
and episomes in prokaryotes (9, 22, 23). 
Such sequences are known to exist in 
Drosophila (24, 25), comprising most of 
the moderately repetitive DNA-about 
17 percent of the Drosophila genome. 
Key properties of these elements, desig- 
nated "nomadic sequences," are their 
presence at multiple locations in the ge- 
nome and the strain variations in these 
positions. The P factor, defined in terms 
of the induction of hybrid dysgenic 
traits, has been shown to possess these 
properties (17, 26), and our results show 
that breakage sites possess them as well. 
We suggest that the breakage regions 
represent points of insertion of one of the 
nomadic sequences and that the P factor 
itself is also a nomadic sequence, per- 
haps the same one. The relation between 
hybrid dysgenesis and nomadic se- 
quences is also indicated by recent in- 
direct evidence suggesting that nomadic 
sequences also exist as free circles in the 
nucleoplasm (27). If these circles can 
replicate there independently of their 
chromosomal counterparts, they could 
provide an ideal basis for the unusual 
mixture of chromosomal and extra- 
chromosomal inheritance followed by 
cytotype-the other component of hy- 
brid dysgenesis (17). One might expect 
these sequences to be found preferential- 
ly in regions of intercalary heterochro- 
matin where they are less likely to be 
selected against, thus explaining the cor- 
respondence between constrictions and 
the hot spots. 
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It is generally accepted that carcino- 
genesis is usually a multistep process, as 
illustrated by the two-stage mouse skin 
model (1). Initiation and subsequent pro- 
motion are elicited by separate classes of 
chemicals. Tumor promoters are regard- 
ed neither as carcinogenic (2) nor as 
mutagenic (3). They markedly increase 
tumor frequency and shorten the latency 
period of tumor appearance when admin- 
istered after an initiator. Despite a num- 
ber of models (2), the mechanism of the 
promoter action is not well understood, 
since the effects of the potent tumor 
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promoter 12-O-tetradecanoylphorbol-13- 
acetate (TPA) (4) seem to be reversible 
(5) when dealing with cells not pre- 
viously treated with a carcinogen. We 
have shown that HeLa cells represent a 
good system for the study of the TPA ac- 
tion (6). These cells respond to a large 
series of phorbol derivatives, their ef- 
fectiveness corresponding closely to 
their promoting ability in mouse skin. 
We (7) and others (8) had obtained in- 
dications that tumor-promoting TPA 
might specifically interfere with the repli- 
cation cycle. This study has now elabo- 

promoter 12-O-tetradecanoylphorbol-13- 
acetate (TPA) (4) seem to be reversible 
(5) when dealing with cells not pre- 
viously treated with a carcinogen. We 
have shown that HeLa cells represent a 
good system for the study of the TPA ac- 
tion (6). These cells respond to a large 
series of phorbol derivatives, their ef- 
fectiveness corresponding closely to 
their promoting ability in mouse skin. 
We (7) and others (8) had obtained in- 
dications that tumor-promoting TPA 
might specifically interfere with the repli- 
cation cycle. This study has now elabo- 

Fig. 1. Response of asynchro- 
A B nous HeLa cells to TPA 

tb0o TJ OOO * (10-7M) or acetone (0.2 per- 
is;~ 100 ....3o"f E? ---- "?"o-o.o-o-o -o0-o-o cent) as evaluated by measur- 

oS~~ : I^^1~~ \ ~ing thymidine incorporation 
- t \ \ * rate and labeling index (A), 

o^~~ l \>^1c~ \ / and the mitotic index (B). 
?= _ \^ ^ _ o? / HeLa cells were cultivated in 

50 Eagles minimal essential me- Eagles minimal essential me- 
a) o \ ? dium containing Earle's salts 
ao. 0^ supplemented with 10 percent 

'SC 8 calf serum and were kept in a 
0 t1 T i mixture of humidified air and 

0 12 4 120 4 8 CO2 (95:5) at 37?C. Cells were 
transferred in complete medi- 

Time (hours) um to plastic (Falcon) petri 
dishes (1.45 x 106 cells per 

dish) 15 hours prior to the experiment. At time 0 TPA or acetone was added. (A) For determina- 
tion of the incorporation rate and labeling index [methyl-3H]thymidine (specific activity, 40 to 60 
Ci/mmole; New England Nuclear) (5 ,Ci/5 ml) was added for 30 minutes prior to the indicated 
time. The medium was removed, and the cultures were rinsed three times with cold phosphate- 
buffered saline, fixed in a mixture of ethanol and acetic acid (7:3), and washed twice with cold 
trichloroacetic acid (5 percent). Some of the dishes were processed for colorimetric determina- 
tion of DNA (19) and scintillation counting. The other dishes were further processed and coated 
with K2 emulsion (Ilford) for autoradiography. After exposure and development, cells were 
stained with Giemsa. The labeling index was determined from at least 3 x 1000 cells per group. 
*, 0, Incorporation rate; *, l, labeling index; *, U, TPA; and 0, l, acetone. Bars indicate 
standard deviation. (B) At the times indicated, photographs were taken (six per group) from 
undisturbed cultures with the use of an inverted phase-contrast microscope (Leitz Diavert; x 10 
lens, x 10 ocular) in order to overcome problems arising from loosely attached mitotic cells. 
Evaluation was from enlarged prints (13 by 18 cm) for at least 1000 cells per group; 0, TPA; and 
0, acetone. 
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Tumor Promoter TPA Mimics Irradiation 

Effects on the Cell Cycle of HeLa Cells 

Abstract. When asynchronous and synchronous HeLa cells were incubated with 
small doses (10-7M) of tumor promoter 12-O-tetradecanoylphorbol-13-acetate 
(TPA), a variety of transient alterations in the replication cycle were detected within 
24 hours by the use of independent methods. Especially, a delayed passage through 
the S phase and influences on the G2 phase resemble x-ray irradiation effects on cell 
cultures. None of these alterations was observed with the hyperplasiogenic but non- 
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rated a variety of transient changes that 
were induced by TPA in different phases 
of the cell cycle of HeLa cells and that 
resemble those published for x-ray irra- 
diated cell cultures (9). 

Our experiments were carried out with 
random as well as synchronous HeLa 
cells. Cell cycle passage was analyzed 
by determination of thymidine incorpora- 
tion rates into DNA and of labeling 

and mitotic indices, as well as by high- 
speed flow cytometry for up to 24 hours 
after synchronization or addition of 
phorbol esters. (The phorbol esters were 
a gift from Dr. E. Hecker, German Can- 
cer Research Center.) They were kept 
as a stock solution in dimethyl sulfoxide 
(DMSO) or acetone at -20?C. 

Earlier studies had shown that the rate 
of thymidine incorporation into asyn- 

DMSO (0.05%) TPA (10-7 M) Fig. 2. Flow diagrams of cell 
. 100 cycle distributions of asyn- 

chronous HeLa cells devel- 
oping in the presence of TPA 

S)mn~~ 80~~- -Y~ x(10-7M) or DMSO (0.05 per- 
S2!X~~~~~~~~ ~~~cent). HeLa cells were culti- 

S S / vated in petri dishes for 2 
a ////// days. At time 0 the medium o 60- 

>~, 
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0 

/Gi// Some of the cultures were 
040 used for determination of the 

0 12 24 0 12 24 labeling index (see Fig. 1). The 
Time (hours) other part was processed for 

flow cytometric measurement 
of DNA histograms. Cells were washed with 0. IM tris-Cl (pH 7.5) containing 0. IM NaCl, fixed 
with 70 percent ethanol, and collected at this stage at 4?C. After removal of ethanol, the above 
buffer containing the fluorochrome 4',6-diamidino-2-phenylindol (3 /ug/ml; compound from 
SERVA, Heidelberg) was then added. Flow cytometric analysis was carried out with a comput- 
erized FACS II cell sorter (Becton Dickinson) which was equipped with an ultraviolet laser 
beam. The laser was tuned at 363 nm; cellular fluorescence was collected above 390 nm. In 
order to control the G2-M fraction for doublets, repeated probes were sorted on glass slides and 
checked microscopically. Calculation of the cell cycle stages was done according to the equa- 
tions described (11) but was fitted in addition with the data obtained by autoradiography. In 
view of the 30-minute [3H]thymidine pulses given, the S phase may have been slightly over- 
calculated. The cell cycle stages (measured at 0, 4, 8, 12, and 24 hours) were plotted against 
time. The Gl fraction (hatched) is partly shown (above 40 percent); the G2-M fraction (cross- 
hatched) is shown on top of each diagram. 
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Fig. 3. DNA histograms of 
synchronous HeLa cells in the 
presence of TPA (10-8M) or 
DMSO (0.05 percent). Two- 
day-old HeLa cultures were 
synchronized by the addition 
of Amethopterin (10-6M; from 
Lederle, Munich) and adeno- 
sine (5 x 10-IM) for 16 hours 
(12). The blockage was re- 
leased by the addition of 
thymidine (10 /Lg per 106 cells). 
TPA or DMSO were given 
with fresh medium either at 
the time of release (A) or 6.5 
hours later (B). DNA histo- 
grams were measured, as in 
Fig. 2, at times after release as 
indicated (abscissa, relative 
fluorescence intensity equiva- 
lent to DNA content; ordinate, 
relative cell number). 
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chronous HeLa cells decreased with 
time specifically after application of 
small nontoxic doses of tumor-promot- 
ing phorbol derivatives (7). The data in 
Fig. 1A show a drop in the incorporation 
rate of thymidine into DNA upon ex- 
posure to 10-7M TPA as well as a de- 
crease in the number of labeled cells. 
The latter indicates a blocking (probably 
incomplete) of cells in the G1 phase prior 
to entering the S phase. In addition, 
comparison of both curves shows that 
more cells incorporated thymidine than 
expected from the incorporation rates 
alone. Thymidine uptake was not signifi- 
cantly altered by TPA when compared 
with DMSO or the nonpromoting 4-0- 
methyl-TPA (10). Thus, the decreased 
incorporation of thymidine per cell 
pointed to a delay in the passage through 
the S phase of those cells exposed to 
TPA during this period. This was con- 
firmed independently by flow cytometry. 
The rapid decline of the mitotic activity 
of asynchronous cultures treated with 
TPA (Fig. IB) indicated a block in G2 
immediately before entering mitosis. 
Cells recovered, to some degree, from 
this blockage after about 8 hours. The 
mitotic index, however, remained lower 
than that in the control group. The inter- 
pretation of all these observations was 
supported by DNA histograms obtained 
through flow cytometry, which were 
combined to form flow diagrams (Fig. 2). 
The percentages of cells in different cell 
cycle phases are plotted versus time. 
Data were calculated by using the equa- 
tions described (11), but were additional- 
ly fitted with results obtained from auto- 
radiography. Despite the immediate on- 
set of the G1 block in the TPA group, as 
evident from the data in Fig. IA, the G1 
fraction seemed to remain constant for 
about 8 hours. This is explained by the 
G2 block at the same time. No cells en- 
tered or left G1. After the recovery from 
the premitotic blocking, the G1 fraction 
started to increase at 8 hours. The con- 
stancy of the cell cycle stages of cultures 
treated with DMSO is the result of the 
continuous passage of cells through the 
different phases. The G2-M fraction in 
the TPA group (representing mainly G2 
cells because of the low mitotic index ob- 
served) expanded up until 8 hours, and 
the largest G2-M/S proportion was 
reached after 12 hours (1.2 versus 0.6 at 
time 0). These data are interpreted as a 
delayed passage through the G2 phase of 
a portion of cells that were in early S at 
the addition of TPA. 

Results obtained with HeLa cells syn- 
chronized by Amethopterin for DNA 
synthesis (12) supported this idea. Addi- 
tion of TPA in the early S phase caused a 
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large G2 peak after 24 hours (Fig. 3A) 
when compared with the DMSO control. 
However, TPA given 6.5 hours after re- 
lease from synchronizing blockage (that 
is, in the second half of S) did not cause a 
larger G2 peak (Fig. 3B). Data obtained 
10 hours after release show, in addition, 
the delayed passage of TPA-treated cells 
through the S phase (Fig. 3, A and B), 
thus confirming the interpretation of the 
incorporation data. 

The effects of TPA on the cell cycle of 
HeLa cells comprise (i) a GI block prior 
to entering S, (ii) a delayed passage 
through S, (iii) a transient blocking in 
G2, and (iv) a G2 delay of a portion of 
cells treated with TPA in the early S 
phase. Since none of these effects were 
observed with 4-O-methyl-TPA (10)-a 
nonpromoting but hyperplasiogenic (13) 
derivative-we conclude that HeLa cell 
cultures do not offer a target for the mito- 
genic capacity of phorbol esters. These 
data and our earlier observations (6, 7) 
seem to be specific for tumor-promoting 
phorbol derivatives. The effects are 
reminiscent of results reported from x- 
ray irradiated cultures. Ionizing radia- 
tion can influence the transition from G1 
to S in a variety of cells (14, 15). Cells in 
the S phase have been shown to be sus- 
ceptible to the induction of modification 
in G2 in their immediate life-span (9), 
and they respond principally with a re- 
duced rate of DNA synthesis and length- 
ening of the S phase (9, 15, 16). A direct 
blockage of G2 cells by irradiation has al- 
so been reported (9). 

In view of the possibility that TPA 
may induce sister chromatid exchanges 
(17), although this has been questioned 
(18), the effects of TPA on cells in S as 
well as in G2 seem to be of particular in- 
terest, since sister chromatid exchanges 
can occur only in these phases of the cell 
cycle. In that respect also, TPA would 
mimic irradiation. It remains to be estab- 
lished whether both effects are related. 
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Fig. 1. Gas chromatograph profiles of the total 
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vipes (A) and Trichopsenius frosti (B), the 
branched hydrocarbons of T. frosti (C), and 
the olefins of T. frosti (D); B' is the radio-GLC 
trace obtained after incorporation of [1- 
4C]acetate into hydrocarbons of T. frosti. 
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tophiles use "appeasement chemicals" 
(1), pass as morphological mimics (2), or 
engage in behavioral mimicry (3) (or all). 
Little evidence, however, has been pre- 
sented to substantiate these hypotheses. 

We have reported (4) that several spe- 
cies of termites possess caste- and spe- 
cies-specific mixtures of cuticular hydro- 
carbons, and that these mixtures may be 
used by the termites as important, per- 
haps even primary, species recognition 
cues. We subsequently reasoned that 
termitophiles associated with these ter- 
mites may have evolved cuticular hydro- 
carbon compositions similar enough to 
those of their host termites to allow them 
to be perceived as termites. We now re- 
port that the staphylinid beetle Tri- 
chopsenius frosti Seevers, a highly in- 
tegrated, host-specific termitophile, has 
cuticular hydrocarbon components iden- 
tical to those of its termite host Reticuli- 
termes flavipes (Kollar). Furthermore, 
the beetle biosynthesizes its hydrocar- 
bons. 

Portions of several colonies of R. fla- 
vipes containing T. frosti were collected 
during 1978 from pine logs in Harrison, 
Jackson, or Stone counties, Mississippi. 
The beetles were separated from the ter- 
mites, counted, and stored at -20?C un- 
til used. From 715 T. frosti (98.69 mg, 
wet weight), we isolated cuticular hydro- 
carbons and separated them as described 
(4). Hydrocarbons were characterized 
by electron impact (EI) and chemical 
ionization (CI) gas chromatography-mass 
spectrometry (GC-MS) (5). Alkenes 
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it biosynthesizes them. These cuticular hydrocarbons probably serve as the pri- 
mary mechanism by which Trichopsenius frosti integrates itself into the termite 
colony. 
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