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Chinese hamster cells (M3-1 line) in S phase were laser-UV-microirradiated (I, 257 nm) 
at a small site of the nucleus. Cells were fixed either immediately thereafter or in 
subsequent stages of the cell cycle, including prophase and metaphase. The microirradiat- 
ed chromatin was visualized by indirect immunofluorescence microscopy using antibodies 
specific for UV-irradiated DNA. During the whole post-incubation period (4-15 h) immun- 
ofluorescent labelling was restricted to a small part of the nucleus (f, 4.5% of the total 
nuclear area). In mitotic cells segments of a few chromosomes only were labelled. 
Following microirradiation of chromosome segments in anaphase, immunofluorescent 
labelling was observed over a small part of the resulting interphase nucleus. A territorial 
organization of interphase chromosomes, i.e. interphase chromosomes occupying distinct 
domains, has previously been demonstrated by our group for the nucleus of Chinese 
hamster cells in Gl. Our present findings provide evidence that this organization pattern is 
maintained during the entire cell cycle. 

Evidence has recently been provided for a highly ordered arrangement of 
centromeres in metaphase plates of certain plant species [I]. Non-random ar- 
rangements of chromosomes have also been shown to a certain extent in meta- 
phase plates of several mammalian species including man [2, 31. These findings 
have shed new light on the question of an ordered arrangement of interphase 
chromosomes as well, a question which still appears largely unsettled [3-71. 
Within this context it is important to know how the chromatin of individual 
chromosomes is distributed within the interphase nucleus at different stages of 
the cell cycle. 

In 1885, Rabl [8] suggested a model which predicts that interphase chromo- 
somes maintain their anaphase-telophase orientation and occupy distinct nuclear 
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domains or territories. Circumstantial evidence for this model has been provided 
at an early stage by Boveri [9, lo], but only recently methods have been 
developed to put Rabl’s predictions to more rigorous tests [l l-141. Whereas a 
territorial organization has been demonstrated for interphase chromosomes of 
Chinese hamster cells in Gl [12, 151, direct evidence was still lacking for cells in S 
phase. 

In the present experiments we have combined laser-UV-microirradiation of 
nuclei of the Chinese hamster cell line M3-1 [16], and an immunofluorescent 
staining technique using antibodies for UV-irradiated DNA [17, 181. This method 
allows the detection of chromatin microirradiated at any stage of the cell cycle 
both immediately after irradiation and after different time intervals. A small part 
of the cell nucleus was microirradiated in S phase and microirradiated chromatin 
was identified at subsequent stages of the cell cycle, including prophase and 
metaphase. Alternatively, chromosomes were microirradiated in anaphase, and 
their arrangement was tested in the resulting interphase nucleus. Our results 
indicate that in Chinese hamster cells a territorial organization pattern of inter- 
phase chromosomes is maintained during the entire cell cycle. 

Cell culture 
MATERIAL AND METHODS 

Chinese hamster cells of the M3-1 line [19] were used in the present experiments. These cells have a 
rapid, well-characterized growth (cycle duration of undisturbed cells 10.5 h, S-phase duration 6.6 h, 
GZM-phase duration 1.5 h 1201). Stock cultures were maintained in plastic Falcon flasks in Eagle 
minimum essential medium (MEM), supplemented with 10% fetal calf serum (FCS) and 1% non- 
essential amino acids (NEAA). The cells were grown at 37°C in a humidified atmosphere with 5% 
C02. For microirradiation experiments, cells obtained after trypsinisation of asynchronously growing 
stock cultures were seeded into 20 cm2 plastic Petri dishes. Cells were synchronized at early S phase, 
using a thymidine block (final concentration 2 mM/ml culture medium); 16-18 h later the block was 
removed. Eight hours later up to 40 % of the cells arrived at mitosis (2 h sampling time with colchicine 
(0.2 @ml). Cells were used for microirradiation either immediately after removal of the block or 
some 4-6 h later. Pulse-labelling experiments with [3H]thymidine (0.1 &i/ml medium for 1 h) 
followed by autoradiography were performed in this latter case and showed that most cells (90%) 
were in S phase. 

Microirradiation procedure 
A continuous wave-coherent UV-beam with wavelength 257 nm [16] was focused with a quartz 

objective (Zeiss Ultrafluar 32x/0.40 Ph), which was used simultaneously for microirradiation and 
observation of the cells in phase contrast. The adjustment of the beam was made in such a way that 
the focal plane of the beam and the object plane of the microscope coincided. Thus any cellular 
structure in focus of the microscope objective could be irradiated by the focal site of the beam. Its 
diameter was approx. 1 pm, as estimated from the smallest diameter of a fluorescent spot induced on 
the bottom of a Petri dish [15]. The ‘effective’ diameter of the irradiation field, however, was 
somewhat larger due to the divergence of the microbeam above and below its focal site and the effect 
of stray light produced when the beam passes a cellular structure. The cellular region selected for 
microirradiation was marked with a cross-hair located in the image plane of the objective. Horizontal 
movements of cells in irradiation chambers (see below) were realized by means of a special object 
stage (Gleittisch, Zeiss) which allows very tine adjustments. The irradiation time was controlled by a 
photographic shutter and varied between + and & sec. The UV-power incident at the cell surface was 
estimated to be approx. 7.5~ 10e9 w. 
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Microirradiation of interphase nuclei 
Petri dishes were placed into a special irradiation chamber [21] and cells growing in ‘experimental 

fields’ marked by scalpel cuts were used for microirradiation. Non-irradiated cells adjacent to these 
fields served as controls. Cells were microirradiated at randomly selected sites of the nucleoplasm at 
room temperature. Petri dishes were kept out of the incubator for 30 min at maximum. After 
irradiation cells were either fixed immediately with methanol/acetic acid (3 : 1) or post-incubated with 
2 mM caffeine for 4-12 h. Colchicine was added 2 h before in situ chromosome preparation was 
performed [15]. For hypotonic treatment cells were incubated for 20 min in Hanks buffer diluted with 
aqua bidist. (1 : 20) plus 5 % calf serum. Thereafter the hypotonic solution was gradually replaced by 
dropwise addition of fixative (methanol/acetic acid 3 : 1). In some experiments, interphase cells or 
metaphase spreads were microirradiated afrer fixation in order to exemplify the specifity and 
sensitivity of the immunocytochemical method. 

Microirradiation of chromatin at anaphase 
Cells were inoculated into Rose chambers [22] equipped with quartz glass windows. For experi- 

ments, the chambers were transferred to the irradiation microscope and kept there at 37°C. Mitotic 
cells were localized and followed from metaphase to anaphase. The chromosome set on one side of a 
dividing cell in anaphase was microirradiated at one or two sites. After irradiation, the position of the 
cell within the Rose chamber was marked by a fine pencil and the chamber was transferred back to 
the incubator. One hour later the cells were fixed with methanol/acetic acid (3 : 1). In other experi- 
ments anaphase cells growing in Petri dishes were microirradiated as described above for interphase 
cells. Both types of experiments yielded identical results. However, recognition of structural details 
was improved by phase contrast observation of the cells in Rose chambers. 

Indirect immunojluorescence staining of UV-irradiated chromatin 
Details of the immunization procedure, purification and specifity of the rabbit antiserum raised 

against UV-irradiated DNA have been described elsewhere [23]. This antiserum has a high affinity for 
UV-irradiated DNA and possesses a low affinity for non-irradiated single-stranded DNA (ssDNA) 
[24]. Air-dried cells were stained 1 or 2 days after fixation. After rehydration for 30 min in PBS, the 
cells were incubated with undiluted antiserum for 2.5 h in a wet chamber. Cells were then washed for 
30 min in PBS with three changes, incubated with fluorescein-isothiocyanate (FITC)-conjugated goat 
anti-rabbit IgG (dilution 1: 30 in PBS; Nordic) for an additional 30 min at 37”C, washed again three 
times with PBS and finally rinsed with bidistilled water for 10 min. Thereafter cells were embedded 
under cover glass with Mowiol (Serva) or glycerin/PBS (1 : 1). 

DAPI staining 
In a number of experiments, cells were incubated with DAPI solution (0.1 &ml PBS) for 3-6 min 

(37°C) following the last PBS rinsing step of the immunofluorescence staining procedure. Then the 
cells were washed with bidistilled water and mounted in glycerin/PBS (1 : 1). 

Fluorescence microscopy 
Fluorescence microscopy and microphotography were performed with a Zeiss photomicroscope 

equipped with epifluorescence illumination. For observation the following filter combinations were 
used: LP 520, immunofluorescence alone; LP 420, DAPI staining alone; LP 470, simultaneous 
observation of DAPI and immunofluorescence. 

Autoradiography 
Cells contained in Petri dishes were covered with Ilford nuclear emulsion K2 and processed 

following standard procedures. Exposure time at 4°C was 2 weeks. Autoradiographs were stained 
with acetic orcein and metaphase plates were relocated and photographed. 

Exp Cell Res 149 (1983) 



260 Hens et al. 

Fig. I. (a) Nuclei of living Chinese hamster cells (M3-1 line) were microirradiated at IWO sites each 
(irradiation time i set) and fixed immediately thereafter. Microirradiated chromatin was identified by 
indirect immunofluorescence microscopy using antibodies raised against UV-irradiated DNA in 
rabbits. (Indirect immunofluorescence microscopy of (b) non-irradiated cells (controls) grown in the 
neighbourhood of the microirradiated cells shown in (a); (c) nuclei microirradiated after fixation at 1, 
2, 3 or 4 different sites (18 set); (d) an M3-1 metaphase spread. Fixed chromosomes were microirradiat- 
ed at the sites marked by immunofluorescent label. The microphotograph does not reveal dose- 
dependent differences (compare e) in the intensity of the fluorescent spots as noted in the original 
preparation. (e) Schematic diagram of the metaphase spread shown in (4. The sites of microirradia- 
tion are indicated by black dots. The time of microirradiation varied between a and & sec. Bar, 10 pm. 

RESULTS 

Fig. 1 shows examples for the immunofluorescence labelling following laser- 
UV-microirradiation of small parts of the nucleus in living (fig. 1 a) or fixed (fig. 
1 c) interphase cells or of small parts of fixed metaphase chromosomes (fig. 1 d, 
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e). The number and the localization of the irradiation sites coincided with the 
number and the localization of immunofluorescent spots, e.g. microirradiation of 
1,2, 3 or 4 sites of the nucleus resulted in a corresponding number of fluorescent 
spots at the preselected nuclear sites. The minimum diameter of the spots was 
approx. 1 p,m depending both on the exact adjustment of the focus of the 
microbeam within the nuclear target and the UV-incident dose. In the present 
experiments diameters of approx. 2 urn were routinely achieved. These spots 
were not observed after microirradiation of the cytoplasm beside the nucleus or 
in non-irradiated control cells (fig. 1 b). 

Some 4-12 h after microirradiation, immunofluorescent labelling was still 
limited to one site of the nucleus. However, the intensity of the fluorescence 
appeared generally weaker. There was no indication that the size of labelled 
nuclear areas may increase largely during this post-incubation period (data not 
shown). 

Fig. 1 d, e exemplifies the precision of aiming the microbeam to preselected 
sites of fixed metaphase chromosomes. The DNA photolesions induced by an 
incident UV-energy as low as 2.5~ 10-l’ J can clearly be visualized by antibody 
staining. 

In figs 2 and 3, typical immunofluorescence distributions are presented, as 
observed in mitotic cells following a single microirradiation of a small part of the 
nucleus in S phase and post-incubation for 4-12 h. Generally, caffeine (2 mM) 
was present during the post-incubation period. When the caffeine post-treatment 
was omitted, immunofluorescence was strongly decreased in the resulting mitotic 
specimens. This effect could only partly be compensated for by an increase of the 
UV-incident dose, since the yield of mitotic cells then became impractically low. 
No differences in the immunofluorescent labelling patterns were observed, 
whether the cells were micron-radiated immediately after removal of the thymi- 
dine block or 4-6 h later. In total, nuclei of some 17900 cells were micron-radiated 
at a single site (except that nucleoli were generally avoided) and 253 mitotic cells 
with immunofluorescent labelling were obtained at the first post-irradiation mito- 
sis. 

During prophase (n=18) (fig. 2), the immunofluorescence labelling was still 
restricted to one site as it was observed in interphase nuclei. This pattern was 
also found in the majority of metaphase cells with immunofluorescence labelling 
(190 out of 235) (fig. 3a, b). In 45 metaphase spreads several (up to five) clearly 
separated immunofluorescent spots were detectable. In general, however, these 
spots were still restricted to a rather limited part of the spread. Only in a few 
cases (n= 13) immunofluorescent chromosomes appeared distributed over a 
larger area (fig. 3 c). It should be noted that all metaphase spreads displaying 
strong immunofluorescence displayed also chromosome shattering of the labelled 
region, i.e. partial chromosome shattering, PCS. For a detailed description of this 
phenomenon, see [7, 251. Our result that labelled chromatin masses from several 
jointly micron-radiated interphase chromosomes were still observed in close 
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Fig. 2. M3-1 Chinese hamster cells were fixed in prophase after microirradiation of nuclei in S phase 
($ set) and 4 h post-incubation in the presence of 2 mM caffeine. (a, c) Fluorescence microscopy of 
prophase chromosomes after DAPI staining; (b, d) immunofluorescence microscopy of the same cells 
indicating the sites of UV-irradiated chromatin (compare arrows in a, b and c, d, respectively). Bar, 
10 urn. 

neighbourship at metaphase (in spite of the use of colchicine and of a hypotonic 
shock during the chromosome preparation procedure) might not necessarily 
indicate the same close correlation between the interphase and metaphase posi- 
tions of non-irradiated chromatin as well but possibly reflect an artefact of PCS. 
This problem is now under further investigation (H. Baumann & T. Cremer, 
unpublished data). 

Autoradiographs of metaphase spreads with immunofluorescent spots (n= 17) 
were obtained after pulse-labelling with [3H]thymidine (0.1 @i/ml medium) for 1 
h immediately after micron-radiation, which was performed 4-6 h after removal of 
the thymidine block. They indicate that all of these 17 cells were in S phase at the 
time of microirradiation. Autoradiographic labelling patterns of 11 cells show 
incorporation of [3H]thymidine in all chromosomes of the complement (fig. 3 c), 
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Fig. 3. Three metaphase spreads from M3-1 Chinese hamster cells obtained after microirradiation of 
nuclei in S phase ($, set). Microirradiation was performed 6 h after release of the cells from a 
thymidine block. Thereafter the cells were post-incubated for another 4 h with 2 mM caffeine. (a, c, e) 
Metaphase spreads after staining of the chromosome complements with (a, e) DAPI; or (c) orcein. 
Immunofluorescence microscopy (b, d, j) shows the sites of microirradiated chromatin in these 
spreads. Small nrrows, corresponding sites of labelled chromatin. Note a micronucleus in an inter- 
phase cell in (e), right upper comer, displaying immunofluorescence. The metaphase spread present- 
ed in c, d was obtained from a cell pulse-labelled with [‘Hlthymidine for 1 h immediately after 
microirradiation. The autoradiograph (c) shows silver grains over all chromosomes with grains more 
pronounced over late-replicating chromatin. Note that microirradiated chromosome material is shat- 
tered (partial chromosome shattering, PCS). In (a, c) shattered chromosomes still appear clumped 
together, whereas in (e) damage appears less pronounced in the affected chromosomes which are 
much more distributed over the metaphase spread. Bar, 10 urn. 
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Fig. 4. Frequency distribution of the number of immunofluorescent labelled chromosomes in meta- 
phase spreads obtained after microirradiation of nuclei of M3-1 cells in S phase (4-6 h after release 
from a thymidine block) and post-incubation for an additional 4-6 h in the presence of 2 mM caffeine. 
Arithmetic mean, 1=3.1; n=66. 
Fig. 5. Frequency distribution of the size of immunofluorescent nuclear areas of M3-1 cells obtained 
after microirradiation of nuclei at one site in S phase and post-incubation of the cells for 4-6 h in the 
presence of 2 mM caffeine. Class 0 (0 area 0.5) contains one nucleus with 0.4% immunofluorescent 
area; arithmetic mean, a=45%; n=72. 

whereas in six cases incorporation was mainly restricted to late-replicating chro- 
matin. 

Fig. 4 shows the apparent number of chromosomes displaying immunofluores- 
cence in a population of 66 metaphase spreads suitable for further evaluation. 
Estimates were hampered by shattering (fragmentation/pulverization) of microir- 
radiated chromosomes. The frequency distribution of immunofluorescent la- 
belled chromosomes shows a maximum of two labelled chromosomes per spread 
and an arithmetic mean of 3.1, i.e. parts of these chromosomes were situated in 
the microirradiated nuclear segment. In a few cases only, a considerably larger 
number of labelled chromosomes (up to 11) was estimated. These cases may 
partly stem from cells in which a somewhat larger nuclear area was microirradiat- 
ed (compare fig. 5). In addition, higher numbers were estimated in cases where 
chromosomes were heavily overlapping around the fluorescent site of the spread. 
Thus, the numbers of labelled chromosomes in these cases represent a maximum 
estimate derived from counts of surrounding intact chromosomes. 

Fig. 5 shows the frequency distribution of the immunofluorescent nuclear area 
as a percentage of the total nuclear area from 72 randomly selected interphase 
nuclei. These nuclei showed a close neighbourship to one of the 66 metaphase 
spreads used for the evaluation represented above (fig. 4). Most nuclei showed a 
labelled area between 1 and 10 % of their total area with a maximum at 2 % and an 
arithmetic mean of 4.5 %. Only occasional cells showed a labelled area up to 
20%. These occasional cells may have been microirradiated slightly out of focus 
and thus been exposed to the divergent part of the microbeam above or below its 
focal site (see Material and Methods, “Microirradiation procedure”). 
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Fig. 6 shows the results of microirradiation of chromosomes at anaphase. In 
phase contrast the two chromosome sets of a living cell were easily discriminated 
at late anaphase (fig. 6a), the left set was microirradiated at two sites (Q set). 
Phase-contrast observation did not reveal any apparently disturbing effect on the 
subsequent formation of the two daughter cells. After fixation (performed 1 h 
later) both nuclei appeared to have a normal shape (fig. 6b). Immunofluorescent 
staining (fig. 6 c) revealed the position of the microirradiated chromatin enclosed 
in the left nucleus. Two small nuclear areas were distinctly stained. The right 
nucleus did not show any immunofluorescence (compare fig. 6 c with the scheme 
in fig. 6e,f). Fig. 6g shows the result of another experiment. It was carried out 
in the same manner as the first experiment, except that only ooze site of the left 
chromosome set was irradiated. Fig. 6e shows the two daughter nuclei after 
fixation 1 h later. Immunofluorescence staining revealed one small fluorescent 
area in the nucleus containing the micron-radiated chromosome set (compare fig. 
Gfwith the scheme in fig. 6g). Note that in both experiments the immunofluores- 
cent areas (fig. 6c, j) appear generally more extended and more diffuse at the 
edges than the immunofluorescent spots observed immediately after microirra- 
diation of interphase nuclei (fig. 1 a, c). This might result from movements and 
decondensation processes of the micron-radiated chromosome segments during 
formation of the Gl nucleus. However, precise focusing of the microbeam is 
impeded in rounded anaphase cells and a technical artefact due to an increased 
amount of straylight may also account for the diffuse edges of the spots. In total, 
28 anaphase cells were micron-radiated. In 18 cases immunofluorescence was 
observed. In seven cases one of the two chromosome sets was microirradiated at 
ooze site and in eleven cases at two sites. In all cases, the labelled daughter cell 
nucleus was the one which had received the microirradiated chromosome set, the 
number of fluorescent areas corresponding with the number of sites microirra- 
diated at anaphase. Furthermore, without exception the total immunofluorescent 
area comprised only a minor fraction of the entire nuclear area. 

DISCUSSION 

UV-microirradiation experiments offer a direct approach to investigate the 
spatial organization of chromosomes in interphase. The experimental rationale of 
these experiments is to microirradiate a small amount of chromatin during 
interphase or mitosis and to examine how such a probe of chromatin is distribut- 
ed during subsequent stages of the cell cycle. Apparently, conclusions concern- 
ing the spatial arrangement of the interphase chromosomes can be drawn from 
such data [12]. To detect the chromatin modified by UV microirradiation, differ- 
ent approaches may be used. Previously, unscheduled DNA synthesis (UDS) was 
used to identify the irradiated chromatin following UV microirradiation of inter- 
phase cells in Gl phase [12, 151. These studies have shown that the interphase 
chromosomes in Gl nuclei of euploid Chinese hamster cells, synchronized by 

Exp Cell Res 149 (1983) 



266 Hens et al. 

Fig. 6. Laser-UV-microirradiation of chromosomes at anaphase. In one experiment (ad) the left 
chromosome set was microirradiated (1 set) at two sites (a, arrows) and phase-contrast microphoto- 

graphy of the living cell was performed immediately thereafter. One hour later the resulting daughter 
nuclei were fixed (b, phase-contrast microphotography of the unstained cells). Immunofluorescence 
microscopy of the nuclei revealed IWO distinct immunofluorescent regions in the left nucleus; 
compare scheme (4. In another experiment (e-g) the left chromosome set was microirradiated at one 
site (not shown). The two daughter nuclei were fixed 1 h post-irradiation (e). Immunofluorescence 
microscopy showed one labelled region on the left nucleus which had received the microirradiated 
chromatin (fl; compare scheme (g). Bar, 10 urn. 
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serum starvation, are organized in distinct ‘territories’ or domains. In addition, 
premature chromosome condensation in Gl and G2 nuclei of the same cells 
supported the type of interphase chromosome orientation first proposed by Rabl 
[12]. Direct evidence for a territorial organization of the interphase chromosomes 
was lacking so far for nuclei in S phase. Obviously, in this case pulse-labelling 
with [‘Hlthymidine cannot be used for detection of UDS in micron-radiated 
chromatin. 

In this study chromatin micron-radiated at a given nuclear site in S phase has 
been visualized in the subsequent stages of the cell cycle, including prophase and 
metaphase, by immunofluorescence staining technique using antibodies specific 
for the detection of UV-irradiated DNA. An average of three chromosomes per 
metaphase plate have shown immunofluorescent labelling. When compared with 
our previous data on the arrangement of interphase chromosomes in Gl [12, 151, 
this result indicates that individual chromosomes during S phase do not become 
extended over a much larger part of the nucleus but still occupy relatively small 
territories or domains. Interestingly, in 14 out of 66 metaphase spreads (fig. 5) 
only one chromosome has displayed significant immunofluorescence. This could 
mean that the nuclear domains of these chromosomes are extended between the 
upper and lower part of the nuclear envelope of the flatly shaped M3-1 nuclei. If 
the domains of two (or more) chromosomes would necessarily overlap, we could 
except a minimum of two labelled chromosomes even in cases where the nuclear 
area exposed to microirradiation was only 1% or less of the total nuclear area. 
Alternatively, we have to consider the possibility that the immunofluorescence 
signal on some microirradiated neighbouring chromosome territories was too 
weak to be detected in these cases. 

In other experiments, chromosomes were microirradiated in anaphase, and the 
micron-radiated chromatin was detected in the resulting Gl nucleus. As expected 
for a territorial organization only a minor fraction of the nucleus has been 
labelled. Similar results have previously been obtained by UV microirradiation of 
pig embryo kidney cells in anaphase and incubation in medium containing 
[3H]thymidine followed by autoradiography [26]. 

The term ‘chromosome territory’ or ‘domain’ implies that the individual chro- 
mosome occupies a distinct and limited segment of the interphase nucleus. 
Polytene nuclei found in certain tissues of Drosophila and other Diptera provide 
well known examples for such an organization pattern [27]. This concept still 
gives place for an enormous variability in the actual arrangement of single 
interphase chromosomes. However, it restricts the possibilities by which the 
chromatin fibres of which each individual chromosome is formed can be distribut- 
ed within the nucleus. Evidence has been described that the DNA of individual 
chromosomes is organized both in interphase and metaphase chromosomes in 
loops of the same order of magnitude, e.g. l&l80 kilobase pair (kbp) length 
(average number 53 kbp) for mouse interphase DNA and 42 kbp for HeLa 
metaphase chromosomes [28-301. We feel a loop model to be especially attractive 
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but the limiting conditions set by the results of our present experiments are valid 
for any model of the folding and distribution of chromatin fibres in the interphase 
nucleus. The fluorescent labelling patterns which we have found suggest that 
possible loops of the chromatin fibre are generally rather short during the entire 
cell cycle, as compared with the dimensions of the nucleus. Based on electron 
microscopic evidence it has recently been suggested that the interphase nucleus 
“could . . . contain smaller domains which represent the DNA complement of 
single mitotic chromosomes” [30]. Thus the concept of a territorial organization 
now seems to be supported by independent experimental observations. 

Presently, litte information is available concerning the ultrastructure of the 
boundaries between adjacent interphase chromosome territories. Some in- 
termingling of short loops from neighbouring chromosomes would be consistent 
with our results. Intermingling of long loops of chromatin fibres invading the 
micron-radiated nuclear area from distant chromosome territories does not appear 
to be a major event, since such a type of intermingling should have led to 
metaphase spreads exhibiting fluorescent label scattered over many chromo- 
somes rather than concentrated over a few. 

The combination of the UV-microirradiation technique with immunocytoche- 
mica1 methods offers a powerful tool in studies of the question of a random or 
non-random arrangement of interphase chromosomes [7, 121. In addition, it has 
been valuable for studies of the dynamic aspects of chromosome arrangement 
during subsequent stages of the cell cycle, such as interphase-mitosis-interphase 
transition (H. Baumann, K. Nakanishi & T. Cremer, unpublished data). 

As reported elsewhere [25], UV-microirradiation of Chinese hamster nuclei in 
Gl or S phase plus caffeine post-treatment (l-2 mM) results in two major types of 
chromosome damage at the first post-irradiation mitosis, namely partial (PCS) 
and generalized (GCS) chromosome shattering. In the latter case shattering 
affects all the chromosomes of a cell. However, even in the case of GCS we were 
able to demonstrate, by immunofluorescent and UDS labelling methods, that 
microirradiated chromatin comprises only a small fraction of the whole chromo- 
some complement [18]. This result supports our hypothesis that GCS results 
largely from an indirect effect of UV-micron-radiation and occurs both in irradiat- 
ed and non-irradiated chromosomes [25, 311. Under the conditions of our present 
experiments GCS was a very rare event, probably due to an antagonistic effect of 
the thymidine block used for synchronization [32]. 

Finally, the influence of the caffeine post-treatment of microirradiated cells on 
the intensity of the immunofluorescence staining needs further elucidation. The 
reason for this effect is presently unknown. In mammalian cells caffeine does not 
interfere with the removal of DNA lesions by excision repair [33, 341. A larger 
number of DNA photolesions in microirradiated chromatin of caffeine-post- 
treated cells, as compared with non-treated cells, therefore does not suffice as an 
explanation for the decreased intensity of immunofluorescence in the latter. 
However, it should be noted that the antibodies used for the detection of UV- 
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irradiated DNA do not detect DNA photolesions like pyrimidine dimers per se 
but rather small conformational changes of DNA at the lesion-bearing sites. 
Caffeine may interfere with processes which influence the structure or the 
accessibility of these antigenic sites. 
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