
Spherules are consumed by fish in 
the Niantic Bay area; only the white, 
opaque form has been found ingested, 
which indicates selective feeding. Four- 
teen species of fish, totaling 270 individ- 
uals, were collected by oblique plank- 
ton tows with the NAS net in the bay 
or at the cooling water intake of the 
Mills,tone Point nuclear power station, 
also on Niantic Bay. Of these, eight 
species contained spherules in their gut 
contents. The species, common name, 
and occurrence of plastic, of fish with 
spherules for which at least five individ- 
uals were examined are: Myoxocepha- 
lus aenus, grubby, 4.2 percent; Pseudo- 
pleuronectes americanus, winter floun- 
der, 2.1 percent; Roccus americanus, 
white perch, 33 percent; and Menidia 
menidia, silversides, 33 percent (5). In 
addition, one chaetognath, Sagitta ele- 
gans, was collected on 12 July 1972; it 
was 20 mm long and had a spherule 
0.6 mm in diameter in its intestine. The 
effects on fish of consuming the sphe- 
rules themselves or the accompanying 
PCB's are unknown; however, it is like- 
ly that they can cause intestinal block- 
age in some of the smaller fish. Winter 
flounder and grubby larvae, 5 mm in 
length, contained spherules 0.5 mm in 
diameter. The percentage consumption 
of plastics by some species of fish may 
be greater than observed here if in- 
gestion of the spherules directly or in- 
directly causes mortality through block- 
age, thereby preventing sampling of 
these fish. 

The spherules appear identical to 
polystyrene plastic "suspension beads." 
These beads are not usually marketed 
commercially (6), but are molded into 
a pellet shape before being sold to plas- 
tic fabricators. Thus, the source of the 
spherules is probably a manufacturer 
and may be any of the many poly- 
styrene producers in southern New 
England. Although the situation may be 
confined to this area, the bead suspen- 
sion process is widely employed for the 
manufacture of polystyrene, and con- 
tamination of both marine and fresh 
waters and their sediments may occur in 
other areas as well. 
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Rous Sarcoma Virus Nucleotide Sequences in Cellular DNA: 

Measurement by RNA-DNA Hybridization 

Abstract. Kinetic analysis of the hybridization of 71S RNA from Prague strain 
of Rous sarcoma virus with an excess of DNA from virus induced sarcomas indi- 
cated the presence of the majority of the viral genome sequences in cellular DNA 
with a very low average frequency per cell. About one-third of the viral sequences 
were at least partially complementary to DNA sequences with a higher average 
frequency on the order of 50 to 100 per cell. Normal chick embryo DNA was 
distinctly different, but contained sequences at least partially homologous to some 
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The proposal by Temin (1) that 
RNA tumor viruses replioate through a 
DNA intermediate has been supported 
by an increasing body of indirect evi- 
dence. The discovery of RNA-depen- 
dent DNA polymerase activity within 
tumor virus particles strengthened this 
"provirus" hypothesis. The direct detec- 
tion of viral nucleotide sequences by 
annealing viral RNA with cellular 
DNA seems to be a reasonable ap- 
proach for :testing this idea. However, 
RNA-DNA hybridization studies have 
yielded conflicting results. Although 
most investigators have found viral 
complementary sequences in cellular 
DNA, some have found evidence for 
more complementary DNA in virus- 
transformed cells (2, 3), while others 
report no significant differences between 
normal and virus-infected tissue (4-8). 
Technical problems may underly the 
varying conclusions since, in all cases, 
only a very small fraction of the viral 
RNA was detected in the RNA-DNA 
hybrids. Furthermore, the conditions 
under which the hybridization reactions 
were carried out would not be expected 
to reveal small numbers of complete 
viral genomes per cell genome, particu- 
larly if multiple copies of DNA in the 
cell complementary to a small fraction 
of the viral RNA were present. The 
rate of hybridization reported in these 
previous studies suggests the presence 
of such repetitive virus-related DNA 
(3). A method has been described for 
detecting full complements of RNA in 
cellular DNA and for obtaining rea- 

fraction of the viral RNA. 

The proposal by Temin (1) that 
RNA tumor viruses replioate through a 
DNA intermediate has been supported 
by an increasing body of indirect evi- 
dence. The discovery of RNA-depen- 
dent DNA polymerase activity within 
tumor virus particles strengthened this 
"provirus" hypothesis. The direct detec- 
tion of viral nucleotide sequences by 
annealing viral RNA with cellular 
DNA seems to be a reasonable ap- 
proach for :testing this idea. However, 
RNA-DNA hybridization studies have 
yielded conflicting results. Although 
most investigators have found viral 
complementary sequences in cellular 
DNA, some have found evidence for 
more complementary DNA in virus- 
transformed cells (2, 3), while others 
report no significant differences between 
normal and virus-infected tissue (4-8). 
Technical problems may underly the 
varying conclusions since, in all cases, 
only a very small fraction of the viral 
RNA was detected in the RNA-DNA 
hybrids. Furthermore, the conditions 
under which the hybridization reactions 
were carried out would not be expected 
to reveal small numbers of complete 
viral genomes per cell genome, particu- 
larly if multiple copies of DNA in the 
cell complementary to a small fraction 
of the viral RNA were present. The 
rate of hybridization reported in these 
previous studies suggests the presence 
of such repetitive virus-related DNA 
(3). A method has been described for 
detecting full complements of RNA in 
cellular DNA and for obtaining rea- 

sonable estimates of frequency even 
when very low (5-7). The method is 
based upon hybridization in the pres- 
ence of 'an excess of DNA large enough 
for the kinetics of RNA-DNA inter- 
action to be determined by the relative 
number of complementary sequences in 
the DNA. By this approach, it is pos- 
sible to detect most, if not all, of the 
base sequences of Rous sarcoma virus 
in the DNA of virus-induced sarcomas, 
and to demonstrate major differences 
with DNA sequences complementary 
to viral RNA in normal embryos. 

Prague strain of Rous sarcoma virus 
subgroup C (P,r RSV-C) was selected 
as the source of viral RNA because it 
is a helper-independent 'avian sarcoma 
virus that replicates efficiently in cell 
culture 'and produces rapidly growing 
sarcomas in new'born chicks (8). Chick 
embryo fibroblast cultures transformed 
by Pr RSV were inculbated in medium 
199 (prepared without unlabeled nu- 
cleosides and made 5 percent in fetal 
calf serum) with 100 /tc of [3H]uridine, 
[3H]cytidine, and [;H]adenosine per 
milliliter (22, 26, 'and 9 c/mmole, re- 
spectively). Culture fluid was harvested 
after 24 hours, and labeled virus par- 
ticles were purified from culture fluids 
by banding in sucrose gradients (20 to 
60 percent). Viral RNA was extracted 
by the sodium dodecyl sulfate-phenol 
technique (9). The 71S viral genome, 
separated -from low-molecular-weight 
nucleic acids by sedimentation min su- 
crose gradients (5 to 20 percent) in 
0.01M tris buffer containing 0.001M 
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EDTA, pH 7.4, had a specific activity 
of 1.6 X 106 count min-l ,ug-1. The 
DNA was obtained from 10-day wing- 
web sarcomas induced by injection of 
Pr RSV into 1-day-old chicks, from 
normal chick embryos both positive 
and negative for group-specific (gs) 
viral antigen (10), from Japanese quail 
embryos, and from Escherichia coli 
by a modification (11) of the method 
of Marmur (12). Each DNA prepara- 
tion was fragmented by limited de- 
purination and subsequent base hy- 
drolysis (13) so that an average-single- 
strand molecular weight was 100,000 
(assayed by acrylamide gel electropho- 
resis). Labeled RNA complementary to 
sarcoma DNA was prepared by the 
transcription in vitro of unfragmented 
native DNA catalyzed by E. coli RNA 
polymerase containing sigma factor pre- 
pared and characterized as described 
(14). Complementary RNA was polym- 
erized in 0.2 ml of 0.1M tris (pH 7.5), 
0.2M KC1, 0.l001M MgCI2, and 0.2 
mM dithiothreitol containing 10 tul of 
enzyme preparation, 2 X 10-4 mmole 
of guanosine, adenosine, and cytidine 
triphosphates, 1 ftc of [14C]uridine tri- 
phosphate (350 mc/mmole), and 8 jtg 
of DNA for 10 minutes at 37?C. The 
complementary RNA, recovered by 
phenol extraction, had a specific activ- 
ity of 5 X 104 count min-1 /zg-1 and 
a mean size of 5.6S 'by acrylamide 
gel electrophoresis (15); there was no 
evidence of self-annealing in control 
hybridization assays without DNA. Hy- 
bridization reaction mixtures consisting 
of 1 mg of DNA fragments and about 
2 X 10-4 /g of labeled RNA (300 to 
350 count min-1) in 0.1 ml of 0.4M 
sodium phosphate buffer, pH 7.0, and 
0.05 percent sodium dodecyl sulfate 
were denatured 10 minutes at 100?C, 
chilled immediately in ice, and incu- 
bated for various periods at 67?C. The 
RNA remained acid precipitable de- 
spite the high temperature for as much 
as 100 hours. DNA reassociation was 
monitored by fractionation of double- 
and single-stranded fragments on hy- 
droxyapatite columns (16) following 
dilution of the reaction mixture to 1 
ml in 0.12M phosphate buffer. Hybrid- 
ization was assayed by the acquisition 
of resistance to pancreatic ribonuclease 
(20 ,ug/ml, deoxyribonuclease-free, for 
30 minutes at 37?C in 0.12M phosphate 
buffer). Individual reaction mixtures 
were divided into two portions and di- 
luted to 1 ml in 0.12M phosphate buffer. 
One was digested with ribonuclease, 
and then Iboth were made 10 percent in 
trichloroacetic acid at 4?C. The effect 
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of ribonuclease on trichloroacetic acid 
precipitable radioactivity was measured 
by filtration on 47-mm nitrocellulose 
filters. The ribonuclease resistance of 
unreacted viral RNA was 1 to 2 per- 
cent under these conditions and was 
subtracted as background from the hy- 
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bridization measurement. Hybridization 
was assayed further by measurement of 
the fraction of digested hybrids that 
remained bound, like duplex DNA, to 
hydroxyapatite (columns) at 60?C in 
0.12M sodium phosphate (9). 

It was important to determine the 
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Fig. 1. Kinetics of hybridization. (A) Reassociation of sarcoma DNA fragments (0) 
was assayed as the fraction of the DNA, measured by absorbance at 260 nm, which 
adhered to hydroxyapatite column at 60?C in 0.12M sodium phosphate buffer 
and eluted when the column temperature was raised to 95?C. Hybridization 
(O) of complementary RNA transcribed in vitro was assayed as increasing 
ribonuclease resistance. The DNA/RNA ratio, calculated from a specific activity based 
on that of the [4Cluridine triphosphate used to prepare the RNA, was about 10,000. 
(B) Hybridization of viral 71S [3H]RNA. The broken lines represent the reassociation 
and hybridization data from A for reference. Reaction with DNA fragments from 
virus-induced sarcomas ( ), gs-positive (A) and gs-negative (U) embryos, and Jap- 
anese quail embryos (A) are depicted. If there were a single copy of the viral RNA 
in the DNA from each cell, the DNA/RNA ratio for these studies would be about 50. 
(C) Hybridization kinetics of slowly reacting viral sequences in sarcoma DNA with 
viral RNA compared to those with complementary RNA transcribed in vitro (lower 
broken line) and the reassociation of single copy sarcoma DNA (upper broken line) 
based on replotted data from A and B. 

100 A B C 
Viral RNA-sorcoma DNA Reossociated sarcoma Viral RNA-embryo 
hybrids DNA DNA hybrids 
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Temperature (?C) 
Fig. 2. Hydroxyapatite chromatography of RNA-DNA hybrids and reassociated DNA 
fragments. Reaction mixtures were diluted to 1 ml with 0.12M sodium phosphate 
buffer, digested with ribonuclease, extracted with 0.25 ml ,of cold phenol, passed 
through Dowex 50 and applied at 60?C to hydroxyapatite columns. The -columns were 
washed at increasing increments of temperature with 0.12M sodium phosphate, and 
the dissociation of the duplex nucleic acid was monitored by absorbance at 260 nm 
(DNA-DNA) and radioactivity (RNA-DNA) in the eluate. (A) Thermal denatura- 
tion profiles of viral RNA-sarcoma DNA hybrids formed at a Cot of 1.4 X 102 (*) 
and at 7.1 X 103 (O). (B) Thermal stability of reassociated sarcoma DNA formed 
simultaneously with the hybrids in A. (C) Thermal stability of hybrids of viral RNA 
and normal embryo DNA from gs-negative chicks (A) and Japanese quail (A). 
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reassociation kinetics of the DNA as 
well as the properties of hybridization. 
reactions with complementary RNA 
under these conditions. Figure I A de- 
scribes both the reassociation of chicken 
sarcoma DNA and hybridization with 
complementary RNA plotted as a func- 
tion of C,,t [C,, is ,the concentration of 
DNA nucleotides in moles per liter and 
t is the time in seconds (17)]. Slightly 
more than one-third of the DNA re- 
associated rapidly below a C,,t of 100 
while the rest reacted at a slower rate 
with a C,,tJ/l of about 1 ('. These two 
fractions are taken to reflect the re- 
action of DNA sequences present in 
high and low (presumably single copy) 
frequency in each tumor cell (17). The 
line drawn represents an ideal second 
order rate based on the equation (6, 
18, 19): 

d/C,, i - [/(K"Ct + I)] 

where d is the concentration of re- 
associated DNA at time t, and K" is 
the rate constant of DNA renaturation. 
The hybridization of complementary 
RNA displayed slower kinetics. The 

C,ti/l was about 104 if it is assumed 
that the reaction would eventually re- 
sult in complete hybridization of the 
RNA. 

This value is taken to reflect the 
rate of hybridization of RNA com- 
plementary to DNA sequences pres- 
ent at a frequency of about I per 
cell. Little or no hybridization of com- 
plementary RNA is apparent in the 
region of the renaturation curve where 
redundant DNA sequences react. This 
phenomenon (6, 7) is more likely to 
be attributable to the relative exclusion 
of extensively mismatched hybrids with 
redundant DNA under these stringent 
reaction conditions than to selective 
transcription in vitro of unique DNA 
sequences by RNA polymerase. The 
apparent displacement of the hybridiza- 
tion curve is consistent with the sugges- 
tion that the rate constant for hybrid- 
ization, K", is less than K" (6), and 
the data depicted are similar to previ- 
ously described results for hybridization 
of complementary RNA prepared in 
vitro (6). A mathematical technique 
for predicting hybridization kinetics 
based on the ratio K11/Kd had been sug- 
gested (6, 18). 

The substitution of viral [:tH]RNA 
for complementary RNA prepared in 
vitro in the reaction mixture yielded 
results depicted in Fig. IB. The kinetic 
curve is complex with two distinct 
phases; the first indicates more rapidly 
reacting sequences in the DNA related 
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to about one-third of the viral informa- 
tion with an estimated C,t/2 of 102 
and the second reflecting more slowly 
hybridizing sequences reaching about 
75 percent of the viral RNA at a C,t 
of 104. The C,t,/2 for the slowly re- 
acting viral nucleotide sequences is 
measured in Fig, IC in comparison 
with single-copy calibration curves for 
hybridization and DNA reassociation 
and appears to be about 7.5 X 103, 
given the same assumption regarding 
eventual complete hybridization. 

For further characterization of the 
reaction products, the thermal stability 
of duplex nucleic acids was assayed by 
chromatography on hydroxyapatite. The 
mean thermal stability (T,,,) of viral 
RNA-tumor cell DNA hybrids formed 
at a C,,t of 1.4 x 102 (principally rap- 
idly reacting sequences) was 77?C. The 
hybrid Tm, rose to 82.5 ?C with a 
sharper transition when the 'C't was 
increased to 7.1 x 10: (64 percent of 
the viral RNA in double-stranded form 
on the column). The RNA-DNA com- 
plexes formed at low and high Cot 
values were dissociated 4? and 3.5?C, 
respectively, below the T,,, of reassoci- 
ated DNA fragments formed at the 
same C,t values (Fig. 2B). Hybrids 
formed with the complementary RNA 
transcribed in vitro dissociated with 
a T,,, of 79?C (not shown), an obser- 
vation that probably reflects the higher 
guanosine plus cytidine (G + C) con- 
tent of the viral nucleic acids. The 
lower thermal stability and broader de- 
naturation curve of ,the rapidly eacting 
portion of the viral nucleotide se- 
quences may be attributable to partial 
mismatching, a lower mean G - C con- 
tent, or both. 

Figure 1B also describes the kinetics 
of hybridization of viral RNA with 
normal embryo DNA. Some comple- 
mentary DNA sequences reacting with 
29 percent of the viral RNA at a C0t 
value of 10' were detected in both gs- 
positive and -negative embryos. The 
thermal stability of hybrids of normal 
chick embryo DNA and viral RNA 
formed at high C,t values is depicted in 
Fig. 2C which demonstrates a T7, of 
80?C, about 2.5?C lower than the sta- 
bility of hybrids with sarcoma DNA. 
This observation is consistent with a 
somewhat decreased fidelity of base 
pairing, but a significant degree of ho- 
mology is present. A smaller degree of 
hybridization and an even lower T,m 
for hybrid duplexes was detected in Tre 
actions with Japanese quail embryo 
DNA (a related avian species suscep- 
tible to this virus), and no homology 

was noted in reactions with E. cotli 
DNA fragments (not shown). 

The kinetics of hybridization and 
the high thermal stability of the hybrid 
product provide evidence that most of 
the viral 71 S genome is present in the 
DNA of virus-induced sarcoma cells. A 
major fraction has a very low average 
frequency per cell. If the K"h for viral 
RNA was the same as that for the 
complementary RNA prepared in vitro, 
the average frequency of the majority 
of the viral sequences would be about 
1.5 per cell. This estimate is not pre- 
cise because neither the complementary 
RNA nor the viral RNA were fully hy- 
bridized at the maximum C,t values 
achieved. Thus, if 75 percent of the 
viral RNA sequences were truly maxi- 
mum hybridization ,then the apparent 
C,11/2 for the slowly hybridizing frac- 
tion would be decreased (to about 
4 X 10:). A similar normalization of 
the complementary RNA reaction ki- 
netics might or might not be appropri- 
ate. In any case, the maximum range 
of frequency estimates based on these 
considerations is from 2.5 to 0.5 copy 
per cell, which does not affect the prin- 
cipal conclusions. 

About one-third of the viral RNA, 
or one-half of the hybrid product, re- 
acted with at least partially comple- 
mentary cellular DNA with kinetics 
suggesting an average of roughly 100 
copies of these DNA sequences per cell. 
Such reiterated sequences probably 
strongly influenced the previously re- 
ported hybridization data, and may 
also explain the multiple copies of viral 
sequences in cellular DNA detected by 
Gelb et al. (19) and Varmus et al. 
(20). The origin and significance of 
these sequences remains obscure. Fur- 
thermore, an explanation is not yet ap- 
parent for the presence of nucleotide 
sequences in the DNA of normal chick 
cells, which are at least partially com- 
plementary to the Pr RSV genome. 
However, Weiss et al. (21) have dem- 
onstrated the presence of a subgroup 
E avian leukosis virus in normal chick 
embryo cells. Partial relatedness of Pr 
RSV-C to a provirus for this "endoge- 
nous'" virus might produce a hybridiza- 
tion reac,tion with the properties de- 
scribed here. In any case, the kinetics 
of the reaction and the lower Tm of 
normal embryo DNA-viral RNA hy- 
brids clearly distinguish virus-related 
DNA in infected and uninfected tissues. 

PAUL E. NEIMAN 
Division of Oncology, Department of 
Medicine, University of 
Washington, Seattle 98144 
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The principal site of action of curare 
(tubocurarine) at the myoneural junc- 
tion is a matter of controversy. Some in- 
vestigators consider that this alkaloid 
blocks neuromuscular transmission ex- 
clusively by occupying postjunctional 
cholinergic receptors (1). Others con- 
sider that, in addition, curare significant- 
ly depresses the release of transmitter 
from motor nerve terminals (2), and 
furthermore, that this depression repre- 
sents its principal effect (3). This con- 
troversy can be partially explained by 
the pitfalls of the techniques used to 
analyze pharmacologic effects at the 
myoneural junction. 

When acetylcholine release from 
muscle preparations during stimulation 
of motor nerves is used as evidence for 
a pre- or postjunctional site of action 
of curare, acetylcholine release is either 
unchanged (4) or reduced (5) in curare- 
treated preparations as compared to 
controls. These results reflect disparity 
in stimulation frequency and assay 
techniques. However, most arguments 
against the prejunctional effect of cu- 
rare are based on the lack of effect of 
this drug on transmitter output, as 
supported indirectly by calculations de- 
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rived from the quantal hypothesis of 
transmitter release. These calculations 
may be misleading because transmitter 
output is generally estimated in already 
paralyzed muscles (6)-or, if this out- 
put is not depressed, by using a correc- 
tion factor for nonlinear summation of 
quanta (7). The application of this cor- 
rection factor when potential changes 
are measured requires exact determina- 
tion of the reversal potential for the 
transmitter at each end plate, as well 

Table 1. Probability of transmitter release at 
32' ?+ 1 C and coefficients of variation of 
EPP amplitude. The concentration of drug 
was 5 X 10-"M. Standard deviations are in 
parentheses (C, curare; P, pancuronium). 

Coefficient of variation Probabil- 
._________________ . .ity of 

Drug trans- 
0.01 to 1 to mitter 

I hz 10 hz release 

None 0.0196 0.0315 0.044 
(?0.006) (? 0.0078) (+ 0.009) 

C 0.1012* 0.122* 0.15* 
(? 0.035) (? 0.0417) (- 0.077) 

P 0.0863* 0.0925* 0.18* 
(? 0.014) (? 0.030) (? 0.098) 

* P < .01 compared to control. 
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as precise electrode localization (8). 
Moreover, this correction does not take 
into consideration temperature or type 
of muscle, two factors that affect the 
release and the postjunctional action of 
the transmitter. In undepressed muscle, 
contractions are prevented by cutting 
or treating the muscle with glycerol 
(9), treatments that affect transmitter 
output determinations (8, 10). Finally, 
even if these limitations can be avoided, 
the probability of release may be too 
high (> .1) (11) to apply Poisson 
statistics to calculate the quantal con- 
tent of the end plate potential (EPP). 
This type of calculation may overesti- 
mate the quantal content by 100 per- 
cent if the probability changes from 
.1 to .5 (12). 

In the experiments reported here, 
previously untreated muscles were used 
to determine dose-response curves of 
curare on the amplitude of the EPP 
and strength of contractions. The effects 
of curare were compared with those of 
pancuronium bromide, a steroid with 
neuromuscular blocking characteristics 
said to be identical to those of curare 
(13). This steroid has biomedical im- 
portance because it lacks the ganglion- 
blocking and histamine-releasing proper- 
ties of curare (14) and has been pro- 
posed as a substitute for curare in clini- 
cal anesthesia. The use.of Poisson statis- 
tics to determine the effect of curare at 
the myoneural junction was shown to 
be inaccurate, because curare increased 
the probability of transmitter release 
above .1. 

A new preparation was developed in 
this laboratory (15). Rat diaphragms 
were stretched to permit intracellular 
recording during isometric contractions. 
Observations with a variety of drugs, in 
which the new technique was compared 
with conventional methods, indicated 
that each compound had a characteris- 
tic pattern of neuromuscular depression 
independent of the experimental prep- 
aration (16). 

Dose-response curves for the effects 
of both muscle relaxants on strength of 
muscle contraction and EPP amplitudes 
were made at 320 ? 1?C (Fig. 1). Al- 
though the EPP depression was similar 
with both drugs, their actions on con- 
traction strength were different, as seen 
by the steeper response curve with pan- 
curonium. Curare had a greater effect 
on muscle contractions for a similar de- 
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pression of the EPP; this suggests that, 
in addition to depressing EPP ampli- 
tude, curare directly affected either the 
contractility or the threshold for the 
propagation of EPP to the muscle fiber. 

753 

pression of the EPP; this suggests that, 
in addition to depressing EPP ampli- 
tude, curare directly affected either the 
contractility or the threshold for the 
propagation of EPP to the muscle fiber. 

753 

Curare and Pancuronium Compared: Effects on Previously 

Undepressed Mammalian Myoneural Junctions 

Abstract. Curare and pancuronium have multiple effects on previously un- 
depressed rat diaphragm; these include depression of transmitter output and 
prolongation of the refractory period of prejunctional structures. The effect of 
curare on motor nerve terminals is greater than that of pancuronium. Both drugs 
depress postiunctional receptors; but curare, in addition, raises the threshold for 
the generation of muscle action potentials. In addition, these results raise questions 
about the validity of statistical methods used to calculate transmitter output. 
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