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Abstraet--Sign~icant  enhancement of tritiated dCyd suicide occurred when unlabelled 
dThd was added to cultures of mouse monocytic colony-forming cells. Incorporation 
experiments supported the suicide experiments in that incorporation of tritiated dCyd 
into DNA was signiJicantly increased. One hundred micromolar dCyd significantly 
reduced the radiotoxicity of 0.3#Ci of tritiated dThd; incorporation experiments 
indicated a dose-related reduction in the incorporation of tritiated dThd into DNA with 
the addition of 1-100#M unlabelled dCyd. The addition of 1 # M  aminopterin 
reversed the effect of 100#M deoxycytidine; viz., incorporation of dThd into DNA 
was 90cl,i~ of controls. Aminopterin had a similar effect on deoxyuridine 'reversal of 
tritiated dThd incorporation into DNA.  Aminopterin had no effect on the reduction of 
tritiated dThd incorporation into DNA due to the addition of 100#M unlabelled 
thymidine. Unlabelled ribonucleosides, Urd and Cyd, did not significantly aJfect the 
suicide pattern of tritiated dThd or dCyd when they were added to CFC cultures. 
Unlabelled deoxyribonucleosides, dThd or dCyd, did not significantly affect the suicide 
pattern of either tritiated Cyd or Urd when they were added to cultures containing 
tritiated ribonucleosides. Unlabelled Urd or Cyd was effective in reversing the suicide 
due to tritiated Urd or Cyd. 

INTRODUCTION 

RADIOACTIVELY labelled nucleosides or bases 
are widely used in cell biology, mainly to 
label nucleic acids and to detect the occur- 
rence of DNA or RNA synthesis. The in- 
corporation of tritiated thymidine (3H-dThd) 
into DNA is also the basis of methods used to 
measure the stages of the cell cycle. It is also 
known that the incorporation of tritiated com- 
pounds into the cell nucleus can cause ra- 
diation damage, resulting in reproductive 
death to the cell [1, 2]. The 3H-dThd suicide 
technique has been used to detect 'cycling' 
cells in antibody producing cells [3] and in 
CFC [4]. 

A major difficulty in the analyses of meta- 
bolic pathways in CFC of primary bone mar- 
row cultures is that a direct biochemical 
analysis is not feasible. Assuming that mor- 
phological identification is possible, although 
this has been questioned by McCulloch [5], 
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the infrequency of these cells in the bone 
marrow (about one out of 500 cells by our 
assay), even after enrichment procedures, 
would make a direct biochemical analysis 
inconclusive since cellular heterogeneity would 
obscure any conclusions about the CFC. 

In several recent studies [6-9] we extended 
the tritiated thymidine suicide technique to 
include the radiotoxic effects of other tritiated 
nucleosides on monocytic, lymphocytic and 
tumor CFC. In the present study, the suicide 
technique was used to analyse deoxypyrim- 
idine metabolism by analysing whether the 
addition of unlabelled nucleosides could alter 
the suicide pattern of tritiated thymidine or 
deoxycytidine. The prima facie assumption was 
that, if the non-radioactive nucleoside in- 
hibited the transport, metabolism or incorpor- 
ation of a tritiated nucleoside into CFC, by 
isotopic dilution or by feedback mechanisms, 
the biological consequence would be a re- 
duction in the suicide of CFC. Additionally, if 
no alteration in the suicide pattern was obser- 
ved with the co-administration of the un- 
labelled with the labelled nucleoside, the 
prima facie assumption was that there was no 
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metabolic interaction between the unlabelled 
and labelled nucleoside in the colony-forming 
cell. 

MATERIALS AND M E T H O D S  

were resuspended in 1.0ml semi-solid media 
and cultured as was described for the un- 
washed cultures. A Cooke carrier was used to 
hold the cluster plates during the 
centrifugation. 

BDF 1 (C57BL/6 x DBA/2) female mice 
were used as sources of bone marrow cells 
(Jackson Laboratory, Bar Harbor,  ME) for 
the clonal cultures. Unlabelled nucleosides 
and aminopterin were obtained from Sigma 
Chemical Co., St. Louis, MO. The following 
tritium-labelled compounds were obtained 
from New England Nuclear (Boston, MA): 
Methyl-tritiated thymidine (sp. act. 20- 
26Ci/mmole),  6-tritiated deoxyuridine (sp. 
act. 30Ci/mmole). Methyl-tritiated dThd (sp. 
act. 47 Ci/mmole) and deoxy-l ' ,2 '-3H-uridine 
(sp. act. 35Ci/mmole) were obtained from 
Amersham/Searle Radiochemicals, Arlington 
Heights, IL. The following were obtained 
from ICN Pharmaceuticals, Irvine, CA: 5- 
tritium deoxycytidine (24.7 Ci/mmole), 5-tri- 
tium cytidine (19.7Ci/mmole) and 5-tritium 
deoxyuridine (16 Ci/mmole). 

Unwashed studies 
Bone marrow cells (1 x 105 cells per dish) 

were plated in 0.5ml McCoy's 5a media 
(modified) with 10% fetal calf serum (FCS) 
and 5~}/o horse serum in 35mm tissue culture 
dishes. Tritiated and unlabelled nucleosides 
were added to these cell suspensions. An 
agar-media admixture was then added to 
make 1.0 ml of semi-solid media, such that the 
final concentration was 0.3% of Bactoagar. 
Bone marrow cells were cultured for mono- 
cytic CFC according to our modification [7] 
of the technique of Metcalf  and Moore [10]. 
The source of colony stimulating factor was 
conditioned medium from L-929 cell cultures. 
Cultures were examined for clonal growth 
after 7 days incubation at 37°C. 

Washed out studies 
In cases where radioactive and unlabelled 

agents were incubated for short periods, 
washed out studies were conducted. Bone mar- 
row cells were usually added at 2 x 105 cells 
per well in 1.0ml of tluid media. Costar 6- 
well cluster tissue culture plates were routinely 
employed for these studies. Cells were then 
chased with unlabelled nucleosides and centri- 
fuged in the same cluster plates in order to 
avoid cell suspension transfer steps; after two 
washes (using Hank's balanced salt solution 
plus 5°,/0 serum) and centrifugations, the cells 

Incorporation studies 
Bone marrow cells ( 2 -5x  105 cells) were 

cultured in 35mm dishes using McCoy's 5A 
media (modified) plus serum, as employed in 
clonal cultures. After a period of incubation 
(usually 4-8hr) ,  1.0microcurie of tritiated 
dThd or dCyd plus unlabelled nucleosides 
were added to the cultures. After a 6 -8hr  
incubation period at 37°C, cultures were 
chased with the appropriate unlabetled nuc- 
leosides. The cells were then transferred to 
one inch square filter paper (Whatman No. 1) 
supported on plastic hair brushes and pre- 
pared for scintillation counting by established 
procedures [11]. 

HAP (hydroxyapatite) separation of nucleic acids 
The technique of Britten and co-workers, 

using HAP columns for the separation of 
nucleic acids directly from cultured cells, was 
modified by us. A similar procedure was 
recently published by Shoyab and Sen [12]. 
Because of the small amounts of tissue avail- 
able from each cultured dish (about 1 x 106 
cells), we modified existing HAP techniques 
for the separation of DNA from RNA and 
protein. Briefly, after washing cells with me- 
dia, cells were disrupted with a lysing solution 
containing 8 M urea, 0.001 M PB (phosphate 
buffer, p H = 8 . 0 ) ,  1°/o sodium dodecyl sulfate 
and 0.001 M EDTA. Cell lysates were placed 
onto HAP columns, which were prepared by 
suspending 200mg of HAP (HTP grade, 
Biorad Laboratories, Richmond, CA) in 8 M  
Urea-0.001 M PB. The columns were eluted 
with 0.001, 0.06, 0.12, 0.18, 0.24 and 0 .4M 
PB. For liquid scintillation counting, DNA 
aliquots were taken from fractions eluting 
with 0.18 and 0 .24M PB and RNA fractions 
were taken from aliquots eluting with 0.12 M 
PB. 

RESULTS 

Usually, a radioactive dose of a 
tritiated nucleoside was chosen so that 
cultures were inhibited to values which 
were 10-20% of control cultures. Hence, 
we optimized our ability to detect any re- 
duction of suicide due to the addition of an 
unlabelled nucleoside. In a preliminary study, 
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we found that addition of unlabelled nuc- 
leosides (except guanosine derivatives) inhi- 
bited the colonization of cells at millimolar 
concentrations. Hence, the highest concen- 
tration of unlabelled nucleosides that could 
remain for the duration o f  the culture was 
100/~M. Routinely, for unwashed cultures, we 
added 1, 10 and 100ttM amounts of the 
unlabelled nucleosides. In all of the studies we 
conducted with admixtures of tritiated and 
unlabelled nucleosides, 1 #M amount of any 
unlabelled nucleoside did not significantly al- 
ter the suicide of any tritiated nucleoside 
(except in one case). Hence, even though 1 #M 
of unlabelled dThd was added with 0.01/.tM 
tritiated dThd (which is equivalent to 0.3 ttCi 
per ml with a specific activity of 
30Ci/mmole),  the 100-fold isotopic dilution 
of the labelled dThd with the unlabelled 
dThd was inadequate to influence the suicide 
tFig. 1 ). 

Figure 1 shows the alteration of the suicide 
pattern of 0.3ttCi per culture of either dThd 
(top) or Urd (bottom) when unlabelled nuc- 
leosides were co-administered with tritiated 
pyrimidine nucleosides. Only unlabelled dThd 
reversed the suicide of 0.3#Ci of dThd,  whe- 
reas unlabelled dUrd  and Cyd did not affect 
the suicide of tritiated dThd. One hundred 
micromolar Urd did significantly reduce tri- 
tiated dThd suicide although the reduction 
was not as prominent as with unlabelled 
dThd. Washout studies confirmed the un- 
washed studies above. However, because ap- 
proximately a 10-fold increase in radioactive 
nucleosides was required as well as it being a 
more time-consuming analysis, we did not 
routinely perform washout studies. Co- 
cultivation of unlabelled dThd or dCyd with 
0.3#Ci of tritiated Urd did not significantly 
alter the suicide pattern of tritiated Urd (Fig. 
1). On the other hand, addition of either 
unlabelled Cyd or Urd  (10 and 100/~M) 
markedly reduced the suicide of tritiated Urd 
(Fig. 1). 

Similarly, the addition of unlabelled Urd or 
Cyd (at 10 and 100 micromolar) markedly 
reduced the suicide of 0.5 #Ci of tritiated Cyd 
(Fig. 2). Co-cultivation of unlabelled Cyd or 
Urd did not influence the suicide pattern 
brought about by tritiated dCyd; on the other 
hand, 100#M unlabelled dCyd completely 
reversed the suicide of its tritiated 
counterpart. 

Figure 3 presents the results of studies using 
the combination of tritiated dCyd and un- 
labelled dThd in culture; in this study, 
radioactive doses of 0.3 and 0.5/2Ci were 
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chosen and suicide ratios of 0.6 and 0.3, 
respectively, were obtained (Figs. 3a and b). 
An unexpected finding was that the addition 
of unlabelled dThd actually enhanced the 
suicide of tritiated dCyd. Hence, the suicide 
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addition of unlabelled dThd does, indeed, 
enhance the incorporation of tritiated dCyd 
into DNA. HAP (hydroxyapatite) chromatog- 
raphy, used to isolate DNA in small amounts 
of tissue, confirmed that the major portion of 
tritium was incorporated into DNA. Thus, in 
two consecutive experiments (indicated by se- 
parate lines in Fig. 3c), there was a dose- 
related increase in tritiated dCyd incorpo- 
ration into DNA with the addition of un- 
labelled dThd. Hence, the enhanced suicide 
was consistent with the enhanced incorpo- 
ration into DNA, both brought about by the 
addition of 10-100#M unlabelled dThd. 

Figure 4 presents the results of studies in 
which a combination of tritiated dThd and 
unlabelled dCyd was added to the culture. 
Alteration in the suicide pattern was opposite 
to that observed with tritiated dCyd-  
unlabelled dThd combination. At 0.5#Ci of 
dThd, 1-100#M dCyd did not significantly 
affect the dThd suicide pattern (Fig. 4b). On 
the other hand, 100#M dCyd did signi- 
ficantly reduce the radiotoxicity of 0.3#Ci of 
dThd (Fig. 4a) in two consecutive experi- 
ments. Furthermore, corroboration of this sui- 

Each l ine represents one experiment in which triplicate 
samples were used for each value. 
Incorporation index = 

cpm of cultures containing 3H-dCyd +cold dThd 

cpm of cultures containing 3H-dCyd alone 

ratio dropped from 0.6 to less than 0.2 (Fig. 
3a), indicating that the suicide of CFC was 
enhanced to values which were one-third that 
of tritiated dCyd alone. These studies were 
corroborated in studies using 0.5 #Ci of dCyd 
per culture (Fig. 3b). At this radioactive 
concentration, the suicide ratio was reduced 
from 0.3 to 0. Thus, at 100#M dThd, colony 
formation was completely inhibited by tri- 
tiated dCyd. 

To further support this finding, we perform- 
ed some simple incorporation experiments in 
which 3x  105 bone marrow cells were in- 
cubated for 6hr  in the presence of l#Ci  of 
dCyd and unlabelled dThd. After incubation 
the cells were prepared for liquid scintillation 
counting (described in Materials and 
Methods) and the data were expressed as the 
incorporation index. The incorporation index 
was defined as the following ratio: cpm of 
cultures containing 3H-dCyd + unlabelled 
dThd divided by cpm of cultures containing 
3H-dCyd alone. Figure 3(c) indicates that the 

Io O.3p, Ci d Thd 

.o 08 I~ . .  " 

0.6 

, 

0.2 =zZ.- ) 

0 l 10 I00 

O.5/./,Ci d Thd 

. . . . . . .  ~ . . . . . / * ~ ' b )  
I I iolo I Io 

Unlobelled dCyd, /,Z.M 

12 

1.0 
08 
(16 

o 
o. 

0.2 
L 

0 I rO [00 

(c) 

Unlobelled dCyd, kz, IVI 

Fig. 4. The effect of unlabelled dCyd on 3H-dThd suicide of 
CFC and on DNA synthesis of mouse bone marrow cells in 
vitro. Each l ine represents one experiment in which 
triplicate samples were used for each value. 

colony counts with 3H-dThd +cold dCyd 
Suicide ratio = 

colony counts with 3H-dThd alone 

Incorporation index = 

cpm in cultured containing 3H-dThd plus cold dCyd 

cpm in cultures containing 3H-dThd alone 



Suicide of Mouse Hemopoietic CFC 275 

Table 1. Effect of aminopterin (AMN), unlabelled deoxycytidine, 
deoxyuridine and thymidine on the incorporation of tritiated thymidine into 

DNA of mouse bone marrow cells, in culture 

cpm per Percentage 
Addition culture of control 

1. 3H-dThd* 2560 100 
2. aH-dThd + 1 pM AMN 2220 87 
3. aH-dThd + 100pM dCyd 960 38 
4. 3H-dThd + 1 #M AMN + 100 #M dCyd 2334 90 
5. aH-dThd+ 100#M dUrd 480 19 
6. 3H-dThd+ 1 #M AMN+ 100#M dUrd 1080 42 
7. 3H-dThd+ 100#M dThd 320 12 
8. aH-dThd+l#M AMN+100pM dThd 365 14 

*Two microcuries of tritiated dThd were incubated with 1.0 x 10 6 bone 
marrow cells in 16mm wells (Costar 24-well plates). The cells were 
incubated in a total volume of 0.5ml at 37°C for a period of 14~18hr. 
Each value represents the average of two experiments in which 
triplicate samples were used for each treatment. 

cide reversal came from our incorporation 
experiments. In three consecutive experiments 
{indicated by different lines in Fig. 4c), there 
was a dose-related reduction of tritiated dThd 
with the addition of 1, 10 and 100 pM amounts 
of unlabelled dCyd. Hydroxyapatite chro- 
matography verified that there was decreased 
radioactivity in the isolated DNA from cul- 
tures in which unlabelled dCyd was added. 

Results of incorporation experiments shown 
in Table 1 supported the notion that the 
reduced incorporation of tritiated dThd into 
DNA resulting from exogenously supplied 10- 
100#M, unlabelled dCyd is due to the con- 
version of dCyd to dThd nucleotides. One 
micromolar AMN, itself, does not affect tri- 
tiated dThd incorporation into DNA. In the 
presence of either unlabelled dUrd (group 5) 
or unlabelled dCyd (group 3) plus tritiated 
dThd, there is a substantial reduction in 
tritiated dThd into DNA. However, the ad- 
dition of AMN to either of these conditions 
{groups 4 and 6) resulted in a return toward 
control values. These results are consistent 
with the notion that the reduced incorpo- 
ration of tritiated dThd into DNA, resulting 
from the addition of unlabelled dUrd or 
dCyd, is due to isotope dilution. 

DISCUSSION 

Henderson el al. [13] and Masters [14] 
emphasized the importance of studying meta- 
bolic pathways in intact cells as compared 
with broken-cell preparations. They point out 
that because these broken-cell preparations 
are more specific and quantitative, there is a 
tendency to extrapolate observations from 
these studies to operation of intact cells. "So 

long as these extrapolations are qualitative in 
nature, i.e., identity of enzymes or metabolites 
that are present, the extrapolations are jus- 
tified.. ." Therefore, it is important that ally 
differences between intact- and broken-cell 
preparations, should they arise, be carefully 
analysed with their comments in mind. 

In the present study, we feel that tile 
suicide technique, along with cold chases, 
identifies the preferred pathway of the intact 
precursor cell for the exogenously supplied 
NAP (nucleic acid precursor). The most ob- 
vious discrepancy between broken-cell experi- 
ments and ours is the effect of isotope dilution 
(addition of chase with the pulse) on suicide. 
If  one assumes that tritiated dThd has a 
specific activity of 25Ci/mmole and that 
0.25 #Ci per ml results in a marked degree of 
suicide (see Fig. 1), this amounts to a con- 
centration of 0.01#M. Addition of 1.0#M 
unlabelled dThd does not significantly reduce 
the degree of suicide. This observation is also 
true for tritiated Urd, dCyd or Cyd chases 
with their unlabelled counterparts (see Figs. 1 
and 2). In most cases, not until 100#M 
concentration of unlabelled nucleoside is ad- 
ded do you obtain a significant reversal of 
suicide. Because broken-cell preparations de- 
monstrate the well known isotope dilution, 
absence of isotope dilution in our suicide 
experiments was unexpected. In the studies 
above, the labelled was diluted by the un- 
labelled nucleoside 100- to 1000-fold. 

In light of the results above, we re-evaluated 
the literature regarding pool sizes of NAP in 
various mammalian cells. Because of cell hete- 
rogeneity difficulties, as noted in the 
Introduction, a rigorous analysis of cellular 
pool sizes in precursor cells is infeasible and 
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unprofitable. However, literature citations of 
the concentration range of nucleosides and 
nucleotides facilitate the interpretation of our 
data. Using Plagemann's [15] data that one 
million cells occupy a volume of 2.5#1, we 
calculated Henderson et al.'s data [13]; 
data from both studies showed that the nuc- 
leotide concentration is in the millimolar 
range. The ribotide triphosphates are the most 
abundant  species of NAP in the cell; the 
deoxytide levels constitute about 1(I,o of the 
ribotide levels. On the other hand, a 10~!'o 
serum concentration in the culture media 
would supply dThd and dCyd in the range of 
0.4-1.6#M [16]. Nucleosides constitute only a 
minor portion of the total NAP pool of the 
cell. Hence, the concentration of nucleotides, 
in the millimolar range, is the important 
concentration in interpreting our suicide stud- 
ies. A recent study of Plagemann et al. [17] 
supports this contention; after the first 5-  
10 sec, phosphorylation, rather than transport, 
is the rate-limiting step in the incorporation of 
uridine into Novikoff hepatoma cells. 

One hundred thousand cells per ml, which 
we normally use for our clonal analysis, oc- 
cupy a volume of 0.25#1, based on 
Plagemann's data [15]; if the millimolar nuc- 
leotide content in cells were diluted to 1 ml, 
the resulting concentration would be 0.25 #M. 
Under  these circumstances, it would be easy 
to see that the isotope dilution by 1 and 
10#M, unlabelled nucleoside would occur in 
these broken-cell concentrations. By contrast, 
the intact cell, having a concentration of 
nucleotides in the millimolar range, 'resists' 
isotope dilution until 0.1 mM (100#M) con- 
centrations of cold nucleosides are added. 
Hence, the simplest, though certainly not the 
only, explanation for the absence of isotope 
dilution is that the endogenous nucleotide 
concentration in the intact cells is in the 
millimolar range. 

Our studies with either tritiated Cyd or 
Urd revealed that their unlabelled counter- 
parts can effectively abolish the suicide of the 
other tritiated nucleoside, indicating that 
exogenously supplied Urd and Cyd share a 
common metabolic pathway. (Although Cyd- 
Urd effects are related, this is not the purpose 
of this report.) In the view of this easy 
substitution of Urd-Cyd to chase their tri- 
tiated counterparts, it was surprising that the 
relationship between the deoxyside pyri- 
midines was so different. 

Observed differences between the ribosides 
and the deoxysides in their ability to modify 
the suicide pattern by isotope dilution clearly 

point to the usefulness of the suicide technique 
in 'informing' us of the preferred metabolic 
pathway of exogenously supplied NAP in in- 
tact cells. Thus, we see that the addition of 
unlabelled dThd clearly enhances the suicide 
of tritiated dCyd (Fig. 3b). On the other 
hand, the presence of unlabelled dCyd show- 
ed a reversal of tritiated dThd suicide, al- 
though the effect was not prominent. These 
results were in reasonable accord with our 
experiments dealing with the incorporation of 
nucleosides into DNA of bone marrow cells in 
short term cultures. The correspondence ob- 
served between the incorporation studies in 
heterogeneous cells and suicide studies using 
clonal assays was interpreted to mean that this 
dThd-dCyd  interaction is likely to be a gen- 
eral phenomenon, not only in precursor cells 
(CFC), but occurring in the population of 
proliferating cells. Thus, we see that the ad- 
dition of 10 and 100#M amounts of un- 
labelled dThd enhanced the incorporation of 
tritiated dCyd into DNA. On the other hand, 
the presence of unlabelled dCyd in the media, 
10 and 100#M, reduced the incorporation of 
tritiated dThd into DNA. Using HAP chro- 
matography, we observed that the incorpo- 
ration of tritiated qtUrd into DNA was mark- 
edly inhibited by 1 #M AMN (not shown). 
Our results, in Table I, support the view of 
isotope dilution, i.e., that the exogenously- 
supplied, unlabelled dCyd is converted to 
unlabelled dThd nucleotides and, hence, di- 
lutes the incorporation of the tritiated dThd. 

How widespread the interplay of d T h d -  
dCyd is among the set of proliferating cells 
will be decided by future experiments. Since 
much of the literature regarding dThd-dCyd  
interplay deals with BrdUrd effects, it is ap- 
propriate here to discuss the biological effects 
of BrdUrd on cultured mammalian cells. 
Bromodeoxyuridine incorporation into cells 
has been used to modify biological functions 
of cells in culture [18-22]. Hence, inhibition 
of differentiation, tumorigenicity, pigmen- 
tation and induction of Friend leukemia virus 
are a consequence of BrdUrd addition. Strom 
and Dorfman [18] showed that the BrdUrd- 
induced suppression of chondrogenesis in 
chick embryo limb bud cultures was related to 
the incorporation of BrdUrd into moderately 
repetitive DNA sequences. In most studies, 
the BrdUrd effects are compatible with the 
enhanced incorporation of BrdUrd into DNA. 

A new approach to the study of molecular 
mechanisms of BrdUrd action was suggested 
by Meuth and Green [19] who showed that 
BrdUrd induced a dCyd-less state in cultured 
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cells, and that added dCyd can reverse the 
toxic effects of BrdUrd in some mammalian 
cell lines (confirmed by Horn and Davidson 
[20]). Further, the presence of dCyd in cul- 
ture results in decreased BrdUrd incorpo- 
ration into nuclear DNA. Horn and Davidson 
showed that dCyd inhibited the effects of 
BrdUrd on pigmentation, contact inhibition, 
cell morphology and tumorigenicity and this 
effect corresponded to a drop in BrdUrd 
substitution into DNA. Bick [21] showed a 
similar correlation of the BrdUrd effects on 
the induction of Friend leukemia virus. 
Subsequent results suggested that the reversal 
of BrdUrd toxicity of dCyd was due to the 
intracellular conversion of dCyd to dThd 
nucleotides. 

Davidson and Kaufman [22], on the other 
hand, demonstrated that dCyd reversed the 

suppression of pigmentation by BrdUrd wi- 
thout changing the amount of BrdUrd in 
DNA. Their notion of dCyd reversal, how- 
ever, requires the intracellular conversion of 
exogenously supplied dCyd to dThd nuc- 
leotides. In sum, BrdUrd-induced alterations 
of biological function is compatible with 
BrdUrd substitution of dThd into DNA, and 
dCyd-dThd  interactions play a prominent 
role in altering the BrdUrd-induced effects. 

Regarding the interplay of deoxynucleosides 
in affecting DNA synthesis in mammalian 
cells, Reichard [23] remarked: (1) although 
DNA synthesis requires an equal supply of all 
four bases, very large differences in pool sizes 
exist; (2) dCTP pools most closely reflect the 
rate of DNA synthesis. Our studies, as well as 
others cited above, are in reasonable accord 
with these statements. 
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