
and biochemical methods (8), the 
viruses obtained from individual back- 
cross lines involving either inducible 
strain could be compared. 

A total of 55 cell lines was estab- 
lished from individual N X (N X C58)- 
F1 backcross embryos. Cultures of each 
were treated with IdU (20 /tg/ml) for 
24 hours, and supernatants were assayed 
for C-type virus by both the reverse 
transcriptase assay and the XC plaque 
assay at weekly intervals for up to 1 
month after treatment. Induction of 
virus was detected with 51 out of 55 
lines. Each of the four N X (N X C58)- 
F1 backcross lines, which had re- 
mained virus-negative, were subsequent- 
ly treated again in three separate ex- 
periments. However, in each case, they 
remained noninducible. In Table 1, the 
percentage of virus-inducible backcross 
N X (N X C58)F1 lines (92.7 percent) 
is compared with the percentages ex- 
pected for two, three, or four loci. The 
results fit most closely with the percent- 
age expected for three or four inde- 
pendently segregating dominant alleles 
for virus inducibility in C58 cells. 

Proof that virus inducibility loci rep- 
resent viral structural rather than regu- 
latory information would first require 
the demonstration that all virus isolates 
at one locus were identical and yet 
distinct from those activated at some 
other locus. Thus, the biologic proper- 
ties of viruses activated from cell lines 
of 8 individual N X (N X B)F1 back- 
crosses, containing the BALB/c induci- 
bility locus (8), were compared with 
viruses activated at loci for induction 
in 25 individual N X (N X C58)F1 
backcross lines. These viruses were also 
compared with isolates obtained from 
parental as well as (N X B)F1 and 
(N X C58)F1 hybrid lines. The amount 
of murine leukemia virus gs antigen 
was determined for each virus prepara- 
tion. Since there is a uniform amount 
of gs protein per virion, the total gs 
protein in each virus stock provided a 
measure of the number of physical 
particles. Each virus was also assayed 
for its reverse transcriptase activity. 
These biochemical and immunologic 
measurements provided a means of 
standardizing the different viruses prior 
to tests of their biologic activity. 

As can be seen from the results sum- 
marized in Table 2, the biologic prop- 
erties of each N X (N X B)MF-acti- 
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surement of virion-associated reverse 
transcriptase in tissue culture fluids of 
infected cell cultures, each was around 
100- to 200-fold less infectious than a 
standard wild-type strain. In contrast, 
each of 25 isolates from activatable 
N X (N X C58)F1 embryo lines formed 
large XC plaques and, like the virus 
activated from C58 parental cells, were 
almost as infectious per nanogram of 
viral gs protein as the standard wild- 
type strain. Thus, the biologic properties 
of each of several viruses activated 
from backcross embryo cells containing 
an induction locus of the B strain, while 
indistinguishable from each other, were 
quite different from those of viruses ob- 
tained from backcross lines containing 
virus induction loci of the C58 strain. 

The foregoing results indicate that 
the inducibility loci detected may repre- 
sent C-type viral structural information 
and that regulatory factors necessary 
for their activation are either present 
in all cell strains or closely linked to 
the viral structural loci. Alternative pos- 
sibilities are that each class of endoge- 
nous virus is present in an integrated 
state within cells of all mouse strains 
or that the endogenous viruses of a 
particular strain exist in multiple extra- 
chromosomal copies. The loci observed 
could then be regulatory genes that 
allow virus activation. The possibility 
of extrachromosomal virus location ap- 
pears to be excluded by recent bio- 
chemical evidence indicating that mouse 
embryo cells contain murine leukemia 
virus-specific DNA which is covalently 
linked to host cell sequences in the high 
molecular weight fraction of cellular 
DNA (13). 

The multiple (more than two) loci 
for murine leukemia virus detected in 
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Fordilla troyensis Barrande (1) is a 
small bivalved invertebrate best known 
from Lower Cambrian rocks of New 
York State; it also occurs in rocks of 
the same age in Newfoundland, Green- 
land, and perhaps England, Denmark, 
and Portugal. Although in recent years 
there has been general agreement that 
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cells of the C58 strain are more than 
have been observed in genetic studies 
with other mouse strains (5, 6). The 
very infectious nature of the endoge- 
nous viruses of the C58 cell undoubtedly 
contributes to the ease of their detec- 
tion. It is possible, therefore, that in 
other mouse strains, there may be addi- 
tional alleles representing viruses with 
altered or defective properties, which 
cannot be detected by available meth- 
ods. Whether the large number of bio- 
logically highly active endogenous vi- 
ruses in the C58 strain can be causally 
linked to the very high leukemia inci- 
dence observed in that mouse strain 
remains to be determined. 
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this species is a crustacean and not a 
pelecypod, there was a long debate as 
to its zoological placement. Opinion 
was divided as to whether Fordilla is 
a pelecypod (1-4), possibly a pelecy- 
pod (5, 6), or a bivalved concho- 
stracan crustacean (7). 
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Fordilla troyensis Barrande: The Oldest Known Pelecypod 

Abstract. Specimens of the small bivalved animal Fordilla troyensis Barrande 
from New York State show that this fossil is the oldest known pelecypod mollusk 
and not a conchostracan arthropod. This finding extends the range of the class 
Pelecypoda backward in time from the Early Ordovician (about 495 million years 
ago) to the Early Cambrian (about 540 to 570 million years ago). The morphol- 
ogy of Fordilla troyensis suggests that it lived infaunally and that it was ancestral 
to the pelecypod subclasses Heteroconchia and Isofilibranchia. 
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troyensis is widely agreed upon. Loch- 
man (5, p. 1351) has documented its 
range as late Early Cambrian in New 
York State, and Palmer and Taylor 
(8) have concurred. The material 
studied by Poulsen (3) is from the 
Bastion Formation of Greenland, which 
is placed in the Olenellus Zone (Lower 
Cambrian) by Cowie (9, p. 34). Poul- 
sen (4, p. 2) regarded Fordilla troyensis 
as a guide fossil to rocks of Early 
Cambrian age. 

We have examined more than 300 
specimens of Fordilla troyensis from 
the major museums of North America, 
as well as the five New York type 
specimens studied by Barrande, which 
are at the National Museum, Prague, 
Czechoslovakia. Shell morphology, 
especially previously undocumented 
muscle insertion areas, show that this 
species is a pelecypod mollusk. Fordilla 
is bivalved; both right and left valves 
occur in the same collection, although 
to date no articulated specimens have 
been found (Fig. 1). Growth is by 
additive deposition of shell material 
from an enveloping mantle with growth 
lines recurved toward the beak of each 
valve (Fig. 1C). Most important for 
proving that it is a pelecypod are in- 
ternal molds that have typical pelecypod 
muscle markings consisting of anterior 
and posterior adductor muscle inser- 
tions connected by a pallial line (Fig. 
1, A and B; Fig. 2). Above the ad- 
ductor insertions are small pedal re- 
tractor muscle insertions (Fig. 1, A 
and B; Fig. 2), and there are one or 
two pairs of small umbonal muscle 
insertions which may represent pedal 
or visceral muscles (Fig. 2). 

The musculature of Fordilla is un- 
usual in that the posterior part of the 
pallial line is expanded and consists of 
several bundles of muscle insertions 
which give it a moniliform appearance 
(Figs. 1A and 2). The function of this 
enlarged part of the pallial line is un- 
certain; it may represent the insertions 
of expanded radial mantle muscles 
which acted as siphonal retractors. 
Bundled siphonal retractors which do 
not form a pallial sinus occur in such 
pelecypods as Panomya ampla Dall 
(10). This part of the pallial line may 
have functioned as a ventral adductor 
similar to that of some pholads (11), 
or it may represent enlarged mantle 
muscles extending from the inner layer, 
of the mantle to the shell, as in Euciroa 
(12). The function of these muscles in 
Euciroa is uncertain, but by contrac- 
tion they could have caused a pulsation 
of the mantle to create water currents. 
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Fig. 1. (A and B) Right and left valve internal molds showing adductor, pedal, and 
pallial muscle insertion areas. (C) Right valve exterior showing growth lines. (D) 
Incomplete left valve internal mold, preserving an impression of the posterior part 
of the hinge showing that there were no posterior teeth. All the photographs are of 
Fordilla troyensis; (B) and (D) were made from latex replicas of two of Barrande's 
specimens. Bar equals 1 mm. 

It is not postulated that Fordilla is 
directly related to any of the much 
younger forms that show hypertrophy 
of the pallial line; rather, these younger 
forms show that pelecypods have the 
ability to enlarge the muscles that form 
the pallial line. Fordilla shows that this 
ability was present from an early 
date. 

Fig. 2. Composite drawing of the interior 
of a right valve of Fordilla troyensis, 
showing the muscle insertion areas of the 
anterior and posterior adductors and pedal 
retractors, the pallial line, and one um- 
bonal muscle. The stippled parts of the 
hinge indicate parts that have been seen 
and are known to lack teeth; the unstip- 
pled part of the hinge is not observable 
on any of the specimens seen by us. Bar 
equals 1 mm. 

Fordilla resembles modern pelecy- 
pods adapted for infaunal to semi- 
infaunal life. It is laterally compressed 
and has a well-developed anterior end 
with attendant musculature. In epi- 
infaunal pelecypods, the anterior end 
and its musculature are usually severely 
reduced or entirely lost. Thus, the old- 
est known pelecypod as well as most 
Early Ordovician pelecypods (13) 
show adaptations to an infaunal mode 
of life; it does not seem likely that 
pelecypods could have been primitively 
epifaunal as suggested by Valentine 
and Gertman (14). 

The Early Cambrian age of Fordilla 
troyensis shows that the known fossil 
record of the pelecypods began 540 to 
570 million years ago (15) near the 
base of the known fossil record of ani- 
mals with hard parts. Previously the 
oldest undoubted pelecypods were re- 
garded as Early Ordovician (Trema- 
docian) in age-about 495 million 
years old (13, 15). Lamellodonta, a 
possible Middle Cambrian pelecypod, 
was described and figured by Vogel 
(16); however, the zoological place- 
ment of this form remains uncertain 
(13). 

Although the full hinge of Fordilla 
is not known, there are no anterior or 
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posterior lateral teeth (Figs. ID and 
2); it is not known whether cardinal 
teeth were present. The posterior hinge 
area is concave and nearly vertical; 
there is no sign of nymphs or liga- 
mental grooves, which suggests that the 
ligament was a simple structure con- 
sisting of inner and outer layers con- 
necting the two valves. The outer layer 
would connect the valve edges along 
the dorsal midline; below this and at- 
tached to the concave hinge area would 
be the inner part of the ligament. 

The shape of Fordilla troyensis sug- 
gests that it is allied to the Ordovician 
actinodontoid heteroconchs or the Iso- 
filibranchia; the known musculature is 
consistent with assignment to either 
group. Possibly the actinodontoids and 
isofilibranchs may be related to each 
other through Fordilla. Because of the 
lack of anterior and posterior lateral 
teeth it seems unlikely that Fordilla 
can be treated as a direct ancestor of 
the palaeotaxodonts or the pterio- 
morphs of the Ordovician. The former 
group has taxodont dentition which 
extends along the length of the hinge, 
and the latter group usually has promi- 
nent posterior lateral teeth. The re- 
maining subclass of Ordovician pele- 
cypods, the anomalodesmatans, is com- 
posed of elongate burrowing forms of 
quite different shape from Fordilla. 
Tentatively, it is suggested that Fordilla 
gave rise to the Actinodontoida and 
the Isofilibranchia and that the 
Palaeotaxodonta, Pteriomorphia, and 
Anomalodesmata arose from the Iso- 
filibranchia or the Actinodontoida (13). 
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Macrophage Nonimmunologic Recognition: Target Cell Factors 
Related to Contact Inhibition 

Abstract. Activated mouse macrophages were not cytotoxic to contact-inhibited 
nontumorigenic 3T3 fibroblasts, but caused marked destruction to non-contact- 
inhibited, tumorigenic 3T12 and simian virus 40-transformed fibroblasts. Nonim- 
munologic recognition and destruction of target cells by activated macrophages is 
independent of altered morphology, abnormal karyotype, and ability for con- 
tinuous multiplication in vitro-all characteristics of 3T3 fibroblasts. A modifica- 
tion of the target cell surface that results in a high in vitro saturation density, 
agglutinability by plant lectins, and tumorigenicity appears to evoke a cytotoxic 
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Activated macrophages recognize 
and nonspecifically destroy in vitro 
target cells with abnormal growth prop- 
erties by a nonphagocytic mechanism 
(1, 2). The present results suggest the 
abnormal growth characteristic impor- 
tant in nonimmunologic macrophage 
recognition as a target cell surface 
membrane modification associated with 
loss of contact inhibition. The impor- 
tant role of the surface membrane in 
control of cell behavior is indicated by 
the in vitro phenomenon of contact 
inhibition of mitosis (3) and move- 
ment (4). Loss of contact inhibition 
at confluency in tissue culture reflects 
a fundamental change in sensitivity to 
short-range cellular growth control sig- 
nals and can be correlated with tumori- 
genicity (5). The selective recognition 
and response by activated macrophages 
to target cells that have lost contact 
inhibition could be the in vitro corre- 
late of a host defense mechanism di- 
rected against cell surface changes 
associated with neoplastic growth. 

In order to show the importance of 
surface factors in the nonimmunologic 
cytotoxicity reaction between activated 
macrophages and target cells, the fol- 
lowing cell lines were evaluated: 
BALB/c 3T3 fibroblasts (a contact- 
inhibited nontumorigenic cell line), 
BALB/c 3T12 fibroblasts (a non-con- 
tact-inhibited, tumorigenic cell line 
from the same original pool of mouse 
cells as the BALB/c 3T3 line), and 
simian virus 40-transformed BALB/c 
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3T3 fibroblasts (SV-3T3 cells-a non- 
contact-inhibited tumorigenic cell line) 
(6). The results show that 3T3 fibro- 
blasts were not destroyed while 3T12 
and SV-3T3 fibroblasts were destroyed 
by syngeneic and allogeneic activated 
macrophages. This suggests that surface 
alterations related to loss of contact 
inhibition, a property of the 3T12 and 
SV-3T3 lines, is an important factor in 
target cell recognition and destruction. 
Abnormal characteristics of the 3T3 
fibroblast line that appear not to play 
a role in nonimmunologic recognition 
and destruction by activated macro- 
phages include (i) loss of normal cell 
morphology, (ii) hypotetraploid kary- 
otype, (iii) maximum growth in vitro 
to confluency from a very low inocu- 
lum, and (iv) continuous multiplica- 
tion in vitro (6). In addition, activated 
macrophages were not cytotoxic to 
secondary cultures of mouse kidney 
cells (MKC) but were cytotoxic to 
EMT-6 mouse mammary adenocar- 
cinoma cells, suggesting a similar 
mechanism of recognition of contact- 
inhibited epithelial cells as for contact- 
inhibited fibroblasts. 

Immunologic activation in vivo of 
macrophages was produced by infect- 
ing 6-week-old C3H/He female mice 
with the C56 strain of Toxoplasma 
gondii as previously described (2) or 
by infecting 6-week-old female C3H/ 
He or BALB/c mice with the Paris 
strain of Bacillus Calmette-Guerin 
(BCG). BCG [0.2 mg (wet weight) in 
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