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Progress Report for the Period May3 1975 Through May, 1976: To determine the 

mutagenic effect of tritium incorporate 1 into the DNA of Drosophila spermatozoa 
32 OI 14 

we use the labeling procedures that we have used for P, ->-JP and C. Our 

procedure consists of feeding 250 microcuries of the labeled DNA precursor in 

1/2 ml of media that is 1.5% agar and 1Z fructose. 45-49 hour old larvae 

that were reared at 25°C on our standard Drosophila media (late second instars) 

from a cross that produces only males (Lee, et al., 1972) are removed from a 

culture media by floating in 30Z sucrose and placed at a density of 100 larvae 

per 1/2 ml of media, where they are allowed to feed for 8 hours at 25°C. At 

the end of the eight hour feeding period the larvae are removed from the labeled 

media by again floating in 30Z sucrose and are placed at 25°C on normal Drosophila 

media which is rich in the precursors of DNA and therefore acts as a chaser for 

the pulse label. This procedure gives good labeling of cells that will produce 

mature sperm cells during the first few days following eclosion. Following 

eclosion the males are allowed to age 24 hours and then are mated individually 

for 48 hours to 5 automatic virgin females (sibling males die before eclosion). 
The males fed the labeled precursors are of the genotype B^Y bb+ ac*" y4", 

S 
KS1 & KS2~/X'Y. In(l)EN2. f and are crossed to females of the genotype 

In(l)sc8, sc8 1 B/In(l)dl-49 + BM1, y ac v BMl. These inseminated females are 

permitted to lay eggs on normal Drosophila media during the two day mating period 

at 25°C. At the end of the second day of mating (three days following eclosion) 

the males are removed and one of the five females is sacrificed for determination 

of the extent of labeling as will be discussed later. The remaining four females 

are placed in fresh food vials and stored at 10°C for three weeks. We have 

previously determined that these storage conditions will prevent the females 

from laying eggs but keep them otherwise in good condition. At the end of the 

three weeks the females are transferred to fresh food and returned to 25°C where 

they are permitted to lay eggs for a period of five days. This procedure gives 
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an average of about 25 days between the time that the two groups of eggs are 

layed, during which time the incorporated radionuclides undergo decay. Eggs 

layed during the first period will be referred to as "non-stored"; eggs layed 

during the second period will be referred to as "stored". The F^ progeny from 

these vials can then be scored for losses of dominant markers on the X or Y 

chromosome, and the virgin F^ females (F^ males are sterile because they lack 

YS) are then mated to appropriate males with a balancing chromosome as described 

in our previous article (Lee, et al., 1972). The F^ and in some cases the Fg 

are then scored for sex-linked recessive lethals. The overall test scheme gives 

a measure of 1) loss of X or Y chromatin in the Fj and 2) sex-linked recessive 

lethals in the F£ from gonads that are complete and In the Fg from gonads that 

are mosaic. 

Dosimetry is done by first determining the number of disintegrations per 

minute per sperm cell as we have done in previous work in incorporation of 

radionuclides (Lee, et al., 1966, 1967, and 1972). This procedure is also 

described in the section, "Scientific Scope" of our renewal proposal. The 

product of dpm per sperm cell times length of storage Is a measure of total 

disintegrations per sperm cell during the storage period. Treatments with 

different precursors can be compared even though the incorporation efficiencies 

of these precursors may not be the same because we measure the amount of tritium 

actually incorporated into the DNA of the sperm cells. We have shown in control 

experiments that the label remains in the DNA from labeled sperm cells when 

extraction removes at least 99Z of labeled amino acids. Chromatography of 

cellular hydrolysates has shown that a label remains in the pyrimidine in which 

it is fed; for example, tritium administered as methyl-labeled thymidine remains 

in the thymine moiety of DNA while that introduced as 5-labeled deoxycytidine 

remains in the cytosine moiety. 



^ William R. Lee - E(40-l) - 3728 
3 

The initial plan of these experiments was to compare the genetic effects 

of labeling the DNA moiety in the stable positions in the pyrimi dines. Our 

intentions were to label with the following precursors: 5-labeled deoxycytidine, 

6-labeled deoxycytidine, methyl-labeled deoxythymidine, and 6-labeled 

deoxythymidine. We also had planned to label in a non-DNA macromolecule by 

labeling the arginine-rich protein of the sperm cell. Because of reduction in 

funding three years ago we have not been able to complete this program but have 

of necessity stretched it out to include the next three years of funding. 

Our initial tests were designed to see if there were differences due to 

labeling indifferent positions. The most likely place of finding an effect is 

at the S-po8ition of deoxycytidine which Person's group has shown to be highly 

mutagenic in prokaryotes. From New England Nuclear we obtained a batch of 

deoxycytidine which according to our chemical tests was not labeled extensively 

in the 5-position (see previous report ORO-372B-8). We have therefore compared 

this sample genetically with 5-labeled deoxycytidine obtained from Amersham/Searle 

which according to our chemical tests (to be discussed later in this report) 

has at least 95Z of the label in the 5-positior. 

We have observed (Table 1) a significant Increase In the mutation frequency 

when the label is in the 5-positlon of the cytosine moiety over the generally 

labeled deoxycytidine from New England Nuclear. This significant increase in 

the mutation freqijency remains valid when one corrects for the slight difference 

in Incorporation between the two series of experiments. We observed an average 

of 121 disintegrations per sperm cell (with 18 determinations) for the 

deoxycytidine obtained from New England Nuclear whereas we obtained a weighted 

average of 149 disintegrations per sperm cell (with 13. determinations) for the 

series of experiment* done with deoxycytidine obtained from Amersham/Searle. 

Comparison of the relative frequency of F2 sex-linked lethals induced when 
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deoxycytidine from NEN was administered (24 lethals In 4824 tested chromosomes) 

with the relative frequency when a sample purchased from Amersham/Searle was 

administered (66 lethals in 4771 chromosomes) reveals a highly significant 

difference at the 1Z confidence level (Kastenbaum and Bowman, 1970). Correcting 

for the lower Incorporation of the deoxycytidine from NEN we estimate we should 

have tound 30 lethals instead of 24 among the 4824 tested chromosomes thus 

giving a frequency of 0.6 Z, which is still significantly less at the 1Z level 

than the frequency observed with the deorycytidine from Amersham/Searle. This 

comparison tells us that given the same amount of Incorporation of tritium In 

the cytosine moiety of DNA. a significant Increase in the mutation freuqency is 

observed when the tritium is at the 5-positlon exclusively. 

We have also determined the efficiency of tritium labeled in the methyl 

group of thymidine as seen In Table 1. The mutation rate 

observed in the methyl-thymidine labeling experiments is significantly less 

(with a probability of 5Z) than that with the deoxycytidine; however, this 

difference largely disappears if one corrects for the lower efficiency of 

labeling with the deoxythymidine (a weighted average of 109 disintegrations per 

sperm cell versus 121 for the deoxycytidine from New England Nuclear and 149 

from the deoxycytidine from Amersham/Searle). 

Before we are justified in drawing any conclusions from this work with 

labeled t h y m i d i n e w must complete our tests as prescribed for this fall to 

compare the distribution of the tritium within the sperm cell by means of electron 

microscope radioautographs. There are claims in the literature (Kaplan, et al., 

1964, 1965) that there is a difference between cytosine and thymine In their 

distribution within the genome and their corresponding radiation effects. Kaplan's 

data are subject to the alternate Interpretation that his labeled deoxycytidine 

may have been labeled primarily in the 5-positlon and may therefore have 

produced transitions more freuqently than beta-radlatlon induced breaks as 
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In the case of the labeled thymidine. Therefore, we must study the distribution 

of the labeled thymine and compare it with labeled cytosine and a non-DNA 

labeled arginine-rich protein in order to make meaningful comparisons between 

the genetic results obtained when different radiochemical precursors are used 

for treatment. The Drosophila sperm cell is sufficiently long (9 microns) to 

give a significantly unequal distribution of beta radiation If there Is an 

unequal distribution of thymine or cytosine within the nucleus. Therefore, 

we will defer any conclusions until our EM distribution studies are complete. 

An Incubator mishap prevented us from testing the large number of chromosomes 

needed for the storage experiment with the deoxycytidine obtained from New 

England Nuclear, and we were Informed upon further inquiry fron New England 

Nuclear that that lot of deoxycytidine was no longer available. Another lot 

from New England Nuclear (#908-109) was tested chemically and found to be 

different from the original lot but still not specifically labeled at the 

5-posltion (see Table 2). This material was therefore not used for genetic 

tests. 

The cleanest comparison between the different positions of labeling the 

deoxycytidine is to compare the 5-labeled deoxycytidine from Amersham/Searle 

with specifically labeled 6-labeled deoxycytidine which unfortunately is not 

available commercially; however, as stated in the renewal proposal we Intend 

to synthesize the 6-labeled deoxycytidine by either contracting for a custom 

synthesis or by using the method developed by Person for a biosynthesis. This 

will give us an opportunity to compare the stored versus non-stored with 

adequate numbers of 6-labeled deoxycytidine with our stored versus non-stored 

of 5-labeled deoxycytidine. 

A small scale preliminary experiment to detect temperature sensitive 

mutants was performed. As pointed out In our renewal proposal we do not have 

a sufficiently large incubator to control accurately the temperature at 29 ± 



^ William R. Lee - E(40-l) - 3728 
6 

1/2°C for a large number of cultures; therefore, only a small sample of one of 

our 5-labeled deoxycytidine experiments was tested at 29°C with the lethals 

being retested at both 29°C and 22°C. We observed that 8 out of 26 lethals 

observed and verified in retest at 29°C were non-lethal when retested at 22°C. 

This small sample of 8 temperature-sensitive lethals out of 26 will not permit 

any conclusion; however, the lower limit of eight events in a table for Poisson 

distribution (Stevens, 1942) is 3.5 events out of 26 which is still higher than 

the 3Z observed by Susuki, et al., 1967 and Susuki, 1970, for heat-sensitive 

lethals induced by ionizing radiation. This observation suggests that a 

significant sample of our lethals observed in the 5-positlon of deoxycytidine 

Is Induced by a different mode of action than that of Ionizing radiation. Large 

scale tests with the proper sized Incubator requested In our renewal proposal 

are necessary to validate this observation, and these tests will be conducted 

In a balanced experiment where temperature-sensitive lethals will be detected 

when the label is both in the 5-posltion of deoxycytidine and In the other 

positions of the pyrlmldlnes and the arginine—rich protein of the sperm cell. 

In our previous progress report (OR0-3728-8) we reported a series of tests 

using both aged and non-aged females in which our test system was used with 

X-ray (250 KVP) using doses of 2000 and 4000 R. These experiments were done 

to see if storage of females had any effect on the genetic tests and also to provide us 

a standard for the response of our test system with ionizing radiation. One 

of the consequences of this work with X-ray was to show the very small extent """ 

of mosaics induced by ionizing radiation. Therefore, mutations induced by 

beta radiation would not be expected to produce any significant Increase in the 

lethal frequency observed in the F^, and we are not surprised in the negative 

results of our F^ tests for the generally labeled deoxycytidine from New 

England Nuclear. We were surprised at first at the negative results obtained 

when 5-labeled deoxycytidina was used, for we had anticipated an Increase in 



William R. Lee - AT-(40-1)-3728 7 

the frequency in the F^; however, results from our studies of mosaics (Lee, et al. 

1967, 1970) would suggest that if the 5-labeled deoxycytidine Induced mosaics 

that are half mutant and half non-mutant in contrast to the chemically Induced 

mosaics which are about 25Z mutant there would be at least twice as many of 

these mutations observed In the Fj as In the F^ because the gonads uader these 

conditions frequently would be complete. Therefore, the slight but significant 

increase in the mutation rate observed in the F2 may well have been missed In 

the F^. A comparison of the Adh negative mutation frequency observed in the 

Fj and F2 as described in the proposal should show If transmutation of tritium 

in the 5-position of cytosine is producing somatic mosaics or completes. 

The location of the radionuclide within the precursor fed to the fly along 

with radiochemical purity of the precursor is essential to proper interpretation 

of these data; therefore, we have spent considerable time in devising methods 

to determine quantitatively the location of the tritium in the deoxycytidine 

moiety. Our procedure is based on determinations of specific activity so that 

our comparison Is quantitative and not dependent upon the efficiency of elution 

from chromatograms. Each specific activity determination is made by determining 

the quantity of the chemical species by means of the Beckman Spectrophotometer 

(DB-GT) and by measuring radioactivity of an aliquot sanple in the Packard 

Tri-Carb liquid scintillation spectrometer. The method of.reverse isotoplc 

dilution was used; deoxycytidine (Calbiochem) was dissolved in distilled water 

(lmg/ml) and spiked with a small aliquot of the labeled material to give an 

initial specific activity of approximately 10? cpm/mg of solution (solution A). 

Triplicate samples of solution A were repeatedly lyophillzed to dryness; specific 

activity of each sample was determined after each lyophilization by dissolving 

the residue in water, by spectrophotometrically determining the amount of 

material remaining,, and by measuring the radioactivity of an aliquot by liquid 
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scintillation counting. When constant specific activity was attained (two 

successive lyophilizations with no decrease in specific activity), the ratio 

of the remaining specific activity to the -tr>-ti--<»l specific activity was 

calculated (Table 2, column 1). Aliquots of solution A which had been 

lyophilized to constant specific activity were chromatographed on paper to 

determine the radiochemical purity. Replicate samples were streaked onto 

Whatman 3 paper and chromatographed (ascending) using two different one 

dimensional elution solvents (water and ethanol:ammonia:va*'-:. (80:2:18)). 

The spots containing cytosine were eluted from the paper and measured 

spectrophotometrically and counted in the liquid scintillation spectrometer. 

The average of these Independent measures of radiochemical purity is tabulated 

in Table 2 (column 2). 

Constant specific activity aliquots of solution A were hydrolyzed as 

follow: replicate samples of the solution A were lyophilized to dryness in 

1 ml sealable ampules; perchloric acid (70Z) was added at -70°C (the ampule 

was maintained at -70° while it was sealed); the sealed ampule was heated at 

70° for 1 minute and inmedlately cooled to -70° once again. (Note: we have 

found that longer times or higher temperatures result in exchange of the tritium 

at the 5-positlon of the base). The ampules were opened and diluted with 0.1N 

HC1 and streaked (in the presence of ammonia vapor) onto Whatman 2 paper. The 

two dimensional chromatographs were developed with 1) Butanol :ammonia :water 

(85:2:12) and 2) 5X aqueous ammonium sulfate:isopropy1 alcohol (19:1). The 

cytosine spot was eluted and quantitated spectrophotometrically and 

radioactivity was determined by LSC. The fraction of specific activity remaining 

(corrected for difference in molecular weight of the base and nucleoside) is 

tabulated In column 3 of Table 2. These figures represent a minimum value 

since, as noted, some tritium is lost due to exchange under these conditions. 
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Chromatographlcally pure cytosine obtained as described in the previous 

paragraph was created with bromine water in less than stoichiometric amount 

(80Z of theory). The resulting reaction mixture was chromatorgraphed (descending) 

on Whatman 3 paper using butanol:methanol:ammonla:water (60:20:20:1) for elution. 

5-bromocytosine runs In front of cytosine in this solvent system allowing 

simultaneous determination of the specific activity of the bromo-cytosine and 

the cytosine starting material. The ratio of the specific activity of the 

brominatlon product to that of the starting material is "-"ulated in column 4 

of Table 2. 

Also presented In Table 2 are the radiochemical purity and label specificity 

tor the two batches of (methyl-%) thymidine used for comparison in the genetic 

tests. Procedures were similar to those for deoxycytidine except the hydrolysis 

was for 60 minutes. 

We conclude that the (5-3H) deoxycytidine and (methyl- h o thymidine obtained 

from Amersham/Searle were correctly labeled whereas our previous report 

(ORO-3728-8) had shown that the deoxycytidine obtained from New England Nuclear 

was not specifically labeled In the 5-position. 
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Table I 
Tritium labeled DPH/sperm.eel I Loss of X or y ° Lethals in Ft * Lethals In F*e 

precursor of DNA ( x 10-H) Nonstored Stored Nonstored Stored Nonstored StoFed 

Concurrent controls m 10 
3570 

2k 
3555 

10 
5919 2957 539 1255 

0.26% 0.66% 0.23% 0.36% 0.31% 

Accumulated controls - 10 
1570 

2k 
3555 25726 "155̂ 1 

26 
TT5S§ 1267^ 

0.26% 0.66% 0.12% 0M 0.22% 0.23% 

Deoxythymidine (methyl-^H) 
Amersham/Searle (TRK 120) 
19 Cl/mM Batch 90 

111 
(5)6 

1 

0.2% 

m 2 
SZTT 
oM 

m 2 
50T 

m 

Deoxythymidine (methyl-3H) 
Amersham/Searle (TRK 120) 
19 Ci/mM Batch 102 

92 
CO 

• 

"TBB§ 
0.9% 

)k 
997 

m m 

Deoxythymidine (methyl-^H) 
Amersham/Searle (TRK 120) 
20 Ci/mM Batch 105 

136 
(3) 

8 
1220 
OM 

10 
1079 
0.9% 

Ik 
T55o 
o.S% 

18 
95? 
1.9% 

5 
1297 

0 
555 

0% 

Total 
Deoxythymfdfne (methyl-%) 
Amersham/Searle (TRK 120) 

111 * 
02) T5TI 

0.5% 

10 
1079 
0.9% 

3909 
0.9% 

32x 

>953 
1.6% 

0 
555 

0% 

Deoxycytldlne (G-3h) * 
New England Nuclear 
31.8 Cl/mM Lot 82k-052 

121 
(18) "psf} 

0M 
TT7 
0.6% 

24 
355? 
0.5% 

Pit 
0.9% 0.3% 

1 
Ttt 

Table I continued next page 



Tritium labeled DPM/sperm cell 
Table 1 (continued) 

Loss of X or Y « Letha Is In F2 3 Lethals in F* 0 
precursor of DNA ( x 10-*) Nonstored Stored Nonstored Stored Nonstored Stored 

Deoxycytidine (5 -3h) 
Ame rs ham/Sea r1e (TRK 211) 
2 1 . 2 Ci/mM Batch 15 

113 
( 6 ) e 

1 .1* 

27^5 

1.1% 

28 
1555 

1.7% 

_ I 0 
2020 

2.5% 

12 
1523 

0.8% 

10 
1849 

0.5% 

Deoxycytidine (5- 3H) 
Amersham/Searle (TRK 211) 
2 1 . 2 Ci/mM Batch 15 

150 
w 

z 
1137 

0.6% 

-
"1053 

1.2% 

m 1 
991 

0.1% 

m 

Deoxycytidine (5- 3H) 
Amersham/Searle (TRK 211) 
24 Ci/mM Batch 18 

178 
(3) 

8 
1220 

0.6% 

10 
1 5 5 5 

0.6% 

l o f t 

1.2% 

75?i 
1.8% 

2 
1522 

0.1% 

2 
1235 

0.2% 

Total 149 5 __Z2 6 6 P — Z £ A 12 

Deoxycytidine (5-3H) (13) 7521 T*3lT Tf771 l 1 ^ ^336 3057 
Amersham/Searle (TRK 211) 1 1 . 0 % 1.K% 2.2% 0.3% Q.^% 

a Mutant males divided by males scored. 
0 X-linked recessive lethal mutations divided by chromosomes tested in the nonstored. 
IS Mean weighted for number of F2 chromosomes tested. 
e ( ) number of independent determinations made. 
p Significantly greater at the 1% level of probability than the (G-3h) deoxycytidine from New Englend Nuclear 

both with and without adjustment for differences in incorporated tritium (DPM/sperm cell). Significantly 
greater at the 5% level than the (methyl-3H) deoxythymidine without adjustment for differences in incor-
poration but no significant differences with adjustment for incorporation of tritium. Tables of Kas-
tenbaum and Bowman (1970) used for determining statistical significance. 

A Significantly greater than the nonstored at the 1% level of probability. 
Y This deoxycytidine was listed by the manufacturer as 5-3h; however, our tests (previously reported, 0R03728-8) 

showed that this was generally labeled. 



Table 2 

LyophllIzatlon Chromatography Acid hydrolysis 

Deoxycytidine (5-3H) 9^.3 100.4 103.3 
New England Nuclear 
(NET 215) Lot 90C«109 

Deoxycytidine (5-3H) 106.8 103.1 98.5 
Amersham Searle 
(TRK-211) Batch 18 

Deoxythymidine (met 
Amersham Searle 
(TRK-120) Batch 102 

Deoxythymidine (mett 
Amersham Searle 
(TRK-120) Batch 105 

Deoxythymidine (methyl-3H) 97.1 105.4 
Amersham Searle 
(TRK-120) Batch 

Deoxythymidine (methyl-3H) 98.0 103.6 106.5 
Amersham Searle 

Table 2. Percent of radioactivity remaining after the Indicated procedure 


