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ABSTRACT 

The binding of low concentrations of actinomycin D (Act D) to 

fixed human metaphase chromosomes was studied using both autoradio

graphic and immunofluorescent techniques. At the concentration range 

of 0.001 - 0.1 ~g/ml Act D is known to selectively inhibit rRNA syn

thesis. Although it was previously suggested that at these low con

centrations Act D would selectively bind to the ribosomal cistrons, 

evidence also exists that the drug binds to non-ribosomal DNA, and 

inhibits rRNA transcription in an indirect fashion. Because of the 

conflicting data on Act D binding and a lack of focus on biologically 

relevant concentrations of drug, it was decided to systematically 

investigate the distribution of the drug binding in low concentrations 

to chromosomes from 72-hr human lymphocyte cultures. 

Autoradiographic detection of [3H]Act D bound to chromosomes 

showed no selective binding of the drug at concentrations that maximal

ly inhibit rRNA synthesis. A new technique was employed using Formvar 

and potassium chromium sulfate as a pretreatment to autoradiography. 

This technique permitted simultaneous detection of silver grains and 

chromosome identification by G-banding. With autoradiographic 

exposure times of 1 and 7 days, there was a positive correlation of 

autoradiographic grains with chromosome length. 

To increase sensitivity in detection of Act D bound to chromo

somes, a specific anti-Act D antibody was generated in rabbits. 
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Antibody avidity was evaluated on the basis of a rapid charcoal assay. 

This charcoal assay was then used in development of a radioimmunoassay 

for Act D which is sensitive in quantitating the drug down to 0.005 

~g/ml. The anti-Act D antibody was characterized to be IgG, and was 

shown to be specific for the pentapeptide lactone portion of the Act D 

molecule. 

Indirect immunofluorescence of Protein A-purified IgG contain

ing anti-Act D was used to detect drug bound to fixed huma~ chromosomes. 

The antibody was shown to be specific for drug bound to chromatin. 

\fuen 0.1 ~g/ml Act D was bound to chromosomes, the drug was observed 

bound throughout the genome, with no selective binding at the ribosomal 

cistrons. This confirms the autoradiographic data and supports the 

model of extranucleolar regulation of rRNA synthesis. Preliminary 

results suggest that Act D binds to GC-rich DNA, since an R-banding 

pattern was observed in 5% of the immunofluorescent metaphases examined. 



CHAPTER 1 

AUTORADIOGRAPHIC DETECTION OF ACTINOMYCIN D 

BOUND TO CHROMOSOMES 

Introduction 

The naturally occurring antibiotic actinomycin D (Act D) is 

known to selectively inhibit rRNA synthesis in the concentration range 

of 0.001 - 0.1 ~g/ml (Perry, 1962). Act D is proposed to intercalate 

into the DNA helix (Muller and Crothers, 1968) or "pseudo intercalate" 

as recently described by Takusagawa et al. (1982) and interfere with 

transcription by blocking the function of the eUkaryotic RNA polymer

ases (Muller and Crothers, 1968). Perry (1964, 1973) has proposed that 

low concentrations of Act D, which inhibit rRNA synthesis, act select

ively at the ribosomal cistrons, and therefore functions in a direct 

manner. Evidence for an alternative theory (Tsurugi, Morita, and 

Ogata, 1972; Lindell, 1976; Lindell, O'Malley, and Puglisi, 1978) 

indicates that the inhibitory function of low concentrations of Act D 

may be more complex, and that the drug may not act directly at the 

ribosomal cistrons. This mechanism predicts that low concentrations of 

Act D may bind to extranucleolar chromatin and inhibit mRNA synthesis, 

which codes for some regulatory protein(s) necessary for rRNA synthesis. 

The latter model is supported by the action of a number of 

other inhibitors that are known to affect rRNA synthesis by a variety 

1 
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of mechanisms (Lindell, 1980). a-Amanitin, a peptide toxin from the 

mushroom Amanita phalloides, was shown to be a specific inhibitor of 

RNA polymerase II (Lindell et al. 1970), the enzyme that catalyzes the 

synthesis of precursor mRNA. a-Amanitin has been shown to have no 

effect on RNA polymerase I, the enzyme that catalyzes the synthesis of 

ribosomal RNA (Roeder and Rutter, 1970). Tata, Hamilton, and Shields 

(1972) report that even though a-amanitin binds to RNA polymerase II, 

following exposure to this toxin, there is a marked reduction of newly 

synthesized 45S rRNA. This was also observed by Jacob, Sajdel, and 

Munro (1970), who suggest that some extranucleolar factors are control

ling the synthesis of nucleolar RNA. The nucleoside analog, cordycepin 

(3'deoxyadenosine) was originally believed to have a selective effect 

on rRNA transcription in vivo (Siev, Weinberg, and Penman, 1969), but 

was later found to inhibit polyadenylation at the 3' end of most 

eukaryotic messenger RNAs (Darnel et al. 1971). The lack of poly

adenylation of this presumably regulatory mRNA may be the cause of the 

inhibition of rRNA synthesis. Lindell (1976) showed that endogenous 

RNA polymerase I in isolated nucleoli is not inhibited by concentra

tions of Act D that inhibit rRNA synthesis in vivo (0.001 - 0.1 ~g/ml), 

but that nucleoplasmic RNA polymerase II is partially inhibited in this 

concentration range of drug. All of these observations with various 

inhibitors support the notion that some regulatory protein is needed 

for the maintenance of rRNA synthesis in eukaryotic cells. Actino

mycin D may inhibit the transcription of the mRNA that codes for this 

protein(s). 
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The nucleolus organizer regions (NORs) of chromosomes contain 

rDNA and are the sites of rRNA synthesis. They have been mapped in 

humans to the short arms of the D and G group chromosomes (13, 14, and 

15; 21 and 22) by Evans et al. (1974) and Tantravahi et al. (1976). If 

Act D binds preferentially to the ribosomal cistrons at concentrations 

where the drug selectively inhibits rRNA synthesis, [3H]Act D should be 

detected at these sites as observed by autoradiography. If the alter

nate theory is true, and Act D is also bound to extranucleolar DNA, no 

significant autoradiographic grains would be preferentially observed at 

the ribosomal cistrons at the low concentrations known to inhibit rRNA 

synthesis in intact cells. 

Several investigators have previously examined the binding of 

[3H]Act D to chromatin using autoradiography. Ebstein (1967, 1969) has 

shown that 10 ~g/ml [3H]Act D specifically labels the DNA of amphibian 

oocyte and salivary gland chromosomes. Camargo and Plaut (1967) have 

shown that 3.3 ~g/ml [3H]Act D labels the polytene chromosomes of 

Drosophila, and formalin fixation appears to decrease the drug binding. 

Simard (1967) labeled hamster fibroblasts with 25 ~g/ml [3H]Act D and 

claimed that the drug bound to a greater extent to the compact nuclear 

heterochromatin than it did to the euchromatin or the nucleolus. The 

opposite result was reported by Berlowitz, Pallotta, and Sibley (1969) 

since their data indicated that [3H]Act D (0.74 ~g/ml) bound less to 

the paternally derived, heterochromatic set of chromosomes in the male 

mealy bug than the drug bound to the maternally derived, euchromatic 

set. Sieger, Garweg, and Schwarzacher (1971) claimed that Act D (7 

~g/ml) binds equally as well to both euchromatin and the more condensed 
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heteroc:hroma,tin, and any differences observed are due mainly to the 

amount of DNA present. Cionini and Avanzi (1972) showed that auto

radiographiq detection of 3. 5 ~/ml [3H ]Act D bound to polytene chromo-

somes of Pha,seolus coccineus gave a constantly reproducible "banding" 
-,.-----

pattern, pr~sumably due to the differential DNA distribution. This 

pattern was useful in identification of individual chromosomes. 

Most of the studies of Act D binding to human chromosomes in-

volved the 4se of drug concentrations greater than those that select-

ively lLnhibi,t rRNIA synthesis. Ringertz, Darzynkiewicz, and Bolund 

(1969) labe~ed human lymphocyte cultures with 2.5 jlg/ml [3H]Act D and 

found 1that qO% of the binding sites were blocked by deoxyribonucleo-

protein, sug;gesting that the protein content'of chromatin plays a 

significant role in access to the DNA by Act D. Much of this protein 

is presumabl,-y lost after acetic acid-methanol fixation, and an increased 

number of si,-tes \\ras observed when lymphocytes were labeled after fixa-

tion. 

RocCfhi et: al. (1974) labeled acetic acid-methanol fixed human 

chromosomes with 10 jlg/ml [3H]Act D. Of the chromosomes that could be 

identified, a nonrandom labeling distribution with little drug bound to 

the centromErric regions was observed. Hubner and Kononowicz (1977) 

labeled fixErd human chromosomes with 7 jlg/ml [3H]Act D and observed a 

banding pattern of autoradiographic grains over chromosomes. They also 

postulate tllat Act D binds to the less condensed chromatin. 

Mi1~s (1970) labeled fixed human chromosomes at concentrations 

down to O. O~~ jlg/ml [3H ]Act D. This was the only study reported to date 



in which the investigator examined chromosomes labeled with the concen

tration of Act 0 that selectively inhibits rRNA synthesis. Miles' data 

indicate that the long arm telomeres labeled more than the short arm 

telomeres, with the exception of the acrocentric chromosomes, which 

showed a light labeling on the short arms (the locations of rONA). 

Miles also confirmed that acetic acid-methanol fixation of chromosomes 

causes an increased amount of Act 0 binding as no binding was observed 

on chromosomes fixed only in methanol. Miles' data did show some label 

on the short arms of the acrocentric chromosomes; however, it was the 

first evidence that biologically significant concentrations of Act 0 do 

not selectively bind to the ribosomal cistrons. 

5 

A summary of some of the previous observations of Act O-chromo

some binding is given in Table 1-1. It should be noted that the drug 

concentrations studied vary significantly. With the exception of the 

work of Miles, no investigator studied the binding of Act 0 at concen

trations which, in vivo, selectively inhibit rRNA synthesis. It can 

also be seen from the earlier literature that few conclusions can be 

drawn with regard to the binding of Act 0 to chromatin by autoradio

graphic techniques. The only consistent observation appears to be that 

acetic-alcohol fixation of chromosomes increases the accessibility of 

ONA to Act O. Acetic-alcohol fixation has been shown by Oick and John 

(1968) to remove histones from chromatin. It has been suggested that 

this histone extraction causes the increased Act 0 binding to ONA 

(Berlowitz et al. 1969). This chapter describes a series of experiments 

that were designed to critically examine and characterize Act 0 binding 

at low concentrations to fixed human chromosomes by autoradiography. 
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Table 1-1. Autoradiographic Detection of Act D Binding 

Reference 

Ebstein (1967, 1969) 

Camargo and Plaut 
(1967) 

Simard (1967) 

Ber1owitz, Pallotta, 
and Sibley (1969) 

Sieger, Garvey, and 
Schwarzacher (1971) 

Cionini and Avanzi 
(1972) 

Ringertz, Darzynkiewicz, 
and Bo1und (1969) 

Rocchi et a1. (1974) 

*Miles (1970) 

Hubner and 
Kononowicz (1977) 

Concentration 
Act D ( g/ml) Major Observations 

10 Act D bound to DNA of Newt 
oocyte and salivary gland 
chromosomes. 

3.3 Act D binds to DNA in Drosophila 
polytene chromosomes. Act D 
binding reduced if formalin used 
in fixation. 

25 In hamster fibroblasts, Act D 
bound more to heterochromatin 
than to euchromatin. 

0.74 In the male mealy bug, Act D 
bound to euchromatic chromosomes 
more than heterochromatic chro
mosomes. 

7 

3.5 

2.5 

10 

0.04, 
0.2, 
0.4 

7 

Act D bound equally to hetero
chrom~tin and euchromatin "in 
field voles. 

In Phaseolus coccineus Act D 
bound to polytene chromosomes in 
a distinct and reproducible 
band-like pattern. " 

More Act D bound to human chro
mosomes post-fixation than pre
fixation (acetic-methanol). 
Little Act D bound to centro
meric regions of human chromo
somes. 

In human chromosomes, long-arm 
telomeres labeled more than 
short-arm te1omeres. Confirmed 
increased binding post fixation. 
At 0.04 ~g/m1, Act D bound to G 
and D group short-arm, but not 
exclusively. 

Act D bound to areas of lower 
chromatin condensation in human 
chromosomes. 

*Mi1es was the only one to study concentrations of Act D that 
are in the selective rRNA synthesis inhibitory range (0.001-0.1 ~g/m1). 
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Materials and Methods 

Chromosome preparation. Human lymphocyte cllitures, obtained 

from six male and six female volunteers, were grown for 72 hr in RPMI-

1640 media (Gibco) supplemented with 25% fetal bovil~e serum (Gibco), 

and 120 ~g/ml phytohaemagglutinin (Burroughs-Wellcolne), with penicillin-

streptomycin (Gibco) as a bacteriostatic agent. Cultures were grown in 

sterile disposable centrifuge tubes (Falcon Plastics) at 370
• Chromo-

somes were harvested following standard procedures laS described by 

Moorhead' et al. (1969), and fixed in 3 parts methanlDl:l part acetic 

acid. (See Appendix A.) 

Labeling chromosomes with Act D. Freshly prepared slides con-

taining nicely-spread metaphase chromosomes were l~yered with 300 ~L 

[3H]Act D (Amersham) (0.004, 0.01, 0.03, 0.06, 0.1, 0.13, 0.2, or 1.0 

~g/ml) and incubated with a coverslip in the horizolntal position for 15 

min in a humid chamber. Unbound Act D was removed by washing the slides 

three times in 95% ethanol (50 ml/wash). Studies p,erformed by Jones 

(1976) and in this laboratory (Duffy and Lindell, i:n preparation) have 

shown that the Act D-DNA complex is stabilized in ethanol. A set of 

slides which were not exposed to [3H]Act D were employed as controls. 

Slides which were expected to have a number of autoradiographic grains 

too great to identify individual G-banded chromosom.es were first auto-

radiographed and then stained with Geimsa after development (see 

Appendix B). After labeling with [3H]Act D, the slides on which in-

dividual chromosomes were to be identified were dried overnight in an 

o oven at 56 , and the chromosomes were G-banded by the method of Muller 

and Rosenkranz (1972). (See Appendix A.) 
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Preparation of G-banded chromosomes for autoradiography. The 

G-banded chromosome slides were dipped into a 1% solutior~ of Formvar 

(E. F. Fullam, Inc.) dissolved in 1,2 dich10roethane and excess liquid 

was drained on absorbent paper (Rutledge, 1979). Slides were:then 

placed (face up) into a saturated atmosphere of 1,2 dichi-0roethane for 

5 min to enhance uniform Formvar coating. After slides ?ave air-dried, 

they were dipped into a freshly prepared solution of 1% ¥e1atin con

taining 0.01% chromium potassium sulfate (Brothman and Ltndell, sub

mitted) and drained of excess liquid by blotting on absorbent paper. 

Once dry, the slides were ready for autoradiography. 

Autoradiography of slides. Slides were dipped ill Kod<jlk NTB-3 

emulsion (420) diluted 1:1 with 1% Tween 80 detergent (Stgma)~ Slides 

were air-dried (in the dark) ~nd stored in a light-proof box ~t _700 

for 1, 7, or 30 days. The slides were then developed in D-19 I developer 

(Eastman Kodak). (See Appendix B.) 

Photomicroscopy. Chromosomes were photographed ?n a feiss 

Photomicroscope II equipped with a P1anapo 100x objectivr/1.310e1. 

Photographs were taken on Kodak Technical Pan Film 2415. 

Scoring autoradiographic grain locations. Autoradiographic 
I 

grains from tritium were localized to chromosomal regionf in the fol

lowing manner. Grains directly over a particular region of al chromo-

some were scored as were grains which were less than or rqua11to one-

half the distance of the chromosomal width from the edge of the 

chromosome. This system was used to maximize the efficirncy' CJf grain 



location with correction for beta particle migration as described by 

Rogers (1979). Efficiency of autoradiographic tritium counting was 

determined by the methods of Ron and Prescott (1970) and Ada et al. 

(1966). 

Results 

9 

The technique of G-banding with simultaneous autoradiographic 

grain analysis proved to be an effective method of identification of 

chromosomes that bind [3H]Act D as evidenced in Figs. 1-1 and 1-2. 1.0 

~g/ml [3H]Act D was used to label slides to be G-banded. This was fol

lowe~ with the Formvar-potassium chromium sulfate technique and a sub

sequent I-day autoradiographic exposure (Fig. 1-1). The use of potas

sium chromium sulfate (Fig. l-lb) effectively eliminated the problem of 

slippage of the nuclear track emulsion which was observed when slides 

were only pretreated with Formvar (Fig. l-la). G-banded chromosomes 

labeled with 0.1 ~g/ml [3H]Act D were easily identified and grains 

scored in association with individual chromosomes as shown in Fig. 1-2. 

Of 120 cells examined after 24-hr autoradiographic exposure, 62 

cells contained grains associated with a distinct chromosome. Back

ground from autoradiography was low as grains were rarely seen when 

nuclei or chromosomes were absent. No grains were associated with 

nuclei or chromosomes on the control slides which were not exposed to 

-[3H]Act D. This is attributed to the effective removal of Act D from 

the glass with ethanol while preserving drug bound to the chromosomes. 
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Figure 1-1. Effects of Potassium Chromium Sulfate on Autoradiographs. 
Human metaphase chromosomes were labeled with 1.0 ~g/ml [3H]Act D and 
exposed for autoradiography for 1 day. a) Fracture and slippage of the 
autoradiographic emulsion is observed when Formvar is used but the pot
assium chromium sulfate is omitted in the autoradiographic procedure. 
The outline of the chromosomal distribution in grains can be observed 
displaced to the right of the metaphase. Magnification: lOOx. b) When 
potassium chromium sulfate is included in the autoradiographic proced
ure, grains are detectable over the G-banded chromosomes with no slip
page of the emtl1sion. Magnification: 630x. 
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Figure 1-2. G-Banded Human Metaphase Chromosomes After I-Day Auto
radiographic Exposure. This example is one of 120 metaphase spreads 
observed (see text) to localize bound [3H]Act D at 0.1 pg/ml. The 
Formvar and potassium chromium sulfate techniques allow simultaneous 
chromosome identification by G-banding and autoradiographic grains are 
observed (arrows) associated with chromosomes 8 and 10. Magnification: 
1000x. 
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The pooled data for the 62 cells containing autoradiographic 

grains associated with chromosomes can be seen in Fig. 1-3. Note that 

of 125 grains scored, only 4 grains were associated with a ribosomal 

cistron (chromosome l5p). The rDNA sites previously mapped to the 

short arms of chromosomes 13, 14, 21, and 22 showed no autoradiographic 

grains. 

When DNA content of the individual human chromosomes 

(Mendelsohn, 1973; Altman and Katz, 1915) is plotted against total 

grains observed, a curve is generated which has a correlation coeffi

cient of p.836 (Fig. 1-4). With the exception of chromosome 13, the 

other D and G group chromosomes fall below ~he upper 99% confidence 

limits of the line. In Fig. 1-3, however, it can be seen that auto

radiographic grains associated with chromosome 13 are all on the long 

arm of the chromosome and are thus. not located over the ribosomal cis

trons of the chromosome. 

Slides exposed for longer periods of time or to greater than 

0.1 ~g/ml [3H]Act D had autoradiographic grains over the chromosomes 

that made G-banding a useless technique for individual chromosome 

identification. For this reason, slides exposed for longer times and 

those exposed to greater than 0.1 ~g/ml [3H]Act D were analyzed without 

G-banding. Chromosomes were examined for grain density and any 

observable clustering of autoradiographic grains (Fig. 1-5). When con

centrations of [3H]Act D of 0.06 ~g/ml or less were used, too few 

autoradiographic grains for analysis were associated with chromosomes 

until a 30-day autoradiographic exposure time was employed. Fig. 1-6 
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Figure 1-3. Distribution of Act D Binding to Human Chromosomes. When 
0.1 llg/m1 [3H]Act D is exposed to human cells, G-banded and autoradio
graphed! with a 24-hr exposure time, grains were localized to particular 
chromosomal regions. rDNA is located on the short arms of chromosomes 
13, 14, 15, 21 and 22. Of 120 cells observed, the 125 autoradiographic 
grains are indicated to the right of the respective chromosomal region; 
only fOlur grains are associated with ribosomal cistrons. (Schematic 
adapted! from Yunis and Chandler, 1979). 
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Figure 1-4. Grains Associated Wi1:h Total DNA Content of Each Human 
Chromosome After I-Day Autor~diog;raphic Exposure. Picograms DNA per 
chromosome (2N) was calculated frpm the mean value of 5.72 total pg DNA 
per nucleus (Altman and Katz:, 197~) and perlcent DNA content per chromo
some as described by Mendelsohn e'~ al. (19713). Numbers on the graph 
indicate positions of respective " ~hromosomes with DNA vs. autoradio
graphic grains observed. Chromospmes denotled by the (*) contain ribo
somal cistrons. Dotted lines define the 99~ confidence interval of the 
line representing all the chfomospmes plotted by regression analysis. 
Correlation coefficient, r=O.836~ 
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Figure 1-5. Representative Metaphase Sprea s With Bound Tritiated 
Act D After Long-Term Autoradiographic Expo.ure. (a)1 0.06 l1g/m1 [3H] 
Act D exposed for 30 days. (b) 0.13 l1g/m1 3H]Act D exposed for 30 
days. (c) and Cd) 0.1 ]Jg/ml [3H ]Act D expo. ed for 7 Idays. In each 
case, grain distribution appears to be asso'iated with chromosomal 
length. No clustering is observed at the sites of rQNA, some of which 
are indicated by arrows. Magnification: 1000x. I 
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shows the positive correlation of increasing concentration (r=D.985) of 

[3HJAct D with the number of autoradiographic grains observed after a 

3D-day exposure. ~~ig. 11-5 (a and b) shows representative metaphases at 

two of these conce~ltrations. As observed in the other metaphases ex

amined, even at a ~oncEmtration of [3HJAct D· that selectively inhibits 

rRNA synthesis, th~re is no increased amount of autoradiographic grains 

over the short arm~ of'the D or G group chromosomes; these acrocentrics 

can be identified 1(Iithout G-banding. It appears (Fig. 1-5, c and d) 

that there is an a~sociation similar to that seen in Fig. 1-4, where 

the number of auto;radic)graphic grains correlates to chromosomal length. 

When chromosomal l~ngth (as measured from the photograph in Fig. l-5c) 

is plotted against thelnumber of autoradiographic grains observed after 

the 3D-day exposur~, al curve is generated with a correlation coeffi

cient of D.837 (Fi~. lrl). Thus, there is a similar relationship of 

3D-day exposures a;nd l·,-day exposures as plotted in Fig. 1-4. 
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Figure 1-6. Number of Autoradiographic Grains Observed Per Metaphase 
Cell at Several Low Concentrations of [3H]Act D. As [3H]Act D Concen
tration increases, there is a positive correlation with increasing 
number of autoradiographic grains/cell observed (r=0.985). These data 
are from slides exposed for autoradiography for 30 days. Standard 
error bars are indicated unless they fall within the symbol. The dot
ted line represents background grains on the slides examined. 
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Figure 1-7. Grains Associated With Chromosomal Length After 7-Day 
Autoradiographic Exposure. Relative chromosomal length was measured 
directly from the photograph of Fig. l-Sc and associated autoradio
graphic grains were plotted. Correlation coefficient, r=O.837. 
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Discussion 

The observations presented in this chapter fall into two cate

gories: 1) the binding of 0.1 ~g/ml [3H]Act D to G-banded chromosomes 

after a 24-hr autoradiographic exposure, and 2) the binding of 0.004 -

0.1 ~g/ml [3H]Act D to nonbanded chromosomes after 7- or 30-day auto

radiographic exposure. Both categories point to the same conclusion; 

i.e., Act D randomly binds to chromatin in proportion to chromosomal 

length. 

For the specific identification of many mammalian chromosomes, 

G-banding has become a routine and accepted technique. The analysis of 

banded metaphase chromosomes with simultaneous detection of autoradio

graphic grains makes convenient the precise localization of [3H]Act D. 

In the preliminary experiments, it was determined that an interaction 

between the Geimsa-stained chromosome and the nuclear track emulsion 

NTB-3 made silver grain detection over identifiable G-bands difficult. 

Because of this undesirable interaction, most' investigators prefer to 

G-band after autoradiography (Szabo et al. 1978; Martin-DeLeon, 1980). 

Because the stain must penetrate the emulsion, timing of this process 

is difficult to optimize. The difficulty of obtaining nicely banded 

chromosomes after autoradiography has also recently been reported by 

Huttner et al. (1981). One procedure which gave intriguing results for 

post-autoradiographic G-banding using Wright stain was discussed by 

Chandler and Yunis (1978), and Harper et al. (1981). This method has a 

disadvantage since it involves destaining and restaining of the chromo

somes requiring many manipulations. Since reproducibility was poor 

using Wright stain, a more simple and consistent technique was sought. 
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Th~ original procedure described by Rutledge (1979), which des

cribed the application of a Formvar coating of G-banded chromosomes 

priolr to a'-1toradiography initially appeared acceptable. The presence of 

this thin :plastic coating prevented distortion of the chromosome banding 

by the emulsion. However, it was observed that the emulsion fractured 

and slipped ov,er the Formvar during development, making localization of 

autoradiographic grains to specific chromosomes impossible. An example 

of this ca,n be seen in Fig. I-la, where autoradiographic grains are 

obsE~rved to be displaced to the right of the metaphase spread. While 

varying degrees of displacement were observed, any shift in grains rela

ti VE~ to th,e chromosomes could lead to anomalous results. To overcome 

the probhm of slippage, the Formvar coated chromosomes were treated 

with chro~um potassium sulfate prior to application of the emulsion. 

Subsequen~ development of the emulsion produced high quality G-banded 

chr()mosome;s with superimposed autoradiographic grains (Figs. l-lb and 2). 

0T\e conunon problem in all the previous studies of Act D binding 

to (:hromo~omes was the inability to identify individual chromosomes. 

The use off the! G-banding - Formvar - potassium chromium sulfate tech

nique gavEl consistent results, and the individual chromosome identifi

cation wa~ as easy as with any G-banded preparation (see Fig. 1-2). 

Sj,.nce Act D has an unusually high affinity for glass, a previous 

study emp~oyedl a pretreatment of the slides with Act D to reduce the 

binding o~: thE~ labeled drug to glass (Ebstein, 1969). Jones (1976) has 

shm'in tha1: Act D bound to DNA remains bound in ethanol. Duffy and 

Lindell (in pl~eparation) have demonstrated that ethanol removes Act D 
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bound to glass and plastic surfaces while maintaining the complex of 

the drug with DNA. For this reason, it was anticipated that ethanol 

washing would effectively decrease autoradiographic background when Act 

D is bound to chromosomes. As evidenced in Fig. 1-2, no background 

autoradiographic grains are seen in this particular I-day exposure. 

This was typical for the I-day autoradiographic exposures at 0.1 ~/ml 

[3H]Act D. After 30 days autoradiographic exposure, however, the back

ground level increases at this concentration of the drug (Fig. 1-6). 

This is likely due to the fact that after longer exposure, fewer mole

cules of Act D are necessary to produce autoradiographic grains. One 

should note that even after these long autoradiographic exposures, back

ground is only approximately 2% of the grains observed associated with 

chromosomes (Fig. 1-6). The decrease in nonspecific Act D binding can 

be attributed to the ethanol washes. Washing the [3H]Act D labeled 

slides in ethanol therefore eliminates the need for any pretreatment of 

the slides with unlabeled drug. 

After a I-day autoradiographic exposure, data from the 120 

metaphase cells examined after binding 0.1 ~/ml [3H]Act D and G-banding 

was pooled for evaluation in Fig. 1-3. It appears from this figure that 

[3H]Act D is not selectively bound to the ribosomal cistrons. Instead, 

it can be seen from Fig. 1-4 that this binding is proportional to DNA 

content. Except for l3q none of the rDNA-containing chromosomes had a 

greater amount of associated autoradiographic grains than the upper 

limits of 99% confidence of the line showing grains observed per pico

gram chromosomal DNA~ It should once again be mentioned, as seen in 



Fig. 1-3, that the autoradiographic grains associated with chromosome 

13 are all on the long arm of the chromosome and are, therefore, not 

associated with the ribosomal cistrons of that chromosome. 
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These observations indicate that at 0.1 ~g/ml, Act D binding at 

the ribosomal cistrons is not greater than at other chromosomal sites, 

despite the fact that the D and G group chromosomes contain many copies 

of ribosomal cistrons. This observation supports the hypothesis that 

Act D at the low concentrations which selectively inhibit rRNA synthesis 

in intact cells, is not binding preferentially to the ribosomal cistrons. 

Fig. 1-3 also indicates that some chromosomes contain regions 

where more grains are associated. When presented in Fig. 1-4, chromo

somes 1, 9, and 10 have significantly more grains than would be expect

ed if binding were totally random since they fall above the upper 99% 

confidence limits of the line. Evidence is insufficient, however, to 

claim that the drug is localized to these regions and acts at a specific 

locus for the inhibition of rRNA synthesis by the extranucleolar mech

anism proposed (Tsurugi et al. 1972; Lindell, 1976; Lindell et al. 

1978). 

Fig. 1-4 shows the correlation of autoradiographic grains to 

DNA content. A question could be raised as to evidence that the 

[3H]Act D observed is bound to DNA rather than chromosomal proteins. 

This question was first investigated by Ebstein (1967) who concluded 

that since DNAase treatment of chromosomes prior to Act D labeling 

eliminates any drug binding, the drug is specifically bound to the DNA. 

This problem is further addressed in Chapter 3. 
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The number of autoradiographic grains observed can be directly 

used in calculation of the amount of drug present after the sensitivity 

of the system used is determined. Ron and Prescott (1970) have reported 

that 15 autoradiographic grains are observed in NTB-3 emulsion for every 

100 disintegrations of tritium label. This was tested for the system 

used in the following manner. Whole fixed cells were labeled with 0.1 

~g/ml [3H]Act O. Half of these cells were exposed for autoradiography 

while half were counted by liquid scintillation counting. For every 100 

disintegrations of [3H]Act 0, it was calculated that 13.8 ± l.grains 

were observed. Since this was in agreement with the value previously 

reported, calculation of the number of molecules of [3H]Act 0 per auto

radiographic grain per time could be considered accurate. 

With the specific activity of 15 Ci/mM [3H]Act 0, it was deter

mined that in a 24-hr exposure time for autoradiography, approximately 

90,000 molecules of bound Act 0 would be necessary to observe one silver 

grain in NTB-3. Gaubatz, Prashad, and Cutler (1976) have reported that 

30 -60 repeats of the human ribosomal cistron are present per chromo

somal location, and Higuchi et al. (1981) have shown that the length of 

the human rRNA gene is 43 Kb. One can thus determine that the average 

length of rONA on each acrocentric chromosome is from 1290-2580 Kb (mean 

value of 1935 Kb). 

Duffy and Lindell (manuscript in preparation) have described a 

unique binding isotherm in the concentration range of drug that selec

tively inhibits rRNA synthesis. 
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Act 0 was shown to bind at 0.1 ~g/ml and saturate the high af

finity type of binding site for the drug. At this concentration, one 

Act 0 molecule binds at approximately every 300-400 base pairs (J. Duffy, 

personal communication). Assuming that the average length of rONA on 

each acrocentric chromosome is 1935 Kb (shown above), this would sug

gest, that if the rONA cistrons were part of this ''high affinity site," 

that 4800-6500 Act 0 molecules would bind at each short arm of the acro

centric chromosomes (1935 Kb divided by 300 to 400 base pairs). Since 

the I-day autoradiographic exposure statistically only shows one silver 

grain per 90,000 Act 0 molecules, it becomes obvious that many more than 

the 120 cells observed would be necessary to statistically show that 

Act 0 was not bound to any great extent at the sites of rONA. A longer 

exposure time will increase the number of autoradiographic grains ob

served, and therefore decrease the number of Act 0 molecules per grain 

(one grain/90,000 molecules Act O/one day x 30 days = one grain/3000 

molecules ActO/30 days). This number fits the 4800-6500 Act 0 molecules 

"expected" as described above. For this reason, autoradiographic 

exposures of 7 and 30 days were analyzed. 

Fig. 1-5 shows that, as expected, an increased numb~r of auto

radiographic grains are observed with longer exposure times. Even after 

these longer exposures, no clustering of grains are observed at the sites 

of the ribosomal cistrons. It also appears, as evidenced in Fig. 1-6, 

that there is a linear relationship between the concentration of Act 0 

applied and the number of autoradiographic grains observed per meta

phase cell after 30-day exposure. This suggests that Act 0 is binding 
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in a random fashion, and the greater the drug concentration, the more 

the drug binds. Fig. 1-7 also shows that there is a positive correla

tion of autoradiographic grains to chromosomal length. Since these 

chromosomes are not G-banded, it is not possible to identify all of the 

chromosomes. It should be noted, however, that .because the rDNA-con

taining chromosomes are acrocentrics, they can usually be identified 

without G-bands. No clustering of autoradiographic grains is observed 

at these sites in Fig. 1-5 or on any of the other mp:taphase spreads 

examined. Even though all individual chromosomes could not be identi

fied, relative chromosomal length can be determined directly from the 

photograph, and grains per chromosome. counted. A plot of relative 

chromosomal length versus number of grains observed (Fig. 1-7) shows 

that there is again a positive correlation (r=0.837). This correlation 

indicates that Act D is. bound in proportion to chromosome length. This 

was also shown by the G-banding - Formvar - potassium chromium sulfate 

technique for the individual chromosomes after short term autoradio

graphic exposure (Fig. 1-4). One can thus conclude that at 0.1 ~g/ml 

Act D is bound throughout the human genome, without selective binding 

at the ribosomal cistrons. 

Some other statements can be made regarding autoradiographic 

detection of Act D on human chromosomes. Since the drug binding is 

random through the genome and proportional to DNA content, there appears 

to be no preferential binding of Act D to heterochromatin as suggested 

by Simard (1967). There is also no preferential drug binding to 

euchromatin, as suggested by Berlowitz et al. (1969). The data 



presented concur with the report of Sieger et a1. (1971) who claimed 

that any differences in Act D binding observed are due mainly to the 

amount of DNA present. 
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These findings indicate that there is no characteristic pattern 

of Act D binding to human chromosomes observed with autoradiography. 

The longer the exposure time, the more grains appear over the entire 

chromosomal lengths. Since background also increases with longer 

exposure times, it becomes more and more difficult to distinguish areas 

where Act D may be preferentially binding. With the problem of low 

sensitivity (many molecules/grain) when short exposure times are 

employed, and increasing background during longer exposures, it becomes 

evident that autoradiography may not be the best method for detection 

for drug bound to chromosomes. Act D with a higher specific activity 

would partially solve the problem; however, 14 Ci/mM (which was used in 

these studies) is the highest specific activity commercially available 

for [3H]Act D. It was therefore decided that the preparation of an 

antibody specific for Act D might facilitate a better means of detect

ing drug binding to chromosomes. Chapter 2 details production and 

characterization of such an antibody, and the use of this antibody, as 

a sensitive and convenient method for the detection of Act D bound to 

chromosomes is described in Chapter 3. 

Chapter Summary 

Data presented in this chapter show the characterization of 

labeled actinomycin D bound to human metaphase chromosomes as detected 

by autoradiography. A new technique was developed whereby G-banded 
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chromosomes could easily be identified with simultaneous autoradio

graphic analysis. Act D was shown to bind proportionally to chromo

somal length and DNA content. Strong evidence is presented that 

counters previous suggestions that Act D at low concentrations select

ively binds to the ribosomal cistrons. The autoradiographic data 

presented supports the notion of extranucleolar regulation of rRNA 

synthesis. However, a more sensitive detection method of Act D bound 

to chromosomes is preferred. The following chapters describe the pro

duction of an anti-Act D antibody, its characterization, and its use as 

a sensitive and quick method of detection of drug bound to chromosomes. 



CHAPTER 2 

THE DEVELOPMENT AND CHARAqTERIZATION 

OF AN ANTI-ACTINOMYCIN D ANTIBODY: 

Introduction 

Frtom the autoradiographic data in ~lJ1apter 1, it is evident that 

a more sensitive and simpler technique for the deteQtion of actinomycin 

D (Act D) lbound to chromosomes would prove advantag~ous. The develop-

ment of an antibody, specific for Act D wm;lld provide the potential to 

increase slensi ti vi ty for measurement of ther drug bin.ding and simplify 

the method:s of detection. Furthermore, an antibody Ito Act D could be 
I 

\lsed as a probe for the drug with addi tion~l applica.tions besides de-
I 

tection of Act D binding to chromosomes. E:or example, the development 
I 

?f a :-adioimmunoassay for Act D would perm~_t the qua.nti tation of drug 

:Iin biological fluids and tissues. This carl be helpful in studies 

lemploying the use of Act D in the research laboratol'y, and also in 
I 

quantification of drug levels in patients ]~eceiving Act D as a chemo ... 
I 

therapeutic agent. This chapter describes production of such an anti
I 

l,body in rabbits (Brothman et ale 1982), it~ characterization, purifica-
, 

tion, and application to the field of cancer researah. 
I ' 

As an antitumor agent, Act D is cl~nically effective in the 

Itreatment of certain human malignancies (F~rber et ale 1956). Dosing 

lof the drug for clinical efficacy is aimed at achieving those concen

,trations olf the drug wi thin body fluids thl;tt are similar to those that 

28 
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selectively inhibit rRNA synthesis in cells in culture (0.001 - 0.1 

~g/ml, Perry and Kelley, 1970). While Act D is effective in the treat

ment of certain human malignancies, it is possible that the drug is not 

readily accessible to certain tumor sites despite apparent widespread 

distribution (Tattersall, 1975). Therefore, an understanding of the 

pharmacokinetic distribution of Act D in the body fluids and tissues 

may aid in increasing the effective use of the drug for treatment. 

Previous pharmacokinetic studies of Act D required the use of tritiated 

drug (Galbraith and Mel1et, 1975; Tattersall et al. 1975) thus using 

radioactivity as an indirect measure of the drug itself. 

Because selectivity, specificity, and enhanced drug detection 

are necessary for good pharmacokinetic elucidation, the preparation of 

an antibody to the drug would provide a useful tool in the development 

of a radioimmunoassay to measure levels of the drug. Initial applica

tion of the assay to measure Act D levels in a patient and a dog demon

strates its utility for the assessment of basic pharmacokinetic distri

bution. 

Materials and Methods 

Coupling Reaction for Hapten. Seventy-five mg Act D (Merck) 

was combined with tracer amounts (1.8 ~Ci) of [3H]Act D (Amersham) and 

25 mg bovine serum albumin (BSA) (Sigma), in a final volume of I mI. 

The mixture was maintained at 00 in ice-slush with constant stirring. 

This temperature was necessary to maintain Act D in solution 

(Meinhoffer, 1974). At l-hr intervals for 8 hr, 10 mg 1 ethyl-3-

(3-dimethyl-aminopropyl) carbodiimide (EDC) (BioRad) was added as a 
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coupling reagent. The pH of the solution was maintained at 4.5 by the 

addition of 0.1 M HCl as needed. Several trials revealed that 'the 

optimum coupling ratio was 3 parts Act D to 1 part BSA (w/w). The 

mixture was stirred for an additional 10 hrs at 40
• The reaction mix

ture was then transferred to a dialysis bag and dialyzed against 500 ml 

volumes of 1 M NaCl containing 1 mM S-mercaptoethanol (Sigma) until the 

deep yellow color of Act D was no longer seen in the dialysate. The 

insoluble protein in the dialysis bag was yellow-orange and additional 

removal of non-covalently bound drug was achieved by extensive dialysis 

against 8 M urea containing 1 mM S-mercaptoethanol. When the contents 

of the bag were no longer yellow, stepwise dialyses against lower con

centrations of urea were performed with a final dialysis against a 0.9% 

NaCl solution. Remaining material in the dialysis bag was white and 

only partially soluble. Tritium tracer was used to quantitate the 

amount of Act D bound. The amount of BSA in the final complex was de

termined by the Folin-Lowry assay (Lowry et al. 1951) using BSA as a 

standard. 

Antibody Production in Rabbits. Aliquots containing either 

100 ~g or 250 ~g of the Act D-BSA complex (4.4 ~g and 11 ~g Act D, 

respectively) were emulsified with an equal volume of Freund's complete 

adjuvant (Difco) and two male New Zealand rabbits were given 10 sub

cutaneous injections over sites along both sides of their backs. A 

control animal received BSA in Freund's complete adjuvant. After three 

weeks, the rabbits were boosted with the same amount of emulsified com

plex (or BSA for the control) in complete adjuvant. One week later, 
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each rabbit was bled from the ear artery, using a 21 gauge butterfly 

nE~edle. Blood was collected directly into a 10 ml disposable centri

fuge tube (Falcon Plastics). Serum was separated by centrifugation at 

500 x g and analyzed as described in the following section. Blood was 

collected from the rabbits for the following two weeks until potency of 

the antibody began to decrease. A boosting schedule with Act D-BSA in 

incomplete adjuvant (Difco) was used for continued antisera collection. 

Mltibody production peaked approximately two weeks after each boost. 

SE~rum samples containing antibody were stored at _200 until use. 

Antibody detection by gel filtration. The rabbit serum (25 vL) 

was mixed with an equal volume of 0.1 Vg/ml [3H]Act D and allowed to 

incubate on ice for one hr. The Act D and serum were then passed over 

a Biogel P-lO column (15 cm x 1.5 cm) (BioRad) and protein content 

(absorbance at 280 nm) and Act D content (dpm) were ,determined for each 

flraction. 

Radioimmunoassay for Actinomycin D. It has been observed in 

this laboratory that Act D in aqueous solution binds to plastics and 

glassware with significant loss of the drug. Therefore, all material 

which would come into contact with Act D was first treated with sili

c()ne (Sigmacote, Sigma). To perform the radioimmunoassay for Act D, 

undiluted serum (25 ].1L) was mixed with an equal volume of 0.1 vg/ml 

[3H]Act D (0.025 vCi) in a 1.5 ml microfuge tube and incubated on ice. 

After one hr, 100 vL of 0.01 M Tris buffer pH 7.3 was added to increase 

the working volume. One 2.0 mg dextran-coated charcoal pellet (West

chern Products, San Diego, CA) was added to the tube and mixed. After 
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five min, samples were centrifuged at 12,000 x g in a microfuge (Brink-

man, Westbury, NY) for 30 sec and 75 ~L of the supernatant was trans-

ferred to 3 ~1 filters (Whatman), dried, and counted in a toluene-based 

fluor containing 2.5% NCS (Amersham) and 4.4% Omnifluor (New England 

Nuclear) in a Searle Analytic 81 liquid scintillation counter. To 

develop a standard curve, increasing amounts of unlabeled Act D were 

added to 25 ~L of 0.1 ~g/ml [3H]Act D in the same volume. The mixture 

was combined with antisera and assayed as previously described. Trip-

licate samples were analyzed at each concentration of Act D, resulting 

in a standard radioimmunoassay curve. Characterization of antibody 

specificity was performed by addition of actinomine (gift of Dr. T. R. 

Krugh, University of Rochester), actinomycin V (Sigma), or doxorubicin 

(Adria Labs, Wilmington, DE). 

Pharmacokinetic analysis of Actinomycin D. The human subject 

was a 59-year-old male patient who was receiving treatment for meta-

tastic melanoma at the University of Arizona Health Sciences Center. 

The patient received Act D (cosmegen(]); Merck, Sharpe and Dohme) by 

intravenous push at 1.50 mg Act D/m2 • Serial blood samples were re-

moved via an intravenous catheter from the opposite arm from which the 

drug was administered. Ten m1 of blood drawn prior to dosing (time 0) 

and 3 ml each at 1, 5,. 10, 30, 45, and 60 min were immediately trans-

ferred into silicone-coated tubes (Sherwood Medical, St. Louis, MO). 

After the blood samples clotted, each sample was centrifuged at 550 x g 

for 15 min, the serum was separated, and stored in si1iconized tubes at 

_200
• Analysis of blood levels of Act D was performed by adding a 
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constant amount of [3H]Act D (0.10 ~Ci) to 100 ~L of serum sample. Ali

quots of 10 ~L were taken from each sample for determination of input 

tritium counts so all samples could accurately be compared with each 

other. A standard aliquot of 25 ~L of rabbit anti-Act D was then added 

to an equal volume of sample serum, allowed to incubate on ice for 1 hr 

and assayed as described above in the "Radioimmunoassay for Act D." The 

unknown amount of Act D present in the serum was quantitated by inter

polation on the linearized standard curve (log-logit plot) described 

below. 

A female mongrel dog, mildly sedated with 6 mg acepromizine, 

received Act D (Cosmegen, Merck) by intravenous push at 2.0 mg Act D/m2. 

Serial blood samples were removed via an intravenous catheter from the 

opposite leg from which the drug was administered. Blood collection and 

serum analysis was the same as described previously for the human sub

ject. 

For both the patient and dog, standard curves were performed 

with serum obtained prior to drug administration by the addition of 

known amounts of Act D. Serum half lives of drug were calculated using 

nonlinear regression analysis with a computer program (courtesy, Dr. 

William Banner). 

Purification of the IgG fraction from serum. 6.0 ml of immune 

rabbit serum was passed over a Pharmacia Protein A CL-4B-Sepharose 

column (1.5 cm x 6 cm) and washed with 0.02 M Tris-HCl pH 7.3 with 

0.15 M NaCl. When the absorbance at 280 nm was down to background 

(0.010), the IgG fraction was eluted with 0.1 M acetic acid. The peak 
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fractions eluted with 0.1 M acetic acid were then dialyzed against 0.01 

M Tris pH 7.3 and 0.9% NaCl overnight. The IgG fraction was then stored 

o at -20. After each use, the CL-4B-Sepharose column was washed with 1 

ml of 1.0 M acetic acid and stored at 40 in 0.02 M Tris-HCl pH 7.3 with 

0.15 M NaCl and 0.06% sodium azide. 

Results 

Actinomycin D was coupled to BSA with the intention of producing 

a specific anti-Act D antibody. The 2-amino group of the heterocyclic 

chromQphore (Fig. 2-1) provides a suitable means for coupling the drug 

to free carboxyl groups of proteins. The EDC catalyzed coupling reac-

tion is illustrated in Fig. 2-2, resulting in an Act D-BSA complex. 

After the coupling reaction reached completion (as evidenced by no fur-

ther increase in pH) and following extensive dialysis, it was determined 

that 2.4 moles Act D bound per mole of BSA. 

Four weeks after the initial inoculation with Act D-BSA complex, 

antibodies were detected in two out of two rabbits. Initial demonstra-

tion of Act D bound to antisera was obtained by reacting tritiated drug 

with antisera and performing gel filtration. It can be seen in Fig. 

2-3a that bound and free drug are well-separated. Antisera from a con-

trol rabbit presented with BSA in adjuvant revealed no Act D binding to 

the void volume protein (counts were only observed in the included peak), 

indicating that Act D does not bind to serum proteins in a nonspecific 

fashion (Fig. 2-3b). Using gel filtration as a criteria for binding, 

antiserum obtained from the rabbit initially injected with the highest 
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Figure 2-1. The Chemical Structures of (a) Actinomycin D (~M:1255) and 
(b) Acf;inomine (MW:524). 
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Figure 2-2. The Chemical Coupling of Bovine Serum Albumin (BSA) to 
Actinomycin Dusing 1 ethyl-3-(3-dimethyl-aminoprophyl) Carbodiimide 
(EDC) as a Catalyst. 
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Figure 2-3. Separation of Act D Bound to Antibody From Free Act D by 
Gel Filtration. a) Tritiated drug was mixed with immune serum and passed 
over a Biogel P-lO column, as described in Materials and Methods. The 
drug (dotted line) is observed in the excluded volume. b) When nonimmune 
serum is used, Act D is observed only in the included volume. 
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amount of Act O-BSA complex (250 llg) consistently demonstra.ted higher 

Act D binding than the antiserum from the rabbit receiving the smaller 

initial amount of antigen (100 llg). 

To determine the optimum time of maximum antibody activity, 

blood was drawn from each rabbit at various intervals after boosting 

with the Act D-BSA complex. The serum was incubated with [3H]Act D and 

passed over the Biogel P-lO column described in Fig. 2-3. The results 

(Fig. 2-4) show that the rabbit initially injected with 250 llg Act D

BSA complex showed a peak in antibody activity 18 days after boost, 

while the rabbit initially injected with 100 llg Act D-BSA complex showed 

a peak in antibody activity 11 days after boost. The control rabbit 

showed no change, and the radioactivity detected was considered to be 

nonspecific binding. 

Due to the time-consuming nature of the gel filtration pro

cedure, a more rapid assay procedure was investigated. It has previous

ly been demonstrated in this laboratory that charcoal is effective for 

removal of free Act D from solution. No significant loss of Act D anti

body due to the presence of charcoal in serum has been observed. The 

charcoal assay was highly sensitive, allowed for the analysis of small 

volumes of serum and drug, exhibited low background due to nonsrecific 

binding, and required a minimum amount of time. Serum obtained from 

rabbits at various times after boosting revealed different amounts of 

Act D binding, and this method proved to be an excellent rapid tech

nique for determining antibody activity. 
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Figure 2-4. Production of Anti-Act D Antibody' Aft!er Boost as Detected 
by Gel Filtration. Closed circles represent ~nal~sis of serum from the 
rabbit initially injected with 250 ~g Act D-B~A complex. Open circles 
represent analysis of serum from the rabbit i~itially injected with 100 
~g Act D-BSA complex. The "Xs" represent analysis of the control 
rabbit, initially injected only wit~ BSA. I 
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The charcoal assay was then used in the development of a radio

immunoassay for Act D. It can be seen in Fig. 2-5 that increasing con

centrations of unlabeled Act D produced a characteristic standard curve 

indicative of the competition of unlabeled drug with labeled drug as 

classically demonstrated in other radioimmunoassays. When plotted on 

logit-log paper (Fig. 2-6), a linearized standard curve was obtained 

with a coefficient of correlation of -0.980. This linear curve permit

ted quantitation of Act D accurately down to 0.1 picomoles (0.005 ~g/ml). 

Since a large number of Act D analogs have been identified 

(Meinhoffer, 1974; Meinhoffer and Atherton, 1977), characterization of 

the specific part of the m6lecule which contains the antigenic deter

minant was attempted. Since it was anticipated that the pentapeptide 

portion of the drug might be antigenic, an analog was tested with a 

substantial synthetic modification at that part of the molecule. Act

inomine contains the same chromophore as Act D, but lacks the penta

peptide lactone ring (Fig. 2-1). When actinomine was substituted for 

unlabeled Act D in the radioimmunoassay, it can be seen from Fig. 2-5 

that very little competition with Act D was observed. Actinomycin V, 

which has oxoproline substituted for proline in the pentapeptide loop 

of the molecule produced identical results to that of Act D. Doxorubi

cin, which also has a heterocyclic ring system and intercalates into 

DNA, produced no displacement in this assay. 

The utility of the radioimmunoassay can be seen in Fig. 2-7 

where serum levels were quantitated after Act D administration to a 

human and a dog. Since the human subject had previously received one 
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Figure 2-5. Competition of Act D and Actinomine for Specific Act D 
Antibody. Closed circles represent Act D; open circles represent 
actinomine. Increasing amounts of the respective compounds were added 
to [3H]Act D, the mixture was combined with antibody, and assayed as 
described in Materials and Methods. Percent [3H]Act D bound to the 
antibody at the various concentrations was calculated. 100% = 20,000 
dpm; background = 500 dpm. The abscissa range is 10- 13 to 10- 10 moles 
for Act D, and 10- 11 to 10- 9 moles for actinomine. Data represent the 
average of triplicate samples with the maximum standard error of 2.7%. 
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Figure 2-6. Log-Logit Plot of the Act D Radioimmunoassay. (See Legend, 
Fig. 2-5.) 
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Figure 2-7. Serum Concentrations of Actinomycin D With Time After 
Initial Dose. Serum samples obtained at various times after Actinomycin 
D injection were assayed using the radioimmunoassay described in Mater
ials and Methods. Open circles represent data from serum of a human; 
closed circles represent that from dog serum. The human serum at1 =1.78 
min, and St1 = 34 min. The dog serum at1 = 0.78 min, and St1 = 208 ~in. 
Data repres~t the average of triplicat~ samples with the ~ean coef
ficient of variation for all human points of 9.4% and the mean coef
ficient of variation for all points on the dog curve of 5.1% 
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identical course of therapy three weeks prior to this dose, it was nec

essary to determine if antibodies to Act D were present in the serum. 

This was done by comparison of the subject's zero time serum with that 

of the nonimmune rabbit control. No Act D antibody was detected. Re

producibility (i.e., % coefficient of variation) of the assay for both 

human and dog samples was determined to be 9.5% and 5.1%, respectively. 

Serum levels revealed a biphasic pharmacokinetic pattern within one hr 

after administr~tion. The human alpha phase serum half-life was 1.78 

min while the beta phase was 34 min. The alpha serum half-life in the 

dog was 0.78 min and beta phase was 208 min. Knowing the sensitivity 

of the assay to be at least 0.005 llg/m1 , it would appear that addi tion,

a1 values beyond the one-hr time point are possible to obtain. 

For determination of the anti-Act D antibody class, the IgG 

fraction was easily purified from the serum by affinity chromatograph~ 

using the Protein A Cl-4B Sepharose column. Fig. 2-8 is representative 

of the type of separation of proteins observed. Approximately 5 mg of' 

IgG was separated from each m1 of serum applied to the column. 

Discussion 

Since Act D is known to negatively effect the immune system 

(Pratt and Ruddon, 1979) and the drug is a relatively small molecule, 

it was coupled to the larger BSA lnolecule to enhance the immune 

response. It was anticipated that the Act D-BSA complex would serve ~ 

dual purpose since the heterocyclic chromophore portion of the molecul,e 

is that which intercalates into the DNA helix (Muller and Crothers, 

1968). The chromophore attached directly to BSA (Figs. 2-1 and 2-2) 
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Figure 2-8. Separation of IgG From Serum by Affinity Chromatography. 
When rabbit serum is passed over the protein A Cl-Sepharose 4B column 
delscribed in the text (and Appendix C), serum proteins are seen in the 
flow-through peak (first) and the IgG fraction is eluted with 0.1. M 
acetic acid (second peak). 
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would be expected to: 1) not suppress the immune response as the free 

drug does, and 2) generate antibodies to the pentapeptide lactone por

tion of the molecule, enabling these antibodies to potentially detect 

Act D that is already intercalated into DNA. 

The EDC catalyzed coupling reaction (Fig. 2-2) was a simple pro

cedure, but optimum coupling occurred when pH was carefully maintained 

at 4.5, and the ratio (w/w) of 3 Act D:l BSA was used. The resulting 

2.4 moles Act D bound per mole of BSA was the best coupling observed. 

\fuen the ratio of reagents deviated from the optimum 3 Act D:l BSA 

(w/w), the coupling ratio generated was less satisfactory. For example, 

when the reagent ratio was reversed, [1 Act D;3 BSA (w/w)], a coupling 

ratio of only 0.07 moles Act D per mole of BSA was generated. 

Four weeks after the initial inoculation, anti-Act D antibody 

was detected in serum of both rabbits injected with the Act D-BSA com

plex. Fig. 2-4 shows the production of antibody after boost as detected 

by gel filtration. The rabbit initially injected with 250 ~g Act D-BSA 

complex showed a peak in antibody production 18 days after boost. The 

rabbit initially injected with 100 ~g Act D-BSA complex demonstrated 

maximpm antibody production 11 days after boost. These times were 

important so future bleeding of rabbits could be scheduled accordingly 

after boost. Since the rabbit initially injected with the high~st 

amount of Act D-BSA complex (250 ~g) consistently demonstrated higher 

Act D binding by gel filtration than did the rabbit initially injected 

with the smaller dose (100 ~g), serum from this higher anti-Act D anti

body activity r~bbit was used in all subsequent experiments. The use 
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of gel filtration was adequate in detecting antibody activity (Fig. 2-3a) 

and also showed that there was no nonspecific serum protein interactions 

with Act D (Fig. 2-3b). Gel filtration was, however, a time-consuming 

and cumbersome assay for anti-Act D antibody, so a more efficient assay 

system was investigated for multiple sample analysis. 

The double antibody-technique using goat anti-rabbit IgG 

(Parker, 1976) was attempted and proved useful in antibody detection, 

but was unacceptabl~ because of high nonspecific background binding. 

The charcoal assay, on the other hand, proved to be extremely efficient 

in removing free Act D and reducing the background. In the 5-min incu

bation period with charcoal, greater than 99% of the free Act D was 

bound to the charcoal, leaving only Act D-antibody complex present in 

solution; hence, labeled drug in the supernatant after centrifugation 

was a good measure of [3H]Act D bound to antibody. The charcoal assay 

is rapid, with an initial Act D-antiserum incubation period of only one 

hr. The charcoal assay was an essential step in developing a radioim

munoassay for Act D. This radioimmunoassay (Figs. 2-5 and 2-6) allowed 

detection of Act D down to 0.005 ~g/ml. Linearization of the curve on 

log-logit axes (Fig. 2-6) was necessary for interpolation of samples 

with unknown Act D concentration. 

Utility of the Act D antibody has been demonstrated by using the 

radioimmunoassay for quantitation of seTIlm levels of the drug in a 

patient and a dog. The differences in serum half-lives for the human 

and the dog (Fig. 2-7) are not unexpected. Galbraith and Mellett (1975) 

show species differences in Act D serum clearance. More complete 
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pharmacokinetic studies are necessary before any conclusions can be 

drawn about actual half-lives and species variation. Due to the sim

plicity of the assay described, complete pharmacokinetic analysis could 

be easily performed. 

Pharmacokinetic studies of Act D in humans and animals have 

previously been reported (Galbraith and Mellet, 1975; Tattersall et al. 

1975) using labeled drug. The radioimmunoassay developed eliminates 

the introduction of unnecessary radioactivity into the patient. Fur

thermore, since tritiated drug was used in the previous.study, the pos

sibility exists that some tritium may exchange with body water, and the 

amount of drug detected in later time samples could be due to 3H20 

since actual drug was not measured. Using a radioimmunoassay specific 

for the drug eliminates this possible artifact. 

While two phases of serum levels of Act D have previously been 

observed in humans (Tattersall et al. 1975), the half-life of the alpha 

phase has not been accurately reported. By examining early time points, 

it was determined that this value was 1.78 min, which indicates the 

rapid redistribution of the drug from serum to tissue. It is likely 

that the half-life of the beta phase will be more accu~ately determined 

upon examination of serum samples beyond one hr. 

A preliminary characterization of an antibody to Act D was 

previously presented by Raso (1977), with sensitivity reported to 1 pmol. 

The work described in this chapter details the methodology for Act D 

antibody preparation, and presents a simplified radioimmunoassay pro

cedure which has a ten-fold increase in assay sensitivity as compared 



49 

to the Raso procedure. These studies also demonstrate a clinical ap

plication of this radioimmunoassay by detection of Act D serum levels. 

It is possible that the sensitivity for Act D detection could be in

creased by varying volumes of antiserum used and amount of [3H]Act D in 

the assay. Sensitivity of the assay might ~lso be increased using pro

tein A-purified IgG instead of whole serum in the radioimmunoassay; 

however, if this is done, the protein content must be increased (e.g. 

with BSA) to a concentration similar to that of serum to prevent non

specific binding of the IgG. It appears from Fig. 2-7 that for detec

tion of blood levels of Act D, whole rabbit serum is of sufficient 

sensitivity indicating that IgG purification is not necessary for radio

immunoassay. 

Chemotherapeutic use of Act D is known to suppress the immune 

system (Pratt and Ruddon, 1979). However, the present study demonstra

ted that Act D can elicit an antibody response when the drug is bound 

to BSA. Apparently, the drug-BSA complex did not inhibit an immune 

response. Further, the data suggest that the antigenic determinant 

resides in the pentapeptide lactone portion of the molecule (Fig. 2-5). 

Because Act D binds to DNA by intercalation of the heterocyclic chromo

phore moiety (Muller and Crothers, 1968), it should be possible to 

ultimately examine drug binding to DNA at the molecular level at con

centrations which are known to inhibit rRNA synthesis in vivo. Since 

a unique binding isotherm for Act D has been found at this concentra

tion range (Duffy and Lindell, in preparation), the antibody prepara

tion described may be useful in further defining this site. 
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The protein A column was used in separating the IgG fraction 

from serum since protein A has been shown to be highly specific for the 

Fc portion of the IgG molecule (Kronva11 and Fromme1, 1970). This 

purification step was not necessary for detecting Act D by radioimmuno

assay; however, use of the IgG fraction may increase assay sensitivity 

as described earlier. As evidenced in Chapter 3, the IgG purification 

was necessary for the detection of Act D bound to chromosomes. 

Steps in antibody purification are described in Appendix C. 

Pure anti-Act D IgG was not obtainable, presumably due to an extremely 

high affinity of the antibody for the drug. When a specific Act D 

affinity column was constructed (Appendix C), the specific antibody was 

easily removed from both serum and the IgG fraction. This investigator 

was unable, however, to elute the tightly bound antibody from the 

affinity column to yield an active specific IgG molecule, even when the 

most harsh conditions of elution were attempted. Preparation of Actino

mycin D acid, which has an open peptide ring structure (Brockmann and 

Manego1d, 1967) was shown to have a weaker affinity for the antibody. 

The affinity purification (Appendix C), when attempted with this mole

cule, also proved unsuccessful. 

The need for pure antibody was believed to be necessary for 

recognition of chromosomal sites where Act D was bound. However, ex

periments with the IgG fraction indicated that this was not so, and it 

was eventually determined that the IgG fraction was sufficient for de

tection of Act D bound to chromosomes (Chapter 3). 



51 

Chapter Sununary 

This chapter presents the methodology for the development and 

characterization of a specific antibody for Actinomycin D. Application 

of this antibody for the development of a radioimmunoassay for Act 0 

proved useful for the pharmacokinetic analysis of the drug, describing 

its clearance from serum. The purification of this antibody for use in 

detection of Act 0 bound to chromosomes was described. This application 

will be discussed in detail in the following chapter. 



CHAPTER 3 

IMMUNOFLUORESCENT DETECTION OF ACTINOMYCIN D 

BOUND TO CHROMOSOMES 

Introduction 

As discussed in Ohapter 1, several investigators have examined 

the binding of Actinomycin D (Act D) to human metaphase chromosomes by 

autoradiography. For the most part, conclusions about drug binding to 

chromosomes were inconsistent, and the drug concentration employed was 

not optimized with regard to inhibition of ribosomal RNA synthesis. 

Since 0.001 - 0.1 ].lg/ml Act D is known to selectively inhibit rRNA syn

thesis in intact cells (Perry, 1962), this was the range of Act D-chro

mosome binding most closely examined by autoradiography in Chapter 1. 

Also presented in Chapter 1 was a new and simple technique that utilized 

Formvar and potassium chromium sulfate prior to autoradiography. This 

methodology permitted the simultaneous visualization of G-banded chro

mosomes and autoradiographic grains. 

Previous reports suggested that Act D inhibition of rRNA syn

thesis at 0.001 - 0.1 ].lg/ml occurs due to selective binding of the drug 

to the ribosomal cistrons. Data from Chapter 1 does not support this 

suggestion since, at these low .concentrations, autoradiographic grains 

are associated at numerouls chromosomal sites. Very little binding was 

observed at the ribosomal cistrons that are located on the short arms 
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of the D and G group chromosomes. Evidence was also presented that was 

unsupportive of the theories that Act D preferentially binds to hetero

chromatin (Simard, 1967) or euchromatin (Berlowitz, Pallotta, and 

Sibley, 1969). The binding observed was randomly associated with chro

matin. 

Due to the limitations of the specific activity of [3H]Act D 

available and increased autoradiographic background observed with pro

longed exposure times, alternate procedures to study Act D binding to 

chromosomes were considered. In addition, autoradiography is a time

consuming procedure, requiring days (or weeks) before results (with 

inherent limitations) can be observed. It was thought that some of 

these limitations could be overcome if an antibody specific for Act D 

could be used to detect drug bound to chromosomes. Production of such 

an antibody and its characterization was described in Chapter 2. This 

chapter will describe the use of this antibody in detection of Act D 

pound to human metaphase chromosomes. 

Antibodies belong to a group of structurally related glycopro

tein molecules known as immunoglobulins. As shown in Chapter 2, since 

the active portion of the immune rabbit serum that binds Act D can be 

separated on a Protein A-Sepharose affinity column, it was determined 

that anti-Act D was of the class immunoglubulin G (IgG). This was not 

unexpected, since the IgG component of serum comprises 75% of the total 

serum immunoglobulins (Weir, 1977). 

The IgG molecule (Fig. 3-1) is composed of two identical "heavy" 

amino acid chains (bridged by disulfide bonds) and two identical "light" 
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Figure 3-1. The Immunog1ubu1in G Molecule (IgG). (MW:145,OOO) This 
diagrammatic representation of the 446 amino acid chain is divided into 
constant (C) and variable (V) regions. Two identical heavy chains (H) 
are connected by disulfide bonds, and each heavy chain is connected to 
a light chain (L). The CH regions determine the immunoglobulin class, 
and the V regions contain the antigen-binding site. The Fab fragments 
are thus necessary for antigen recognition, and it is the Fc fragment 
that combines with a secondary antibody in immunofluorescence. 
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amino acid chains, each bridged to a heavy chain with a disulfide bond 

(Edelman et a1. 1969). The Fc fragment of the molecule ~ontains only 

parts of the heavy chains, and this "constant" amino acid sequence (see 

Fig. 3-1) determines the class of a specific immunoglobulin. The Fc 

portion is also the part of the molecule that binds to Protein A 

(Kronva11 and Fromme1, 1970). The Fab fragments are composed of both 

the light chains and parts of the heavy chains, each containing a con

stant amino acid sequence. The remainder of the Fab fragments contain 

variable regions on both the heavy and light chains (Edelman et a1. 

1969). These variable regions contain a unique amino acid sequence, 

which provides high binding affinity for the antigenic determinant 

(Sternberger, 1979). Since the pentapeptide lactone portion of the Act 

D molecule is the antigenic determinant (Chapter 2), it would bind to 

the variable regions of the Fab portion of the IgG molecule. 

There are two methods generally employed to detect antibody 

bound to biological preparations (Fig. 3-2). Direct immunofluorescence 

(Fig. 3-2a) is a procedure where the primary antibody (in this case 

anti-Act D) is covalently bound (tagged) to fluorescein and visualized 

with a fluorescent microscope. Indirect immunofluorescence (Fig. 3-2b) 

involves the use of a secondary antibody that is produced in a species 

different from the primary antibody. If the secondary antibody is 

coupled to fluorescein, detection of the primary antibody is indirectly 

observed by binding to the secondary antibody followed by fluorescent 

microscopy (Sternberger', 1979). 
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Figure 3-2. Diagrammatic Representation of Immunofluorescence. 
a) Direct immunofluorescence. b) Indirect immunofluorescence. 
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The use of secondary antibodies has previously been employed 

with chromosomes. Schreck et al. (1973) and Schreck, Erlanger, and 

Miller (1974) demonstrated the use of an antibody, specific for purine 

and pyrimidine bases, to observe binding of this antibody to fixed 

metaphase chromosomes by indirect immunofluorescence. Miller et al. 

(1974) were able to demonstrate specific localization of 5-methyl

cytosine on fixed metaphase chromosomes with an anti-5-methylcytosine 

antibody. Immunofluorescent detection of anti-nucleoside antibodies on 

metaphase chromosomes has also been presented by Morin, Marcollet, and 

Leng (1979). Other reports of immunofluor.escent detection of anti

bodies bound to chromosomes included an anti-Z-DNA antibody (Nordheim 

et al. 1981), antibodies specific for mitotic chromosomes (Davis and 

Rao, 1982), and anti-histone antibodies (Bustin et al. 1976). 

All these reports describe localization of an antibody bound 

directly to chromatin. This chapter describes the first demonstration 

of an antibody bound to a compound that is not part of the chromosome 

structure. In Chapter 2, it was shown that the anti-Act D antibody was 

specific for the free drug. Since the antibody was found to be specific 

for the pentapeptide portion of Act D, it was thought that the antibody 

might recognize the drug bound to DNA because the pentapeptide is not 

that portion of the molecule intercalated (Muller and Crothers, 1968). 

This chapter shows that the antibody can detect binding of drug already 

bound to chromatin using indirect immunofluorescence. This chapter also 

introduces the use of this system as a tool that may be useful in the 

elucidation of chromosome structure and organization. 
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Materials and Methods 

Chromosome preparation. Human lymphocyte cultures, obtained 

during the course of these studies from six male and six female volun-

teers, were grown for 72 hr in RPMI-1640 media (Gibco) supplemented 

with 25% fetal bovine serum (Gibco), and 120 ~g/ml phytohaemagglutinin 

(Burroughs-Wellcome), with penicillin-streptomycin (Gibco) as a bac-

teriostatic agent. Cultures were grown in sterile disposable centri

fuge tubes (Falcon Plastics) at 370
• Chromosomes were harvested fol-

lowing standard procedures as described by Moorhead et al. (1960), and 

fixed in 3 parts methanol:l part acetic acid. (See Appendix A.) 

Slides were prepared and only those containing a satisfactory 

number (averaging one metaphase per field of view using a l6X phase 

contrast objective) of good quality metaphase chromosomes were used. 

Slides were used within three days after they were made (see Appendix A). 

All procedures were performed at room temperature unless otherwise 

specified. 

Labeling chromosomes with Act D. A stock solution of 10 ~g/ml 

o Act D (Merck) was prepared in 5% ethanol, and kept at -20 until use. 

Immediately prior to chromosome labeling, the stock was diluted 1:100 in 

5% ethanol in 0.01 M Tris-HCl, pH 7.3. Prior to initial characteriza

tion of the antibody system, [3H]Act D (Amersham) was used to determine 

exact concentrations of drug by liquid scintillation counting. Slides 

were layered with 300 ~L of the appropriate concentration of Act D and 

incubated with a coverslip in the horizontal PQsition for 15 min in a 



humid chamber. Drug that "was not bound to chromosomes was removed by 

washing the slide three times in 95% ethanol (50 ml/wash) and slides 

were air-dried. 
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Direct inununofluorescence. The Protein A purified IgG contain

ing anti-Act D IgG was conjugated with fluorescein isothiocyanate (FITC, 

Sigma) as described by Johnson and Dor1ing (1981) (see Appendix D). 

Slides were pretreated with 300 ~L of bovine serum albumin (10 mg/ml), 

coverslipped, incubated in a humid chamber for 20 min, and then rinsed 

with 50 ml phosphate buffered saline (PBS, Appendix D). Slides were 

layered with 300 ~L of the appropriately diluted FITC conjugated anti

Act D IgG, covers lipped, incubated in a humid chamber for 20 min, and 

washed in 50 ml PBS and inunediately covers lipped with Gelvatol 

(Monsanto) as a mounting medium. 

Indirect inununofluorescence. Slides were pretreated with 300 ~L 

of human IgG (10 mg/ml), coverslipped, and incubated in a humid chamber 

for 20 min, washed in 50 ml PBS, and 300 ~L of anti-Act D IgG (10 mg/ml) 

was applied. Slides were covers lipped, incubated 20 min in a humid 

chamber, and rinsed in 50 ml PBS. Slides were then layered with 300 ~L 

of the appropriately diluted goat anti-rabbit IgG (Cappel, 1:20 dilu

tion), incubated under a coverslip for 20 min in a humid chamber, and 

washed in 50 ml PBS. Slides were inunediate1y coverslipped with Gelvatol 

as a mounting medium. 

Proteolytic enzyme treatment. Prior to Act D labeling, slides 

were dipped into a 1:20 dilution of Viokase (Gibco, 370
) for the length 

of time necessary to produce good quality G-bands (generally 3 sec), 
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or dipped in a 1:20 dilution of trypsin (Gibco, 370
). Some slides were 

then partially stained with Geimsa (Gurr) to determine if adequate band-

ing was observed. Act D was then bound to non-stained slides or Geimsa-

stained slides after removal of the stain with 3 washes of 95% ethanol 

(50 ml/wash). 

DNAase I treatment. Prior to Act D labeling, 300 ~L of 100 

units/ml DNAase I (Worthington) in Sorenson's buffer, pH 7.6 containing 

5 mM MgC1 2 was layered on the slides, which were then coverslipped and 

incubated at 370 in a humid chamber for 2 hr (Schweizer, 1977). Slides 

were then rinsed in 50 ml distilled water. 

HCl treatment. Slides were layered with 300 ~L of 0.2 N HCl, 

covers lipped and incubated in a humid chamber at room temperature for 4 

hr (Comings and Avelino, 1974). 

Constitutive heterochromatin staining (C-banding). Slides were 

dipped in 0.2 N HCl for 30 min, rinsed, placed in a saturated solution 

of Ba(OH)2 for 20 min, rinsed in tap water, and incubated in 2X SSC for 

2 hr at 600 (see Appendix A). Some slides were partially stained with 

Geimsa to determine the quality of the C-bands. 

Determination of Act D dissociation from chromosomes. Slides 

were labeled with 0.1 ~g/ml [3H]Act D as described above and in Appendix 

B. Slides were then layered with 300 ~L of PBS, coverslipped, and incu-

bated at room temperature for 0, 15, 30, 45, or 60 min. Slides were 

rinsed in distilled water and prepared for autoradiography as described 

in Appendix B, exposed for 7 days, and developed. 
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Incubation with anti-native DNA antibody. Human antisera spe-

cific for native double stranded DNA was obtained from the Department of 

Pathology, Arizona Health Sciences Center (courtesy, Dr. R. Nagle). 

This was appropriately diluted in PBS (1:2) and 300 ~L was layered on 

fresh slides containing metaphase spreads. Slides were coverslipped, 

incubated in a humid chamber for 20 min, and rinsed in 50 ml PBS. 

Slides were then layered with a 1:20 dilution of fluorescein conjugated 

goat anti-human IgG (Cappel), coverslipped, and incubated in a humid 

chamber for 20 min. Slides were rinsed in 50 ml PBS and coverslipped 

with Gelvatol as a mounting medium. 

Photomicroscopy. Chromosomes, containing fluorescent primary or 

secondary antibody were photographed on a Zeiss photomicroscope with an 

M-35 camera using a Zeiss Fluorescein filter and a Planapo 63x objec-

tive/l.4 oel. A mercury arc high vacuum lamp was used as a light source 

and chromosomes were photographed on Ilford Hp5 ASA 400 film. Auto-

radiographs were photographed on a Zeiss Phot9microscope II equipped 

with a Planapo 100x objective/l.3 oel, using Kodak Technical Pan Film 

2415. 

Results 

Actinomycin D is not irreversibly bound to deproteinized DNA in 

an aqueous medium. Since the antibody preparation must be suspended in 

an aqueous buffer, it was important to examine the stability of Act D 

bound to chromosomes. The dissociation of Act D from chromatin was 

therefore examined by autoradiography. Fig. 3-3 shows that after 60 

min aqueous exposure, there is a very slight decrease in the number of 

autoradiographic grains associated with each metaphase cell (t1 =4.5 hr). 
~ 
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Figure 3-3. Dissociation of Act D From Chromosomes in Aqueous 
Solution. 0.1 ~g/ml [3H]Act D was bound to human metaphase chromo
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radiography for 7 days and metaphase cells scored for autoradio
graphis grains. Bars indicate standard error of the 12 metaphases 
counted per timepoint. tl of Act D dissociation = 4.5 hr. 
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Since the maximum aqueous exposure to chromosomes after the binding of 

Act D was 60 min, it was determined that most drug detected by antibody 

would still be bound to chromatin. Furthermore, when anti-Act D IgG 

was used in the aqueous incubation (10 mg/ml), no difference was ob

served in the number of autoradiographic grains when compared to incu

oation only in PBS (data not shown). This indicates that the antibody 

neither increases nor decreases the rate of dissociation of Act D from 

chromosomes. 

In the initial characterization of antibody detection of Act D 

bound to chromosomes, the results of several procedures investigated 

are shown in Fig. 3-4. Direct immunofluorescence (Fig. 3-4a) produced 

faint chromosome fluorescence with a considerable amount of fluorescent 

background. Indirect immunofluorescence using anti-Act D serum (Fig. 

3-4b) also shows faint chromosomal fluorescence. When the anti-Act D 

IgG fraction is used in indirect immunofluorescence (Fig. 3-4c), the 

chromosomes appear brighter, but noticeable fluorescent background is 

still present. However, if human IgG is used as a preincubation to the 

anti-Act D IgG localization by indirect immunofluorescence, the chromo

somes are bright, distinctly fluorescent, and background is extremely 

low (Fig. 3-4d). These observations, along with those of the negative 

controls are summarized in Table 3-1. It can be seen (Table 3-1) that 

when antigen (Act D) or primary antibody (anti-Act D) are missing, 

chromosomal and nuclear fluorescence are absent. If a different 

primary antibody (nonimmune rabbit IgG) or a different secondary anti

body ,(goat anti-human IgG) are used, the chromosomes or nuclei also do 

not fluoresce. 
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Figure 3-4. 
Photographs of human metaphase chromosomes were taken after binding of 
0.1 ~g/ml Act 0 and various antibody procedures. a) Direct immunofluor
escence using FITC-conjugated anti-Act D IgG. b) Indirect immunofluor
escence after preincubation with human IgG, followed by whole rabbit 
anti-Act D serum and FITC-conjugated goat anti-rabbit IgG. c) Indirect 
immunofluorescence using rabbit anti-Act D IgG and FITC-conjugated goat 
anti-rabbit IgG (no human IgG preincubation). d) Indirect immunofluor
escence after preincubation with human IgG followed by rabbit anti-Act 
D IgG and FITC-conjugated goat anti-rabbit IgG. Magnification: 630x. 



65 

Table 3-1. Observations After Various Antibody Treatments. 

Treatment 

1. 0.1 ~g/ml Act D, 
FITC-conjugated 
anti-Act D IgG 

2. 0.1 ~g/ml Act D, 
anti-Act D serum, 
goat anti-rabbit 
IgG* 

3. 0.1 ~g/ml Act D, 
(no human IgG) 
anti-Act D IgG, 
goat anti-rabbit 
IgG* 

4. 0.1 ~g/ml Act D, 
human IgG, anti
Act D IgG, goat 
anti-rabbit IgG* 

5. (No Act D) Human 
IgG, anti-Act D 
IgG, goat anti
rabbit IgG* 

6. 0.1 ~g/ml Act D, 
human IgG, non
immune IgG (from 
control serum), 
goat anti-rabbit 
IgG* 

7. 0.1 ~g/ml Act D, 
anti-Act D IgG, 
goat anti-human 
IgG* 

8. 0.1 ~g/ml Act D, 
human IgG, (no 
anti-Act D IgG) , 
goat anti-rabbit 
IgG* 

Observation 

Chromosomes and nuclei 
faintly fluoresced. 
Background fairly high. 
(Fig. 3-3a.) 

Chromosomes and nuclei 
faintly fluoresced. 
(Fig. 3-3b.) 

Chromosomes and nuclei 
had considerable fluor
escence. Background 
high. (Fig. 3-3c.) 

Bright fluorescence of 
chromosomes and nuclei. 
Background fluorescence 
low. (Fig. 3-3d.) 

No fluorescence of 
chromosomes or nuclei. 

Extremely weak fluor
escence of chromosomes 
and nuclei. 

No fluorescence of 
chromosomes or nuclei. 

No fluorescence of 
chromosomes or nuclei. 

*Molecule labeled with fluorescein. 

Interpretation 

Insufficient fluor
escein signal for Act 
D detection. 

Insufficient Act D 
detection due to 
presence of serum 
proteins. 

Increased background 
due to nonspecific 
rabbit IgG binding 
to Act D. 

Ideal conditions for 
detection of Act D 
bound to chromosomes. 

Confirmation that the 
primary antibody 
(anti-Act D) system 
is functional. 

Primary antibody is 
specific for Act D 
only. 

Secondary antibody 
system (goat anti
rabbit IgG) is 
functional. 

Act D itself does not 
cause the fluorescence 
observed. 
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It should also be mentioned that when concentrations below 0.1 ~g/ml 

Act D were used and localization was attempted with indirect immuno

fluorescence, the fluorescence became more faint, and the drug was not 

detectable when less than 0.01 ~g/ml Act D was used. 

As a positive control for determining the presence of DNA, the 

human anti-native DNA antibody was used (Fig. 3-5). The positive con

trol wit:1 no pretreatment (Fig. 3-5a) shows fluorescent chromosomes. 

After a 3-sec Viokase treatment (Fig. 3-5b), DNA is still observed by 

fluorescence. although the morphology appears to be somewhat distorted. 

When chromosomes are pretreated with DNAase I. very little DNA appears 

to be present since the fluorescence is greatly decreased (Fig. 3-5c). 

After the C-banding procedure. fluorescence is also greatly decreased 

(Fig. 3-5d). 

Act D binding to chromosomes can also be observed before and 

after Viokase treatment in Fig. 3-6. As seen with indirect immuno

fluorescence. before Viokase treatment (Fig. 3-6a). the chromosomes 

have a distinct morphology and bright fluorescence. After a 3-sec 

Viokase treatment (Fig. 3-6b). the fluorescence remains but the chromo

somes appear ragged along the edges. This can be compared to auto

radiographic detection of [3H]Act D binding. Similar grain counts are 

observed on chromosomes labeled with [3H]Act D before (Fig. 3-6c) and 

after Viokase treatment (Fig. 3-6d). 

When Act D was bound after DNAase I treatment of chromosomes. 

the chromosomes or nuclei did not fluoresce after the indirect antibody 

procedure. This indicates that the Act D observed in the non-DNAase 
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Figure 3-5. Immunofluorescence of DNA. Photographs of human metaphase 
chromosomes were taken after various pretreatments followed by indirect 
immunofluorescence using human anti-native DNA serum and goat anti-human 
IgG. a) No pretreatment. b) Pretreated with Viokase for 3 sec. c) Pre
treatment with DNAase I. d) Pretreated with the C-banding procedure. 
Magnification: 630x. 
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Figure 3-6. Act D Binding After Viokase Treatment. Photographs of D.l 
~g/ml [3H]Act D binding to human metaphase chromosomes were taken after 
no pretreatment (a and c) compared to a 3-sec Viokase pretreatment (b 
and d). Act D is detected in a and b by indirect immunofluorescence. 
and in c and dafter 7-day autoradiographic exposure. Magnification: 63Dx. 
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treated preparation is bound to the DNA. This result was also observed 

by autoradiographic analysis of [3H]Act D bound after DNAase I treat

ment since no autoradiographic grains were observed. 

Some unusual results of 0.1 ~g/ml Act D binding as detected by 

indirect immunofluorescence can be seen in Fig. 3-7. The prevalent re

sult (Fig. 3-7a) once again shows the bright fluorescent chromosomes. 

After C-band treatment (Fig. 3-7b), the fluorescence is generally de

creased over the entire chromosome. In a small percentage (about 10%) 

of the metaphase spreads pretreated with Viokase before Act D binding, 

a decreased degree of fluorescence was observed, and the chromosome 

periphery was much brighter than the center of the chromosome itself 

(Fig. 3-7c). In approximately 5% of all the metaphase spreads observed 

that were not pretreated in any way, a banding pattern of 0.1 ~g/ml Act 

D binding was seen (Fig. 3-7d) with indirect immunofluorescence. This 

observation is analyzed further in the Discussion and in Fig. 3-8. 

Discussion 

The technique of indirect immunofluorescence has been applied 

for the detection of Act D bound to fixed human metaphase chromosomes. 

The results confirm the conclusions reached in Chapter 1. At a concen

tration that Act D maximally inhibits rRNA synthesis (0.1 ~g/ml), bind

ing of the drug occurs in a random fashion throughout the genome, with 

no selective binding at the ribosomal cistrons. Furthermore, the re

sults indicate that the immunofluorescent detection of Act D may be 

applied to the analysis of eukaryotic chromosome structure. 
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Figure 3-7. Immunofluorescence of Act 0 Binding Under Various Condi
tions. Photographs of 0.1 ~g/ml Act 0 binding to human metaphase chro
mosomes were taken after indirect immunofluorescence. a) No pretreatment. 
b) Pretreated with the C-banding procedure. c) An unusual observation 
following 3-sec Viokase pretreatment. d) A banding pattern is observed 
in a few of the metaphases of the non-pretreated slides (see text). 
Magnification: 630x. 
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Figure 3-8. Partial Ka'ryotype of an Act D Banded Human Netaphase Spread. 
Chromosomes (to the right of the~r respective diagrams) are identified 
by their R-type banding pattern ~fter labeling with 0.1 ~g/ml Act D and 
indirect immunofluorescence. R-qands are interbands on the diagram. 
Inset: the 'complete metaphase. (fI)iagrams adapted from Yunis and 
Chandler, 1979.) 
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Prior to characterization of the indirect immunofluorescent 

detection of Act D bound to chromatin, it was necessary to determine 

whether the fluorescence observed was due to antibody binding to free 

drug or to drug bound to chromatin. It had been previously determined 

(Lindell and Duffy, in preparation) that in aqueous solution, Act D is 

not stably bound to deproteinized DNA. Act D dissociates from DNA at 

room temperature in the absence of free Act D, with a tl of 18 min. 
~ 

There was no evidence that Act D would behave the same way in binding 

to chromatin. With the knowledge that Act D dissociates from DNA 

relatively rapidly, and the need for a prolonged antibody incubation 

(in aqueous buffer for 60 min), an autoradiographic dissociation exper-

iment was performed. Fig. 3-3 shows the results of that eA~eriment. 

The tl of Act D bound to chromatin at room temperature was calculated 
~ 

to be 4.5 hr. It was previously demonstrated by Ringertz et al. (1969) 

that aqueous incubation of unlabeled Act D with human lymphocytes con

taining bound [3H]Act D for periods of up to 4 hr did not result in any 

marked loss of [3H]Act D. Since it is evident that nearly all the Act 

D remains bound to chromatin in the 60 min needed for antibody incuba-

tions, it can safely be concluded that Act D observed in that time 

remains bound to the chromosomes. The presence of chromosomal proteins 

and the highly compact state of DNA in the metaphase chromosome very 

likely contribute to this different rate of dissociation of Act D from 

chromosomes as compared to deproteinized DNA. Also, since the use of 

antibody in the aqueous solution after chromosomes were labeled with 



[3H]Act 0 does not increase or decrease the rate of dissqciation, lone 

can conclude that the antibody does not affect the bindirig of Act io to 

chromatin. 

The general scheme of both the direct and indire~t methodsl for 

detection of antibody by fluorescence are diagranuned in Fig. 3-2. In 

theory, both these systems should work. Each has advant~ges and ~is-
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............. ·advaiifage·s·:·· .. lJi'recf .. immunofll.icfres·cence·· in:Vcil Ves "of11y- Tjn:~· .. a:tltibodrlincu.;. .'. 

bation, taking less time and eliminating all the backgro~md prob1e:ms 

that may be encountered with a secondary antibody •. The lJIain disadivan

tage is the need for FITe-conjugation to each batch of freshly prepared 

anti-Act 0 IgG. Indirect inununof1uorescence offers the ~dvantage of 

possible amplification of the Act 0 "signal" since more than one Siecon

dary antibody may attach to the combining site of the primary ant~body 

(Sternberger, 1979). This is a possible reason that the indirect I method 

proved to be the superior method in detecting Act 0 (Fig. 3-4). ~ minor 

disadvantage of the indirect method is the need for many controls I 

(Table 3-1) to verify that both the primary and secondary antibody 

reactions are specific. 

Besides showing the relative fluorescence of the direct versus 

the indirect methods of inununofluorescence, Fig. 3-4 sho~s that Protein 

A purified IgG is more efficient in detecting Act 0 bounp to chro~osomes 

by the indirect method than is anti-Act 0 serum (Fig. 3-4a and d) .. A 

likely explanation for this is the presence of many other proteins in 

serum. In addition, some DNAase may be present in serum that could 

partially degrade the DNA and/or dissociate the Act D. Other se~wn 
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proteins could possibly block the recognition of th~ antibody for Act D 

when bound to chromatin. Fig. 3-4c shows that ther~ is la significant 

amount of nonspecific rabbit IgG binding to chromat~.n arid the surround

ing area, since the fluorescein-labeled secondary ar~tibody is specific 

for rabbit IgG. It was initially believed that purj,fication of the 

specific anti-Act D IgG would eliminate any nonspectficlIgG binding to 

t;!n"oJll~t.in. This pU17:i.fjJ~:;ttion, however, was unsucce~sful due to an 

extremely high affinity of the antibody for Act D (C~apter 2, Appendix 

C). Human IgG does not cross react with anti-rabbit IgG (verified in 

Table 3-1) and was predicted to block these nonspeclficlbinding sites 

from the rabbit IgG. As evidenced by Fig. 3-4d, th~ ba<i:kground was 

eliminated when human IgG was used in a preincubati~m step before anti

Act D IgG. All subsequent experiments utilized hum,n IgG to block 

these nonspecific sites. 

Table 3-1 outlines the observations seen in Fig. 3-4, and also 

presents the conclusive evidence that observed fluorescence (as seen in 

Fig. 3-4d) represents Act D bound to the chromosome~. Items 5 through 

8 are essential controls that arc needed to determi~e a,specific anti

body reaction in indirect immunofluorescence. Item 5 shows that when 

the antigen is left out, no fluorescence is observel~ on i chromosomes or 

nuclei. Since human IgG was added to block any non~pedfic IgG binding 

sites, the absence of Act D (the antigen) eliminate~ any· binding of the 

anti-Act D antibody. Therefore there is no antigen fori the secondary 

antibody to combine with and no fluorescence is obs~rved. Item 6 

(Table 3-1) shows that the IgG purified from nonimmpne rabbit serum 
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does not significantly react with Act D bound'to chromatin. It is pos

sible that when Act D is present, a small amount of nonspecific binding 

of rabbit IgG occurs that was not blocked.by human IgG. This is not 

surprising because there is a minor structural difference between rabbit 

and human IgG (Weir, 1977). This may account for the extremely weak 

fluorescence of chromosomes and nuclei observed. Item 7 shows that the 

secondary antibodY,response (goat anti-rabbit) is functional, since 

goat anti-human IgG should not react with the rabbit (anti-Act D) IgG. 

It should be noted that the human IgG preincubation was omitted in this 

control since it would cause a positive reaction with goat anti-human 

IgG. Finally, Item 8 shows that the antigen, Act D itself does not 

cause the fluorescence observed. Chinsky and Turpin (1977) have shown 

that Act D complexed to DNA fluoresces. This was not observed, however, 

when the lOll! concentrations of drug used were complexed to chromatin. 

The use of the anti-native DNA antibody proved to be a helpful 

positive control (Fig. 3-5). Besides its use in determining the pres

ence of DNA, this antibody was useful in establishing the indirect im

munofluorescent technique (Fig. 3-5a). The use of an anti-native DNA 

antibody has been reported to detect human chromosomal DNA by immuno

fluorescence by Kanayama et al. (1976). Viokase treatment (Fig. 3-5b) 

resulted in no loss of DNA as evidenced by fluorescence; however, the 

morphology of the chromosomes becomes distorted. This is probably due 

to proteolytic removal of some of the chromosomal proteins, resulting 

in a destabilization of chromatin. This is believed to be one of the 

factors involved in the generation of G-bands (McKay, 1973). 
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Incubation with DNAase I, as expected, caused a marked decrease in 

fluorescence with the anti-native DNA antibody (Fig. 3-Sc). This is 

presumably due to removal of the DNA from the chromosomes. It is 

interesting to note that basic chromosome morphology was retained after 

DNAase treatment. It should also be mentioned here that all DNAase I 

treatments were performed after incubation of the chromosomes with 0.2 

N HCl, which is known to remove residual histones (Comings and Avelino, 

1974), allowing DNAase I accessibility to nucleosomal DNA. Treatment 

with HCl alone had no effect on anti-DNA or anti-Act D antibody binding 

to Act·D on chromosomes. 

Fluorescence is decreased, as expected, after the C-banding 

procedure when anti-native DNA antibody is used. Comings et al. (1977) 

have shown that an average of 65% of the DNA is removed during the C

banding procedure. Pathak and Arrighi (1973) demonstrated C-banding 

removes euchromatic DNA, as analyzed by [3H]thymidine labeling of DNA 

and autoradiography, but does not remove constitutive heterochromatin. 

If constitutive heterochromatin (mostly centromeric) is indeed present 

after the C-banding described here, it was not detected by the anti

native DNA antibody. 

The use of Viokase has a marked effect on the binding of Act D 

to chromosomes (Fig. 3-6). Since it is used in a reproducible procedure 

for obtaining G-bands in this laboratory (Appendix A), Viokase was a 

logical choice for studying a possible mechanism of G-banding while 

also characterizing Act D binding with indirect immunofluorescence. 

Most studies that examine the mechanism of G-banding involve the use of 
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trypsin to induce G-bands (Seabright, 1971). While one experiment was 

performed showing similar Act D binding results on trypsinized versus 

Viokase-treated chromosomes, the basic assumption must be made that 

Viokase treatment affects chromosomes the same way as trypsin treatment. 

Viokase contains trypsin, and Viokase-generated G-bands are identical 

to those obtained with trypsin (Muller and Rosenkranz, 1972). 

Fig. 3-6 shows the effect of Act D binding to chromosomes after 

a 3-sec Viokase treatment. The degree of fluorescence is similar to the 

untreated chromosomes (Fig. 3-6a) but binding is indicative of a change 

in chromosome morphology after Viokase treatment (Fig. 3-6b). This is 

also shown by autoradiography where the approximate same number of auto

radiographic grains are associated with the Viokase-treated (Fig. 3-6d) 

compared to the untreated chromosomes (Fig. 3-6c). Fig. 3-6 shows a 

comparison of autoradiographic detection of Act D and immunofluorescent 

detection of the drug. The only information generated from the 7-day 

autoradiographs is quantitative: the amount of Act D binding to Viokase 

treated versus untreated chromosomes is no different (silver grain num

ber is the same). After only 1 hr. incubation, the immunofluorescent 

detection of Act D also gives information regarding drug distribution, 

since all chromosomes are fluorescent. The morphology of the chromo

somes is different after Viokase treatment, in that the edges appear 

more ragged (Fig. 3-6b). This is likely due to changes induced by pro

teolytic enzymes, and the DNA conformation itself, as indicated by Act 

D binding, may be altered. Since Viokase does not remove DNA, as 

evidenced by Fig. 3-Sb, the presence of'Act D bound to the Viokase

treated chromosomes is good support that Act D is bound to the DNA. 
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Comings et al. (1973) have shown that trypsin removes 13.2% of 

the chromosomal proteins, and less than 1% of the chromosomal DNA. Kato 

and Moriwaki (1972) postulate that the G-banding procedure removes som~ 

"condensing protein." Burkholder (1974, 1975) has shown that trypsin 

causes a dispersion of the chromatin wh~n preparations are examined by 

electron microscopy. Since the removal of all histones with HC1 had np 

effect on Act D binding, Viokase treatment most likely affects non

histone chromosomal proteins. This is a1so.suggested by Comings (1973, 

1977) and is further supported by SDS gel electrophoresis studies 

(Burkholder and Duczek, 1980). These "scaffolding proteins" as des

cribed by Adolph, Cheng, and Laemmli (1977) are believed to maintain 

the DNA superstructure in a highly folded conformation in metaphase 

chromosomes. 

Actinomycin D binding to chromosomes after DNAase I treatment 

showed no fluorescence of the chromosomes or nuclei after indirect 

immunofluorescence. This is again evidence that Act D is bound to the 

DNA, since, when the DNA is removed, no Act D binding is observed. 

Fig. 3-7 compares some other observations to the prevalent 

result of 0.1 ~g/m1 Act D binding as detected by indirect immunofluor

escence (Fig. 3-7a). After C-banding treatment, the fluorescence is 

decreased over the entire chromosome (Fig. 3-7b). Since constitutive 

heterochromatin-is not removed during C-banding (Kato and Moriwaki, 

1972), one can interpret the observation in Fig. 3-7b in two ways sinq,e 

one would expect to see constitutive heterochromatin fluorescence due 

to the presence of Act D: 1) Under any conditions Act D does not binq 
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as well to constitutive heterochromatin, or 2) Act D does bind to con

stitutive heterochromatin but C-banding treatment somehow decreases 

accessibility of this Act D binding to constitutive heterochromatin. 

The first interpretation is unlikely because untreated constitutive 

heterochromatin r~gions (centromeric) show Act D binding (Fig. 3-7a). 

The second interpretation is most likely, since this apparent Act D 

binding to constitutive heterochromatin is eliminated after C-banding 

treatment. Also, when the anti-native DNA antibody is applied to C

banded chromosomes, constitutive heterochromatic regions do not fluor

esce by indirect immunofluorescence. If the heterochromatin is present, 

it may be altered in a way by the C-banding procedure that prohibits 

even the anti-DNA antibody· from binding. 

Approximately 90% of the metaphase spreads treated with Viokase 

showed a general distortion of Act D binding, very much like Fig. 3-6b. 

Fig. 3-7c shows an unusual exception to this Viokase pretreatment fol

lowed by Act D binding to chromosomes. It is possible, under certain 

conditions not yet understood, that the removal of the nonhistone pro

teins by Viokase could occasionally alter chromatin to the point that 

Act D no longer can bind (Fig. 3-7c). An observation with a similar 

"peripheral fluorescence" was reported by Matsukuma and Utakoji (1976) 

in that the protein specific fluorescent dye, dansyl chloride, produced 

a fluorescent contour "brighter than the chromatids" on trypsin-treated 

chromosomes. They suggest that the chromatin could simply be more con

densed around the edges. Burkholder (1975), using electron microscopy, 

observed chromosomes after trypsin treatment. Besides the observation 
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that the chromatin became much less compact, he observed a "halo" of 

electron dense material and postulated that the peripheral chromatin 

was more resistant to trypsin treatment since the edges of the chromo

somes are more firmly attached to the glass. This is a likely explana

tion in the Viokase-pretreated, Act D labeled chromosomes as shown in 

Fig. 3-7c. The dispersed chromatin could have aggregated to the 

periphery, where the chromosome edges were most tightly affixed to the 

slide. 

Fig. 3-7d shows another unusual observation. In approximately 

5% of the untreated chromosomes labeled with 0.1 pg/ml Act D, a banding 

pattern was observed with indirect immunofluorescence of the drug. 

Unfortunately, because the number of metaphases observed with this 

pattern were so low, a detailed inter-metaphase analysis of the bands 

was not possible. Of the metaphases containing these bands, it was 

determined that the bands are definitely not G-bands. A partial karyo

type is sh9wn in Fig. 3-8, with chromosomes along the side of their 

respective G-band schematic. The G-negative bands are the inter-bands 

in the schematic, and also represent R-positive bands, or reverse G

bands as described by Dutrillaux and Lejeune (1971). It is this 

investigator's conclusion that the "Act D banding" observed here is a 

type of R-banding. 

Miller et al. (1973) and Screck et al. (1973) used anti

nucleoside antibodies to demonstrate that the R-bands of human chromo

somes are GC rich. This was confirmed by Comings (1978). Since Act D 

is proposed to intercalate at guanine and cytosine base pairs (Muller 
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and Crothers, 1968), one would expect to observe Act D in greater 

amounts in GC rich DNA. Schweizer (1976) used Act D as a counter-stain 

for the AT specific dye 4-6-diamidino-2-pheny1indole (DAP!). When the 

nonfluorescent Act D was used as a counter-stain for the fluorescent 

DAP!, Schweizer observed fluorescent G-bands with DAP! binding to AT 

rich DNA. Schweizer suggests that Act D binds to the GC rich DNA, or 

the R bands. Even though the number of banded metaphases with Act D 

and the indirect immunofluorescent procedure is low (ten banded meta

phases were observed), it is probably more than coincidental that these 

bands are in the GC rich areas of DNA. Since the metaphases observed 

all have patterns like the spread in Fig. 3-8, one can ~onclude that 

Act D is preferentially bound to GC rich DNA in these metaphases. It 

is possible that the brightness of fluorescence in the "non-banded" 

preparations, which are by far in the majority of metaphases seen, hides 

the R-banding pattern. For this reason, lower concentrations of Act D 

were used (down to 0.01 pg/ml), but as mentioned earlier, only a 

decrease in overall fluorescence was seen; no bands were observed with 

these lower concentrations. With alterations in antibody dilutions and 

incubation times, it is possible that this banding pattern can be made 

more reproducible. 

Some conclusions can now be made regarding localization of Act 

D bound to chromosomes at 0.1 pg/ml. In the majority of the cases 

observed (e.g. Figs. 3-4d, 3-6a, and 3-7a) , all chromosomes fluoresced 

with equal brightness; there were no distinctive bright spots indicating 

Act D localization. The remaining metaphases analyzed had the banding 
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pattern previously described (Figs. 3-7d and 3-8). It appears that the 

bands are in the GC rich DNA, and dispersed randomly throughout the 

human genome. Under no circumstances did the ribosoma.l cistrons fluor

esce more brightly than other regions of the genome. This infoJnnation 

supports the extranucleolar regulatory model for ribosomal transcription 

described in Chapter 1. These conclusions also confi~m those il~ Chapter 

1; at the concentrations of Act 0 that specifically in,hibi t rRNA synthe

sis, the drug does not selectively bind to rONA. 

Although the immunofluorescent detection of Aqt D proved to be 

an efficient and simple method of localizing drug bou~d to chromosomes, 

there are some disadvantages to the technique. Besid~s the neetl for a 

fluorescent microscope for analysis and photography, 'tihe preparations 

are not permanent. Fluorescein fades over time, and qfter a one-min 

photographic exposure, most of the fluorescence has fqded. The! simplest 

way to overcome the problem of fading would be to use a rhodamine tagged 

secondary antibody, since the fluorescence is brighte:xr and fading would 

occur at a lower rate (Sternberger, 1979). Another option woul:d be the 

use of a tertiary antibody and the peroxidase-anti-pel,'oxidase Plrocedure 

first described by Nakane and Pierce (1967). The imm~moperoxidlase 

technique was used by Lubit et al. (1975) and Schreck~ Erlange~, and 

Miller (1974) in localization of 5-methylcytosine on human chromosomes. 

The inununoperoxidase localization of anti-nucleoside c~ntibodies is com

parable to immunofluorescent detection as described by Morin, Marcollet, 

and Leng (1979). However, immunoperoxidase technique~ require Imore 

controls, since a tertiary antibody is involved, but ~ocalizati.on by 
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diaminobenzidine-4HCl eliminates the need for fluorescence, and its 

fading after illumination. If one were to undertake the immunoperox

idase localization of Act D bound to chromosomes, it would be important 

to use an anti-native DNA antibody as a positive control as described 

by Kanayama et al. (1976). 

Compared to autoradiography, immunofluorescent detection of Act 

D bound to chromosomes was superior. Localization of Act D binding 

with the antibody was determined in 60 min instead of the 7- or 30-day 

autoradiographic exposure. Both autoradiography and immunofluorescence 

generated the same conclusion: at low concentrations, Act D binds in 

a random fashion to fixed chromosomes. It should be emphasized that 

these studies examined Act binding only to fixed chromatin. 

Previous observations (Chapter 1, Table 1) indicated that 

acetic-methanol fixation of chromatin increased the amount of Act D 

binding. One must therefore consider the possibility that binding of 

Act D to fixed chromosomes, whether detected by autoradiography or 

immunofluorescence, could be different from what would be observed in 

whole cells. It has been shown that histones are removed with acetic

methanol fixation (Bustin et al. 1976). These authors also show that 

1% glutaraldehyde fixation yields suitable but fragile chromosomes for 

analysis without removal of histones. Future analysis of Act D-chromo

some binding should include this glutaraldehyde fixation of chromosomes, 

and also Act D binding to non-fixed chromatin should be examined. 

While actual levels of Act D binding can be quantitated by auto

radiography (Chapter 1), quantitation of drug bound becomes more diffi

cult with an immunofluorescent system. Differential fluorescence 
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patterns in quinacrin~-stained chromosomes have been reported by 

Capsersson, Lomakka, ~nd Zech (11976). This system involves photoelec

tric recording of photographs o£ the chromosomes. Thi~ could potential

ly be used in the analysis of thle Act D "R-bands" described earlier. If 

the Act D bands could be further characterized, this technique may be a 

good means of following GC-rich IDNA through various treatments. 

Chapter Summary 

The binding of Act D at 10.1 ~g/ml to human metaphase chromosomes 

was observed by detection with a specific anti-Act D antibody and in

direct immunofluoresc~nce. The IAct D was shown to be bound to chromo

somal DNA and distribl,lted throughout the human genome. These observa

tions concur with the observaticlTIs of low concentration Act D binding to 

chromosomes after det~ction by autoradiography. Both immunofluorescent 

and autoradiographic ~ietection of drug showed no selective binding to 

the ribosomal DNA cistrons. This observation supports a model of extra

nucleolar control of +RNA synthesis. The Act D is believed to be select

ive for GC rich DNA a~ evidenced by the appearance of an Act D-R-banding 

effect occasionally o'>served. This is the first procedure utilizing im

munofluorescence in t~le detection of a drug bound to chromosomes, and it 

is suggested that thi~ system will be useful as a tool for the study of 

chromosomal structure and furthe~r understandi?g the mechanism of chromo

some banding. With t'le use of a tertiary antibody and immunocytochem

ical techniques, the ~ensitivity of drug detection can potentially be 

increased, enabling t~e localization of 0.01 ug/ml Act D and less bound 

to chromatin. 



APPENDIX A 

CHROMOSOME PREPARATION 

Biologicals and Reagents: 

1. Growth medium (assemble under sterile conditions) 

a. RPMI-1640 (Grand Island Biological Co.) 

b. Fetal bovine serum (Gibco) 

c. Penicillin-streptomycin (Gibco), 500 units 

of each/ml in frozen aliquots 

d. Phytohaemagglutinin (Burroughs-Wellcome), 

lyophilized. Resuspend in 5 ml medium or 

distilled water; may be stored frozen 

after hydrating. 

Under sterile conditions add other ingredients 

to bottle of RPMI. Store in refrigerator or 

aliquot 5 ml amounts into sterile disposable 

centrifuge tubes (Falcon Plastics) and freeze. 

Warm to 370 before using. 

2. Colcemid solution (Gibco) 

Make up according to manufacturer's instructions. 

3. Hypotonic solution 0.075 M KCl 

o Store at room temperature; warm to 37 before 

using. 
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100 ml 

25 ml 

2 ml 

1.65 ml 



4. Fixative 

Freshly prepared 3 parts absolute methanol to I part 

glacial acetic acid. Keep chilled in freezer. 

5. Geimsa stain for routine staining 

Use commercial stock solution (Biomedical Specialties) 

and dilute 1:50 with distilled water before each use. 

6. Hanks' balanced salt solution (Gibco) without calcium and 

magnesium. 

7. Viokase (Pancreatin) (Gibco) 

Protocol 1: Peripheral Blood for Chromosome Analysis (modified from 

Moorhead et al. 1960). 

Methods for Blood Collection: 

1. Venipuncture. Aseptically collect 3 ml blood into sodium 

heparin Vacutainer tube. Invert several times to prevent 

coagulation. Keep tube at room temperature until ready to 

set up blood culture (maximum of two days). 0.5 ml of 

blood will be added to a growth medium tube. 

2. Skin lancet puncture. Cleanse skin at chosen site with 

alcohol wipe, let site d~, and puncture with lancet. 

Have ready a tube of medium and a heparin-rinsed sterile 

Pasteur pipet with bulb. Pull enough blood into pipet 

to approximately 8 drops and put into tube of medium. 

Invert tube to prevent clotting. 
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Cultivation: 

1. Mix blood sample and add 7-8 drops into a plastic centrifuge 

tube with medium. Invert tube 2-3 times to mix, and loosen 

cap if CO 2 incubator is used (or tightly capped, if not CO 2), 

Incubate at 370 C with tube slightly inclined for approximately 

72 hrs. 

2. 1~-2 hrs before harvesting, add .05 ml of colcemid (10 ~g/ml) 

to the culture tube, invert to mix, and return tube to 

incubator. 

3. At end of incubation time, resuspend cells, cap, and centri-

fugate tube 5 min at approximately 1000 x g. 

4. Pour off supernatant, resuspend pellet with a lab mixer, and 

add 5 ml of 0.075 M KCl solution (prewarmed to 370 C). Mix 

again if necessary and incubate tube at 370 C for 10 min. Time 

may be adjusted for future cultures according to how satis-

factorily metaphases are spreading. 

5. Centrifugate tube for 5 min after hypotonic incubation, pour 

off all supernatant, and resuspend cells with mixer, making 

sure there is no pellet left in bottom of the tube. 

6. Slowly add 2-3 ml of fresh cold fixative (00
) to the tube. 

Mix as the fixative is added, and with Vortex mixer afterward. 

7. Chill tube in freezer at least 15 min. 

8. Centrifugate, decant, and add 2-3 ml of fresh fixative. Shake 

tube to mix. (At this point, tube can be capped and stored in 

freezer until it is convenient to continue.) 



9. Centrifugate and replace supernatant fixative. Shake tube to 

mix. Repeat this step two more times. After the third wash, 

1-3 m1 fixative is added to suspend cells for slide making. 

Slide Making: 

1. Place new, clean-glass slides (preferably frostE~d on one end 

for labeling) in a Coplin jar with distilled water. 

2. Bubble air into cell suspension in fresh fixative (00
) with a 

clean, Pasteur pipet. Do not draw suspension into pipet as 

chromosomes will be lost along the inside glass" 
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3. Draw up 5-10 drops of the suspension into the pipet, and 'drop 

from about 2 inches onto a slide that was soaking in distilled 

water. 

4. Wipe dry the back of the slide and gently blow (m the slide 

for about 30 sec, then drain remaining solution onto absorbent 

paper. 

5. Examine the slide at 160x magnification using phase contrast 

microscopy. 

6. Concentrations of chromosome spreads can be controlled by 

varying the amount of fixative added to the final pellet. 

7. If no banding is necessary, immerse slide vertically into 

Geimsa stain for routine staining for 4 min.* 

8. Rinse slide with tap water and dry; slide is now ready for 

subsequent treatment.* 

*Omit these steps for antibody labeling. 
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Protocol 2: Geimsa-Trypsin Stain Modification for Banding (Muller and 

Rosenkranz, 1972). 

Reagents: 

1. Viokase solution 2.5% (lOX), Gibco 

A natural mixture of pancreatic enzymes. Available in 25 ml 

lyophilized or 100 ml liquid units. May be aliquoted into 2 ml 

portions in sterile disposable tubes and frozen until needed. 

2. Gurr's buffer tablets, Searle Diagnostic 

A convenient and reliable source of buffer. Dilute 1 tablet in 

100 ml tap water, giving final pH of 6.8. Prepare fresh. Any 

buffer system can be substituted. 

3. Geimsa stock solution, Gurr's 

4. Hanks' BSS, Gibco 

Balanced salt solution. Store at room temperature. 

Procedure: 

It is preferable to use freshly prepared slides within one week of 

harvest for all enzyme-banding procedures. However, slides may be 

stored in a cool, dry area for longer periods of time and still 

obtain a degree of successful staining. 

1. Dilute stock Viokase solution 1:10 with Hanks' BSS (2 ml 

Viokase plus 18 ml Hanks' in plastic slide mailer). Stabilize 

temperature to 35-37oC in water bath. 

2. Immerse slide vertically into mixture for 3 sec. Times may 

vary and test slides should be examined. 

3. Rinse slide with tap water. 



4. Stain slide in freshly prepared Geimsa \'lorking solution (1 ml 

Geimsa stock solution in 50 ml Gurr's buffer 6.8) for 3 min.* 

5. Slide is rinsed in tap \'later and dried; slide is no\'l ready for 

subsequent treatment.* 

Protocol 3: "C" Constitutive Heterochromatin Stain (Cytogenetics Lab, 

AHSC). 

Reagents: 

1. 0.2 N HCl (37% HCl = 12 N HCl. Use 1.67 ml 12 N HCl and H20 

to make 100 ml of 0.2 N HCl). 

2. Barium Hydroxide 

a. Add 2-3 grams Ba(OH)2 to Coplin jar - add distilled H20 

to full level. 

b. Mix until saturated. Let stand. 

c. Pour off supernatant into clean Coplin jar for use above. 

3. 2X SSC 

Sodium chloride 1.753 g (0.3 M) in 100 ml distilled H20. 

Trisodium citrate 0.882 g (0.03 M) in 100 ml distilled H20. 

Mix the t\'lO together (1:1) for final \'larking solution. 

Procedure: 

1. Prescreen slide for good metaphase spreads. 

2. Pretreat slide in 0.2 N HCl for 30 min. 

3. Rinse in running tap H20. 
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4. Place slide in saturated solution of Ba(OH)2 for approximately 

20 min. (Various factors can influence incubation time. Three 

slides can be used at incubation times of 15, 20, and 25 min.) 

*Omit these steps for antibody labeling. 
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5. Rinse thoroughly in running tap H20. 

6. 
o Incubate in preheated 2X sse for 2 hrs in 60 e H20 bath. 

7. Rinse in tap water. 

8. Stain in 4% Geimsa for 10 min. (Check stain quality at end of 

10 min and stain longer if pale or rinse if too dark.)* 

9. Rinse in tap water and dry; slide is now ready for subsequent 

treatment.* 

*Omit these steps for antibody labeling. 



APPENDIX B 

AUTORADIOGRAPHIC TECHNIQUES 

Reagents: 

1. [3H]Act~ 14 Ci/mM (Amersham) 

2. NTB-3 Emulsion (Eastman Kodak) 

3. Formvar in 1.0% ethylene dichloride (E. F. Fullam, Inc.) 

4. Subbing Solution: Freshly prepare 0.01% chromium potassium 

sulfate and 1.0% gelatin in boiling distilled water. Filter 

and cool to room temperature before use. 

5. TWEEN 80 (Polyoxyethylenesorbitan) (Sigma) 

6. Drierite (Hammond Drierite Co.) 

Protocol 1: Preparation of G-banded chromosomes for autoradiography 

1. Use slides with freshly G-banded chromosomes (see Appendix A). 

Examine with 40 X objective to verify that banding quality is 

satisfactory. 

2. If examined with oil, dip slide in xylene to clean. 

3. Label slide with specified concentration of [3H]Act 0, wash 

3 x in 50 ml 95% ethanol. 

4. Dry with forced air - slide must be clean. 

5. In 1% Formvar solution dissolved in dichloroethane, dip slide 

and drain excess solution on absorbent paper (Rutledge, 1979). 

6. Place slide (face up) in saturated atmosphere of 1,2 dichloro-

ethane for 5 min to allow uniform film formation on slide. 
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7. Dip slide in freshly prepared and filtered sl;lbbing solution. 

8. Drain excess solution on absorbent paper and allolM slide to 

dry in dust-free place. 

9. Slide is now prepared for autoradiography. The FIJrmvar protects 

cells from interaction with the nuclear trac~ emulsion. 

Protocol 2: Autoradiography 

NOTE: Preparation of slides and development shOt.lld be done in 

total darkness. Care should be taken to ~voidl any light 

leaks. (Even static electricity will gre~tly increase 

the number of autoradiographic background graips.) 

Coating of Emulsion: 

1. 

2. 

3. 

o Warm a fresh batch of Kodak NTB-3 emulsion t~) 42 I. 

o Warm 60 ml of 1% Tween 80 detergent to 42 . 

In the dark, open the warmed emulsien (insid~ thr!ee lightproof 

boxes) and with a Kodak safelight #2, pour off ha[f the bottle 

(60 ml) into another bottle to be "light-pro~~fed"l in the same 

manner and stored at 40 until ready for dilution.! 

4. Add the 60 ml of 1% Tween 80 and mix. Then 1?our loff 30 ml of 

the diluted emulsion into a small jar with a volume sufficient 

to stain one microscope slide at a time. 

5. Carefully dip each slide for 10 sec and hold upright on ab-

sorbent paper in the darkroom to drain exces~. 

6. Allow slide to air dry (in the dark) for 30 Inin. 

7. Place slides in black slide box containing D;rierilte (Hammond 

Drierite Co.). 
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8. -Carefully tape seam of box with black electrician's tape. 

9. Wrap entire box in aluminum foil. 

10. Place box in foil in a large black plastic bag and tape bag 

shut. 

11. Slides are now to be stored at _700 for entire exposure time. 

Oeveloplillent: 

Plan to feel locations of solutions in sink since development is in 

the dark. Use Kodak 0-19 developer and fixer prepared to manu

facturer's specifications. Cool to 170 (400 ml/ea). 

1. In darkroom, carefully open slide box. Slides should be warmed 

to room temperature before development. Place slides in a 

metal slide rack so all slides can be developed at once. 

2. Pour cooled 0-19 into glass staining dish and :place slide rack 

in this for 3 min. 

3. During these 3 min, prepare another staining dish with distilled 

water (170
) and pour fixative (170

) into a third staining dish. 

4. 

5. 

6. 

Dip slide rack in distilled water for 10 sec. 

Dip slide rack in fixative for 3 min. 

o Let slides sit in large 17 water bath for 15 min (lights may 

be turned on at this point). 

7. Let slides dry. 

NOTE: Formvar-coated G-banded chromosome slides are ready for 

examination. 



APPENDIX C 

TECHNIQUES OF ANTIBODY PURIFICATION 

A. Purification of the IgG Fraction From Serum 

Protein A is a single polypeptide chain with molecular weight 

of 42,000 (Sjoquist, Meloun, and Hjelm, 1972) isolated from Staphylo

coccus aureus (Forsgren and Sjoquist, 1966). Protein A, when immobil

ized on a matrix is ideal for isolating IgG from various species, as it 

specifically binds to the Fc portion of the IgG molecule (Kronval1 and 

Fromme1, 1970). IgG can be eluted from the protein A bound matrix 

under acidic conditions (Chenais et al. 1977). A good review of the 

use of Staphylococcal protein A as an immunological reagent is present

ed by Goding (1978). 

Protein A immobilized on Sepharose, described below, proved to 

be an excellent and reproducible system for separation of rabbit IgG 

containing active anti-Act D antibody. If cared for and stored as 

suggested, the column will last indefinitely. 

The affinity column is packed with protein A Cl-4B-Sepharose 

(Pharrnacia) according to the manufacturer's specifications, and washed 

in 0.02 M Tris-HC1 pH 7.3 with 0.15 M NaCl (the "running buffer"). A 

column 1.5 cm x 6 cm is both economical and convenient. 

1. After passing 4 ml of running buffer through the column, and 

calibrating fraction sizes,S ml of immune rabbit serum is 
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passed over the column with a flow rate of approximately 15 

drops per min, collecting 1 ml fractions. 

2. Protein is monitored by absorbance at 280 nm, and the running 

buffer is continuously passed through until protein levels are 

at background (absorbance of about 0.010). 

3. Elution of IgG is accomplished by passing 0.1 M acetic acid 

over the column, again reading absorbance at 280 nm for each 

fraction. (The absorbance of 1.0 mg IgG/ml = 1.38 OD at 

280 nm.) If the column was not overloaded (the IgG concentra-

tion of the serum used was not too great, or no more than 5 ml 

of serum was applied), the IgG peak should be sharp, with 

almost all the IgG eluted in 2 or 3 fractions (see Fig. 2-8). 

4. 3 ml of 1.0 M acetic acid is now passed over the column to 

remove any nonspecifically bound proteins. 

5. Running buffer containing 0.06% sodium azide is used to wash 

the column of any acid, and the column is then stored in running 

o buffer containing sodium azide at 4 • 

6. The IgG fractions are dialyzed overnight against 0.01 M Tris 

pH 7.3 and 0.9% NaCl. 

7. The IgG can now be frozen (_20 0
) until use in the charcoal Act 

D assay (Chapter 2) or as the primary antibody in indirect 

immunofluorescence. 

B. Purification of Specific Antibody 

It should be noted that this section contains basic references 

to methods of antibody purification by specific affinity chromatography. 
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Specific anti-Act D antibody was never successfully isolated, as 

explained in Chapter 2, presumably due to an extremely high Act D

antibody affinity. The techniques, however, may be helpful in puri

fication of a different antibody, or modifications or alterations 

thereof, may eventually prove successful in obtaining purified anti

Act D antibody. It should also be noted, however, that pure anti-Act D 

antibody is not necessary for immunofluorescent detection of Act D 

bound to chromosomes, as described in Chapter 3. 

The method of specific antibody purification by affinity chro

matography is similar to that of IgG purification described in Section 

A. The antigen (Act D) is immobilized to a matrix so that it can bind 

antibody, and then this antigen-antibody interaction must be gently 

disrupted so as to elute active antibody off the column. A good out

line of this technique is given by Pardue et al. (1981). 

Act D (with tracer [3H]Act D) was coupled to CH-Sepharose 4B 

(Pharmacia) with 1 ethyl-3-(3-dimethyl-aminopropyl) carbodiimide 

(BioRad) as a catalyst. (This is the same reaction as outlined in 

Fig. 2-2, except CH-Sepharose 4B would be substituted for BSA.) The 

Act D-Sepharose was washed according to manufacturer's specifications, 

and a 1 ml affinity column (in a 1 ml plastic syringe) was packed with 

running buffer as described in Section A. (Tritium tracer was used 

for confirmation that covalent coupling of Act D to Sepharose occurred.) 

When immune serum or IgG was passed over the Act D-CH-Sepharose-

4B column, all antibody activity was removed, as no antibody activity 

was detectable in the flow-through material when used in the charcoal 
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assay described in Chapter 2. Elution of antibody in the backward 

direction (Pardue et al. 1981) was attempted with 0.1 M - 1.0 M acetic 

acid and up to 4.0 M MgC1 2 in borate saline buffer (Pardue et al. 

1981). No success was achieved in removing antibody as none was 

detected with absorbance at 280 nm, or with the Act D charcoal assay 

described in Chapter run in 10 mg/ml BSA (to decrease nonspecific pro

tein absorption). After several runs, it was concluded that specific 

antibody was extracted by the affinity column from serum or IgG, and 

this was due to the presence of bound Act D, since noncoupled CH

Sepharose-4B removed no detectable antibody. This antibody, however, 

was not able to be eluted from the column using the elution conditions 

described. 

Several authors (Kristiansen, 1977; Levison, Kieszenbaum, and 

Dandliker, 1970; and Dand1iker et al. 1967) describe the use of 

chaotropic ions in disrupting the antigen-antibody complex. The tech

niques described by Dandliker et a1. (1967) were attempted, and a small

amount of protein eluted off the Act D affinity column when NaSCN was 

used. This protein was presumably specific antibody, but was not 

active. 

To further characterize the protein eluted with NaSCN, 1.7 mg 

of anti-Act D IgG was labeled with 125I by the method of Greenwood, 

Hunter, and Glover (1963) and this material was passed over the Act D 

affinity column. With the specific 125I label on IgG, one can now 

detect relatively small amounts of IgG that may be eluted off. The 

results of this elution after application of 525 ~g 125I IgG are shown 
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in Fig. C-l. Two separate peaks are seen after elution with a 3.5 M 

NaSCN. These peaks showed no antibody activity when tested in the char

coal assa.y described in Chapter 2. When 4 M HCl was applied to the 

column, one large protein peak came off, also showing no antibody ac

tivity. Each peak after point A (Fig. C-l) was individually dialyzed 

24 hr against running buffer, and concentrated to 1 mg/ml by surrounding 

the dialysis bag with dry Sephadex G-75 (Pharmacia). Three changes of 

dry Sephadex were made in 2 hrs. Each peak was then tested for anti

body activity in the charcoal assay. After repeated observations, it 

was concluded that the specific IgG can be elute~ in 3.5 M NaSCN, but 

becomes inactivated upon elution under these conditions. It was also 

concluded that yet a tighter antibody-antigen bond exists, and this 

cannot be disrupted until 4 M HCl is added. The observation of two 

protein peaks with an addition of 3.5 M NaSCN is presumably due to two 

species of antibody that bind to the column with different affinities. 

From Fig. C-l, it can be calculated that 5.2% of all IgG in this immune 

sample was specific anti-Act D IgG. 

When specific antibody cannot be purified with any of the 

methods mentioned above, an alternative method as described by Murphy 

et al. (1976) involves a chemical modification of the antigen. As 

described in Chapter 2, preparation of actinomycin D acid (Brockmann 

and Manegold, 1967), which has an open peptide ring structure, also did 

not permit purification of antiAct D antibody. This was one of the 

most obvious chemical modifications of Act D to attempt decreased anti

body affinity since the antigenic portion of the molecule resides in 
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Fi~re C-1. Affinity Purification of 125r anti-Act D IgG. 525 ~g of 
12 I immune IgG was passed over the Act D-CH-Sepharose-4B affinity col
umn described in the text. Point A represents addition of 3.5 M NaSCN; 
pOint B represents addition of 4 M HC1. Each point represents a frac
tion of 0.5 m1. The three peaks after point A signify specific anti
Act D IgG, which, when added together equal 5.2% of the total IgG 
applied. 
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the pentapeptide lactone (Chapter 2). This reaction was also chosen 

because the use of 4 ~ sodium methoxide produces 92% actinomycin 0 acid 

(Brockmann and Manego1d, 1967). Actinomycin 0 acid, when substituted 

for Act 0 in a modified radioimmunoassay (as described in Chapter 2) 

appeared to have a lesser affinity for the antibody than did Act 0 

(Fig. C-2). Actinomycin 0 acid was then coupled to Affi-Ge1 10 (Biorad) 

(CH-Sepharose-4B and the carbodiimide coupling reaction would not work 

with actinomycin 0 acid since there now are free carboxyl groups 

present on the molecule with the open peptide ring and actinomycin-

"actinomycin coupling would occur). Act 0 was also coupled to Affi-Ge1 

10 following the manufacturer's specifications. Tritium tracer con

firmed that Act 0 and actinomycin 0 acid coupled to the Affi-Ge1 10. 

It was concluded that Act 0 coupled to Affi-Ge1 10 could remove active 

antibody from the IgG fraction, but (as previously seen with Act D-CH

Sepharose-4B) antibody could not be successfully eluted from the affin

ity column. No detectable antibody was removed from the IgG fraction 

when passed over the actinomycin 0 acid-Affi-Ge1 10 column. Either the 

circumstances allowing antibody binding were not adequate in the actin

omycin acid-Affi-Ge1 10 material, or antibody dees not bind actinomycin 

acid with sufficient affinity to separate it from the IgG fraction. 

Fig. C-2 shows that actinomycin 0 acid has approximately a ten-fold 

lower affinity for the anti-Act 0 antibody as does Act D. Since 

Brockmann and Manego1d (1967) claim that the actinomycin D acid is 

present due to conversion of 92% of the Act D, one must consider as an 
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Figure C-2. Radioimmunoassays for Actinomycin D and Actinomycin D Acid. 
A modified competitive radioimmunoassay was performed with Act D (open 
circles) and actinomycin D acid '(closed circles). The curve is plotted 
on log-logit axes. 
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interpretation for Fig. C-2 that actinomycin D acid has no affinity for 

the antibody, and the 10% affinity observed is due to unreacted Act D. 

At the same time that these experiments were being performed to 

purify anti-Act D antibody, the indirect immunofluorescent technique 

(Appendix D) was also being characterized. Once detection of Act D 

bound to chromosomes was demonstrated employing the IgG fraction alone, 

preparation of specific anti-Act D antibody was no longer necessary. 

Therefore, no further attempts to p~Tify the antibody were made. 

This section is intended to be of use as an outline for antibody 

purification. Application of the techniques described may be of use for 

purification of other antibodies, or, possibly as a starting point for 

the future purification of anti-Act D antibody. 



APPENDIX D 

IMMUNOFLUORESqENCE 

Reagents: .PhQsphate Buffered Saline (Schreck, Erlanger, and Miller, 

(1974) • 

Stock sol~tions for I making PBS: 

1. 6.8 g KHlO i200 ml distilled water (0.25 M) 

2. 3S.5 g Na2H~04 (anhydrous)/liter distilled water (0.25 M) 

-qr-

67.02 g Na2HP04·7H20/1,000 ml dist1lled water 

Preparatiqn of .1 liter lOX PBS: 

Take QO ml solution l, 340 ml of solution ~, and 80 g of NaC1. 

Add dj,.stilled water to make up to one liter in a vo1wnetric 

flask \ Store at room temperature; dilute 1:10 for use. 

Mounting I\lediwn: 

Ge1va~:01 20-30 (Monsanto Labs, MA) 

1. Aqd 80 ml PBS to 20 g Gelvatol. 

2. H~at to 800
1 while stirring for 16-18 hrs. 

3. A~ld 40 ml Glycerol. 

A. Direct I~unof1uorescence 

The pl~rified antibody (or IgG fraction) is first conjugated 

with fluoresc~in isothiocyanate as described by Johnson and Dorling 

(1981). The ~ntibody should then be dialyzed against phosphate 
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buffered saline for 24 hr and an F:P (Fluorescein to Protein) ratio 

should bet determined at 495 nm and 280 nm, respectively. Satisfactory 

labeling ratio is between 0.5 and 1.0. 

1. Apply 300 llL of specified concentration of Act D to a slide, 

c:overslip, and lay flat in a humid chamber for 30 min. 

2. Wash off coverslip with 95% ethanol, then wash slide 3 times in 

SO ml 95% ethanol (up to 5 slides can be washed together in a 

Coplin jar). 

3. Apply 300 llL of 10 mg/m1 bovine serum albumin to slide, cover-

51 1i p, and incubate in humid chamber for 20 min. 

4. \\1ash with 50 ml cold PBS (40
). 

5. Apply 300 llL of fluorescinated antibody (diluted appropriately 

,,'ith PBS) to slide and incubate in humid chamber for 20 min. 

6. Wash with 50 m1 cold PBS, taking ~ not to let the slide ~ 

gut beyond this point. 

7. Apply one drop of Gelvato1 and immediately coverslip. 

8. Slide will be ready for evaluation with U.V. microscopy after 

about 15 min. 

9. Photograph with Ilford HP5 ASA 400 film. Store in dark at 40
• 

NOTE: The direct method proved to be much inferior to the 

indirect method for the anti-Act D antibody. 

B. IndiJrect Immunofluorescence (Schreck, Erlanger, and Miller, 1974) 

1. Apply 300 J..lL of specified concentration of Act D to slide, 

coverslip, and lay in a humid chamber for 30 min. 
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2. Wash off coverslip with 95% ethanol, then wash slide 3 times in 

50 m1 95% ethanol. (Up to 5 slides can be washed together in a 

Coplin jar.) 

3. Apply 300 ].lL 10 mg/m1 human IgG, coverslip, and incubate in 

humid chamber 20 min. 

4. Wash off coverslip in PBS and wash slide in 50 m1 PBS. 

5. Apply 300 ].lL 10 mg/ml anti-Act D IgG (purified as described in 

Chapter 2), coverslip, and incubate in humid chamber 2Q min. 

Care should be taken from this point not to let the slide dry 

out. 

6. Same as Step 4. 

7. Apply 300 ].lL of a 1:20 dilution of goat anti-rabbit IgG (Cappel) 

in PBS, coverslip, and incubate in humid chamber 20 min. 

8. Same as Step 4. 

9. Apply one drop of Gelvatol and immediately coverslip. 

10. After 15 min slide is ready for examination on a U.V. micro-

scope. 

11. Photograph with Ilford HP5 ASA 400 film. 

Store slides in dark at 40
. 
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