of environmental changes in this area,
the shipboard scientific party has re-
frained from sampling any more than the
core catcher samples in order to preserve
the cores for varve studies onshore, which
require intact working halves of the
cores. We proposed to the DSDP and the
National Science Foundation that these
cores be curated and samples distributed
in a special way. A HPC varved core
working group has been established
within the Joint Oceanographic Institu-
tions for Deep Earth Sampling, which
will coordinate feasible ways to sub-
sample the working half cores for sub-
sequent shore-based studies.
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Fluorescent Light Induces Malignant Transformation in Mouse

Embryo Cell Cultures

Abstract. Fluorescent light induced a dose-dependent malignant transformation in
mouse C3HIOT'/2 cells. A plateau in the dose-response curve for transformation was
correlated with that observed with ultraviolet light exposure. The similarity in the two
dose-response patterns suggests that similar molecular processes may be involved in
the induction of malignant transformation by the two types of radiation.

Light from standard fluorescent bulbs
is toxic and mutagenic to bacteria (/) and
to mammalian cells in vitro (2-5). Fluo-
rescent light also induces breaks in DNA
strands (6), cross-links, and chromosom-
al aberrations (7) in cultured cells, as
well as sites sensitive to Micrococcus lu-
teus endonuclease (8). These sites are
thought to represent pyrimidine dimers,
a DNA lesion previously implicated in
cancer induction (9, 10) and in vitro ma-
lignant transformation (//). We report
here that fluorescent light is capable of
transforming cells in vitro and that the
frequency of malignant transformation
induced is related to dose.

We used a cell line derived from
mouse embryo (C3H10T'/2, clone 8) iso-
lated and characterized by Reznikoff et
al. (12, 13) and adapted for studies of ra-
diation transformation in our laboratory
(14). The cells were passaged and main-
tained as previously described (/4, 15).
Cultures containing about 2 x 10¢ cells
in uncovered 100-mm petri dishes were
irradiated with six fluorescent bulbs (GE
F15-T8 Cool White) at a distance of 6
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inches. The exposure rate was 27.3
J m~2 sec™!, measured with a thermopile
(Eppley). This was equivalent to 910
foot-candles (1 foot-candle = 10.76 lux)
(International Light IL700 meter). All ir-
radiated and control (exposed only to
dark) dishes were maintained at 0° to 4°C
in Hanks balanced salt solution (HBSS)
containing 25 mM Hepes buffer pH 7.1,
HBSS) (/6), during exposure periods
ranging from 0 to 7 hours. The plates
were then subcultured to 250 to 400 vi-
able cells per plate and maintained for ra-
diation transformation (/4). Types II and
III foci were scored separately as trans-
formants; their morphology was similar
to that previously observed for ultravio-
let light (/1), x-irradiation (I/4), and
chemical carcinogen (12, 13) treatments.
There was no spontaneous transforma-
tion in control cultures (no treatment) or
in cultures maintained at 37°C through-
out but incubated for 7 hours in HBSS.

Figure 1 (upper curves) presents sur-
vival data for 0 to 7 hours (0 to 6.9 x 10°
J m~2) exposure to fluorescent light, as
well as for cultures kept in the dark at 0°
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Table 1. Fluorescent light induced malignant transformation. For the transformation assay, 100-mm plastic dishes (Falcon) were seeded with 250
to 400 surviving cells after plates containing cells in exponential growth were exposed to fluorescent light. The transformation data have been
pooled from three to four separate experiments of 20 to 60 plates each for each exposure time. Plating efficiencies were determined from 3 to 6
plates seeded with a cell density one-fifth that of the plates for the transformation assay; cultures were terminated 10 days after the fluorescent

light exposure.

Dark controls Irradiated
Transformed Transformation Transformed Transformation
Treatment foci*/plate frequency per foci*/plate frequency per
(hours) surviving cell, surviving cell,
Type Types 11 types IT and III Type Types I1 types II and III
111 and III (X107%) I and 111 (X107%)
2 0/74 0/74 <04 0/77 2/77 0.9
212 0/38 0/38 <1.6 1/73 4/73 2.0
3 0/37 0/37 <1.6 2/76 8/76 33
31/, 0/72 1/72 0.4 1/70 9/70 4.7
5 0/55 1/55 0.6 1/60 10/60 4.1
7 0/147 2/147 0.5 3/152 8/152 3.7
5 (with petri dish covers on) 0/34 0/34 <1.8

*QOr number of plates containing transformed foci.

to 4°C for the same periods of time. The
frequencies of malignant transformation
induced by similar doses of fluorescent
light are shown in Table 1. The transfor-
mation frequency increased with in-
creasing light exposure from 0 to 3!/
hours (0 to 3.4 X 10°J m~?) and reached
a plateau at doses greater than or equal
to 3 to 3'/2 hours. Exposure to fluores-
cent light for 5 hours with covers on the
petri dishes resulted in no detectable
transformation.

Exposure of control cultures to 0° to
4°C in the dark resulted in the killing and
malignant transformation of some cells
(Fig. 1 and Table 1); however, no type
III foci were observed. Transformation
in nonirradiated cultures cannot be at-
tributed to the 2- to 7-hour incubation
with HBSS, as parallel control cultures
maintained at 37°C for similar times in
this' medium showed no transformation.
Malignant transformation induced by x-
rays is enhanced when cultures are irra-
diated and maintained for 4 hours there-
after at 5°C rather than at 37°C (/5). It is
possible that exposure from 2 to 7 hours
to 0° to 4°C increases the spontaneous
transformation frequency by a similar
mechanism. Light exposure, however,
increased the transformation frequency
by about tenfold over these control lev-
els (Table 1).

The transformation data for fluores-
cent light exposure from Table 1 are
plotted in Fig. 1. Also included is the
transformation dose response curve re-
ported by Chan and Little (//) for germi-
cidal (254-nm) ultraviolet light. The ex-
perimental conditions we used are the
same as those previously used to demon-
strate that fluorescent light induces DNA
sites sensitive to M. luteus endonuclease
8). Fluorescent light doses may be re-
lated to equivalent ultraviolet light doses
in terms of numbers of endonuclease-

1210

sensitive sites induced by each treat-
ment. One hour of fluorescent light ex-
posure under our experimental condi-
tions produces as many sites as 2.7 J m™2
of germicidal ultraviolet light exposure
(17). The ultraviolet light and fluorescent
light scales (Fig. 1) have thus been ad-
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Fig. 1. (Upper curves) Survival data for fluo-
rescent light exposures. Each point repre-
sents the mean = standard error for three to
five separate experiments per point, each in-
volving three to six dishes. Open circles rep-
resent survival of control cultures kept in the
dark at 0° to 4°C for the exposure periods
shown. Filled circles represent survival for ir-
radiated cultures maintained under the same
conditions. (Lower curves) Transformation
frequency per surviving cell as a function of
fluorescent light dose. The dashed line repre-
sents transformation frequency as a function
of germicidal (254-nm) ultraviolet light dose

(11). Fluorescent light exposure is measured

in hours and is plotted in direct relation to the
ultraviolet dose in terms of their equivalence
in the number of sites sensitive to endo-
nuclease induced in the cellular DNA. Data
points for 3 to 3!/2 hours to 7 hours are drawn
as a plateau, as no statistically significant dif-
ference can be demonstrated with a x> test of
the data in Table 1, column 6.

justed to represent equal numbers of
sites sensitive to endonuclease. The ob-
served plateau in the curve of transfor-
mation frequency versus fluorescent
light dose correlates well with the results
for the transformation induced by ul-
traviolet light. The similarity of these
two patterns suggests that similar molec-
ular processes may be involved in the in-
duction of malignant transformation by
the two types of radiation.

Sites induced by ultraviolet light that
are sensitive to M. luteus endonuclease
are pyrimidine dimers (/8), and the ma-
jority of sites induced by fluorescent
light are probably also pyrimidine di-
mers. This is to be expected because flu-
orescent lamps emit about 2 percent of
their output at light wavelengths be-
tween 300 and 400 nm. Such wave-
lengths induce dimers at low but measur-
able rates (/9). We confirmed the speci-
ficity of our endonuclease preparation
for pyrimidine dimers as follows: (i) Re-
sults obtained with our M. luteus endo-
nuclease preparation [a crude extract
equivalent to fraction II of Carrier and
Setlow (20)] were compared with those
obtained when a highly purified, dimer-
specific preparation (/8) was used (a gift
of L. Grossman). These two prepara-
tions gave identical results for both ger-
micidal ultraviolet light and fluorescent
light exposures. (ii) One-dimensional
thin-layer chromatography (2/) was used
to identify and measure pyrimidine di-
mers induced by fluorescent light. Paral-
lel chromatographic and endonuclease
site measurements of DNA from cells
exposed to 8 hours of fluorescent light
yielded 0.11 *= 0.02 percent of thymine
bases in dimers, equivalent to 62.5
+ 10.4 dimers per 10® daltons of DNA
(22), and yielded 53.2 + 4.6 endonucle-
ase sites per 10® daltons, respectively.
Thus, a given dose of fluorescent light
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induces similar numbers of pyrimidine
dimers and endonuclease sites. These
results suggest that the endonucle-
ase assay used in this study exclu-
sively detects pyrimidine dimers in DNA
damaged by fluorescent light. Thus, the
equivalent patterns seen when fluores-
cent light and ultraviolet light transfor-
mation are plotted against numbers of
endonuclease sites (Fig. 1) suggest that
the pyrimidine dimer is the common
causal agent in transformation by these
radiations. The experiments were per-
formed at 0° to 4°C to minimize the po-
tential for repair of these dimers during
the long exposure times.

The transformation frequencies ob-
served for fluorescent light in the plateau
region of the dose-response curve (Fig.
1) are somewhat lower than those ob-
served by Chan and Little (//) for germi-
cidal ultraviolet exposure. Although the
reason for this lower apparent efficiency
of fluorescent light is unclear, the fact
that the transformation frequencies were
not higher than those observed for ul-
traviolet light suggests that base damage
by fluorescent light (other than pyrimi-
dine dimers) may not be effective in in-
ducing transformation.

The involvement of other DNA pho-
toproducts, however, cannot be ruled
out. For example, thymine glycols
(monomeric ring-saturated products of
the 5,6-dihydroxydihydrothymine type)
are a minor DNA photoproduct relative
to dimers after irradiation at 254 nm, but
become a numerically important product
at 313 nm (23). The biological impor-
tance of glycols is at present unclear, but
these lesions might be involved in the
fluorescent light effects seen here. Other
DNA photoproducts are induced by near
ultraviolet and visible light through pho-
todynamic action, a mechanism involv-
ing the interaction of light with certain
fluorescent, cellular components (24).
Such damage has been implicated in bac-
terial mutagenesis (25, 26) and could also
be a causal agent in transformation by
fluorescent light. In addition, DNA
strand breaks (6) and DNA cross-links
(7) are induced by fluorescent light.
Thus, the involvement of nondimer dam-
age in the transformation we have ob-
served cannot be excluded.

Normal tissue culture conditions
should reduce fluorescent light effects.
For example, no detectable transforma-
tion was observed after 5 hours of ex-
posure through an intervening plastic
dish cover (Table 1); presumably the
plastic blocked the transmission of a
small component of more biologically ef-
fective, shorter wavelength in the fluo-
rescent light emission spectrum. The use
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of gold fluorescent lights would probably
also reduce fluorescent light transforma-
tion; commercial gold lights, which do
not emit wavelengths below 5000 A, are
not mutagenic to mammalian cells ¢).
Fluorescent light should be regarded
as a perturbing but controllable (by glass
or plastic filtration) agent in all in vitro
survival, mutagenesis, and malignant
transformation experiments. The results
also suggest that fluorescent light ex-
posure could contribute on a small scale
to human skin carcinogenesis.
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The Oaxaca, Mexico, Earthquake of 29 November 1978:
A Preliminary Report on Aftershocks

Abstract. Aftershocks of the 29 November 1978 Oaxaca, Mexico, earthquake (sur-
Sface-wave magnitude M, = 7.8) define a rupture area of about 6000 square kilome-
ters along the boundary of the Cocos sea-plate subduction. This area had not rup-
tured in a large (M = 7), shallow earthquake since the years 1928 and 1931 and had
been designated a seismic “‘gap.”’ The region has also been seismically quiet for
small to moderate (M = 4), shallow (depth < 60 kilometers) earthquakes since 1966;
this quiet zone became about six times larger in 1973. A major carthquake
(M, =7.5 £0.25) was forecast at this location on the basis of the quiescence that
began in 1973. The aftershock data indicate that an area approximately equivalent in

size to the seismic gap has now broken.

On 29 November 1978, a large (sur-
face-wave magnitude M, = 7.8) earth-
quake ruptured the Middle America
trench along the coast of Oaxaca, Mexi-
co (Fig. 1). This earthquake attracted
particular attention because both its lo-
cation and size had been forecast by
seismologists. The specific time of oc-
currence, however, was not forecast (/,
2).

The seismic potential of this location,
first pointed out in 1973, was based on
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recurrence rates of 50 years or less for
large (M, = 7.0), shallow (depth = 60 km)
earthquakes in Mexico and Central
America (/). Rupture had last occurred
in 1928 and 1931, and the area was desig-
nated a seismic ‘‘gap.”’ The dimensions
of the gap were subsequently used to es-
timate the magnitude (M, = 7.5 = 0.25)
of a future earthquake (2). It was also
suggested (2) that small to moderate
earthquakes (47 - 4) should cease and
then resume prior to the main shock in a
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