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SUMMARY 

UV-induction of thymine dimers in cellular DNA and their 
excision during different phases of the cell cycle of HeLa S3 
cells were studied. Induction of thymine dimers was higher in 
the mitotic phase and the middle of the S phase than in the G 
phase and from the late S phase to the early G phase which a e h 
rather insensitive to UV. However, there is n 8 significant 
difference in excision rate of W-induced thymine dimers from 
the irradiated cells through the cell cycle. These findings 
indicate that the cyclic variation of W-survivals during the 
cell cycle may be due to differences in the amount of thymine 
dimers in cellular DNA induced by UV-irradiation. 

while the cyclic fluctuations in sensitivity to X- and UV- 

irradiation through the cell cycle of cultured mammalian cells 

has been demonstrated by many workers (l-71, the real nature of 

these fluctuations still remains to be solved. In a previous 

study (8) we established the optimum conditions for a combi- 

nation of colcemid and harvesting techniques in order to obtain 

a large highly purified synchronized population from HeLa 53 cells 

and have compared the sensitivity of their colony-forming ability 

to x- and UV-irradiation and to the chemical carcinogen 4-NQO 

(4-nitroquinoline l-oxide) during their cell cycle. In the pre- 

sent study we examined the induction and excision of thymine 

dimers in cellular DNA by UV-irradiation during different phases 

of the cell cycle, using the synchronized HeLa S3 population 
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obtained by this combined method (E), for elucidating the mole- 

cular mechanism of the fluctuation in sensitivity to W- 

irradiation during the cell cycle. 

MATERIALS AND METHODS 

HeLa S3 cells grown in a medium containing 90% Eagle's MEM 

medium and 10% bovine serum were used (8). Exponentially grow- 

ing HeLa S3 cells in Roux culture bottles (about 1 - 1.5 x lo7 

cells/bottle) were incubated for 24 hours in the medium contain- 

ing 1 )Ki of [3H]-thymidine/ml (5 Ci/m mole; Daiichi Pure 

Chemical Co., Ltd, Tokyo). They were then rinsed, grown again 

for 6 hours in the medium containing 0.025 pg/ml of colcemid 

(Demecolcine, Nakarai Chemicals, Ltd. Kyoto) for cell synchro- 

nization. Synchronized mitotic cells were obtained by the 

combined method of colcemid and harvesting techniques described 

previously (8). Mitotic cells were collected and distributed 

into 90-nun glass petri dishes containing 10 ml of the normal 

culture medium and incubated at 37OC in a humidified 5% CO2 

incubator. After various periods of incubation, 2 x lo6 cells 

were suspended in 1 ml of Eagle's MEM medium free of phenol red, 

spread over the surface of a go-nun glass petri dish, and then 

irradiated with 200 ergs/mm2 of uv (9). Either immediately or 

at various times after W-irradiation, cells were collected 

from the dishes. Thymine dimers were analyzed chemically in a 

manner similar to that described by Trosko et al. (10). 

RESULTS AND DISCUSSION 

The cyclic fluctuation curve of sensitivity to W-irradia- 

tion with 100 ergs/mm2 through the cell cycle of HeLa S3 cells 

determined previously (8) is shown in Fig. 1. Sensitivity, 

measured as the loss of colony-forming ability after W-irradia- 
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Fig. 1 The cyclic fluctuation in sensitivity to UV-irradiation 
with 100 ergs/&through the cell cycle of HeLa S3 cells, and the 
proportion of thymine dimers to thymines in PCA-insoluble 
fractions from the synchronous HeLa S3 cells immediately after 
irradiation with 200 ergs/nut?of W, during the cell cycle. The 
bars indicate standard errors of the mean for five independent 
determinations for each point. 

tion, increases late in the G1 phase, reaches a maximum in the 

middle of the S phase, and decreases through the remainder of 

the S and G2 phases. In addition, it can be concluded that the 

mitotic phase is as sensitive to W as the middle of the S phase. 

These results agree partially with those found in synchronous 

HeLa S3 populations by Djordjevic and Tolmach (11). 

The proportion of thymine dimers to thymines, calculated 

from their radioactivity in perchloric acid (PCA)-insoluble 

fractions from the synchronous HeLa S3 cells immediately after 

irradiation with 200 ergs/mm‘ of UV, during different phases of 

the cell cycle, is also shown in Fig. 1. As seen in this figure, 

the UV-induction of thymine dimers in cellular DNA during the 

cell cycle seems to be closely related to the cyclic variation 

of W-survivals. That is, thymine dimers were highly induced in 
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the mitotic phase and the middle of the S phase, which are more 

sensitive to UV, than in the G 1 phase and from the late S phase 

to the early G2 phase, which are rather insensitive to UV. 

Trosko et al. (12), who studied UV-induction of pyrimidine dimers 

during different phases of the cell cycle of Chinese hamster 

cells, showed that approximately 20% more pyrimidine dimers were 

induced in the early S phase than in the G2 phase. On the other 

hand, Steward and Humphrey (13) showed that an average of 34% 

more thymine dimers were induced in the S phase than in the Gl 

phase of Chinese hamster B-14 cells for doses up to lo4 ergs/mm2 

of UV. In the present study, we did not determine the UV- 

induction of thymine dimers in the G2 phase, to avoid contamina- 

tion with mitotic phase cells which occurs with the decay of 

synchronization with time. However, we found that about 50% 

more thymine dimers were induced in the middle of the S phase 

than in the G 1 phase and from the late S phase to the early G2 

phase. 

The results of experiments performed to determine the 

amount of excision of UV-induced thymine dimers from PCA-insolu- 

ble fractions of HeLa S3 cells at various times after irradiation 

with 200 ergs/mm‘, during the cell cycle, are shown in Fig. 2. 

Fig. 2a shows the percent of thymine dimers to thymines remain- 

ing in PCA-insoluble fractions at various times after irradiation 

in various phases of the cell cycle. Fig. 2b also shows percent 

excision of thymine dimers from PCA-insoluble fractions of HeLa 

S3 cells at various times after irradiation with 200 ergs/mm', 

during the cell cycle. As is seen in Figs. 2a and 2b, there is 

no significant difference in excision rate of UV-induced thymine 

dimers from HeLa S3 cells through the cell cycle. About 50% of 

thymine dimers were removed from PCA-insoluble fractions of HeLa 
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Fig. 2 a; The proportion of thymine dimers to thymines in PCA- 
insoluble fractions from HeLa S3 cells at various times after 
irradiation with 200 ergs/mm2, during the cell cycle. b; Percent 
excision of W-induced thymine dimers from PCA-insoluble fractions 
of HeLa S3 cells at various times after irradiation with 200 
ergs/nun2, during the cell cycle. Percent excision of UV-induced 
thymine dimers from HeLa S3 cells immediately after UV-irradiation 
at each phase of the cell cycle defined as zero. Each point shows 
the mean of five independent determinations. 

S3 cells at various phases in the cell cycle during 24 hours 

after irradiation with 200 ergs/mm'. This amount is comparable 

to the values previously reported for various human cell lines 

including HeLa cells (9,14,15). After 24 hours there is no 

further significant decrease in the proportion of thymine dimers 

to thymines. 

These findings suggest that the cyclic variation of UV- 

survivals during the cell cycle of HeLa S3 cells is closely 

correlated with the differences in the amount of thymine dimers 

induced in cellular DNA by UV-irradiation, because thymine 

dimers are excised at almost the same rate from the cells of 

various phases in the cell cycle following UV-irradiation. 

Thus, more thymine dimers may remain in cellular DNA of the mito- 
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tic phase and the middle of the S phase than in the Gl phase and 

from the late S phase to the early G2 phase after W-irradiation 

(Fig. 2a). These results are in contrast to the higher sensi- 

tivity to W light of Xeroderma pigmentosum (XP) cells as compa- 

red with normal human skin fibroblasts due to failure of excision 

repair of W-induced thymine dimers in XP cells (15,16). 

In that case, we do not yet have any definite solution to 

the problem of why thymine dimers are induced highly in cellular 

DNA in the mitotic phase and the middle of the S phase. However, 

the following possibilities may be considered: (1) conformatio- 

nal changes of DNA- or chromatin-structure during the cell cycle: 

(2) changes in the location of DNA within the cells associated 

with DNA synthesis or cell division in the cell cycle; (3) 

changes in the amount of substances (including protein) to pro- 

tect cellular DNA, as a filter, from UV light during the cell 

cycle; (4) the cells of a certain phase in the cell cycle have 

specific unknown enzyme(s) to repair or to enhance W-damage 

induced in cellular DNA very rapidly immediately after W- 

irradiation. Further studies to solve such a problem are now 

in progress. 
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