
In hibernating animals, the maximum 
contractile force of ventricular muscle 
was obtained at the lowest driving fre- 
quency (0.05 Hz), an indication that this 
is favorable for hibernating animals 
which have slow heart beats. In addition, 
dVldt,,, was significantly greater in hi- 
bernating animals than in nonhibernating 
animals (Table 1); the physiological sig- 
nificance of this difference is unclear. 

Caffeine augments calcium influx dur- 
ing the action potential and simulta- 
neously reduces the contribution of in- 
tracellular calcium stores to myocardial 
contraction (6. 7). Treatment with caf- , .  , 

feine (5 rnM) caused the positive inotro- 
pic effect (210 ? 38 percent of control; 
n = 5) with an increase in APD 50 in 
nonhibernating animal preparations driv- 
en by low frequency (0.2 Hz), whereas it 
caused the negative inotropic effect in 
hibernating animals (56.5 * 6.5 percent 
of control; n = 5) in spite of an increase 
in APD 50 (Fig. 2, A and B). In addition, 
ryanodine (2 x ~ o - ~ M ) ,  an inhibitor of 
the release of calcium from sarcoplasmic 
reticulum (8), abolished the developed 
tension of ventricular muscle from the 
hibernating animals but partly inhibited 
cardiac contraction in the nonhibernat- 
ing animal preparation (55.8 * 4.6 per- 
cent of control; , n  = 6 ) .  These differ- 
ences in the effects of caffeine and ryano- 
dine on the two preparations further sug- 
gest that intracellularly derived calcium 
makes a greater contribution to the acti- 
vation of contraction in the myocardium 
of hibernating animals. 

In summary, the electrical and me- 
chanical characteristics of heart muscle 
are different in hibernating and nonhiber- 
nating animals; hibernation may cause a 
change in the excitation-contraction cou- 
pling mechanisms of myocardium. The 
vossible mechanism of contraction dur- 
ing hibernation by which a major part of 
activator calcium is intracellularly de- 
rived is considered to be suitable for 
effective myocardial fupction at low tem- 
peratures. One might ask whether this 
change is a direct or an indirect result of 
hibernation. However, since the intra- 
cellular pH of the heart is not changed 
during hibernation (9), and prolonged 
cold exposure does not affect the electri- 
cal characteristics of mammalian myo- 
cardium (lo), some possibilities for an 
indirect influence of hibernation can be 
eliminated. Although the precise expla- 
nation of this mechanism is not clear, it 
is interesting that in one animal myocar- 
dial properties can be exchanged in ac- 
cordance with environmental changes. 
These findings can provide a model in 
which the physiology of the heart or drug 
effects on different calcium pools can be 

studied in otherwise similar preparations 
and may open a new pathway to under- 
standing the mechanism of cold toler- 
ance in hibernating animal myocardium. 
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An Activated rasN Gene: Detected in Late But Not 
Early Passage Human PA1 Teratocarcinoma Cells 

Abstract. Early passages of the human teratocarcinoma cell line PA1 are not 
tumorigenic in nude mice, while late passages are. A transforming gene present in 
late passages of PA1 cells was isolated as a biologically active molecular clone and 
is a new isolate of the human rasN locus. Its transforming activity is due to a single 
G + A ( G ,  guanine; A, adenine) point mutation at the codon for amino acid 12 which 
changes the codon for glycine so that an aspartic acid residue is expressed. In 
contrast to late passage PA1 cells (passages 106, 330, and 338), DNA from the PA1 
cell line at early passages (passage 36) does not yield rasN foci in DNA transfection 
assays. Thus, the presence of an activated rasN in PA1 cells correlates with 
enhanced tumorigenicity of the cell line and, more importantly, may have arisen 
during cell culture in vitro. 

Experiments with viral DNA prepara- 
tions in which gene transfer techniques 
were used (I) were the first to demon- 
strate DNA-mediated cell transforma- 
tion in cultures of animal cells. Shih et 
al. (2) used this methodology to show 
that DNA preparations from trans- 
formed mouse cells could transfer that 
phenotype to recipient cultures of NIH 
3T3 mouse cells. These findings have led 
investigators to invoke a genetic theory 
for cell transformation based on one or 
more genetic changes, giving rise to a 
transforming gene that can be assayed in 
the DNA-mediated transformation of 
NIH 3T3 cells. It may be that these 
transforming genes are involved in the 
multistep progression which ultimately 
gives rise to the tumorigenic phenotype. 

Transforming genes have been detect- 
ed in the NIH 3T3 cell assay in DNA 
preparations from various tumors and 
tumor cell lines (3). A number of the 
transforming genes molecularly cloned 
from human tumors and tumor cell lines 
have been shown to be cellular homologs 
of the oncogenes of the Harvey (rasH) 

and Kirsten (rasK) sarcoma viruses (4- 
9). An additional ras-related cellular ge- 
netic locus, rasN, has been identified by 
transfer to NIH 3T3 cells with the use of 
DNA from the SK-N-SH neuroblastoma 
cell line (10). Uniformly, the difference 
responsible for activation of ras genes 
between normal or tumor sources has 
been found to be point mutations result- 
ing in coding sequence changes for the 
ras protein (p21) (11-13). 

We have described (14) the detection 
of a transforming gene in DNA isolated 
from a human teratocarcinoma cell line, 
PA1 (15), at passage 330. The cell line 
was derived from the culturing of ascites 
fluid cells from a patient with a metastat- 
ic ovarian germ-line tumor and has prop- 
erties of embryonal carcinoma cell lines. 
The cells are capable of differentiation in 
culture under adherent or nonadherent 
conditions. The cell line shows signifi- 
cant alterations in various malignancy- 
related phenotypes with extended pas- 
sage in culture (15). Early passage PA1 
cells grow slowly in culture and form 
tumors in athymic nude mice only after 
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Fig. 1. Activation analysis of 
the PA1 rasN clone. (Top) Re- 
striction map of cloned rasN 
oncogene in plasmid pMTJ. 
Svmbols: E. Eco RI: H. Hind 
I ~ I ;  P, Pst I; Pv, PV;; B ~ ,  Bgl 0 

11; Bs, Bst EII; N, Nde I; B, 
Bam HI. (Bottom) Restriction 

, - 528 

fragments of the PA1 rasN ------------------ - 0 
clones or human placental - 468 rasN clones were isolated by 
agarose gel electrophoresis -- o 
and ligated at the junctions in- 
dicated by gaps in the lines. -- 174 

The biological activity in fo- - 190 
cus-forming units per micro- 
gram (FFUIp,,) were carried out as described (19). Thin lines indicate sequences derived from 
placental ras clones. Wide lines indicate sequences derived from PA1 rasN clones. 

long latent periods of 17 to 30 weeks (15). 
In contrast, late passage PA1 cells grow 
rapidly in culture and readily form tu- 
mors in athymic nude mice in 7 to 11 
weeks. In this study, we correlate the 
presence of an activated ras oncogene 
with the increased level of tumorigenici- 
ty observed in late cell culture passages 
106, 330, and 338. 

We have studied the nature of the 
human DNA sequences from passage 
330 PA1 cells (PA1330) present in second- 
ary NTH 3T3 foci by Southern blot analy- 
sis (14). No sequences related to onco- 
genes of the Harvey or Kirsten sarcoma 
viruses were detected other than those 
present in the normal mouse genome. 
However, a human rasN probe revealed 
related sequences in DNA from PA1 
secondary foci. A representative geno- 
mic library was constructed from DNA 
obtained from a PA1330 secondary focus 
partially digested with the restriction en- 
zyme Sau 3A I with the use of the bacte- 
riophage vector EMBL-3 (16). This ge- 
nomic library was screened with a rasN 
probe and phage clones were isolated 
which contained this activated rasN on 
two Eco RI fragments each 7.0 kb long. 
The normal rasN locus contains a 9.2-kb 
Eco RI fragment carrying the first and 
second exons and a 7.0-kb fragment car- 
rying the third and fourth exons. The 
cloned rasN from the PA1330 tranformed 

Table 1. Tumor formation in athymic nude 
mice. PA1 cells were grown to 80 percent 
confluency, trypsinized, and inoculated sub- 
cutaneously into nude mice. Early and late 
passage PA1 cells were identical by alloen- 
zyme analysis. 

-- 

Pas- Cells Tumor Latency 
sage inoculated (No.)* (weeks) 

*Ratio of number of tumors to number of animals 
tested. 

secondary focus has the Eco RI fragment 
rearranged 5' to the first exon of rasN 
and this Eco RI fragment is truncated to 
7.0 kb. Shimizu et al. have a similar 
result for the first rasN isolate (17). From 
a comparison with the rasN restriction 
map, we concluded that the biologically 
active gene could be obtained by ligation 
in the proper orientation of the above 
Eco RI 7.0-kb fragment with another 7.0- 
kb fragment containing the 3' portion of 
the gene. Therefore, those two Eco RI 
fragments were cloned onto the plasmid 
vector pBR322 to reassemble the gene. 
This plasmid clone, pMTJ, was assayed 
for biological activity in the NIH 3T3 
DNA-mediated transformation assay. 
This construct was found to efficiently 
transform NIH 3T3 cells (3 x lo3 to 
8 x lo3 focus-forming units per micro- 
gram). 

Since other human ras genes have 
been found to be activated at either 
amino acid position 12 or 61 (11-13, 18- 
22), we proceeded to analyze the DNA 
sequence of the first two exons of the 
transforming gene from the human tera- 
tocarcinoma PA1330. The DNA sequence 
of the second exon exactly matched that 
of the normal human rasN (23). Howev- 
er, DNA sequence of the first exon re- 
vealed a change in a single nucleotide 
base corresponding to codon for amino 
acid 12 (data not shown). Instead of GGT 
(G, guanine; T,  thymine) coding for the 
amino acid glycine, the sequence GAT 
(A, adenine) was found, corresponding 
to a change to aspartic acid. This there- 
fore demonstrates that rasN, like rasK 
and rasH, can be activated by point 
mutation at the codon for position 12. 
Previously, only a change at amino acid 
61 had been reported for rasN but the 
human rasH has been found to be acti- 
vated at either position 12 or position 61 
(22). 

In order to verify that the mutation 
giving rise to a change in amino acid 
position 12 is responsible for activation 
of these genes, we performed a transfor- 

mation experiment. The first exon of the 
PA1330-transforming gene resides on a 
Pst I fragment. This fragment was ligat- 
ed to the Pst I-Eco RI fragment contain- - 
ing the second exon of the normal rasN 
and subsequently to the 7.0-kb Eco RI 
fragment containing the third and fourth 
exons of the normal rasN. This combina- 
tion as well as control permutations was 
transfected onto NIH 3T3 cells (Fig. 1). 
Only the Pst I fragment containing the 
first exon of the rasN PA1 transforming 
gene is able to activate the normal se- 
quences in the remaining three exons to 
generate a biologically active transform- 
ing gene. Thus, we concluded that the 
mutation at the codon for amino acid 12 
is responsible for the activation of this 
rasN isolate. 

The low tumorigenicity reported for 
early passage PA1 cells (15) prompted us 
to investigate whether the activated rasN 
gene was present in early (passage 36) 
and late (106 and 338) passages. As pre- 
viously reported (15) late passage PA1 
cells are tumorigenic in nude mice (Table 
1). However, although Zeuthen et al. 
(15) reported low tumorigenicity for ear- 
ly passage PA1 cells, our early passage 
PA1 cells (passage 36) did not form tu- 
mors in nude mice, even at the high cell 
density after 24 weeks (Table 1). 

We compared the transforming activi- 
ty of DNA isolated from early and late 
passage PA1 cells in both the NIH 3T3 

Table 2. DNA-mediated transformation into 
NIH 3T3 cells. Comparison of early and late 
PA1 cells for presence of activated rasN 
DNA-mediated transformation analysis by di- 
rect focus formation was carried out as de- 
scribed (14). Transfection followed by tumor 
formation analysis was carried out by trans- 
fecting 25 pg of cell DNA plus 2.0 pg of pSV2 
neo-DNA per 5 x 10' NIH 3T3 cells in a 60- 
mm culture dish. Twenty-four hours later the 
cells from two dishes were trypsinized and 
seeded into a T-150 culture flask. Twenty-four 

"hours later the antibiotic G418 was added to 
the medium at 400 pglml. At 14 days after 
transfection, the transfected cells were tryp- 
sinized, counted, and inoculated into nude 
mice at 1 x lo6 to 3 x 106 cells per mouse. 
The animals were examined weekly for tu- 
mors. 

Tissue 
culture Tumor formation 

Pas- focus 
sage formation Latency 

(foci per Animals (weeks) 
plate) 

PA1 D N A  
37 0112 4116* 7 
36 014 

106 218 
330 418 
338 7112 14118 4 

Human placental DNA 
1116 0110 

*DNA from these tumors are free of human rasN 
sequences. 



cell DNA-mediated transfection and 
nude mouse transformation assays (24) 
(Table 2). In the transfection assay no 
foci were observed with DNA from early 
passage PA1 cells under conditions 
that gave foci from late passage (106, 
330, and 338) cell DNA. Moreover, like 
PA1330-transformed NIH 3T3 cells, cells 
transformed with DNA from passage 106 
and 338 PA1 cells have acquired the 
human rasN sequences. 

In the nude mouse transformation as- 
say (24) DNA from early passage PA1 
cells, late passage PA1 cells or human 
placenta was first co-transfected onto 
NIH 3T3 cells with the neomycin resist- 
ant plasmid pSV2-neo (25). Cells were 
then cultured for 2 weeks under the 
selective pressure of the antibiotic G418 
prior to inoculation into nude mice. Of 18 
nude mice, 14 developed tumors within 4 
weeks after inoculation of cells receiving 
a late passage (338) DNA (Table 2). In 
contrast to the lack of focus-forming 
activity with the early passage cell DNA, 
tumors did appear in the nude mice re- 
ceiving cells transfected with early pas- 
sage PA1 DNA after 7 weeks; however, 
DNA from these tumors do not contain 
human rasN DNA sequences. These 
analyses suggest that the early passage 
PA1 cells do not have activated rasN as 
compared to late passage PA1 cells. This 
may be related to the inability of the 
early passage PA1 cells to clone in soft 
agar (data not shown) or their lack of 
tumorigenicity in nude mice (Table 1). 
Since passage 106 and 338 cells form 
colonies in soft agar and are tumorigenic 
in athymic nude mice, we can correlate 
tumorigenicity with the presence of the 
activated rasN. 

In addition to the activated rasN, there 
are at least two other genetic changes 
occurring in PA1 cells. One is the "non- 
rasN" dominant transforming gene in 
PA13, cells as observed in the occur- 
rence of tumors in the nude mouse DNA 
transfection assay (Table 2). The second 
is a balanced translocation between 
chromosomes 15 and 20. Zeuthen et al.  
(15) have reported that this translocation 
was present at passage 224 but absent 
from passage 24 cells. We have observed 
this translocation in passage 45 and 338 
PA1 cells. These genetic changes pre- 
cede the appearance of the rasN muta- 
tion in PA1 cells and may predispose the 
cell to selection of the activated rasN. 

There are few explanations for the 
appearance of the activated rasN gene in 
late passage PA1 cells. It is possible that 
cells containing a mutant rasN gene may 
have been present at low levels in the 
original ascites fluid. The patient with 
the teratocarcinoma was given chemo- 
therapy before isolation of the ascites 

fluid, and it is conceivable that such a 
treatment may have preferentially re- 
moved cells containing the activated 
rasN. However, if the activated rasN is 
sufficient to provide a selective growth 
advantage, those few cells in the original 
population would be expected to achieve 
predominance in the culture by passage 
37. Therefore, if the mutant rasN is suffi- 
cient to provide the selective advantage, 
it is more reasonable that the activation 
arose during passage in culture. 
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Cereals from Wadi Kubbaniya 

about the charring required for them to 
have survived millennia of seasonal 
flooding. 

Therefore, six barley seeds and three 
small pieces of wood charcoal were dat- 
ed directly by using a tandem accelerator 
mass spectrometer. One piece of char- 
coal was from site E-78-3, from a layer 
just above the two clusters of seeds 
found in 1981; the other two came from 
site E-78-4, from the same living-floor as 
the cereals. One seed was from each 
cluster at E-78-3, three from the group in 
the hearth at E-78-4, all of which had 
been coated with gold for scanning elec- 
tron microscopy (SEM) (6 ) ,  and the last, 
found a short distance from the hearth. 
had not been coated. 

To make the tandem accelerator mea- 
surements shown in Table l ,  the seeds 
were converted to carbon powder and 
mixed with pure iron powder. This mix- 
ture was melted to form iron-carbon 
beads, which were mounted on the ion 
source of the accelerator. The ratios of 
14C113C in the beads and in standard 
samples of iron carbide made from A.D. 
1890 tree-rings were made in a manner 




