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The Study of Ultraviolet-Induced Chromatid and Chromosome
Aberrations as a Function of Dose in G;
Phase Vertebrate Tissue Cultures*
TROY V.ORR and H. GASTON GRIGGS

Department of Biology, John Brown Universily,
Siloam Springs, Arkansas 72761

ABSTRACT

Gy phase AB Xenopus laevix (toad) and V79B Cricetulus griseus (hamster) tissue cultures
were used to observe the frequency of ultraviolet-induced chromosomal aberrations as a
function of dose. When cultures are irradiated with ultraviolet light, visible aberrations are
virtually absent until a threshold of approximately 80 ergs mm- Is reached. Aberrations
then occur as a nonlinear function of dose. Chromatid aberrations are by far the most
prevalent until doses in excess of 200 ergs mm ! are administered, at which point chromo-

some aberrations become common.

INTRODUCTION

The study of ultraviolet light (UV)-induced chromosomal aberra-
tions in eukaryotic cells has been limited in comparison with that of
the induction of chr | aberrations by ionizing udilﬂon The

frequency of chromosomal aberrations in G, brate cells i
ionizing rldhuon has been observed to be a lopﬂthmc function
of the dose administered. These aberrati are b of the

chromosome type, which can be subdivided into deleti mu]uns
from single breaks, and exchanges, resulting from Itiple break

MATERIALS AND METHODS

The A8 amphibian cell line is maintained in layer cultures at
upprnxlmtely 24C in glass tissue culture bottles lnd plastic 1lu|u:
culture flasks in FI2A medi FI2A medi of p
F-12 medium (Grand Islands Biological Company) supplemented
with fetal calf serum, Penicillin and streptomycin are added to aid in

lling ti and the pH is controlled with N-2-
hydrmy ethylpiperazine-N'2" ethane sulfonic acid (HEPES) and

and rejoining (Evans 1967). Humphrey et al. (1963) studied aberra-
tion production in hamster cells by a single dose of UV (100 ergs
mm-*, 254 nm) in the DNA-sensitive absorption range. Log phase
cells in layers were irradiated and samples were collected for
chromosome analysis when they reached the first mitosis after
exposure. To determine whether the cells in a given collection
sample were in the Gi, S, or G: phase of the cell cycle during
, the layers were flash labelled with tritiated thymidi

bicarbonate (Griggs and Bender 1972).

The V79B Chinese hamster cell line is maintained in I
cultures at 37C in FI0 di This di ists of F-ID
powdered medium (Grand Islands Biological C y) suppl

mented with fetal call serum. Penicillin sml streptomycin are added
to help control contamination, and the pH is controlled with sodium
bicarbonate and carbon dioxide after titration with sodium hydrox-
ide Both types of media are sterilized by filtration.

before UV was administered. Somewhat mrprmnxly. Humphreyl
group found that a high freg v of ch was
produced in the G cells, but the freq y of ch ------sberm
tions observed in these same G cells was not significantly above the
control level. Chu (1965) carried out a detailed study of aberration
production in hamster cells, using 265 nm in the DNA absorption
range and 280 nm in the proiein absorption range. These studies with
265 nm were carried out in essentially the same manner as the work
by Humphrey et al. (1963). Chu found, however, that doses such as
50, 100, and 200 ergs mm™’ produmd a significant frequency of both
chromatid and ch ions in Gu cells. He also con-
cluded that UV-induced aberration frequencies increased with
increasing dose, as was the case with loni:ins udlntionu Both of
these studies were li d by the p ‘mixing" of cells
alter UV exposure of log phm cultures, beuuse of the fact that cells
in different phases of the cell cycle during a given exposure are
delayed by different time intervals in their progression toward
mitosis. Griggs and Bender (1973), working with synchronous
cultures of A8 Xenopus and V79B hamster cells, observed that a dose
of 120 ergs mm™ (254 nml induced damage in G cells which was
P d as chr id ions in exposed cells that reached the
first mitosis after exposure. A significant frequency ol chromosome
ubumlims was not ul:nmed By a rather detailed study of
ies as a function of UV dose (254 nm) over an

cultivation is achieved in the A8 cell line by vigorous
shaking of the culture to produce a suspension of cells, The V79B
cells, however, being more firmly atiached to the surface of the
container, are treated with a trypsin-versene solution to produce cell
suspensions.

The UV source consisted of a single 15W germicidal lamp (Sylvan-
nia G15 T8). The lamp was suspended 60 cm above the floor of the
radiation chamber, a glass enclosure with a plastic front containing
entry ports (to permit the use of hands and for placing items within
the chamber). Thin sheets of plastic were placed between the lamp
and the radiation area to decrease the UV dose rate to the point at
which relatively accurate dosages could be obtained by varying the
exposure time. The exposure time was controlled by manually
exposing the cells while recording the elapsed time. The modified
dose rate, approximately 4 érgs mnr? sec=', was checked periodically

with a Westingh WL 755 ph be d d to read i ity at
254 nm.
Each culture for irradiation was prepured and irradiated as follows.

The stock culture bottle was shaken lightly and the medium changed
to remove dead cells and start the synchronization of the culture for
Gy cells. Cells were collected from the stock culture by similar
“shake-olfs” every 30 minutes, 1o remove only those cells that had
just come through mitosis. Then 2 ml of each resulting cell suspen-
sion was deposited carefully in the center of a 10-cm petri plate so as
to form a large drop. Within approximately two hours at room

utendeddouruge using synch 1 of cells to ci

vent the problem of cell mixing, the writers hoped lo elucidate the
mechanism of aberration production by UV in G cells and to aid in
the lution of the app conflict mentioned above,

*Research supported in part by National Cancer Institute Grant CA-
18809-01.

e the cells had settled to the bottom and attached to the
surface, with no cells more than 2 cm from the center of the plate and
with essentially no touching or overlap; thus exposure was uniform
without interference from the shadow cast by the sides of the petri
plate. Once the cells had attached to the plate, the medium was
removed, the cells were irradiated for a specific length of time
according to the desired dose, and fresh medium was genily

reapplied.
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All AS irradintions were done under red light to avoid photoreac-
ion, and the irradi culluns were mnﬂmd :mmcdmely to

u light-proof contai Irradiat I were bated at 24C in
these covered glass cunmmm which kept the humidity near 100%,
until the eultures were ready for fixing. Colcemid, to a final concen-
ration of 107*M, was added after the appropriate incubation period,
and 24 hours Inter the cells were fixed on glass slides with 3:1
methanol-acetic acid and stained with crystal violet. Chromosome
spreads were scored by conventional methods (Wollf 1961). Spreads
containing a normal ph of ch (36 for AB cells and
n lm‘ V’?‘)B ullﬂ! were ined for ch id terminal deleti
tsochr i breaks, ct id h h me terminal
deletions, interstitial deletions, and chmmmme exchanges (rings
and dicentrics),

T'hc monol.lym of VT9B G cells were treated throughout the
experi inlly the same manner as the AB cells with the
following elcepuon All cultures were maintained at 37C in glass

iners and irradiated cul were fixed approximately 15 hours
after with id to a final ion of 4 x 10*M.

RESULTS AND DISCUSSION

Extensive not only provided n guide-
line for appropriate incubati riods, but also yielded infc
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Figure 1. Time interval of the AB cell line from irradiation to the
maximum mitotic index as a function of dose.

data for doses between 0 and 120 ergs mm™ !F:g 1). A marked
increase in the time required for the cells to reach mitosis after irrad-
fation was observed through the 60 erg point, beyond which the
required time became more consistent. A similar pattern was noted
in the effect of the m.lm.lon dou on the optimum mitotic index (Fig.
2); there was a rel in the fraction of cells
reaching mitosis, lgtin through the 60 erg point. These
determinations have an important bearing on the validity of data
concerning chromatid aberrations at doses below 200 ergs mm™
(Griggs and Bender 1973). Figures 1,2, and 4 and Table | show only
data for the AR cell line to maintain clarity, but similar data were
observed for the V79B mammalian line. Griggs and Bender (1972)
reported that the surviving fraction for A8 cells varied logarithmical-
Iy with dose, which also seems true of the writers’ mitotic index data
between 0 and 60 ergs mm™.

When aberration freq ies are plotted as a f of dose, no
clear increase in aberration frequency is observed until doses exceed
60 ergs mm™, beyond which the curves sharply rise (Fig. 3). This rise
is first noticed in the V79B cells at the 75 erg point, and appears in
the AB cells at about the 90 erg point (Fig. J. and Table I). This event
oceurs after the aforementioned observed effect of UV radiation on
mitotic index. These data sumsl that some threshold radiation value
must be led before aber ppear, and thus imply that an

lation of UV-i 1 events” leads to aberrations. This
effect is not observed in aberration production with ionizing
radiation, and has not been observed before in studies reported on
UV-induced aberration production, probably because no one has
studied doses below 50 ergs mm™ for damage induced by wave-
lengths in the DNA-sensitive absorption range.

hcplrnlc compﬂnlnn of the chmmntld nnd chmrnainme

on I i that chr aber b
naoticeably mare prevalent at 200 ergs mm™ lhun atany lower dose
administered (Fig. 4). The fact that relati low freq

chromosome aberrations was noticed in the coutmla and at luw
madiation levels suggests a threshold radiation value for chromosome
aberrations at a higher dose level than the threshold for chromatid
aberrations.

The data are somewhat similar to Chu's (1965) findings at higher
doses, but are more in accord with the data presented by Humphrey
el al. (1963) for doses of about 100 ergs mm™. Consideration of the
long and complicated division delays (more than 70 hours in some
cases) reported by Chu suggests Ihll he may have scored many cells
at the | is alter exp e d of the firsi. For example,
irradiation of a given Gy cell might result in damage which would
appear in a cell scored at the first division as a chromatid terminal
deletion, However, if this cell were capable of movmg th.mugh a
second cell cycle, the damage would appear at the as
 lerminal chromosome deletion. Such an effect could significantly

s results in such a manner as to overestimate chromosome

AB - MITOTIC INDICES
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Figure 2. Maximum fraction of AB cells hing asaf

of dose,

AB- & VT79B-ABERRATION

FREQUENCIES AT LOW DOSES

20 40 L1 a0 100 e

Figure 3. Total aberration fi ies (both chr id and
chromosome types) of the A8 and V79B cells lines as a function of
dose between 0 and 120 ergs mm™. Average number of cells scored
was 365 for the AB and 780 for the V79B.
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aberration freg ies and underesti chromatid aberration
frequencies. Use of synchronous cul inimized this problem in
the writers' study.
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Figure 4. Aberration frequencies of the AB cell line over an extended
dose range, with aberrations separated into chromatid and
chromosome types. Average number of cells scored was 425.

Table 1. Aberration Distribution for A8 Cells at Low Daoses

Number Chromatid aberrations Chromosome aberrations
Dose cells Terminal Isochromatid Terminal Interstitial
ergs mm™ scored deletions breaks Exchanges deleti break Exchang
0 200 2 0 0 1 0 0
10 400 1 0 o 1 0 0
20 300 2 0 0 0 0 V]
30 310 2 0 0 1 1 0
40 500 3 0 1 3 0 o
50 400 4 0 0 (1] 0 0
60 400 1 0 0 2 0 0
75 400 6 0 0 1 0 0
90 400 11 2 | 0 0 1
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