source not available to the urchins and
thereby may benefit by minimizing diet
overlap with a potential competitor.
Among the macroinvertebrates found
at White Point, only the gastropods com-
monly occur at the vents. Besides the
black abalone, the California sea hare
(Aplysia californica), the giant keyhole
limpet (Megathura crenulata), and the

Norris top snail (Norrisia norrisii) graze

around the vents. In addition, several
species of limpets appear to graze the
bacterial mats surrounding intertidal
zone vents. A survey of other shallow-
water vent sites may provide additional
examples of this type of trophic relation-
ship. Ciliates, zooflagellates, and insect
larvae have been reported to ingest sul-
fur-oxidizing bacteria at terrestrial vent
systems (/9), but this is the first account
of marine invertebrates consuming this
unconventional food source at coastal
hydrothermal vents.
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Department of Biology,
California State University,
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Somatic Activation of ras® Gene in a

Human Ovarian Carcinoma

Abstract. A tumor isolate from a patient with serous cystadenocarcinoma of the
ovary contained an activated ras¥ gene detected by transfection of NIH/3T3 cells. In
contrast, DNA from normal cells of the same patient lacked transforming activity,
indicating that activation of this transforming gene was the consequence of somatic
mutation in the neoplastic cells. The transforming gene product displayed an
electrophoretic mobility in sodium dodecy! sulfate-polyacrylamide gels that differed
from the mobilities of ras¥ transforming proteins in other tumors, indicating that a
previously undescribed mutation was responsible for activation of rasX in this

ovarian carcinoma.

Transfection experiments with DNA
have led to the identification of activated
cellular transforming genes in a wide
variety of human tumor cell types (7). In
many cases, these genes are related to
the transforming genes of Harvey and
Kirsten murine sarcoma viruses, ras‘
and ras¥. In particular, a human homo-
log of ras™ is responsible for the trans-
forming activity of DNA from single
human bladder and lung carcinoma cell
lines (2-5). Activation of a human homo-
log of ras® seems to be more common,
however, since this gene accounts for
the transforming activity detected in
DNA from human carcinoma cell lines of
the colon, lung, gallbladder, and urinary
bladder and from an acute lymphocytic
leukemia cell line (2, 6-9). Furthermore,
primary tumor isolates of human lung,
colon, and pancreatic carcinomas as well
as a rhabdomyosarcoma contain an acti-
vated form of this gene (6). Finally,
activation of a third member of the hu-
man ras gene family, ras™, also occurs in
many tumor cell types including neuro-
blastoma, fibrosarcoma, leukemia, and
lymphoma cell lines, as well as primary
tumor isolates of a colon carcinoma and
of an acute myelogenous leukemia (9,
10). However, ras gene activation has
been detected in only about 20 percent of
neoplasms, in contrast to other trans-
forming genes, such as Blym-1 and Tlym-
I, which are activated in most (80 to 100

percent) lymphoid tumors of specific cell
types (I1, 12). This suggests that ras
activation may contribute to the devel-
opment of neoplasia. in a fraction of
many types of tumors, but may not be a
necessary event for the development of
any particular form of cancer.

Ovarian carcinoma is one of the most
prevalent forms of cancer in women. Of
the many histological subtypes of this
disease, the most common is serous
cystadenocarcinoma of the ovary, which
appears to represent neoplastic transfor-
mation of the ovarian surface epithelium.
Previous experiments (6, 13) in which a
limited number of ovarian carcinoma
samples were screened failed to detect
the presence of activated transforming
genes. However, since ras activation oc-
curs in only a small percentage of tumors
of a given type, we screened DNA from
additional samples of ovarian carcinoma
for transforming activity in DNA trans-
fection assays.

Ascites fluid was collected from five
patients with serous cystadenocarci-
noma of the ovary. Morphological ex-
amination revealed that these samples
contained from 29 to 98 percent neoplas-
tic cells. In one case, designated OVCA-
1, the transfection of high molecular
weight DNA extracted from ascites fluid
cells induced transformation of NIH/3T3
cells. Since many human carcinomas
contain activated ras® genes, DNA’s
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from NIH cells transformed by this ovar-
ian carcinoma DNA were analyzed by
the Southern blotting technique and
probed for the acquisition of human ras®
DNA sequences. Figure 1 shows that
NIH/3T3 cell DNA digested with Eco RI
yielded mouse ras¥-containing DNA
fragments of 12.0, 6.7, and 1.3 kb (lane
a), whereas human DNA (lane b) digest-
ed with the same enzyme yielded frag-
ments of 6.6 and 3.0 kb. DNA’s from two
NIH cell lines transformed by OVCA-1
tumor DNA in primary rounds of trans-
fection (lanes ¢ and d in Fig. 1) and
one cell line transformed by NIH trans-
formant DNA in a second round of trans-
fection (lane e in Fig. 1) contained the
3.0- and 6.6-kb human ras¥ sequences,
in addition to the mouse 12.0-, 6.7-, and
1.3-kb ras¥ sequences. Thus, these hu-
man ras® sequences segregated with
transforming activity in multiple rounds
of transfection, indicating that the trans-
forming gene activated in this ovarian
carcinoma was the same ras® gene pre-
viously found in other human carcino-
mas.

In studies of animal neoplasms, such
as bursal lymphomas in chickens (I4)
and mammary carcinomas (/5) and lym-
phoid tumors (/1) in mice, activated
transforming genes were detected in tu-
mor cells but not in normal cells of the
same animal. In humans, however, this
has been documented in only one case.
DNA from normal cells of a patient,
whose pancreatic carcinoma cells con-
tained an activated ras® gene, lacked
transforming activity in DNA transfec-
tion assays (6). We could address this
problem because the ascites fluid sam-
ples from patients with ovarian carcino-
ma contained normal cells, such as in-
flammatory and mesothelial cells, in ad-
dition to neoplastic cells. When cultured
in vitro, the tumor cells did not grow
whereas mesothelial cells adhered to cul-
ture dishes and divided quite readily (16,
17). It has been shown previously (16)
that mesothelial cells isolated in this
manner do not form tumors in nude
mice. Additionally, we have distin-
guished these normal cells from tumor
cells by their failure to bind a monoclo-
nal antibody (18) that reacts with OVCA-
1 tumor cells (data not shown). There-
fore, we extracted high molecular weight
DNA from cultures of OVCA-1 mesothe-
lial cells and used it in transfection ex-
periments for comparison with DNA
from tumor containing ascites fluid from
this same patient (Table 1). Unlike DNA
from the ascites fluid cells, which trans-
formed NIH/3T3 cells with an efficiency
of 0.008 foci per microgram of DNA,
DNA from normal mesothelial cells in-
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Table 1. High molecular weight DNA’s were prepared from the ascites fluid of a previously
untreated patient (OVCA-1) with serous cystadenocarcinoma of the ovary and from normal
mesothelial cells isolated from this same ascites fluid. NIH cells transformed by OVCA-1 DNA
[NIH(OVCA-1) cells] were picked and grown to mass cultures for secondary rounds of
transfection. Comparable results obtained with two independent transformants were pooled.
Each dish of NIH cells was exposed to 20 ug of donor DNA and transformed foci of cells were

quantitated 10 to 14 days after transfection (/3).

Total Total Number
number of of foci per
e '::}nf'bir recipient microgram
oc cultures of DNA
OVCA-1 ascites fluid 11 67 0.008
Normal mesothelial cells from OVCA-1 3 72 0.002
Spontaneously transformed NIH cells 2 42 0.002
NIH(OVCA-1) cells 28 42 0.033

duced transformation at a frequency no
greater than the background spontane-
ous transformation of cultures:exposed
to control DNA from spontaneously
transformed NIH cells (0.002 foci per
microgram of DNA). Two foci of trans-
formed NIH cells that appeared after
transfection with mesothelial cell DNA

Fig. 1. Ras® sequences in transformed NIH
cells. Cellular DNA'’s were digested with Eco
RI, subjected to electrophoresis in 0.7 percent
agarose gels, blotted to gene screen filters,
and hybridized to a nick-translated *?P-la-
beled ras® probe [1 kb of a ras insert of HiHi-
3 (24), about 4 X 10® count/min per micro-
gram of DNA]. (Lane a) NIH/3T3 cells; (lane
b) IMR-90 normal human embryo fibroblasts;
(lanes c and d) two independent NIH cell lines
transformed by ovarian carcinoma OVCA-1
DNA; (lane e) NIH cells transformed by DNA
of NIH(OVCA-1) cells in a second round of
DNA transfection. Lengths of ras¥-contain-
ing fragments are expressed in kilobases and
were calculated from Hind III-digested A
DNA size markers.

(see Table 1) were grown to mass culture
for further analysis. Blot-hybridization
indicated that these cells lacked human
ras® sequences (data not shown) and
thus appeared to be spontaneous trans-
formants. In addition, DNA from NIH/
3T3 cells transformed by OVCA-1 tumor
DNA displayed a fourfold higher trans-
forming efficiency in secondary rounds
of transfection than DNA from the origi-
nal OVCA-1 cells from ascites fluid (Ta-
ble 1). The transforming efficiency in
secondary transfection assays was simi-
lar to those of other activated rasX genes
(2, 6, 7). This is consistent with the
ascites fluid containing a mixture of tu-
mor cells with activated ras¥ and normal
cells lacking an activated form of this
gene. These results indicate that somatic
mutation in the tumor cells, rather than
germ line mutation, was responsible for
ras¥ activation in this human ovarian
carcinoma. Since OVCA-1 mesothelial
cells expressed ras products at normal
levels (see Fig. 2), the alternative possi-
bility that the lack of transforming activi-
ty of mesothelial cell DNA resulted from
hypermethylation of ras® genes appears
unlikely.

Human ras genes encode a family of
very similar proteins of approximately
21,000 daltons (termed p21’s) that bind
guanine nucleotides and reside in the
plasma membrane (/9). In the cases
studied to date, human ras genes ac-
quired transforming activity in tumor
cells by genetic lesions that led to struc-
turally altered p21 proteins. For rast,
two variations have been found. A point
mutation in codon 12, substituting a va-
line for a glycine, occurred in the human
bladder carcinoma cell line EJ (20, 21),
whereas a point mutation in codon 61,
changing a glutamine to leucine, was
responsible for ras® activation in the
human lung carcinoma cell line Hs242
(5). Accordingly, these two cell lines
expressed ras™ p21 proteins with abnor-
mal electrophoretic mobilities (5, 20).

Activation of ras® can also occur by
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Fig. 2. Expression of human ab
p21 in NIH cells transformed
by ovarian carcinoma DNA.
Cells were metabolically la-
beled for 16 to 24 hours with
[3’SImethionine (> 500 Ci/
mmole; 250 pCi/ml, New En-
gland Nuclear) in the presence
of minimum essential medium
containing 10 percent of the
normal amount of methionine
plus 10 percent calf serum.
Portions of cell extracts con-
taining 5 X 10° count/min
were immunoprecipitated at
4°C with (lanes a to h) Y13-259
monoclonal antibody to p21;
(lanes i to n) YA6-172 mono-
clonal antibody to p2l; or
(lane o) normal rat serum as
described previously (7).
(Lane a) Normal mesothelial -
cells from OVCA-1; (lanes c,

P21 =
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h, and i) spontaneously transformed NIH cells; (lanes b and j) HT29 human lung carcinoma
cells; (lanes d, k, and o) NIH/3T3 cells transformed by OVCA-1 tumor DNA; (lane g) a second
independent line of NIH cells transformed by OVCA-1 DNA; (lanes e and 1) NIH cells
transformed by NIH(OVCA-1) DNA in a secondary round of transfection; and (lanes m, f, and
n) NIH cells transformed by DNA from the human lung carcinoma cell lines Calu-1 (lane m) and

LX-1 (lanes f and n).

more than one mutation since two dis-
tinct alterations in p21 electrophoretic
migration were observed in tumor cell
lines containing activated ras¥ (7). One
abnormal form of p21 was encoded by
rasX genes activated in the human lung
carcinoma cell line LX-1 and in the colon
carcinoma cell lines SW480 and SKCO-
1. The other form of p21 was encoded by
the ras® gene activated in the human
lung carcinoma cell line Calu-1. Nucleo-
tide sequencing data has confirmed that
two different mutations activated ras¥
genes in the SW480 and Calu-1 cell lines.
Both involved codon 12, with glycine
changed to valine in the former and to
cysteine in the latter (22).

Since each ras® mutation yielded a
p21 protein with a unique electrophoretic
mobility, we compared the migration in
sodium dodecyl sulfate-polyacrylamide
gels of p21 encoded by the activated
ras® in the OVCA-1 cells with that of
p21 from other tumor cells containing
activated ras® genes (Fig. 2). Two
monoclonal antibodies to Harvey sarco-
ma virus ras® p21 were used to precipi-
tate p21 from cells metabolically labeled
with [>*S]methionine. Precipitation with
antibody Y 13-259 (lanes a to h in Fig. 2),
which reacts with all ras proteins (23),
demonstrated that comparable levels of
p21’s were expressed in normal human
mesothelial cells from OVCA-1 (lane a),
human tumor cells (HT29) lacking acti-
vated rasX (lane b), spontaneously trans-
formed NIH cells (lanes ¢ and h), and
three independent NIH cell lines trans-
formed by OVCA-1 DNA (lanes d, e,
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and g). Furthermore, no difference was
observed in the mobility of p21’s from
these sources in either one-dimensional
(lanes a to e, g, and h) or two-dimension-
al gels (data not shown). By contrast, as
shown previously (7), NIH cells contain-
ing activated rasX genes from the human
lung carcinoma cell line LX-1 expressed
p21 proteins with decreased mobility
(lane f in Fig. 2).

These conclusions were reinforced by
using monoclonal antibody YA6-172,
which reacts with human ras" and ras®
p21 proteins but only with mouse ras*
p21 (23). Since NIH cells expressed low
levels of ras* p21, endogenous p21 pro-
teins were not detected with this anti-
body (lane i in Fig. 2). Therefore, the
presence of human ras¥ p21in NIH cells
transformed by ovarian carcinoma DNA
was clearly visualized (lanes k and 1 in
Fig. 2), again at comparable levels and
with the same electrophoretic mobility
as p21 from human tumor cells lacking
activated ras genes (lane j). Most impor-
tant, the mobility of human ras® p2l
from NIH cells transformed by OVCA-1
DNA differed from the two altered mo-
bility patterns of human ras® p21’s
found previously in NIH cells trans-
formed by other human tumor ras¥
genes. Those two abnormal p21’s are
represented here in NIH cells trans-
formed by the human lung carcinoma
cell lines Calu-1 (lane m) and LX-1 (lane
n). Since p21 levels in cells transformed
by OVCA-1 DNA were comparable to
those in transformed cells lacking acti-
vated rasX, the most likely mode of ras¥

activation in this tumor was by a muta-
tion that generated a structurally altered
p21. Unlike the previously described
cases, however, this did not lead to
changes in the electrophoretic mobility
of p21. Therefore, a previously unde-
scribed mutation appears to be responsi-
ble for ras® activation in this human
ovarian carcinoma. These results further
emphasize that a variety of different
structural mutations can activate ras
genes in human tumors. Future experi-
ments will be required to determine how
these structural alterations endow p21
with transforming activity.
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Preservation of Membranes in Anhydrobiotic
Organisms: The Role of Trehalose

Abstract. Trehalose is a nonreducing disaccharide of glucose commonly found at
high concentrations in anhydrobiotic organisms. In the presence of trehalose, dry
dipalmitoyl phosphatidylcholine (DPPC) had a transition temperature similar to that
of the fully hydrated lipid, whereas DPPC dried without trehalose had a transition
temperature about 30 degrees Kelvin higher. Results obtained with infrared spec-
troscopy indicate that trehalose and DPPC interact by hydrogen bonding between
the OH groups in the carbohydrate and the polar head groups of DPPC. These and
previous results show that this hydrogen bonding alters the spacing of the polar head
groups and may thereby decrease van der Waals interactions in the hydrocarbon
chains of the DPPC. This interaction between trehalose and DPPC is specific to
trehalose. Hence this specificity may be an important factor in the ability of this
molecule to stabilize dry membranes in anhydrobiotic organisms.

Trehalose, a nonreducing disaccharide
of glucose, is found at particularly high
concentrations (as much as 20 percent of
dry weight) in many organisms capable
of surviving complete dehydration (the
so-called anhydrobiotic organisms) (/-
8). These organisms include spores of
certain fungi (/), macrocysts of the slime
mold Dictyostelium (2), dry active
baker’s yeast (3), brine shrimp cysts (dry
gastrulae of Artemia salina) (4), and the
dry larvae and aduits of several species
of nematodes (5). They can persist in the
anhydrobiotic state for many years, but
when they come in contact with water
they rapidly swell and resume metabolic
activities. Survival of dehydration by
some of these organisms is correlated
with synthesis of trehalose during dehy-
dration (5, 9) or its degradation following
rehydration (/0). We report that this
molecule alters the physical properties of
membrane phospholipids in the dry state
in ways that may explain the remarkable
stability of membranes in anhydrobiotic
organisms.

Dehydration of a biological membrane
usually results in such massive upheav-
als that the structural and functional in-
tegrity of the membrane are irreversibly
damaged. For example, when vesicles of
calcium-transporting membranes are de-
hydrated, the phospholipids form com-
plex crystalline phases, some of which
are nonbilayer structures. Intramem-
brane particles that represent the calci-
um-dependent adenosine triphosphatase
in these membranes are excluded from
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these crystals (/). Upon rehydration,
vesicles show evidence of morphological
damage—including fusion between vesi-
cles and redistribution of intramembrane
particles—and calcium transport activity
is lost (/1). By contrast, when the mem-
branes are dried in the presence of treha-
lose at concentrations of at least 20 per-
cent of the dry weight of the membranes
(concentrations similar to those found in

anhydrobiotic organisms), no evidence
of phase transitions is seen during dehy-
dration, and upon rehydration, vesicles
are similar morphologically and func-
tionally to freshly prepared ones (12). At
physiological concentrations, this stabi-
lizing effect is a property of trehalose not
shared by other carbohydrates (13).
Polar head groups of phospholipids
normally are hydrated to some extent,
and the head groups are separated from
each other by these water molecules
(14). Thus, when phospholipids are de-
hydrated, the packing density of the
head groups would be expected to in-
crease, thereby increasing opportunities
for van der Waals interactions among the
hydrocarbon chains. As a result, dehy-
drated lipids would be expected to enter
gel phase at temperatures at which hy-
drated lipids are in the liquid crystalline
phase. Indeed, relative to the hydrated
lipid, dry phosphatidylcholine (PC), a
phospholipid which is a major constitu-
ent of many membranes, has an elevated
transition temperature (7., the tempera-
ture at which the hydrocarbon chains
undergo a change from gel to liquid crys-
talline state) (/5). Thus, when a mem-
brarie is dehydrated at a température at
which it would normally be in a liquid
crystalline state, PC would be expected
to enter a gel phase as dehydration pro-
gresses. When PC enters a gel phase
because of reduced temperature, the re-
sult is lateral phase separation of the PC,
other lipid classes, and intramembrane
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