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SUMMARY

Inhibition of DNA synthesis during the period of exposure
of HeLa cells to 5-iodo-2'-deoxyumidine (IUdR) inhibited the
induction of alkaline phosphalase activity. This finding,
taken together with previous findings that IUdR did not
induce alkaline phosphalase activity in the presence of 2-
fold molar excess thymidine or in a mutant line of HeLa that
lacks thymidine kinase, demonstrated that IUdR incorpora
lion into DNA is correlated with the increase in alkaline
phosphatase activity. With the exception of an interim pe
nod described in the text, induction of alkaline phosphalase
activity was linearly related to medium concentrations of
IUdR of up to at least 3 @M.However, the extent of IUdR
subsitution in DNA did not appear to be related to the
degree of enzyme induction. Alkaline phosphalase activity
continued to increase at medium concentrations of IUdR
from 1 to 3 j.@M,while little further substitution of DNA
occurred.

INTRODUCTION

The thymidine analogs IUdR3 and BUdR have, in addition
to their antivinal activity, otheninteresting properties. They
will induce oncogenic viruses. In cells that are scheduled ho
differentiate they will block this process, and in already
differentiated cells they will cause the loss of differentiated
properties. Most studies to date with BUdR have indicated
that the analog must be incorporated into DNA to have
these effects (reviewed in Ref. 8). However, some studies
have indicated that BUdR may affect differentiation or dif
ferentiated properties without being incorporated into DNA
(9-1 1). Addition of lUdR (4) or BUdR (2) to HeLa cell cultures
results in an increased activity of alkaline phosphatase. It
was of importance to establish whether the effect of IUdR
on alkaline phosphalase activity in HeLa cells correlates
with incorporation of the analog into DNA, since such infom
mation would influence the type of experiments devised to
ascertain the mechanism of this action of IUdR. Previous
experiments demonstrated that thymidine could block the
effect of IUdR on induction of alklaine phosphatase activity
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and that this effect of lUcIA was absent in a HeLa cell mutant
lacking thymidine kinase (4). Such data are consonant with
the necessity for IUdR incorporation into DNA. However, the
possibility was not excluded that it is a phosphorylated
derivative of IUdR that effects the increase in alkaline phos
phatase activity, since either competition by thymidine or
lack of Ihymidine kinase activity would prevent synthesis of
phosphomylaled forms of IUdR as well as block subsequent
incorporation into DNA. The following experiments indicate
that IUdR incorporation into HeLa cell DNA correlates with
the increase in the activity of alkaline phosphalase but that
the relation between incorporation and induction is not a
simple one.

MATERIALS AND METHODS

Growth of Cells. HeLa S3 were obtained from Dr. Paul H.
Atkinson of Albert Einstein College of Medicine (Bronx,
N. V.) In a previous communication (4), HeLa S3 from a dif
ferent source were used. We were able to grow the HeLa
cells received from Dr. Atkinson in suspension to higher
densities and with shorter doubling time than those for the
previously used HeLa cells. These differences may account
for the better induction of alkaline phosphatase activity at
lower IUdR concentrations, reported in this paper, as com
pared to the induction reported previously (4).

Cells were grown either in suspension with Eagle's mini
mum essential medium, modified for suspension culture,
plus 10% fetal calf serum, or in monolayers with Eagle's
minimum essential medium plus 10% fetal calf serum. Ef
forts were made to minimize exposure of cells to light.

Preparation of Cell Extracts and Alkaline Phosphatase
Assay. Appropriate portions of monolayer cells were ham
vested by scraping into phosphate-buffered saline (137 mM
NaCI, 8.1 mM Na2HPO4,2.6 mt,i KCI, and 1.4 mM KH2PO4)
and by centrifugation. Suspension culture cells were simply
centrifuged. The pelleted cells were resuspended in phos
phale-buffered saline and centrifuged again. After the 2nd
centrifugation, the cell pellet was resuspended in 50 mM
Tnis (pH 7.8) and frozen until assayed. The thawed cells
were disrupted with a sonicatom (Heal Systems-Ultrasonics,
Inc. , Plainview, N. V.) and assayed for alkaline phosphatase
activity and protein content.

Alkaline phosphalase activity was determined by measur
ing the formation of p-nitrophenol from p-nitrophenyl phos
phate. The reaction mixture contained 8 mM p-nitmophenyl
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Monolayer cultures were preincubated with on without 1@Mcylosine
arabinoside for 4 hr, after which 3 @MIUdR was added to1set

of cultures with and without cytosine amabinoside (IUdRandIUdR
plus cylosine amabinosidetreated), and no furtheradditionswere
made to another set of cultures with and withoutcytosinearabinoside

(control and cytosine arabinosinetreated).After 24hr,the
medium in all cultures was replaced with drug-freemedium.The
cellswereharvestedforassayat72hr.InExperiment1,parallelflasks

were used to measure inhibition of[methyl-3H]thymidmneincorporation
into cold acid-insoluble radioactivity. Cellswerepulsed

for 30 mm with [methyl-3H]thymidine (1 .6 @Ci/nmoIe/mI)at0
to 0.5 hr and 24 to 24.5 hr. Incorporation was analyzedbystandard

glassfiber disc collection of the radioactiveprecipitate.Experiment
1 Experiment2Units/mg

Tmeated/ Units/mgTreated/Additions
protein control proteincontrolControl

5.74.7IUdR
42.2 7.3 42.59.0Cytosine

arabinoside 7.4 1 .3 1 .20.3IUdR
+ cytosine 16.5 2.9 2.30.5amabinoside

IUdR in HeLa DNA and Alkaline Phosphatase Induction

phosphate, 90 mM 2-amino-2-methyl-1-pmopanol (pH 10.5),
1 mM MgCI2, and cell extract. Incubahions were at 37Â°.p
Nitrophenol was measured by absorption at 410 nm. One
unit of activity was defined as the formation of 1 nmole of p
nilmophenol pen mm.

Determination of IUdR Incorporation into DNA. Two Ia
baling protocols were used for measuring IUdR incorpora
lion into DNA. Protocol 1, [8-14Cldeoxyadenosmnewas used
to label the DNA, and the extent of IUdR incorporation was
determined by the buoyancy of the extracted DNA in CsCI
gradients. Protocol 2 measured the incorporation of
[3H]IUdR into DNA. In this case, the extracted DNA was also
analyzed on CsCI gradients, but the relative incorporation
of IUdR was determined as cpm/A260 of pooled fractions
fromtheCsCIgradients.

Monolayer cultures in 16-oz bottles (78 sq cm surface
area) were exposed to 25 ml of medium containing appro
pniate concentrations of IUdR and [8-14C]deoxyadenosine
(10 nCi/0.26 nmole/ml) for 24 hr. The cultures were then
harvested and extracted for analysis on CsCI gradients. In
Protocol 2, growth and extraction methods were identical
except that [3H]IUdR (180.7 Ci/mole) was used.

Extraction and CsCI analysis of DNA were done in part as
described by Kaplan (6). After the culture was washed with
phosphate-buffered saline, 10 ml of a solution of 0.02 mg
disodium EDTA per 100 ml of phosphate-buffered saline
were added and allowed to incubate at 37Â°for approxi
mately 5 mm until the cells were dislodged from the bottle
surface. The cell suspension was centrifuged at room hem
pemature for 10 mm at 2000 rpm in an International Model
PR-J centrifuge with a No. 269 motor, after which the pellet

was resuspended in 1.8 ml of saline-citrate solution (150 mM
NaCI 15 mM sodium citrate, pH 7.3) plus 0.2 ml of sodium
dodecyl sulfate, 30 g/100 ml. To this suspension, 2.0 ml of
phenol-citrate solution (8.0 volumes of phenol mixed with
2.0 volumes of saline-citrate solution) were added. The sus
pension was shaken manually for 8 mm and centrifuged at
room temperature for 15 mm at 2000 rpm. The top, aqueous
phase and the interphase were removed and reextracted
with another 2.0 ml of phenol-citrate solution by shaking
and centnifugahion as before. The aqueous layer was me
moved and saved. The interface and phenol layer were
manually shaken for 2 mm with 2.0 ml of saline-citrate
solution and centrifuged, and the aqueous layer was me
moved. The combined aqueous extracts were mixed with
2.5 volumes of cold 95% ethanol and incubated at â€”20Â°for
at least 2 hr. The suspension was centrifuged at 0Â°for 15
mm at 3,000 x g in a Sorvall SS-34 motor. The pellet was
resuspended in 1.0 ml of saline-citrate solution and frozen
until the following day. Upon thawing, an equal volume of
ether was added to the solution, which was shaken man
ually for 5 mm and centrifuged for 5 mm in the International
centrifuge as above. The top, ether layer was removed and
the remaining aqueous layer was reextracted with ether.
Residual ether was removed by bubbling air through the
sample until the odor of ether was gone (approximately 10
mm) RNase A (dissolved in 2 mM Tnis, pH 7.4, and heated at
90-95Â°for 15 mm to destroy any contaminating DNase achy
ity) was added to the solution at a final concentration of 10
p.g/ml, and the solution was incubated at room temperature
for 30 mm.

The volume of the DNA solution thus obtained was ad
justed to 3.5 ml with saline-citrate solution, and 4.36 g of
CsCI were dissolved in it. Centnifugation was done at 35,000
rpm for 72 hr at 25Â°in a Spinco Model L2-65B centrifuge,
using an SW 50.1 rotor. Fractions were collected and the
CsCI densities were determined isopyknically. The fractions
were diluted when appropriate with saline-citrate solution
for absorption measurement at 260 nm, or immediately
precipitated with trichloroacetic acid and carrier albumin
(final concentration of 0.5 mg/mI) for collection on glass
fiber discs and radioisotope counting.

Chemicals. [mathyl-3H]Thymidme and [8-'4C]deoxyaden
osine were from New England Nuclear (Boston, Mass.). The
5-iodo-2'-deoxy[6-3H]umid me was from Amersham/Searle
Corp. (Arlington Heights, Ill.). CsCI and phenol for DNA
analysis were from Fisher Scientific Co. (Atlanta, Ga.) So
dium dodecyl sulfate (electmophoresis purity grade) was
purchased from Bio-Rad Laboratories (Richmond, Calif.).
IUdR was a product of Nutritional Biochemicals Corp.
(Cleveland, Ohio) and was put into solution immediately
priortouse.RNase A was obtainedfrom WorthingtonBio
chemical Corp. (Freehold, N. J.). Sigma Chemical Co. (Saint
Louis, Mo.) was the source forp-nitrophenyl phosphate, 2-
amino-2-methyl-1 -pmopanol buffer, cytosine arabinoside,
and the bovine serum albumin used for carrier purposes as
well as for protein standards.

RESULTS

Inhibition of DNA Synthesis and lUdR Induction of Alka
line Phosphatase Activity. The data in Table 1 show that 1
j.tM Cylosine arabinoside largely or completely prevented
the increase in alkaline phosphatase activity induced by
IUdR. The cytosine arabinoside was given 4 hr prior to the
addition of IUdR. At 24 hm, after addition of IUdR, both
drugs were removed by media replacement. In another pan
allel experiment, incorporation for 30 mm of [methyl

Table1
Inhibition by cytosine arabinoside of !UdR induction of alkaline

phosphataseactivity
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3H]thymidmne(1.6 @Ci/nmole/ml)into DNA was measured in
control and cytosine amabinoside-treated control cells at the
time that IUdR was added to the treated cells, and 24 hr later
when IUdR was removed. At both times, the 1 @tMcytosine
amabinoside inhibited incorporation of [methyl-3H]thymidine
into the acid-insoluble fraction from control cells by 84%. An
additional set of cultures was run with 1 @Mhydmocortisone,
with or without 1 @Mcytosine amabinoside. In this expeni
ment (Table 1, Experiment 1), stimulation by IUdR of alkaline
phosphatase activity at 72 hr was reduced from 7.3-fold to
only 2.9-fold. In contrast, cytosine anabinoside had no effect
on the 13.4-fold stimulation by 1 @Mhydnocortisone. At 72
hr, enzyme activity was 76.6 units/mg protein with 1 j.@M
hydrocortisone, and 69.9 units/mg protein with 1 @iMhydro
cortisone plus 1 @Mcytosine arabinoside. That inhibition of
DNA synthesis has no effect on hydnocortisone induction is
interesting in light of the findings of Griffin and Ben(5), who
reported that the increase in alkaline phosphatase activity
by hydnocortisone is initialed in the S phase of the cell
cycle. Since inhibition of DNA synthesis does not interfere
with hydmocortisone induction, it would seem that another
event associated with the S phase is involved in induction
by hydmocortisone. The effect of cytosine arabinoside on
IUdR induction of alkaline phosphatase was even more
striking in another experiment (Table 1, Experiment 2), but
the degree of inhibition of thymidine incorporation was not
measured. The action of cytosine amabinoside alone was
either to decrease the activity of alkaline phosphatase or not
to affect it. Some residual induction of alkaline phosphatase
by IUdR in the presence of cytosine amabinoside is not
unexpected for 2 reasons: (a) inhibition of DNA synthesis
may not be complete, allowing some analog incorporation;
(b) the cytosine amabinoside is removed after 24 hm,presum
ably allowing resumption of DNA synthesis and thus the
incorporation of residual IUdR nucleotides formed during
the 0- ho 24-hr time period. These data, taken together with

the effect of thymidine addition or the absence of thymidine
kinase in preventing induction by IUdR (4), demonstrate the
correlation of IUdR incorporation into DNA with induction
of alkaline phosphatase activity.

The Relation between the Medium Concentration of
lUdR and Alkaline Phosphatase Activity. The maximal in
duchion of alkaline phosphatase activity that occurs at
about 72 hr after addition of IUdR is the same whether the
IUdR is left in for the full 72 hr on removed after 24 hr (4).
Using the latter protocol, the relation between IUdR con
cenhration and alkaline phosphalase activity at 72 hr was
studied. When these experiments were done initially (Chart
la), there was a linear increase in alkaline phosphatase
activity with lUdR concentrations of up to at leash3 @M.At
higher concentrations, the level of activity was quite vania
ble. In the 3 separate experiments depicted, linearity to 3
.tM was observed even though the actual enzyme activities

and extent of stimulation by IUdR were quite different in
each experiment.

At the later date, these experiments were repealed. In
these later experiments, the increase in alkaline phospha
lase activity at 72 hr relative to lUdR concentration was
linear to only about 1 @M,and at higher concentrations
there was little increment in activity (Chart lb). A lime curve
of induction at 0.5, 1 and 3 @MlUcIA was done to see
whether the cultures containing 3 @Mwere reaching a peak
earlier or later than 72 hr (Chart lc). The data show that at
48 hr as well as at 72 hr themewas a linear relation between
IUdR concentration in the medium and alkaline phospha
lase induction only up to about 1 @M.On the other hand, the
enzyme specific activity was greater at 96 hr than at 72 hr for
IUdR concentrations of 1 and 3 @Mwhereas at 0.5 @Mthe
96-hr specific activity was lower than the value at 72 hr.
Thus, in this experiment, the values for alkaline phospha
tase specific activity at 96 hr relative to IUdR concentration
appeared to approximate linearity more closely to 3 @M.

Chart 1. Medium lUdR concentration
and alkaline phosphatase specific activity.
In a , monolayer cultures were incubated
with the indicated concentrations of lUdR
for the 1st 24 hr. The medium was replaced
with drug-free medium and the incubation
continued until 72 hr, at which time the cells
were harvested for measurement of alkaline
phosphatase specific activity. Ordinate , ra
tio of specific activities at 72 hr of IUdR
treated to those of control alkaline phos
phatase. Three separate experiments (I,
0, x) are depicted. In b, experimental con
ditions were identical to those described for
a. However,rather than 3 separateexperi
ments, 1 is depicted. Each point is the aver
age of triplicate cultures; bars, SE. Ordi
nate, specific activity of alkaline phospha
tase for the various medium concentrations
of lUdR. In c, the same procedure as for b
was followed except that cultures were har
vestedat48 (â€¢),72 (0),and 96 (x)hrfor
measurement of alkaline phosphatase ape
cific activity. Cultures were in triplicate ex
cept for the 96 hr, 3.0 @MIUdR point be
cause 2 of the cultures were lost. The SE.
are indicated for all but the 96 hr, 3 @.tMlUdR
point and the control samples, the latter
being too small to depict clearly. Ordinate,
alkaline phosphatase specific activity.
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IUdR in HeLa DNA and Alkaline Phosphatase Induction

Unfortunately, after further passages of the cells, the onigi
nal linear relationship between lUdR concentration and in
duction was again observed, thus precluding any further
work on this particular relationship. We presently do not
know why or how the cells changed. What we do know is
that in each case the observed concentration-activity nela
tionship was real and repeatable.

The Relation between the Degree of IUdR Substitution in
DNA and Alkaline Phosphatase Activity. At the same time
that the studies of IUdR concentration and induction of
alkaline phosphatase activity were performed, parallel ax
peniments measuring the degree of IUdR substitution in
DNA were done. The DNA was labeled with [8-
14Cjdeoxyadenosine, extracted, and analyzed by CsCI bouy
ant density centnifugation as described under â€˜â€˜Materials
and Methods.â€•The DNA was isolated after 24 hr, the time
when the medium was changed, on the assumption that at
24 hr the degree of substitution would be nearly maximal.
Data to be presented in which [3H]IUdR incorporation was
measured over an extended period (Chart 4b) support this
assumption.

Under conditions where alkaline phosphatase activity
induction at 72 hr was linearly related to IUdR concentration
of up to 3 ,LM,the extent of IUdR substitution in DNA at 24 hr
was not so related . Between 1 and 5 @MIUdR themewas little
if any further substitution (Chart 2). Thus, there was no

obvious direct relationship between substitution of DNA
and induction of enzyme activity by IUdR. Moreover, it was
puzzling ho find that, at the time when the cells apparently
changed so that induction was linear only to an IUdR con
centration of about 1 @M(Charts lb and 3a), no IUdR
incorporation into DNA was measurable until a concentra
lion of 1 @Mwas used (Chart 3b). At that lime, to increase
the sensitivity for detection of possible IUdR incorporation
into DNA, a different procedure was used.

In the new procedure, madiolabeled IUdR was used and
incorporation was expressed as cpm/A260of the CsCl frac
lions. Unfortunately, at the lime that the new procedure was
instituted the cells reverted to their original response to
IUdR, i.e., induction increased linearly with concentrations
of IUdR at least as high a 3 ,.@M(Chart â€˜Ia).As can be seen in
Chart 4b, relative incorporation of IUdR measured now
by [3H]lUdR was, as before, not linearly related at concen
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Chart 3. Medium IUdR concentration, alkaline phosphatase specific activ
ity, and the percentage of lUdR substitution in DNA. Parallel monolayer
cultures were prepared with the indicated concentrations of IUdR and with
[8-'4C]deoxyadenosine in those cultures that were to be analyzed for IUdR
substitution in DNA. At 24 hr, the medium was replaced with drug-free
medium in those cultures that were subsequently analyzed at 72 hr for
alkaline phosphatase specific activity. The cultures also containing [18-
â€˜@C]deoxyadenosinewere harvested for analysis of DNA. Ordinate for a,
specific activity of alkaline phosphatase; ordinate for b , the percentage of
IUdR substitution for thymidine in the DNA at 24 hr.
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Chart 4. IUdR incorporation into DNA and alkaline phosphatase specific
activity at various medium IUdR concentrations and times after exposure.
Parallel monolayer cultures were prepared with the indicated concentrations
of IUdR and with [6-3H]IUdR in those cultures that were to be analyzed for
IUdR incorporation into DNA. At 24 hr, a set of cultures that contained [6-
3H]IUdR was harvested for DNA analysis. The medium was replaced in the
remaining cultures and harvested subsequently for DNA analysis and alkaline
phosphatase specific activity determination. The alkaline phosphatase spe
cific activity is shown in a at 48 (0), 72 (x), and 96 (tx) hr. The IUdR
incorporation is shown in b as cpm x 10'/A@ at 24 (â€¢),48 (0), 72 (x), and
96 (@) hr.
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Chart 2. Medium IUdR concentration and the percentage of substituion of
IUdR in DNA at 24 hr. Monolayer cultures were incubated for 24 hr with the
indicated concentrations of IUdR and [8-'4C]deoxyadenosine. The DNA was
extracted and analyzed for percentage of substitution as described under
â€œMaterialsand Methods.â€•â€¢,0, & X, different sets of experiments.
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trations of IUdR higher than 1 @M,particularly at the ap
proximate time of maximal incorporation (24 hm).The nela
hive incorporation into DNA or lUcIA at various lUcIA concen
trahions remained essentially the same over 96 hm,since at
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all concentrations the extent of substitution decreased after
24 hr, reflecting that no more IUdR was being incorporated
and that the IUdR that was incorporated was in effect di
luhed out by DNA replication (Chart 4b). In this regard, Chart
5 shows that continued cell replication in the absence of
IUdR resulted in decreasing alkaline phosphatase activity
after maximal induction at 72 hr that approached the spa
cific activity found in control cells.

DISCUSSION

When DNA synthesis is inhibited in HeLa cells exposed to
lUdA there is no induction of alkaline phosphatase activity.
lUdR also will not induce alkaline phosphatase activity in
the presence of 2-fold molar excess thymidine or in a mu
tant HeLa cell that lacks thymidine kinase (4). It seems
reasonable ho conclude from these data that IUdR incorpo
ration into HeLa DNA is correlated with induction of alkaline
phosphatase activity. On the other hand, data have been
presented here to the effect that there is no apparent rela
tionship between the degree of IUdR incorporation into
DNA and the extent of induction of alklaine phosphatase
activity. In one set of experiments enzyme activity continued
to increase linearly with increasing IUdR concentration in
the medium while incorporation did not. In another group of
experiments alkaline phosphalase activity cleanly increased
at medium concentrations of IUdR that produced no detect
able IUdR incorporation into DNA. Further, the increment in
activity plateaued at a medium lUcIA concentration at which
analog incorporation first began to occur. Another difficulty

z
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24 48 72 96 20 44 68
HOURS

Chart 5. Long-term effect of 24-hr IUdR exposure on alkaline phosphatase
specific activity and cell replication. Two suspension cultures were initiated,
a control (â€¢)and one which contained 3 @MlUdR ( 0). After 24 hr, portions of
each culture were removed for (a) measurement of alkaline phosphatase
specific activity, and (b) cell density determination. The remainder of each
culture was centrifuged, and the cells were resuspended in drug-free me
dium. At 24-hr intervals, additional samples were removed and the original
culture volume was restored by addition of medium.

in interpreting these results is that of knowing at what times
after addition of IUdR to compare the increases in alkaline
phosphalase activity with incorporation into DNA. Assum
ing that incorporation of lUdR into DNA is correlated with
induction, then, of course, the incorporation measurements
on cells earlier in the experiment would be compared with
subsequent enzyme activities. However, to determine what
the correct time is for each and how the choice of time
would affect the relationships is a complex matter. We have
chosen hofocus on 24 hr for incorporation into DNA and 72
hr for enzyme activity, while also presenting other time
points for consideration . At approximately 72 hr induction is
usually although not always maximal, and at about 24 hr
incorporation into DNA is probably maximal (probably max
imal because it is possible that incorporation reaches a
maximum somewhat before on after 24 hr, but measure
ments show that incorporation is certainly less at 48 hr than
at 24 hm).It is apparent that there is no simple relationship
between the extent of IUdR incorporation and induction of
alkaline phosphalase activity.

Another possibility that must be considered is that induc
lion of alkaline phosphatase activity is not related to nor is it
a consequence of, lUdR incorporation into DNA. Rogers at
a!. (9) have presented evidence that incorporation of BUdR
into the DNA of rat skeletal muscle myoblasts is not related
to the inhibition of myogenesis by BUdR. Their conclusion
was based upon the finding that deoxycytidine prevented
the inhibition of myogenesis by BUdR but did not affect the
incorporation of BUdR into DNA. In contrast, we have found
that concentrations of 8 ho 400 @Mdeoxycytidine did not
affect induction of alkaline phosphatase by 3 @MIUdR (un
published observations). The conclusion of Schubert and
Jacob (10) that induction of differentiation in a neuroblas
homa is not dependent upon BUdR incorporation into DNA
rests principally upon the observation that inductions by
BUdR still occurred when incorporation into DNA was in
hibited by cytosine arabinoside on mitomycin C. Interest
ingly, Schubert and Jacob also found, as did Rogers at a!.,
that deoxycytidine as well as thymidine would prevent the
effect of BUdR, although they did not report examining
whether deoxycytidine would inhibit BUdR incorporation
into DNA. The 3 lines of evidence already discussed above
are consistent with the idea that incorporation of lUdR is
requisite for enzyme induction. However, relative ho the
opposite examples given in this paragraph, the most critical
is that induction does not occur when DNA synthesis is
inhibited by cytosine anabinosida. This is in contradistinc
lion ho the findings of Schubert and Jacob for neumob
lastoma cells. Also, unlike the data of Rogers at a!., deoxy
cytidine has no effect on induction. Also, Rogers et a!.
found that at 3.2 @MBUdR myogenesis was inhibited, but
the substitution was only about 1 to 2%. This is reminiscent
of some of the data obtained on IUdR substitution when
induction of alkaline phosphalase activity was plealeauing
at a concentration of about 1 @MIUdR.

A possible explanation for the lack of correlation is that
induction of alkaline phosphatase activity is correlated with
incorporation of lUcIA into a particular subclass on portion
of the DNA molecule rather than into the total DNA mole
cule. Schwartz and Kirshen (12, 13) have presented data for
BUdR incorporation into mouse embryo DNA that are con
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sonant with this idea. Al a low concentration (10w M),
[3H]BUdR, in comparison to [3Hjthymidmne, was prefemen
tially incorporated into repetitive and intermediate DNA se
quences. Single-copy DNA sequences were only lightly sub
stiluted. Al a higher concentration (10@ M) BUdR distnibu
lion was uniform throughout the DNA, as was the dislribu
lion of thymidine. In agreement with these findings was the
observation that at 10@ M BUdA the analog was incorpo
rated preferentially into regions of long pynimidine tracts.
These latter experiments were done by nuclease analysis.
HeLa cell DNA, like that of mouse embryo cells, contains
reiterated and single-copy sequences (7) and long pymimi
dine tracts (1). We suggest that perhaps IUdR incorporation
into reiterated sequences or pynimidine tracts may be comma
lated with induction of alkaline phosphalase activity. We are
examining this possibility.

Lastly, the induction of alkaline phosphalase activity by
IUdR, like the induction by hydrocortisone (3), is due to a

modification of the enzyme molecule making it more active,
rather than due to an increase in the number of enzyme
molecules (B. Goz and K. P. Walker, manuscript in prepama
lion). Thus, IUdR probably induces alkaline phosphatase
activity indirectly through an effect on another molecule(s),
which then probably acts to modify the alkaline phospha
tase structure, making it more active. Therefore, it is con
ceivable that incorporation of IUdR into DNA would comma
late better with an alteration in the synthesis of this modifier
molecule (assumed to be a protein) than with the induction
of alkaline phosphatase activity.

DECEMBER1976 4485

REFERENCES

1. Birnboim, H. C., Mitchel, R. E. J., and Straus, N. A. Analysis of Long
Pyrimidine Polynucleotides in HeLa Cell Nuclear DNA: Absence of Poly
deoxythymidylate. Proc. NatI. Acad. Sd. U. S., 70: 2189-2192, 1973.

2. Bulmer, D., Stocco, D. , and Morrow, J. Bromodeoxyuridine Induced
Variations in the Level of Alkaline Phosphatase in Several Human Heter
oploid Cell Lines. J. Cellular Physiol., 87: 357-366, 1976.

3. Cox, A. P., Elson, N. A., Tu, S., and Griffin, M. J. Hormonal Induction of
Alkaline Phosphatase Activity by an Increase in Catalytic Efficiency of the
Enzyme. J. Mol. Biol., 58: 197-215, 1971.

4. Goz, B. The Induction of Alkaline Phosphatase Activity in HeLa Cells by
5-lodo-2'-deoxyuridine. Cancer Rae., 34: 2393-2398, 1974.

5. Griffin, M. J., and Ber, R. Cell Cycle Events in the Regulation of Alkaline
Phosphatase in HeLa Cells. J. Cell BioI., 40: 297-304, 1969.

6. Kaplan, A. S. lsopycnic Banding of Viral DNA in Cesium Chloride. In: K.
Habel and N. P. Salzman (eds.), Fundamental Techniques in Virology,
Chap. 45, pp. 487-495. New York: Academic Press, Inc., 1969.

7. Klein, W. H., Murphy, W., Attardi, G., Britten, R. J., and Davidson, E. H.
Distribution of Repetitive and Nonrepetitive Sequence Transcripts in
HeLa mRna Proc. NatI. Acad. Sci. U. S., 71: 1786â€”1789,1974.

8. Prusoff, W. H., and Goz, B. Halogenated Deoxyribonucleosides. In: A. C.
Sartorelli and D. G. Johns (eds), Handbook of Experimental Pharmacol
ogy, Vol. 38, Part 2, Antineoplastic and Immunosuppressive Agents,
Chap. 44, pp. 272-347, Berlin Springer-Verlag, 1975.

9. Rogers, J., Ng, S. K. C., Coulter, M. B., and Sanwal, B. D. Inhibition of
Myogenesis in a Rat Myoblast Line by 5-Bromodeoxyuridine. Nature,
256: 438-440, 1975.

10. Schubert, D., and Jacob, F. 5-Bromodeoxyuridine-induced Differentia
tion of a Neuroblastoma. Proc. NatI. Acad. Sci. U. S., 67: 247-254, 1970.

11. Schwartz, J. P., Morris, N. R., and Breckenridge, B. M. Adenosine 3',5'-
Monophosphate in Glial Tumor Cells. J. Biol. Chem., 248: 2699-2704,
1973.

12. Schwartz, S. A. Localization of 5-Bromodeoxyuridine Distribution in Rat
DNA as Determined by Single-Strand Specific Nucleases. Biochem. Bio
phys. Res. Commun., 65: 1081-1087, 1975.

13. Schwartz, S. A., and Kirsten, W. H. Distribution of 5-Bromodeoxyuridine
in the DNA of Rat Embryo Cells. Proc Natl. Acad. Sci. U. S., 71: 3570-
3574, 1974.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2395716/cr0360124480.pdf by guest on 19 M

ay 2023




