widely; it would be interesting to de-
termine the factors that control the
composition of this phase—to deter-
mine for example whether composition
is a characteristic of the secreting
species or a reflection of the conditions
(temperature, salinity, and so on) of
deposition.

R. F. ScumALZ
Department of Geology and
Geophysics, College of Mineral Studies,
Pennsylvania State University,
University Park 16802
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Brucite in the Calcareous Alga Goniolithon

Abstract. Brucite, Mg(OH),, identified by differential thermal analysis, has
been found in the high-magnesian calcite skeleton of Goniolithon, a marine
calcareous alga. This mineral amounts to about 5 percent of the skeleton by
weight, and can account for the discrepancy between total amount of magnesium
determined by chemical analysis and the magnesium in metastable solid solution
in calcite as determined by the size of the unit cell of calcite.

Continued interest in the dolomite
problem (/) has focused attention on
the various ways in which magnesium
and calcium are incorporated in the
minerals of modern carbonate sedi-
ments. The frequent association of
dolomite and organisms such as plants
(2) has suggested the possibility of a
causal relationship between the forma-
tion of dolomite and the metabolism
of organisms. Sonnenfeld (3) con-
cludes that it may be possible to pro-
duce dolomite on a calcite substrate
with magnesium-rich sea water or
ground water if a suitable bacterial,
algal, or fungal symbiosis is present.

A mechanism, however, to account for
the low-temperature nucleation and
growth of dolomite crystals has not
yet been found, although much atten-
tion has been directed to organically
derived calcites containing MgCO, in
solid solution (up to 19 mole per-
cent) (4). Such high-magnesian cal-
cites are metastable under conditions
of the earth’s surface (5).

Two independent studies have pro-
vided evidence which suggests that not
all of the magnesium of algal calcites
is in solid solution. (i) The curve re-
lating the size of the unit cell of calcite
to the percentage of magnesium de-
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Fig. 1. Curve of differential thermal analysis of skeletal calcite of Goniolithon crushed
to pass a 325-mesh screen; produced under vacuum conditions; temperature fom 300°
to 600°C. Sample was untreated except for less than 1 minute of repeated percussion

crushing and sieving.
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termined by chemical analysis is linear
until the concentration of MgCQ, is
about 17 percent by weight (4). Above
this value, higher magnesium concen-
trations have little apparent effect on
the measurements of cell size, in con-
tradiction to crystallochemical theory.
(i) Algal calcites heated at elevated
temperatures (5) and CO. pressures
where the calcite structure accommo-
dates about 25 mole percent of
MgCO; in stable solid solution were
found by x-ray diffraction to contain
about 21 moles, compared with about
19 moles before heating. Goldsmith
et al. (6) attribute this result to finely
divided or absorbed magnesium pres-
ent in some form other than in the
calcite structure. In this report, evi-
dence is presented to show that brucite
in small quantities is present in the
calcareous skeleton of Goniolithon.
The differential thermal analysis ap-
paratus (7) comprises two platinum
capsules, 15 mm long and 2.5 mm in
diameter, one containing about 80 mg
of algal calcite crushed to pass a 325-
mesh screen and the other containing
approximately the same weight of
Al;O;. The capsules are spot-welded to
Platinel (8) thermocouple wires, and
the sample containers themselves serve
as the thermocouple in this arrange-
ment. The differential thermocouple
and  temperature-measuring  couple
which can be incorporated in a stellite
pressure vessel (outside diameter, 5
cm) or in a vacuum chamber per-
mit differential thermal analyses in a
range varying from very low water-
vapor pressures to water-pressure
values as high as 1400 atm. Signals
from the differential couple are ampli-
fied with an Acromag solid-state, dc
amplifier having a noise level and a
drift of 1 and 5 microvolts, respec-
tively, which permit high sensitivity
and exceptional stability. Differential
thermograms recorded with a heating
rate of 10° per minute up to about
600°C contain a single endothermic
peak (Fig. 1) at about 410°C at a
water pressure of 1 atm. Samples of
well-crystallized brucite from Wake-
field, Quebec, yielded a peak tem-
perature of 400°C at the same water
pressure (9). The differential thermal
analysis spectrum of brucite is readily
distinguished from those of other pos-
sible magnesium minerals such as nes-
quehonite and hydromagnesite (10).
An estimate of the abundance of
brucite in two specimens of Gonioli-
thon was made by means of a calibra-
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tion curve relating peak area to the
percentage of brucite in the sample.
This curve was constructed from data
obtained by the differential thermal
analysis of artificial standards compris-
ing mixtures of pure brucite and Ice-
land spar calcite. The results indicate
between 4 and 5 percent of Mg(OH),
by weight. It appears to be the first
recorded occurrence of this mineral in
recent carbonate sediments. The dis-
tribution of brucite in natural, or-
ganic, high-magnesian calcites is cur-
rently under investigation with the use
of the electron probe microanalyzer
11).
JoN N. WEBER

Materials Research Laboratory

JouN W. KAUFMAN
Department of Geochemistry and
Mineralogy, Pennsylvania
State University, University Park
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Inhibition of L1210 Tumor Growth
by Thymus DNA

Abstract. Growth of L1210 leukemia
cells which had been previously incu-
bated with thymus DNA wds inhibited.
Leukemia-cell DNA did not affect
tumor growth under similar conditions.
Pretreatment of the thymus DNA with
deoxyribonuclease suppressed the DN A-
induced inhibition. Both ribonuclease-
treated DNA and untreated DNA in-
hibited tumor growth.

Penetration of mammalian cells by
DNA has been observed in a number
of laboratories (/). The genetic trans-
formation of mammalian cells by mam-
malian DNA has been reported to oc-
cur in tissue culture (2, 3). This report
describes work undertaken to determine
any effects of DNA on the growth of
tumor cells in vivo.

Thymus DNA was isolated by the
method of Szybalska and Szybalski (2)
from male B6D2F; mice weighing 20
to 25 g; DNA was isolated in the same
way from L1210 leukemia cells which
had been maintained in the ascitic
form. Previously established methods
were followed whenever DNA was
treated with deoxyribonuclease (4) and
ribonuclease (2). Leukemia cells were
washed at 3°C with a phosphate-buf-
fered saline (2) until free of red blood
cells. Cell viability was determined by
eosin staining. The cells were sus-
pended at a concentration of 2 to 8 X
106 viable cells per milliliter in 4 ml
of phosphate-buffered saline containing
5.5 X 10—3M glucose and 2 X 10—4M
spermine. The cell suspension was then
shaken very slowly for 1 hour at 37°C.
When DNA was added to the incuba-
tion medium, it was present at a final
concentration of 2 to 8 X 102 ug/ml,
as determined spectrophotometrically
(5). The cells were centrifuged after
incubation and were then suspended in
fresh phosphate-buffered saline. About
250,000 viable leukemia cells in 0.1 ml
were injected subcutaneously into the

lower left ventral the
B6D2F; mice.

Tumors were scored as positive when
they were first detected by palpation as
tiny nodules. They were often verified
by a second observer and were re-
checked each day. The following con-
ventions were adopted in order to mea-
sure the degree of inhibition of tumor
growth by DNA. The “reciprocal of
the latent period” (RLP) was obtained
by dividing 100 by the day on which
the tumor first appeared (6). Similarly,
the “reciprocal of the survival period”
(RSP) was obtained by dividing 100
by the day on which the animal died.
Thus, an animal that did not develop
a tumor had an RLP of zero and an
RSP of zero.

In the experiment illustrated in Fig.
1, 59 mice were injected with leukemia
cells that had previously been incubat-
ed with thymus DNA; 50 control mice
were injected with cells incubated with-
out DNA. Mice injected with DNA-
treated cells developed tumors later,
and survived longer, than mice injected
with saline-treated cells. Approximately
19 percent of the mice survived free
of tumor growth after injections of
the DNA-treated cells, whereas none
of the control mice survived after in-
jections of the saline-treated cells.

Other data (Table 1) demonstrate
that thymus DNA significantly de-
pressed both the mean RLP and the
mean RSP ard thus delayed both the
growth of tumor and the onset of
death of the animals. Pretreatment of
the thymus DNA with deoxyribonu-
clease eliminated the DNA-induced ef-
fects. We have subsequently found that
ribonuclease treatment of thymus DNA
does not interfere with the tumor in-
hibitory action of the DNA. As shown
in Table 1, leukemia DNA did not
affect the growth of the tumor cells.

These results indicate that native
DNA per se was the biologically ac-
tive substance in the thymus DNA
preparations, since treatment of these
preparations with deoxyribonuclease

regions of

Table 1. The effect of DNA on L1210 tumor growth. The values reported are means = the

standard error of the mean. Percentage changes from the control values are given in

parentheses.
Number Mean reciprocal Mean reciprocal
<‘)f. mice T{igtlrgegéu(;f of the latent of the survival
injected period period
40 Buffer-saline 148 = 0.4 7302
40 Thymus DNA 9.7+04 (— 34)* 5.6 0.3 (— 23)*
20 DNasef 14.8 = 0.9 (0) 6.9 =04 (— 6)
20 DNase-treated 150205 (+ 1) 7004 (—4)
thymus DNA
30 Leukemia DNA 147 +05(—1) 7.3 = 0.2 (0)
* p < 0.001. + Deoxyribonuclease.
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