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Abstract—Fibroblastoid Chinese hamster cells synchronized by mitotic selection were microirradiated in 
G l , using a low power laser-UV-microbeam (A = 257 nm). The incident energy was either concentrated 
on a small part of the nucleus (mode 1) or distributed over the whole nucleus (mode 11). Using the 
same incident UV energy, the local UV fluences were estimated to differ by two orders of magnitude. 
Following microirradiation the cells were incubated with [ 3 H]-thymidine for 2h and thereafter pro
cessed for autoradiography. Silver grains were concentrated over the microirradiated part after mode 1 
and distributed over the whole nucleus after mode 11 irradiation. To quantify the amount of unsche
duled DNA synthesis, the number of grains per nucleus was determined. It increased with the total 
incident energy, but was not or only slightly affected by the mode of microirradiation. if appropriate 
autoradiographic conditions were used. The findings suggest that within the investigated range of energy 
densities (2.7-1000 J/m2), the total amount of unscheduled DNA synthesis depends on the total number 
of pyrimidine dimers but not on their distribution in nuclear DNA. 

INTRODUCTION 

Since the discovery o f unscheduled D N A synthesis 
( U D S ) t i n m a m m a l i a n cells (Rasmussen and Painter, 
1964), extensive l i terature has been accumulated con
cerning U D S fo l l ow ing U V - i r r a d i a t i o n o f whole cells. 
L i t t l e is k n o w n , however, on the influence of different 
d is t r ibut ions o f D N A photolesions. 

M i c r o i r r a d i a t o n (for review, see Moreno , 1969; 
Berns, 1974) provides an excellent t o o l to investigate 
the effect o f such different spatial d is tr ibut ions of a 
given amount o f U V l ight w i t h i n the cell nucleus. So 
far, however, there is on ly one report where this possi
b i l i t y has been explo i ted (Moreno and Salet, 1974). 
Us ing a convent ional U V - m i c r o b e a m of wavelength 
254 n m and asynchronously g row ing human K B cells, 
these authors have concluded that wherever the pho
tons are localized w i t h i n the nucleoplasm, the amount 
of U D S depends on ly on the to ta l number of incident 
photons and not o n the area o f i r rad ia t ion . Th is con
clusion was based on a quant i ta t i ve evaluation o f 
autoradiographs f r om K B nucle i wh i ch were m ic ro i r 
radiated at one, t w o or four sites w i t h energy densities 

* Present address: Biomedical Sciences Division, Law
rence Livermore National Laboratory, University of Cali
fornia, Livermore, CA 94550, USA. 

t Abbreviations: CHL , Chinese hamster cells; FUDS, 
factors which l imit rate of UDS ; and UDS, unscheduled 
D N A synthesis. 

o f 100 and 200 J/m 2 , respectively, and subsequently 
pulselabeled w i t h [ 3 H ] - t h y m i d i n e . Since i t has been 
reported (Lehmann and K i r k - B e l l , 1972) that the level 
o f excision repair may drastical ly depend on the 
energy density appl ied, i t is conceivable that the dis
t r i b u t i o n of incident photons affects U D S consider
ably when a larger range o f energy densities is used. 
Fur thermore , one w o u l d l ike to k n o w whether the 
effect reported by M o r e n o and Salet is a general 
feature o f mammal i an cells or a characteristic o f the 
transformed cells used. 

I n the present investigation, we studied the 
influence o f various d is tr ibut ions o f UV- induced 
D N A photolesions on U D S in f ibroblastoid Chinese 
hamster cells o f essentially no rma l d ip lo id status 
synchronized in G l . I n further contrast to M o r e n o 
and Salet, different d is tr ibut ions of D N A photolesions 
were realized by either concentrat ing the UV-quan ta 
to a randomly selected part of the nucleoplasm 
(mode 1) or d i s t r ibut ing them approximate ly over the 
whole nucleus (mode 11). Thus the energy density in 
the micro i r rad ia ted part o f the nucleus differed for 
t w o orders o f magnitude i n mode 1 and mode 11 ex
periments. A to ta l range o f energy densities between 
2.7 and 1000 J / m 2 was investigated. F ina l l y i t should 
also be noted that i n the experiments o f M o r e n o and 
Salet, the 'large area' d i s t r ibut i on of incident photons 
was very inhomogeneous. Even when four sites o f the 
nucleus were micro i r rad iated , st i l l on ly hal f o f the 
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nuclear area was exposed to U V l ight while the other 
half was not . I t is, therefore, di f f icult to compare their 
data w i t h results obtained by to ta l cell i r radiat ion 
where the d is t r ibut ions o f incident photons is homo
geneous over the whole nuclear area. I n mode 11 ex
periments we have achieved a rather homogeneous 
i r rad ia t i on of the major part o f the nucleus, while 
most o f the cytoplasm was st i l l excluded from ir
rad ia t ion . Thus, we were able to compare an ex
tremely inhomogeneous d i s t r ibu t i on o f incident pho
tons (mode 1) and a rather homogeneous one 
(mode 11). O u r study fully conf irms the conclusion of 
M o r e n o and Salet even under these extreme experi
mental condit ions. 

MATERIALS A N D METHODS 

The laser-UV-microbeam of wavelength 257 nm has 
been described in detail elsewhere (Cremer et <//., 1974). 
Briefly, a coherent continuous wave UV-beam of wave
length 257.25 nm is focused by a Zeiss ultrafluar objective. 
This objective is simultaneously used for both microirradi
ation and phase contrast observation. By changing the 
position of an adapting lens, different diameters of the ir
radiation field in the object plane can be adjusted. Thus, 
different distributions of a given amount of UV-quanta are 
obtained. Due to the low power incident at the cell surface 
(8 χ 1 0 " 9 W ) . no laser specific' effects are expected to 
occur (Cremer et al, 1976). 

Cell material. Fibroblastoid Chinese hamster cells (CHL) 
were obtained from lung tissue of a 3-wk-oid female and 
grown under standard conditions (Zorn et al, 1976). In this 
investigation, cells of passage numbers 10—15 were used. At 
this passage level the majority of cells had still maintained 
a normal diploid status as shown by Q-banding analysis. 
Whole cell irradiation experiments at wavelength 254 nm 
(Cremer et al, 1978) and UV-microirradiation experiments 
(Zorn et al, 1979) indicated that these cells are capable of 
UDS. 

Microirradiation and posttreatment. Cells synchronized 
by mitotic selection (Zorn et αϊ, 1979) were inoculated into 
6 cm plastic petri dishes (Nunc/Denmark) and kept in 
medium with 0.5% fetal calf serum unti l microirradiation 
was performed (12—14 h later). Under these conditions, a 
large majority of the cells was still in G l as indicated by 
pulse labeling with [ 3 H]-thymidine (see Results). Prior to 
inoculation, a number of small squares (0.5 χ 0.5 mm each) 
was marked in the bottom of the dishes by means of scal
pel cuts. Only cells situated in these squares ('experimental 
field') were selected for microirradiation and could easily 
be relocated for further observation. Cells outside the ex
perimental field served for control purposes. For microirradi
ation, the petri dishes were placed into a special irradiation 
chamber (Cremer et al, 1976). To all cells of clear 
interphase morphology lying in a given square of the ex
perimental field, the same microirradiation treatment was 
applied. 

Microirradiation of the nucleus was performed in two 
ways: (i) microirradiation mode 1 at a randomly selected 
site wi th an irradiation field of approximately 1 μτη diam
eter in the object plane; (ii) microirradiation mode 11 with 
an irradiation field of approximately 12 μπι diameter (cor
responding to the mean nuclear diameter). 

In a given petri dish, both microirradiation modes were 
used. The incident UV-energy delivered to a microirradi
ated cell ranged from 0.27 nJ to 2nJ. By dividing these 
values by the area of the respective irradiation fields, the 
local energy density was estimated to be 300-2000 J/m 2 in 
case of mode l and 2.7-18J/m 2 in case of mode 11 ir
radiation. Following microirradiation, the cells were incu

bated with [ 3 H]-thymidine (10/iCi/m/, 40Ci/mmol) for 
2 h and fixed with glutaraldehyde. Autoradiography was 
performed using standard procedures (Moreno, 1971; 
Zorn, 1978). The preparations were stained with acetic 
orcein. 

RESULTS 

Figure l a shows an autoradiograph of a cell after 
mode 1 i rradiat ion. The silver grains indicat ing the 
site of U D S are concentrated to a small part o f the 
nucleus. Videotape recordings conf irmed that the site 
o f i r rad iat ion and the site of U D S are identical (Zorn , 
1978). In Fig. l b , a cell is shown after mode 11 ir 
radiat ion. I n this case, the silver grains were d i s t r i 
buted over the whole nucleus. I n most cases, the cells 
could easily be distinguished f rom the small percent
age of S-phase cells present which exhibited m u c h 
larger grain numbers, as established from un i r ra 
diated controls. I n the experiments described here, in 
the mean only 2% of the cells showed S-phase label
ing and were excluded from further evaluation. 

T o quantify the spatial extent of U D S fo l lowing 
mode 1 i r radiat ion, the nuclear area F covered by 
silver grains was determined from camera lucida draw
ings obtained from microscopic observations. F 
covered 2-10% of the total nuclear area, the mean 
value being approximately 3%. This conf irmed that 
the spatial distribution of U D S was indeed very dif
ferent for the two modes of micro i r rad ia t ion . 

Table 1. Influence of the distribution of photolesions on 
UDS (grain numbers in Gl-nuclei)* 

Expt No. Fine (nJ) /V, Nu / 

la 0.27 26.8 + 3.4 
(N = 85) 

29.5 + 4.4 
(N = 43) 

1.1 

lb 1.0 46.4 + 3.8 
(N = 81) 

51.1 + 5.4 
(N = 41) 

1.1 

2a 0.53 22.8 ± 1.2 
(N = 106) 

30.6 + 4.7 
(N = 37) 

1.3 

2b 1.0 30.4 ± 1.7 
(N = 91) 

30.9 ± 4.5 
(N = 30) 

1.0 

*CHL-cells were UV-microirradiated {λ = 257 nm) in 
G l . The incident energy was either concentrated on a small 
part of the nucleus (mode 1) or distributed over approxi
mately the whole nucleus (mode 11). Following microirradi
ation, the cells were pulse labeled with [ 3 H]-thymidine. In 
autoradiographs, the number of silver grain per nucleus 
was counted. Al l cells microirradiated in Experiment la 
and lb were situated in the same petri dish A; all cells 
microirradiated in Experiment 2a and 2b were situated in 
the same petri dish B. 

Fine'- UV-energy incident at the cell surface. 
Nx,Nu: grain number per nucleus (mean + SDM) cor

rected for background (mean of grain number in unirradi
ated cells). The number Ν of nuclei evaluated is given in 
parentheses. 

JVJ : microirradiation mode 1. 
N u : microirradiation mode 11. 
/ : = N n / N i (ratio of mean values). 
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Figure 1. Autoradiographs following laser-UV-microirradiation of the nucleus of CHL-cells in G l 
(incident UV-energy 2nJ). (a) mode I (microirradiation of a small part of the nucleus). Arrow indicates 
site of unscheduled DNA synthesis, (b) mode 11 (microirradiation of approximately the whole nucleus). 

The nuclear edge is marked by a dotted line. Bar: 10μιη. 

To quanti fy the total amount o f U D S per nucleus 
induced by the two modes of i rradiat ion, the number 
of silver grains per Gl-nucleus was determined. 

I n Table 1, the results of two series of experiments 
are summarized. I n Experiment 1, the grain numbers 
were found to be the same (wi th in statistical l imits) 
after b o t h modes o f micro i r rad iat ion. A n average of 
ΛΓχ = 26.8 silver grains per nucleus was determined in 
G l -ce l l s f o l l ow ing mode 1 i r rad iat ion w i th an incident 

0 100 200 300 

Figure 2. Influence of the grain number on the apparent 
/-value. CHL-cells were microirradiated and pulse labeled 
with [ 3 H] - thymid ine as described (see information in 
Table 1). Petri dishes with identical irradiation treatment 
(e.g. incident UV-energy Einc = 0.53 nJ mode 1 and 
mode 11 irradiation respectively) were processed for auto
radiography, using different exposure times (1-2 wk). In 
autoradiographs, the number of silver grains per nucleus 
was determined, and / = Ν,,/Ν, was calculated (see infor
mation in Table 1). On the average, for each /-value the 
grain numbers in 100nuclei were counted. Ordinate: 
/ = Nu/Νi. Abscissa: total grain number per nucleus fol
lowing mode 11 irradiation (no correction for background). 
• : Einc = 0.27 nJ, · : Einc = 0.53 η J, A : £ i n c =1.0nJ, 

• : £ i n c = 2.0nJ. 

UV-energy Einc = 0.27 nJ (Expt la) . When the same 
incident UV-energy was d is t r ibuted approximate ly 
over the whole nucleus by mode 11 i r rad ia t ion , an 
average o f Nu = 29.5 grains per nucleus was 
detected. The value of / = Nn/Nl was found t o be 
1.1. The amount o f U D S increased w i t h £ i n c . After 
i r r ad ia t i on w i t h Einc = 1 nJ, i n the mean 46.4 grains 
after mode 1 and 51.1 grains after mode 11 i r rad ia t i on 
were obta ined, the /-value again being 1.1 (Expt lb ) . 
I n Exper iment 2, the gra in numbers were somewhat 
lower due to sl ightly modi f ied autoradiographic con
di t ions. The pr inc ipa l outcome, however, is the same 
as obta ined i n Exper iment 1. 

T o elucidate the bias introduced by the much larger 
gra in densities in case of mode 1 i r rad ia t ion , a series 
o f experiments was made, using identical i r r ad ia t i on 
treatment but different autoradiographic condi t ions 
(exposure times). By this, different gra in numbers were 
obtained. F igure 2 shows that the /-value observed 
indeed depends on the gra in number per nucleus. As 
expected, the /-value increases w i t h increasing N n 

due t o the fact that at h igh gra in densities (mode 1) the 
to ta l number o f grains {Νχ) is underestimated. The 
extrapo la t ion o f / to very l ow grain numbers, how
ever, results i n a /-value close t o one. 

DISCUSSION 

The results presented here show that the spatial 
distribution o f U D S induced by laser -UV-micro i r rad i 
a t ion o f CHL-ce l ls is very different whether a given 
amount o f UV -quan ta is concentrated to a smal l part 
o f the nucleus (mode 1) or d istr ibuted over the whole 
nucleus (mode 11). 
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The total amount o f U D S per nucleus, however, was 
found to be rather s imi lar for the two modes of 
micro i r rad ia t ion , the energy densities differing from 
approximately 2.7 J / m 2 to approximately 1000 J/m 2 . 

I t is k n o w n that w i t h i n this range of energy 
densities there is an approximate ly linear increase 
w i t h UV-fluence of the percentage o f pyr imidine 
dimers in the D N A of Chinese hamster cells (Steward 
and Humphrey , 1966). This indicates that under these 
condit ions, the to ta l number o f pyr imid ine dimers in 
the mean depends on the to ta l incident energy but not 
on its d i s t r ibut ion in the nucleus. Therefore, our find
ings suggest that w i t h i n this range the amount o f 
U D S depends on the t o ta l number of pyr imidine 
dimers but not on their d i s t r ibu t i on in nuclear D N A . 
As a possible interpretat ion we suggest that the factors 
( FUDS) which l im i t the rate o f U D S under the con
dit ions investigated represent a poo l available at any 
part o f the nucleus. They are able to move freely 
('pool') w i t h i n a short t ime compared w i th the label
ing period (2 h). I n the ' poo l ' model , saturation of the 
excision system occurs only i f the total number of 
D N A photolesions per nucleus exceeds a certain level. 
I t should be noticed that in spite of freely moving 
FUDS-factors, the repair capabi l i ty may be different 

in different parts of the nucleus (Harr is et α/., 1974; 
Berliner et al, 1975; Smerdon et α/., 1978), e.g. due to 
different 'masks' of nucleoprotein (Wi lk ins and Har t , 
1974) which may interfere w i th the action of the 
factors. However, since the sites of micro i r rad ia t ion 
mode 1 in the nucleus were selected randomly, such 
differences in repair capabil ity d id not affect the rat io 
(/' = Νη/Νγ) of the mean grain numbers. I t wou ld be 
interesting to know whether the independence of the 
tota l amount of U D S on the spatial d is t r ibut ion of 
the incident photons over a wide range of energy 
densities observed in the C H L cells used here is a 
general feature of mammal ian cells. I f so, then from a 
biological point of view, the to ta l incident energy de
livered per cell nucleus might be a more appropriate 
parameter to describe the capabil i ty o f cells to per
form U D S than the energy density (UV-fluence) 
usually used. 
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