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ABSTRACT 

FORELL, BRUCE, MYERS, L.S., JR., and NORMAN, Amos. Spontaneous Unscheduled 
DNA Synthesis in Human Lymphocytes. Kadi at. ties. 

We have estimated the rate of spontaneous unscheduled DNA synthesis in 
human lymphocytes from measurements of tritiated thymidine incorporation 
into double-stranded DHA (ds-DNA) during incubation of cells in vitro. The 
contribution of scheduled DNA synthesis to the observed incorporation was 
reduced by inhibiting replication with hydroxyurea and by separating freshly 
replicated single-stranded DNA (ss-DNA) from repaired ds-DNA by chromatography 
on benzolyated naphthoylated diethyl ami noethyl (BUD) cellulose columns. The 
residual contribution of scheduled DNA synthesis was estimated by observing 
effects on thymidine incorporation of a) increasing the rate of production of 
apurinic sites by increasing the temperature, and alternatively, b) increasing 
the number of cells in S-phase by incubation with phytohemagglutinin. 
Corrections based on estimates of endogenous pool size were also made. The 
rate of spontaneous unscheduled DNA synthesis is estimated to be 490 ± 120 
thymidine molecules incorporated per cell per hour. These results compare 
favorably with estimates made from rates of depurination and depyrimidination 
of DNA, measured in molecular systens by other workers, if we assume thymidine 
is incorporated by a short patch mechanism which incorporates an average of 
four bases per lesion. 

Spontaneous UDS 
Lymphocytes 
Hydroxyurea 
BND- cellulose UDS - Spontaneous 
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INTRODUCTION 

This paper addresses the idea tnat j £ v ivo DIJA is continuously damaged 

and repa i red. In i t , we report on an attempt to mc-asure the extent of these 

reactions in human lymphocytes M I v i t r o using measurer.ients o f thymidine 

incorporat ion by unscheduled D1JA synthesis (UDi) as an index. Deteruinat ion 

of t h i s quant i ty i s complicated by incorporat ion due to scheduled D!1A synthesis 

(SDS). Attempts were nade t o reduce the contr ibut ion of bDS to our measurements 

by (a) using human peripheral blood lymphocytes (HPBL), which have only a 

small proport ion of S-phasc ce l l s in the populat ion (£p) and (b) using hydroxyurea 

(HU) to suppress SOb. We also use UifD-cellulose to separate ds-BWA from DfJA 

containing single-stranded regions to fu r the r reduce SDb cont r ibut ion to our 

LIDS measurements. Nevertheless, there may be some cont r ibut ion of SDS to the 

rate of thynid ine uptake ('JK). We have varied the r a t i o of SDS to UDS to 

estimate contr ibut ions of SDS to UR by (a) increasing the incubation temperature 

to 42°C, which increases UDS s i g n i f i c a n t l y while only s l i g h t l y perturbing 

SOS (9) and (b) by s t imu la t ing the ce l l s to p r o l i f e r a t e , which increases the 

proport ion of ce l l s in SDS in the populat ion. Our resu l ts suggest that the 

rate of spontaneous UDS is 490 ± 120 thymidine molecules incorporated per ce l l 

per hour at 37°C. I f we assume the incorporat ion is due to a short patch 

repair mechanism (an average of 4 bases incorporated per l es i on ) , then tnese 

resu l ts compare favorably with the resu l ts of Lindahl and Hyberg ( I ) and 

Lindahl and Karlstrom (2) f o r rates of depur in izat ion and depyr in id inzat ion of 

extracted E, co l i DNA in so lu t i on . A b r i e f mention of our work has been 

published ( 3 ) . 

MATERIALS AND METHODS 

A. Lymphocyte Iso la t ion 

Lymphocytes and monocytes were obtained from freshly i, awn heparinized 

human blood from normal donors or from chronic lymphocytic leukemia (CLL) 
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patients undergoing leukophoresis. Lymphocytes and monocytes were iso lated 

by a f ico l l -hypaque separation procedure ( 4 ) . Cells were washed twice wi th 

NaCl-EDTA (0.8£ NaCl and 0.05% EDTA) and resuspended i n Kpf.i 1640 wi th HEPES 

buffer and 10'/, f e t a l ca l f serun (media; both from Grand Island Biological 

Company, New York) with or without HU (Sigma Chemical Company, St . Louis) . 

B. Cell Culture and V i a b i l i t y Testing 

Cells (10^) were cul tured by suspension in 100 n l of media containing 

0.45 mg/nl streptomycin s u l f a t e , 450 units/ni l potassium sa l t of P e n i c i l l i n G 

(both from Pf izer Labs., iiew York) and Phytohemagglutinifi (PKA; 0.8 nil of 

stock so lu t ion in 1C0 ml media, Burroughs Wellcome Co., .iorth Caro l ina) . 

They were incubated at a concentration of 10& cells/r. i l at 37°C for 48, 72, 

or 80 hours i n Falcon Tissue Flasks (VIJK S c i e n t i f i c , i n c . , Los Angeles, Ca. ) . 

They were then concentrated by cent r i fug ing for 10 minutes at 730 g and 

resuspended in media without PHA. 

V i a b i l i t y of ce l l s was determined by Trypan Blue (Grand Island Bio logical 

Company, Hew York) dye exclusion. 

C. DMA Synthesis 

DMA synthesis was measured at a ce l l concentration of 5 X 10fa c e l l s / m l . 

Cells were preincubated in media containing 10 nil Hu at 37°C for 30 minutes 

wi th constant motion in a water bath. (Methyl- 3Hj Thymidine ( 3HTdk; 49.8, 

55.2, or 50.0 Ci/mM, Hew England Nuclear, Mass.) was then added to give an 

a c t i v i t y of 10 pCi/ml and the incubation was continued for various times at 

37°C. Synthesis was terminated by adding an equal volume of media at 4°C 

containing 60 ng/ml Thymidine (TdK) to the samples and centr i fug ing for 

10 minutes at 730 g. 

D. I r r ad ia t i on of Cel ls 

Cel ls were prepared for i r r a d i a t i o n by incubation in media with or 

without HU fo r 30 minutes. 3HTdR was added to the ce l l suspension 
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resulting in an activity of 10 pCi/ml and the suspension was irradiated by 
a 6 0 C o source at a dose rate of 50 rads/minute for various times. The 
cells were then incubated at 37°C for 1 hour and synthesis was terminated 
as mentioned previously. 
E. BND-Cellulose Chromatography 

The separation of DNA from cell lysates, and ds-DNA from ss-DNA, was 
accomplished using BNu-cellulose column chromatography. Cells were (a) lysed 
with 0.2% sodium dodecyl sulfate and 3 cycles of rapid freezing and thawing, 
(b) RNA was digested with 0.05 ml of 1 mg/ml Pancreatic Ribonuclease and 
0.02 ml of 25C0 units/ml Kibonuclease Tj (both from Calbiochem, La Jolla, Ca) 
at 37°C for 1 hour, and (c) protein was digested by incubation with 0.15 ml 
of 10 mg/ml Pronase (Calbiochen, La Jolla, Ca) for Z hours more. The lysates 
were cooled to 4«C and the DNA was sheared by passing the sanples through a 
20 gauge needle 5 times (5). The sanples were made 0.3 M in NaCl by addition 
of 0.4 M buffer (400 mM NaCl, O.l nM EDTA, 10 mN Tris HC1; pH 7.5). 

Procedures of Scudiero, et at. (6) were followed for preparing and 
using BNu-cellulose columns. 

The concentration of DNA was calculated from measurements of optical 
absorbance taking the value of the molar extinction coefficient per phosphate 
as 6000 liters per mole-cm. Tritium was assayed by liquid scintillation 
counting; a 3 ml aliquot was added to 15 ml of Phase Combining Scintillant 
(both from Amersham/Searle, Arlington Heights, Illinois) in LSC vials, shaken, 
dark adapted for 8 hours and counted. The activity was converted to number of 
TdR molecules incorporated per pg DMA per hour. 
F. Estimation of Thymine Precursor Pool Size 

It was necessary to estimate the thymine precursor pool size to correct 
for dilution of exogenous ^HTdR incorporation by normal routes of thymine 
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incorporation. The "effective" pool size was estimated by Measuring '^HldH 

uptake in the presence of different exogenous TdK concentrations (6,7). 

RESULTS AND DISCUSSION 
A. Estimation of Effective Thymine Precursor Pool Size 

While TdK is not directly involved in the nor :al sequence of reactions 
leading to thymine incorporation in W A , other pathways in the cell compete 
with 3nTdK incorporation, l/e have estimated the contribution of these 
pathways as giving an "effective" pool size equivalent to 0.42 uM TdK. This 
estimate compares well with previous estimates using the sane (0/ and different 
(8) nethods. 

Conner and Norman (8) 0.35 yii 
Scudiero, et al. (6) G.38 nH 
This work 0.42 u!'i 

If we assume these values are from a normally distributed population, the 
average and standard deviation are 0.38 ± 0.0-5 uM. In analyzing results given 
below wr have used this value as our estinate of effective pool size. We have 
worked with 3nTdR at a concentration of approximately 0.19 + 0.01 uM. Thus, 
for each labeled thymidine incorporated, approximately two competing thymines 
are incorporated. Our observed values of incorporation of ^HTdh have been 
multiplied by a factor of 3.00 ± 0.26 to correct for dilution of label by 
endogenous pools. 
B. Excision-Repair Patch Size Induced by Ionizing Kadiation 

we have accepted as an estimate of patch size, measurements reported 
previously (9-13) for the number of nucleotides inserted per lesion by ionizing 
radiation. He have re-interpreted the work of Spiegler and Norman (9,10) and 
now estimate that the data are consistent with 2-6 bases incorporated per 
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lesion. Other estimates include 3 bases/lesion by Painter and Voung (11) and 
3-4 bases/lesion by Regan and Setlow (12,13). Different methods were used for 
these estimates but the results agree well and suggest an average patch size 
of approximately 4 bases per lesion with an uncertainty of about 1 base per 
lesion. 
C. Upper limit of Spontfeous UPS 

Table 1 shows the thymidine uptake per pg DNA in ss-DNA, ds-DNA and 
total DNA when cells were incubated with 3wdR and 10 mM HU for 1,2 or 4 
hours. BND-cellulose was used to remove non-incorporated 3HTdft from all 
samples and the DNA was eluted at one time (total DHA) or fractions of DNA 
were sequentially eluted (ds-OHA or ss-DNAj. Corrections were not made for 
possible SDS contributions to ds-DNA measurements. These ds-DNA measurements 
(Table 1) allow us to estimate 1098 ±215 T/C/H due to spontaneous UDS 
(Table 3-1). Prior to these experiments we had confirmed that 10 mM HU 
resulted in maximum reduction in SDS for lymphocytes. 

Spontaneous ODS could be the result of continuous background level 
insults suffered and repaired by the cells, damage induced while handling the 
cell prior to incubation with 3nTdR, or decay of tritium continuously 
damaging the DNA during the incubation with the cells that is being repaired 
over the time span we are investigating. If the measured UDS was a result of 
induced damage prior to incubation with 3nTdK, the initial rate of UDS would 
decrease and level off after 1 hour (10). Table 1 indicates that incorporation 
of thymidine is relatively linear over the time span investigated, suggesting 
that measured UDS is due to continuous damage and repair. This linearity of 
incorporation as a function of time could be explained either by a lesion 
limited or enzyme limited repair system. If enzymes are limiting, then 
increased rate of repair should not occur with increased number of lesions. 
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Figure 1 shows the resu l tant TdK incorporat ion per py DiJA as a funct ion 

of dose of 60Co gamma rays (Curve B ) . The increased ra te of incorporat ion 

observed wi th increased damage suggests the lesions are rate l i m i t i n g i f the 

repai r enzymes and patch sizes for AP-sites and ^ C o induced damage are the 

same- The decay of t r i t i u m continuously damaginy the DflA during the 

incubation of ce l l s w i th 3HTdK was considered but our calculat ions indicate 

less than 1 rad per hour was deposited in the media oy decay of t r i t i u m for 

Our condit ions (10 uCi/o? 3HTdK; 4&.S - 5 i . 2 Li/r.iM). U jo rd jev ic , et al. 

( 7 ) , calculated the dose del ivered in a 2 hour incubation to ue less than 

1 rad fo r t h e i r condit ions [10 yCi/tal 3THdi<; 15.9 Ci/«'•")• This small anourit 

of damage can not explain the amount o f incorporat ion ooserved in Table 1 . 

D. Expected Spontaneous UPS Due to AP s i t es 

An est imation of spontaneous UDS can be made using the rate constants 

calculated by other invest igators fo r production of AP-sites in DNA in 

aqueous solut ions at 37°C and pH 7.4 ( i , 2 ) . I f we assume (a) 6 pg DNA per 

lymphocyte, (b) the rate of production of AP-sites equals the rate of repai r 

of these lesions at pH 7.4 and 37°C, and (c) each AP s i t e is repaired by the 

short patch excis ion repair mechanism, then we calculate 490 T/C/H due to 

spontaneous UDS (Table 3 -2) . 

E. Estimation of Spontaneous UDS by Varying Temperatues 

Ue invest igated Uk in ds-DMA as a funct ion of temperature. The e f fec t 

of increasing the incubation temperature from 37°C to 42°C resul ts in 

reducing SDS to approximately W>% the rate of 37°C (14) . The rate of 

production of AP s i tes by hydrolysis in neutral so lu t ion is temperature 

dependent ( 1 , 2 ) , and the e f fec t of increasing the temperature from 37°C to 

42dC has been calculated (Table 2 -a ) . The rate of UOS induced by ion iz ing 

rad ia t ion is r e l a t i v e l y constant between 37°C and 42°C (14) . Experiments 
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performed at different temperatures vary the rat io of UDS to SDS in ds-DHA 

and allow estimates of UDS and SDS contributions to ds-DNA. Table 2 shows the 

expected effect of temperature upon (a) the rate of AP lesions induced, 

(b) rate of SDS, and (c) our measurements of UK. I f we assume (a) the 

repair rate equals the lesion prc-dction rate, (b) the rate of SDS at 42°c is 

reduced to 80% the rate of 37°C (14), (c) the reports of constant UDS rates 

when induced by ionizing radiation for these two temperatures (14), fd) there 

is not a temperature dependent increase in patch size, and (e) there is not 

a decrease in thymine precursor pool size due to increased temperature5 we 

obtain an estimate of UDS at 37°C for these data of 430 ± 100 T/C/H (Table 3-3). 

F. Estimation of Spontaneous UDS by Varying SDS Contribution to Uk in ds-ifflA 

He investigated UR as a function of proportion of S->nase cells in the 

cell population. Incubation of HPBL with the mitogen PHA results in a 

variation in the proportion of S-phase cells in the cel l population compared 

to non-stimulated ce l ls . To quantitate the amount of SCS + UDS in either non-

stimulated or PHA-stimulated ce l l s , the total DHA (ds-DNA + ss-DNA) was eluted 

from BHD-cellulose and the incorporation of 3HTdr< into the DHA measured. The 

rat io of these measurements results in a rough estimate of the amount of 

increased SDS in PHA-stimulated samples relative to SDS in non-stimulated cel l 

populations. From replicate samples, we eluted only the ds-DNA loaded onto 

BHD-cellulose, and measured the UR. The assumptions tha* (a) in the PIIA-

stimulated population the total spontaneous UDS over 1 he r is the same as 

spontaneous UDS in non-stinulated cells and (b) the amount of SDS in the 

population is reflected by the incorporation of ĤTdK into ss-DDA, allows us 

to estimate the UDS in these cel l populations from our measurements (appendix). 

These calculations suggest 90 + 11 TdR incorporated per pg DNA per hour 

or 540 • 70 T/C/H due to spontaneous UDS (Table 3-4). 

I 
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The results of Scutiiero, et a l . (5 ) , with the human lynphoblastoid cel l 

l ine RAJI, indicate approximately 27 tines as much Uk in KAJI controls as in 

HPBL or CLL controls. The difference in induced UK between these cel l types 

was suggested to be a function of the capacity of the KAJI cei ls for normal 

DHA synthesis. The rate of induced UDS may be a function of the concentration 

of similar enzymes usee" in SDS and UDS but the rate of spontaneous UDS in the 

controls should be constant due to i t being lesion l imi ted. Their controls 

and our assay measure non-induced incorporation which night be a result of 

either SDS incorporation or spontaneous UDS. A difference in uptake rate-

due to repair of spontaneous AP-sites is not expected because spontaneous 

damage should be dependent only on the quantity of DI«'A per cel l which should 

be re lat ively constant for these types of lymphocytes. On the other hand, 

i f the rat io of S-phase cel ls in the KAJI population to S-phese cells in 

CLL or HPBL population were 27:1, then the UR measurements of ds-DIJA might 

ref lect SDS incorporation only. We deternined the contribution of SDS to our 

spontaneous IIR measurements in ds-DNA by varying the number of cel ls in 

S-phase and measuring the effect on spontaneous thymidine incorporation in 

ds-DNA (appendix). Our results suggest signif icant contributions to back­

ground UR in ds-DHA due to S-phase incorporation of 3HTdK and this might 

explain the differences observed between the human lymphoblastoid cel l l ine 

RAJI and HPBL or CLL (15). 

6. Best Estimate for Spontaneous UDS 

We averaged the two estimates for spontaneous UDS where SDS contributions 

have been corrected for (Table 3-3 and 3-4) and obtained an average estimate 

of 490 ± 120 T/C/H (Table 3-5). This estimate is surprisingly close to that 

based on the experiments of Lindahl, et a l . (1,2) on the hydrolysis of DNA in 

neutral solution (Table 3-2). This suggests that the complex chromatin 

- 1 1 -



structure and nuclear environment in which the DNA is embedded does not on 
the average change the rate of hydrolysis from that observed in neutral 
solution at the same temperature. The estimate of Tdk pool size contributes 
significantly to these two estimates of UDS but is not involved in the 
estimate of UDS calculated from the rate of fiP sites (Table 3-2). This 
suggests the calculation of TdK pool size is correct. 

The doubling dose, the dose which yields twice the spontaneous Uk pe-
hour, can be estimated frorc Figure I. He see that the calculated or measured 
doubling dose is a function of both slope and Y-intercept (zero-dose UN 
value). The UK per rad is about the same for data generated by Speiglcr and 
Norman (9; Curve A) and our results (Curve B ) . The estimated doubling dose 
for Spiegler and Norman's data is approximately 540 rads. Our data, not 
corrected for SOS contributions to l)f:, is 110 rads. One explanation for 
this difference is the contribution of SDS to \)H is different. We have two 
independent estimates that suggest 60S of the UR in our experiments is due 
to spontaneous UDS. We generate Curve C by correcting Curve B for SOS 
contributions by subtracting 4QX of our zero-dose measurement from £ll the 
values of Curve B. The doubling dose for this corrected data is approximately 
90 rads. This is a value similar to the D 0 found for many mammalian cells 
experimentally. 
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TaDle 1 

Jtewly Inserted Thymidines Incorporated Per p^ LillA for Non-Fractionait-d and 

BfiU-Cellulose f rac t ionated UU,'-. Versus Tine 

3HTdl< 
Incubation 
Tine (Hours.) Total DliA ss-DHA ds-DI.M 

(TdK Molecules (Tdi; Molecules (Tdr Molecules 
Inserted per pg D:iA Inserted Per py 'j'ui-., Inserted Per p'j UU^/ 

3% i 34 1359 s l i b 117 ± 15 

892 t 77 2252 t 195 424 i Si 

B76 ± 76 

1.5 X 10? cells/samples were incubated in media with 10 raM Hu fo r 

30 minutes, media with 3KTdr< (49.8 Ci/raH; f i n a l a c t i v i t y 10 uCi/ral) was 

added and incubation continued for 1 , 2 or 4 hours. The ce l l s were washed 

3 times in HaCl-EDTA with CO ug/ml TdK, lysed, and chroiriatographed on 

BND-cellulose to remove non-incorporated 3nTdK from the DMA. The DMA was 

e i ther eluted a l l at once ( to ta l DMA) or f i r s t the ds-DNA and then the ss-DNA 

was e l u t ed . Af ter exhaustive d i a l y s i s , the a c t i v i t y was measured and TdK 

incorporated per pg DNA calculated. 
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Table 2 
Effect of Temperature on Thymidine Uptane 

il°l 
Temp 

a. Calculated Lesion Production Kate (1) 99 AP-Sitos/p<J DNA/H 

I). Expected i o ^ Hate (i>) 100 % 

c. Measured UK 120 ± 2B TdK lncor /py UNA/H 

42«C 

222 AP-Sites/pu, U1IA/I! 2.24 

U0% U.BO 

lb) i 42 TdH Incor /p i j DNA/H 1.6b 

Eu,uatiuns; 

1. at VaL: 

2. at 42°E: 

1.0 ills, + l .u Oui = 120 TdK lncor /pg UHA/II 

o.a iUi + ;:.?* uDi = i-ya TUK incor/pg DHA/H 

i o l v i m j (or Uf i i : UDi = IZ s 1 / TdK Incor /p i ) UHA/H 

We incubated HPBL in media w i t i i 10 mH HO fo r 30 Minutes at 37 J C. Media w i th 10 inM 110 and ^IITdK (10 p d / m l i 

60 Ci/mM) was added and samples incubated at e i t he r 3/°E or 42°L f o r 1 hour longer . A f te r BND-cellulosQ 

column chromatography to separate the ds-DNA from non- incorporated •'HTdK ana ss-UNA, we measured the incorpora t ion 

of •'tITdK in ds-DNA and ca lcu la ted the number uf TdK's incorporated per p<) UNA per hour. 



Table 3 

Estimates of Spontaneous UDS 

1 . From Table 1 , fo r ds-DNA, 1096 ± 215 

2. From Lindahl , et a l . , (1,2) 4% (a) 

3. From temperature Expts . , Table 2 430 * 100 (b) 

4 . From PHA Expts . , appendix 540 • 70 (c) 

5. Best Estimate, Avg. 3 and 4 above, 490 ± 120 

Assumptions: 

a) Rate of production of AP-sites e ^ a l s rate of repair at pH 7.4 and 37°C. 

each AP-site is repaired by st iort-patch excision repair so on the average, 

0.77 TdR is incorporated for each lesion repaired, and there i s 6 pg DNA 

per lymphocyte. 

b) Repair *«-.:• equals lesion induct ion r a t e , patch size remains constant wi th 

temperature, e f fec t i ve TdR pool s ize remains constant wi th temperature. 

3) UDS is constant in non-stimulated and PHA stimulated ce l l s and repai r rate 

is lesion l i m i t e d . 
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F ig . 1 . Uptake of thymidine by i r rad ia ted lymphocytes. 4 X 1C? 

eel ls /sanple were incubated in 10 nH W for 3b minutes, then r?ed?a wi th 10 mM 

HU and ^HTdK (50 Ci/mM; f i n a l a c t i v i t y 10 nCi/ml) was added and the ce l l 

suspensions were i r rad ia ted with ^ u o gamna-rays (see na ter ia ls and methods) 

to f i n a l doses of I6C, 3QC, COO, or 1200 rads. The co l l s were incubated for 

1 hour at 37°C, washed 5 t ines wi th UaCl-EDTA with 60 ug/wl TdK, and the 

ds-DIiA was separated f ron non-incorporated -HiTUk, and ss-UUA, l»y Btlu-cel lulose 

chromatography. The a c t i v i t y per «g cf the ds-DM was measured and the 

thymidine incorporat ion per 15 Uf.A was ca lcu la ted, I.A) Data from Spiegler and 

llorraen (9 ) ; ( l i) Data from t h i s work, not corrected for M)S cont r ibut ion to UK; 

(0) Data from th is work, corrected for SDb. 
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Number of TdR molecules incorporated per pg DNA per hour 

o o o * ' en 
O 

o ? - ^ CL o o \mf IV 1 1 

\ \ \ 

(S) 

OJ 
\ 

\ \ \ 
iO_ 

o o ^ s \ \ a 
Q 
Zi 
C L 

o \ \ -z. 600 
se (r 

-
—< 

Q 
3 

a 
Q. 

1 
1 \ CD 

a> • 
1 w ^•^ 

00
6 o > ,, 

^ S» *>. K 

\ 

i d 

1201 



Appendix: Results of PHA Experiments 

1 X 10^ HPBL were suspended in 100 n] of nedia wi th 0.45 mg/nl s t rep to ­

mycin s u l f a t e , 450 un i t s / n l potassium sa l t of P e n i c i l l i n G and 0.8 tnl of 

stock so lu t ion of PHA and incubated at 37°C for 48, 72, or B0 hours. After 

incubat ion, the ce l l s were renoved from the f lasks and an al iquot was taken 

for v i a b i l i t y determinations. 

The st iwulated lymphocytes were resuspended in media wi th 10 n<M HO and 

at the same t ime, HPBL, f resh ly iso la ted from whole blood, were resuspended i n 

media with 10 nli HU. The c e l l suspension contained 17 X I I P , 20 X 10 & , 

and 7.5 X 106 ce l ls per sample f o r 48 , 72, an^ 80 hour PHA stimulated 

cu l tu res , respec t ive ly . After preincubation for 30 minutes at 37°C in nedia 

wi th 10 nM HU, 3HTdK (49.8 Ci/n:M, Hew England Nuclear, Mass.) was added 

resu l t ing in a f i n a l a c t i v i t y of 10 uCi/ml and a ce l l concentration between 

2-5 X 106 c e l l s / n l . The ce l l suspensions were incubated 1 or 2 hours at 

37°C. The ce l l s were washed 3 times in HaCl-EDTA wi th 60 ug/ml TdK. 

To estimate the r e l a t i ve increase in si)S in PKA-stimulated cultures we 

used BND-cellulose column chromatography to separate ds-DHA from t o t a l WW 

(SOS + UDS incorporat ion) fo r both PHA-stimulated and non-stiiaulated cu l tu res . 

When a l l the DNA is eluted at one time using 50% fornamide (Gallard-Schlesinger 

Chem. Manufacturing Corp., Carle Place, Hew York) - 1.0 M buffer (1.0 M HaCl, 

0.1 BIM EDTA, 10 raN T n s HCL; pH 7 .5 ) , the measured incorporat ion i s due to 

both SDS and UDS, When only the ds-DNA is e luted using 1.0 M bu f fe r , the 

measured incorporat ion should be due to only UDS ( 2 ) . By subtract ing the 

value f o r DS-DNA (UDS) from the value f o r t o t a l DNA (SDS+ UDS), we obtain a 

value fo r incorporat ion due to SDS not ef fected by HU. The r a t i o of the 

residual SDS in PHA-stimulated cultures to residual SDS in non-stimulated 

cultures gives us a r e l a t i ve value of increased SDS to to PHA s t imu la t ion . 
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Appendix: Results of PHA Experiment 

Assumptions in PHA stimulated cells 
1 . Total UDS over 1 hour remains equal to that in unstimulated cells 
2 . SDS and SS-DNA increase by the same factor 

UDS = incorporation due to spontaneous damage and repair 
SDS = incorporation due to semi conservative replication in DS-DNA 
SS = amount of SDS in SS-DNA removed by BHD-cellulose from total DNA 
a = factor for increased number of S-phase cells due to PHA stimulation 
UR - measured uptake rate 

Equations: 
1. (UR)i * UDS + SDS = A TdR incor/pg DNA/H in DS-DNA eluted off column 
2. (URb = UDS + SDS + SS = A Tdk incor/pg DNA/H in total DNA (SS- and 

DS-DNA eluted off together) 
3. (UR)3 = UDS + a(SDS) = A TdR incor/pg DMA/H in DS-DNA eluted off coluran 

after PHA stimulation of the cells 
4. IVRU = WS * a(SDS + SS) = A TdR incor/pg DHA/H in total DNA (SS- and 

DS-DNA eluted off together) after PHA stimulation of the cells. 

From these four measurements an estimate of UDS, SDS, a and SS can be obtained. 

80 hrs 48 hrs 72 hrs 

141 
333 

2430 
9490 

7060 

192 

36.77 

64 

sub. into Eq. 1 UDS + 97 = 195 
A TdR incor/pg DNA/H due to UDS = 98 94 77 

1 . (UR)i 
2 . (UR) 2 

3. (UR) 3 

4. (UR)4 

195 
421 

2472 
8013 

141 
333 

3380 
16911 

rearrange 3 
sub. into 4 
solve for a (SS) 

UDS = 2472 - a(SDS) 
2472 -a(5DS)+a(SDS)+a(SS)=80l3 

a(SS) = 5541 13531 

Eq. 2 
- Eq. 1 
solve for SS 

UDS + SDS + SS = 421 
-(UDS + SDS = 195) 

SS = 226 192 

sub. into a(SS) 
solve for a 

a (226) = 5541 
a = 24.52 70.47 

sub. into Eq. 3 
subtract 1 

solve for SDS 

UDS + (24.52)SDS = 2472 
-(UDS + SDS = 195) 

23.52 SDS = 2277 
SDS = 97 47 

average A TdR incor/pg DNA/H due to UDS = 90 +- II 
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