNA within the cell. They have explained these results 

on the basis of their understanding of the central role of rRNA 

transcription in the cell. Since inhibition of protein synthesis 

dramatically halts rRNA trasncription because those important pro

teins needed for rRNA synthesis are not longer translated, the most 

useful response the cell could make to re-establish rRNA transcription 

would be to transcribe more mRNA. In addition, the enhanced tran

scription of 4 and 5S RNA would also aid in this ultimate recovery. 

They interpreted these findings such that enhanced transcription of 

mRNA, 4S RNA and 5S RNA represents a "compensatory response" by the 

cell as a result of this insult. Others have also observed that in

hibition of protein synthesis also causes an increased transcription 

of the mRNA for tyrosine animotransferase (ERnest et al. 1978) and 

tryptophan oxygenasone (Hofer and Sekeris 1978). In addition, when 
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cells In culture reach a stationary phase of growth, protein synthesis 

is reduced and there is an increased amount of newly synthesized 

poly(A)+ mRNA in the cell (Johnson and Meister 1977, Maroun and Miller 

1977). 

Dependence of rRNA transcription on both rRNA and protein 

synthesis also explains some additional observations obtained with 

other inhibitors. Cordecepin (3' deoxyadenosine) was originally 

proposed to have a selective effect on rRNA transcription In vivo 

(Siev et al. 1969). This observation was made prior to the finding 

that cordecepin affected the addition of polyadenylate residues to 

the 3' end of most eukaryotic mRNAs (Darnell et al. 1971, Adesnik et 

al. 1972, Abelson and Penman 1972). The possibility therefore exists 

that cordycepin affects the polyadenylation of mRNA which is 

eventually translated into specific proteins which are required for 

the maintenance of rRNA transcription jLn vivo. Cordecepin triphosphate 

does not preferentially inhibit nucleolar RNA polymerase I in vitro 

(Blatti et al. 1970). 

These findings suggest that nucleolus maybe a "slave" to 

additional regulatory input and further supports the hypothesis that 

actinomycin D, in low concentrations, may inhibit rRNA transcription 

indirectly via an extranucleolar mechanism. Although the evidence for 

this hypothesis presented in this thesis does not represent ultimate 

proof, these observations should allow more definitive characteriza

tion in the future. 



64 

It will be necessary to further characterize the high affinity 

actinomycin D binding DNA before its role in regulation of rRNA tran

scription can be further investigated. It will be essential to clone 

this high affinity actinomycin D binding DNA before these further 

experiments can be performed. The cloned DNA could then be utilized 

to investigate the structure and arrangement of these punitive regula

tory genes. Further, the arrangement of these genes could be 

investigated by heteroduplex mapping. It will also be important to 

determine the base sequence of this DNA. This clones DNA could also 

be utilized to develop an assay to measure actinomycin D levels in 

the plasma of patients undergoing chemotherapy with this agent. 

Similar assays could also be developed for measuring the plasm levels 

of other antitumor agents which intercalate into DNA. However, 

development of such an assay for other drugs will depend upon isola

tion of high affinity binding DNA for those drugs by this technique. 

Liposome encapsulation of drugs has also opened new avenues 

for the clinical use of actinomycin D and other highly toxic drugs. 

Encapsulated actinomycin D prolongs the survival time of animals 

injected with tumor cells (Gregoridis and Neerunjun 1975, Segal et al. 

1974) and reduces the toxicity (Rahman 1974). Hence the development 

of recent techniques to ensure selective uptake and selective toxicity 

of toxic antitumor drugs which intercalate into DNA may eventually 

enhance the clinical significance of actinomycin D for more widespread 

application in many types of cancer. High affinity actinomycin D 

binding DNA isolated by this technique could be used to screen various 
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actinomycin analogs which also specifically inhibit rRNA transcription. 

Actinomycin D analogues with higher inhibitory activity, encapsulated 

in liposomes, along with radiation and surgery could possibly increase 

the survival rate of cancer patients. Further understanding of the 

exact mechanism of actinomycin D action at the molecular level should 

provide more refined data on how rRNA transcription is regulated in 

eukaryotes. Such evidence will provide more definitive information 

on hypertrophy and how the loss of this regulation may play an important 

role in cancer. 
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