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The purpose of this study was to determine the intranuclear
distribution ofDNA repair synthesis (as measured by TdR-3 H3
incorporation) after exposure to a diverse group of direct-act
ing chemical carcinogens and UV. Such an approach was
thought to be useful since any DNA extraction procedure
must, of necessity, result in some misrepresentation of nuclear
structure (A good discussion of this problem may be found in
Ref. 14, last paragraph.). In addition, recent advances in the
development of quantitative, high-resolution light ARG (1)
have made these measurements possible. Previous attempts to
analyze the distribution of DNA repair synthesis utilizing
electron microscopic ARG have been unsuccessful largely
because of the difficulty of incorporating sufficient TdR-3 H
during DNA repair synthesis (Ref. 7; G. G. Maul and M. W.
Lieberman, unpublished observations; C. C. Harris and M. W.
Lieberman, unpublished observations).

MATERIALS AND METHODS

Treatment of Cells

WI-38 human diploid fibroblasts were grown to confluence
in diploid growth medium containing neomycin (73 .5 mg/
liter) and 10% fetal calf serum as previously described (18).
The contact-inhibited cells were exposed to either: (a)
NAAAF (1 , 10, or 100 pM) or 7-BrMeBA (1 pM), both in
redistilled dimethyl sulfoxide (final concentration, 0.5%); (b)
NMU (0.18, 0.9, or 1.8 mM ; Ash Stevens, Detroit, Mich.); or
(c) UV (200 ergs/sq mm 20 i/sq m; 254 nm) administered at
a flux of 11 ergs/sq mm/sec from a low-pressure mercury lamp
(18). Control cultures received dimethyl sulfoxide alone.
Fiften mm after treatment, TdR-methyl-3H (10 pCi/ml; 50
Ci/mmole; New England Nuclear, Boston, Mass.) was added.
Hydroxyurea was not added to the culture medium.

Electron Microscopy

Cells were fixed in situ with 4% glutaraldehyde in 0.1 M
s-collidine, pH 7.4, at 4Â°for 1 hr. The cells were then scraped
off the Petri dish with a rubber policeman, centrifuged into a
pellet, and postfixed in 1.33% 0504 buffered by 0.1 M
s-collidine, pH 7.4. The cell pellet was dehydrated with

3The abbreviations used are: TdR, thymidine; ARG, autoradiog
raphy; NAAAF, N-acetoxy-2-acetylaminofluorene; 7-BrMeBA, 7-bro
momethylbenz(a)anthracene; NMU, N-methyl-N-nitrosourea.
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SUMMARY

Confluent, non-S-phase human diploid fibroblasts (WI-38)
showed autoradiographic evidence of DNA repair synthesis
following exposure to either N-methyl-N-nitrosourea, 7-
b rom omethylbenz(a)anthracene, N-acetoxy-2-acetylamino
fluorene, or ultraviolet light (jredominantly 254 urn) and
subsequent labeling with thymidine-3H. The intranuclear
distribution of DNA repair synthesis (unscheduled DNA
synthesis) in individual cells was nonrandom, i.e., did not fit a
random model (Poisson distribution). We compared the
autoradiographic grain density near the nuclear envelope
(â€œoutershellâ€•) to the density in the central nuclear area
(â€œinnercoreâ€•).When the grain densities were corrected for the
greater packing of DNA in the outer shell, there was an
approximately 2-fold increase in grain densities of the inner
core when compared to the outer shell. By electron
microscopy the DNA in the inner core is primarily euchro
matic, while that in the outer shell is primarily heterochro
matic. No alterations in either the ultrastructure of hetero
chromatin or its peripheral distribution were observed in cells
undergoing DNA repair synthesis at doses of carcinogens
examined. The major ultrastructural change was segregation of
nucleolar granules and fibrils in cells exposed to either
N-acetoxy-2-acetyla.minofluorene, ultraviolet light , or 7-
bromomethylbenz(a)anthracene.

INTRODUCTION

Chemical carcinogens and UV damage DNA, inducing DNA
repair synthesis in many types of mammalian cells (3, 7,
16â€”18, 21, 26). Little is known, however, about the
distribution of repair synthesis in the mammalian genome.
Previous investigations indicate approximately equal damage
and repair of mouse satellite and mainband DNA (9, 19, 30).
In addition, Lieberman and Poirier (20), using human diploid
fibroblasts, and Meltz and Painter (23), using HeLa cells,
found nearly equal repair synthesis in repetitious and unique
sequences of DNA following exposure to either UV or
chemical carcinogens.
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ethanol, exposed to 2 changes of propylene oxide, and
embedded in Epon 812 containing 5% Araldite 502 (12).
Ultrathin sections were stained with lead citrate and uranyl
acetate and examined in Hitachi HU-12 at 75 Ky.

High-Resolution Light Microscopic ARG

Cells are fixed and embedded as described above. One-pm
sections of each cell pellet as well as 1-pm sectionS of
polybutylmethracrylate-3 H (28 pCi/g; Amersham-Searle,
Chicago, Ill.) were placed on glass slides, which were then
dipped in NTB-2 nuclear emulsion (Eastman Kodak, Roches
ter, N. Y.) at 45Â°.After exposure in the dark at 4Â°for either
14 or 28 days, the autoradiograms were developed at 15Â°with
D-19 (Eastman Kodak) for 6 min, rinsed in water, and fixed in
Kodak rapid fixer for 10 mm. The sections were stained with
1% toluidine blue (27) at 20Â°for 1 hr. These autoradiographic
methods have been described previously in detail (1).

Quantitation and Statistical Analysis of Autoradiograms

Cross-sections of individual cells not in replicative DNA
synthesis were photographed at a magnification of 1953 with a
Zeiss Ultraphot light microscope using a X63 objective lens.
After photographic etilargement to a final magnification of
10,000, positive prints were made from the 4 x 5-inch
negatives. Since some autoradiographic grains were slightly out
of focus and thus varied in diameter, the center of each grain
was marked on the photomicrographs and was chosen as the
point nearest to the radioactive source (grain center). The
grains were approximately 0.3 pm in diameter.

The randomness of the intranuclear distribution of the
grains was investigated by 2 quantitative approaches. The 1st
approach considered randomness versus a general nonrandom
ness while the 2nd looked specifically at the difference in grain
density between the inner and outer portions of the nucleus.

Method 1: Poisson Method. Method 1 is based on the
fact that if the grains are randomly located on the nuclear
cross-section and if a grid of small squares is placed randomly
over the nucleus then, according to statistical theory, the
number of grains that fall in a square should follow the
Poisson distribution (25). A transparent grid composed of 1.5-
x 1.5-cm squares was placed on the photomicrographs and the
number of grains (i.e., centers) per square was counted. A x2
goodness-of-fit test (25) was then used to determine how well
the observeddistributionof the numberof grainspersquare
fit a Poisson distribution. Counts were done for 20 nuclei for
each experimental unit, i.e., each agent-dose-exposure combi
nation. Since the grain densities varied between nuclei,
statistical tests were done on individual nuclei and then
combined to obtain the significance level for the goodness-of
fit for each experimental unit.

Method 2: Method of Inner versus Outer Density. This
procedure tested the equality of the grain density of the
â€œoutershellâ€•versus the density of the â€œinnercore.â€•The outer
shell was defined as the cross-sectional area within 1.25 pm of
the nuclear cross-section. The distance of 1.25 pm was
selected because previous analysis of electron micrographs
revealed that the bulk of the heterochromatin in WI-38 cells
lies within 1.25 pm of the nuclear envelope (C. C. Harris,

unpublished results; Fig. 9). The grain density was the number
of grains per cross-sectional area. The cross-sectional area was
measured by a weighing method (12). The nuclei used in
Method 1 statistical procedure also were used here. These are
â€œequivalentâ€•to volumetric measurement and hence concentra
tions since the thickness of the section is known to be uniform
1 pm. However, nuclei with a width 3 pm or less were
excluded due to the lack of an inner core, and the number of
nuclei counted per experimental unit varied from 7 to 16. This
also tended to exclude nuclear cross-sections containing only
nucleoplasm near the nuclear envelope. Two-tailed paired
tests, both Student's t and the signed rank tests, were used to
testthedifferencein densities(25).

The number of grains per nucleus was also counted for 50
nuclei for each experimental variable.

RESULTS

In the contact-inhibited control cultures (Fig. 1), less than
1% of the cells were heavily labeled with autoradiographic
grains, i.e., in S phase. Cells not in S phase were overlaid with
fewer than 1 grain/nucleus (Chart 1). In cultures exposed to
either UV (Fig. 2) or chemical carcinogens (Figs. 3 to 5),
greater than 95% of the cells were lightly labeled, i.e., were in
DNA repair synthesis. These lightly labeled cells could be
easily distinguished from heavily labeled cells actively syn
thesizing replicative DNA. Cells in which the 1-pm cross-section
did not pass through the nucleus were not labeled.

Time Course of DNA Repair Synthesis. The time-course
study of DNA repair synthesis (unscheduled DNA synthesis)
was investigated by continuously labeling with TdR-3 H 15 mm
after damage by 10 pM NAAAF. Cells were harvested at 2,
5.5, 9.5, 12, and 24 hr, and autoradiograms were prepared.
Cells exposed to 10 pM NAAAF showed an increase in mean
number of grains per nucleus with increasing time when
compared to control cultures (Chart 1). Table 1 presents the
data for the total grains per nucleus as a function of dose and
time.

Analysis of Grain Disfribution in the Nucleus by the Poisson
Method. In the 1st quantitative approach the x2 goodness-of
fit test indicated that the distribution of the number of grains
per square does not fit a Poisson distribution for any of the
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Chart 1. Time course of DNA repair synthesis (unscheduled DNA
synthesis) after exposure to 10 @iMNAAAF (see â€œMaterialsand
Methodsâ€•for details).
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CarcinogenDoseIncubation time (hr)Grains/lO

sq j@mGrains/lO sq @trn/unitDNAâ€•Total

nucleusOuter shells'Inner coreOuter shellInnercoreNAAAF

NAAAF
NAAAF10@zM

10 @sM
10MM2.0

5.5
9.56.1

Â±0.9â€•
7.3 Â±0.6

13.2 Â±1.46.1

Â±1.1
6.4 Â±0.6

12.5 Â±1.46.1

Â±0.9
8.1 Â±0.8

14.4 Â±1.56.1
6.4

12.510.4
13.8

24.5NAAAF

NAAAF
7-BrMeBA
UV100@zM

1 @iM
1 @zM

200 ergs/sq rnm'@5.0

5.0
5.0
5@p9.3

Â±0.7
1.3 Â±0.3
8.7 Â±0.8

13.1 Â±0.78.5

Â±0.8
1.2 Â±0.3
8.3 Â±0.9

12.8 Â±1.010.0

Â±1.1
1.6 Â±0.4
9.8 Â±0.3

13.2 Â±0.68.5

1.2
8.3

12.817.0

2.7
16.7

22.4NMU

NMU
NMU
None, control0.18

mM
0.9 mM
1.8 mM
None5.0

5.0
5.0
5.04.9

Â±0.3
5.6 Â±0.5
9.5 Â±0.3
0.4 Â±0.34.7

Â±0.3
5.3 Â±0.5e
8.6 Â±0.4e

NT@5.2

Â±0.5
6.7 Â±0.6

11.0 Â±0.5
NT4.7

5.3
8.68.8

11.4
18.7

See â€œMaterialsandMethodsâ€•(Poisson method)fordetails.IncubationDistributionat

following no. of grains/2.25 sq@mCarcinogenDosetime

(hr)012345 ormoreNAAAF10MM2.01.13Â°

(2l5)@'0.85 (172)0.97 (105)1.13 (43)0.98 (10)2.80(7)NAAAF10@zM5.51.15
(72)0.92(105)0.86 (89)1.17(73)1.31 (37)0.63(9)NAAAF10MM9.50.97
(22)0.74 (46)1.16 (99)0.97 (76)1.18 (63)0.91(46)NAAAF

NAAAF100MM 1 @.zM5.0 5.01.14
(93)

1.04 (225)0.80
(95)

0.78 (50)1.15
(99)

1.37 (13)0.94
(39)

3.09 (3)â€•1.18
(18)0.86(5)7-BrMeBA1

pM5.00.96 (65)1.02 (119)0.99 (99)1.02 (58)0.99 (24)0.96(11)UV200
ergs/sq mm5.01.02 (30)0.70 (50)1.15 (100)1.16 (81)1.15 (49)0.70(23)NMU0.18mM5.01.15

(178)0.81 (133)0.97 (86)1.20(38)1.41 (12)1.36(3)NMU0.9
mM5.01.06 (152)0.92 (157)1.09 (110)0.88 (35)0.93 (11)1.71(6)NMU1.8
mM5.01.01 (46)1.01 (98)0.90 (93)0.98 (72)1.27 (50)0.87 (22)

IntranuclearDistribution ofDNA Repair

experimental cases (p < 0.05). In Table 2 the data are
summarized for the 20 nuclei of each experimental case, and
in Charts 2 to 4 the data are graphically depicted in 3 cases.

If all 10 dose-agent-time combinations are considered, there
is a tendency for there to be : (a) more squares with no grains

than are expected; (b) fewer squares with 1 grain than are
expected; and (c) more squares with 2 to 4 grains than
expected. These data suggest that the grains tend to cluster.
The clustering is consistent with more empty spaces and fewer
singlet grains than a random distribution of grains. This
clustering behavior was not an artifact of ARG, since grains
overlying the 1-pm section of uniformly labeled polybutyl

methacrylate-3 H were found to be distributed in a random
manner, i.e., counts per square fit a Poisson distribution (p>
5). A further aspect of clustering is an increase in the number
of squares with â€œgroupsâ€•of grains; there is a tendency for
there to be more squares with 3 or 4 grains than expected but
fewer with 5 or more.

Analysis of Grain Density in the Inner Core and Outer Shell.
Table 1 gives the average grain densities and standard errors
obtained when the grain densities of the inner core and outer
shell are compared (method of inner versus outer density).
Although only 2 treatments (0.9 and 1.8 mM , NMU) of the 10
gave significant (p < 0.05) differences between the inner core

Table 1
Intranuclear distribution of TdR-3H incorporation during DNA repair synthesis

TdR-3H (10 MCi/mI)was added to culture medium 15 mm after treatment with either chemical carcinogen or UV. Exposure time for the
autoradiograms was 28 days.

a The experimentally determined packing ratio of DNA outer shell/inner core was 1 .7 (see text) and values in Columns 5 and 6 are corrected

accordingly. All corrected values in the inner core except one, 1 @MNAAAF, differ significantly from values in the outer shell (p < 0.05).
b Nuclear cross-sectionalarea within 1.25 @zmof the nuclear envelope. The inner core is the remainder of the nuclear cross-sectionalarea.
C Mean Â±S.E.

d@ â€œMaterialsand Methods.â€•
e@ < o.os (Student's paired t test) when value for outer shell is compared to value uncorrected for distribution of DNA in the inner core.

I NT, not tested.

Table 2
Intranuclear distribution ofDNA repair synthesis compared to a random model

a Ratio of observed number of squares with specified number of grains per 2.25 sq @mto the expected number of squares.
b Numbers in parentheses, observed number of squares.
C Three or more.
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Chart 4. NAAAF, 10 tiM, 5.5 hr. An increase in squares containing 3
to 4 or more grains is found, when compared to a Poisson distribution.
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Chart 2. Analysis of grain distribution after damage with UV (200
ergs/sq mm). The ratio of the cumulative number of squares observed
to the expected number (ordinate) is plotted as a function of grains per
square (abscissa). The observed number of grains per square is in
parentheses. Fewer squares than expected were observed containing
either 1 grain or 5 or more grains and more squares than expected
contained 2 to 4 grains. The distribution is significantly different (p <
0.01), when compared to a Poisson distribution (see â€œMaterialsand
Methods,â€•Poisson method).

5 or more

Chart 3. NMU, 2 mM, 5 hr. A nonrandom distribution of
autoradiographic grains is observed. The observed distribution is
different at a statistically significant level (p < 0.025), when compared
to a Poisson distribution.

and outer shell densities, in all but 1 treatment the average
inner grain density was greater than the average outer grain
density. The probability of this happening if the grain densities
were equal is less than 0.025. Further if the t tests are
combined, the average grain density of the inner core is seen to
be significantly greater than the grain density of the outer shell
(p < 0.005). This suggests that in the 10 treatments studied
thegraindensityof theinnercoreisgreaterthanthegrain
density of the outer shell. When the densities are corrected for
the intranucleardistributionof DNA (seebelow),all treat
ments except 1 pM NAAAF caused higher grain densities in
the inner core (p < 0.005) than in the Outer shell. Failure to
show an increase in grains over the inner core is probably due
to the low level of DNA repair synthesis at the 1 pM dose of
NAAAF.

The distribution of nuclear DNA was determined by
exposing asynchronously growing WI-38 fibroblasts to
TdR-3H, 0.1 pCi/ml, (6.7 Ci/mmole) for 24 hr and then
allowing the cells to come to confluence in medium-free
TdR-3H. Asynchronous cultures and long labeling time were
used to prevent labeling artifacts resulting from selective
labeling of early and late replicating DNA. Analysis of the
autoradiograms by the method of inner versus outer density
showed a higher grain density in the outer shell than in the
inner core. The ratio of grain densities in the outer shell to
those in the inner core was 1.7 Â±0.2.

Analysis of Grain Distribution in the Nuclear Inner Core by
the Poisson Method. By the Poisson method of analysis with a
grid overlay (Method 1), we then determined whether the
DNA within the nuclear inner core was randomly distributed
in normal cells uniformly labeled with TdR-3 H during
replication. A good fit to the Poisson distribution of
autoradiographic was found (p > 0.4). However, when
UV-treated cells labeled during DNA repair synthesis were
examined by the same method of analysis, a nonrandom
distribution of grains was observed (p < 0.005), again
underscoring the different distribution of DNA in the
interphase nucleus from that of DNA repair synthesis.

Ultrastructural Findings. By electron microscopy, nucleolar
segregation (24) was the prominent ultrastructural lesion
following exposure to either UV (Fig. 7), NAAAF (Fig. 8), or
7-BrMeBA (Fig. 9), when compared to the normal nucleolus of
WI-38 cells (Fig. 6). NMU at the doses tested did not markedly
alter the nucleolar ultrastructure.

In the cultures exposed to 10 pM NAAAF for either 2, 5.5,
or 9.5 hr, the number of nuclei containing segregated nucleoli
and the degree of segregation increased with time. The nuclear
heterochromatin in control and carcinogen-treated cells was
adjacent to the nuclear envelope and appeared unaltered by
the exposure to carcinogens (Fig. 9). No significant ultrasturc
tural lesions were observed in the cytoplasm.

DISCUSSION

ARG is a useful tool for the study of DNA repair synthesis
(unscheduled DNA synthesis). Cells in replicative DNA
synthesis can be distinguished easily from those undergoing

NMU ((12)

P â€0̃ 025

0 I 2 3 4
OBSERVED NUMBER OF GRAINS/2 25 sq @.&m
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DNA repair synthesis. Exogenous chemical inhibitors of
replicative DNA synthesis (e.g., hydroxyurea) are not required.
Recent advances in autoradiographic methodology (1) allow
the measurement of both the amount and the distribution of
incorporated radioactive precursors. Tritium is a particularly
useful radionuclide label since its low maximum energy makes
the probability that a single a-emission may cause more than 1
latent image (i.e., a cluster) very unlikely (2). Indeed, we
found no clustering of autoradiographic grains overlying 1-pm
sections of uniformally labeled polybutylmethracrylate-3 H.
While self-absorption of j3-emissions by the embedded tissue is
an important factor in quantitative ARG (1), no difference in
the density of embedded tissue when compared to the plastic
embedment alone can be observed by interference microscopy
(H. Boren and C. C. Harris, unpublished results). These
considerations suggest that differences in the intranuclear
distribution of grains during DNA repair synthesis are not an
artifact of autoradiographic technique.

WI-38 cells show autoradiographic evidence of DNA repair
synthesis following exposure to either chemical carcinogens
(Figs. 3 to 5) or UV (Fig. 2). The time course is similar to that
seen in other studies with cultured mammalian cells (16, 17).
The increase in grain densities with dose of carcinogen (Table
1) is also expected (17, 20, 26).

Before the intranuclear distribution of DNA repair synthesis
could be assessed, it was necessary to determine the
distribution of DNA in the interphase nucleus. Previous studies
(8, 14, 22) have suggested that DNA is concentrated near the
nuclear envelope, presumably reflecting the peripheral distri
bution of heterochromatin. We have obtained similar results.
After exposure of proliferating WI-38 cells to TdR-3 H for 24
hr after which the cells were allowed to become confluent in
medium free of TdR-3 H, autoradiograms of these cells showed
a higher grain density in the outer shell than in the inner core.
The ratio of grain densities in the outer shell to those in the
inner core was 1.7 Â±0.2, suggesting a higher concentration of
DNA in the outer shell. In addition, electron microscopy
revealed that the heterochromatin was primarily in the outer
shell. Feulgen staining of these cells also suggested a higher
concentration of DNA near the nuclear envelope (C. C. Harris,
unpublished results); however, the Feulgen method lends itself
poorly to quantitative estimations due to variations in
chromatin packing (10, 11).

The intranuclear distribution of grains during DNA repair
synthesis was studied by 2 quantitative approaches. One
approach examined the difference in grain density between the
inner and outer portions of the nucleus (Table 1). The average
grain density at the periphery of the nucleus (outer shell) was
in all but 1 case less than that of the inner core. In the cells
exposed to NMU (0.9 and 1.8 mM), the difference in grain
density was statistically significant. When the test results of
the 10 groups were combined, the average grain density was
seen to be significantly (p < 0.005) higher in the inner core.
Moreover, these results are for the data uncorrected for the
heterogeneous distribution of the DNA in the interphase
nucleus. If the data in Table 1 are corrected by the observed
ratio of 1.7, i.e., adjusted for the average amount of DNA per
area, significantly greater grain densities overlying the inner
core of nuclei labeled during repair synthesis were found (p <
0.005) in all but 1 case (1 PM NAAAF). The time-course study

with 10 pM NAAAF (Table 1) suggests that differing rates of
DNA repair synthesis in the outer shell and the inner core are
not the explanation for this difference.

Evidence indicates that the distribution of DNA repair
synthesis is a nonrandom process in our experimental system.
These data showed that the observed number of grains per
square did not fit the Poisson distribution (p < 0.05) and
hence showed that the grains were not located randomly over
the nuclear cross-sections of carcinogen-treated cells (Table 2;
Charts 2 to 4). Indeed, they suggested that the grains are
clustered rather than distributed randomly. The distribution of
autoradiographic grains overlying the nuclear inner core of
UV-treated cells was then compared to the inner core of
control cells previously labeled with TdR-3H. A random
distribution was found in the control cells but not in those
cells undergoing repair synthesis after exposure to UV. While
the distribution of DNA in the inner core is homogeneously
distributed, DNA repair synthesis is not.

To the extent that one may define â€œheterochromatinâ€•as
tightly packed DNA and visualize it by staining the protein
associated with it (the usual case with both light and electron
microscopy), less repair synthesis occurs in it than in
â€œeuchromatinâ€•(the less densely packed DNA of the central
core). Heterochromatin DNA is condensed and enriched in
highly repetitive base sequences, including satellite and
centrometric DNA (4, 6, 13, 15, 29). Human DNA appears to
contain 3 satellite species (5). While these DNA's are located in
heterochromatin (as defined by sedimentation velocity), they
comprise only a small portion of it and thus are unlikely to
account for our results (19). A preliminary report (28)
suggests that nucleoproteins may mask some areas of DNA
dathage from repair enzymes.

With present techniques, however, it is difficult to
characterize DNA in the inner core and outer shell more
precisely. In addition, we cannot absolutely rule out chroma
tin rearrangement induced by these agents as a cause of the
nonrandom distribution of repair synthesis; however, we view
this as unlikely since, with the exception of nucleolar
segregation, nuclear fine structure appears unchanged.
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Figs. 1 to 5. Light microscopic autoradiograms. One-pm sections of cell pellets stained with toluidine blue.
Fig. 1. Control. One nucleus in this field is heavily labeled with autoradiographic grains and is in replicative DNA synthesis (arrow). WI-38 cells

wereincubatedwithTdR-3H,10 sCi/ml,for 5hr.X 720.
Fig. 2. UV. All nuclei are labeled. WI-38 cells were exposed to 200 ergs/sq mm of UV and then incubated with TdR-3 H, 10 MCi/ed, for 5 hr. X

720.
Fig. 3. NAAAF. One cell is in replicative DNA synthesis (arrow), and the remainder are in DNA repair synthesis. WI-38 cells were incubated

with 10 @zMNAAAF and TdR-3 H, 10 MCi/ml, for 5.5 hr. X 720.
Fig. 4. NAAAF. Enlargement of a cell in Fig. 3. X 3,906.
Fig. 5. NAAAF. Two cells are in replicative DNA synthesis (arrows). Other nuclei are lightly labeled and are in DNA repair synthesis. WI-38 cells

incubated with 10 @MNAAAF and TdR-3 H, 10 isCi/ml, for 12 hr. X 720.
Figs. 6 to 9. Electron micrographs of WI-38 cells.
Fig. 6. Normal nucleolus of WI-38 cell. X 40,500.
Fig. 7. UV. Nucleolar granules (G) and fibrils (F) are segregated. Cells were exposed to UV, 200 ergs/sq mm, and then incubated for 5 hr. X

36,000.
Fig. 8. NAAAF. Segregation of nucleolar granules (G) and fibrils (F). Dense granules of varying size are also seen (arrows). Cells were incubated

with 10 @MNAAAFfor 5.5 hr. X 34,000.
Fig. 9. 7-BrMeBA. Nucleolar segregation. Heterochromatin (II) is primarily adjacent to the nuclear envelope. Cells were incubated with 1 j@M

7-BrMeBAfor 5 hr. X 18,000.
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