ing order. The ordinates show the
mean suppression ratio during a given
tone. This index compares the number
of responses (tone R’s) made in the 40-
second tone period to the number of
responses (pre-tone R’s) made in the
40-second period prior to presentation
of the tone.

Numerically, the relationship is ex-
pressed as a ratio:

(pre-tone R’s — tone R’s) / (pre-tone R’s)

As can be seen in Fig. 1, during the
earlier tests, generalization of suppres-
sion was broad at first, but as testing
proceeded the gradients narrowed. In
general, the interruption produced very
little effect on the course of the gradi-
ents. For bird No. 21 the 1000 cy/sec
tone exhibited no loss whatsoever, and
the decrements for the other tones
are no larger than would be expected
had testing proceeded without interrup-
tion. The results of bird No. 9 are
similar except that for this bird the
tones on-the wings of the gradient had
ceased to cause suppression prior to the
interruption.

An unexpected feature of the results
is the finding that during the terminal
stages of testing a disproportionately
large number of negative ratios was ob-
tained for tones on the wings of the
gradient. For example, during the final
eight sessions for bird No. 9 and dur-
ing the final four sessions for bird No.
21 the several stimuli on the wings of
the gradient yielded more than twice
as many negative ratios as positive
ratios. A t-test on the difference be-
tween the number of responses in the
tone periods and in the pre-tone periods
for these stimuli yielded ¢ = 2.156 with
23 degrees of freedom for bird No. 21
and ¢t = 2.785 with 47 degrees of free-
dom for bird No. 9. Since values of ¢
as large as this would occur with
p < .05 on the basis of random sam-
pling, we concluded that the observed
tendency for the ratios to dip below
zero represents a reliable effect. Ap-
parently a stage was reached during
the final phases of the extinction pro-
cedures in which many of the tones
tended to facilitate pecking. Unfortu-
nately we do not yet understand the
mechanisms which underlie this curious
phenomenon.

The main—features of these results,
however, are consistent with results of
several other studies which show that
conditioned responses are retained over
long periods (5). In this respect, our re-
sults provide a dramatic illustration of
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the proposition that the mere passage
of time plays little, if any, role in the
elimination of the negative effects of
averse training (6).
Howarp S. HoFFMAN

MorTON FLESHLER
Department of Psychology,
Pennsylvania State University,
University Park

PuILiP K. JENSEN
Department of Psychology, Drew
University, Madison, New Jersey
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J. Exptl.

Homology Test between the Nucleic
Acid of an RNA Virus and the
DNA in the Host Cell

Abstract. Deoxyribonucleic acid in the
host cell does not contain a sequence
complementary to the nucleic acid of an
RNA virus. Specific formation of hybrid
between deoxyribonucleic acid and ribo-
nucleic acid was used as a detecting de-
vice. The test was internally controlled
and sensitive enough to reveal comple-
mentary stretches in the DNA correspond-
ing to 10 percent of the viral ribonucleic
acid. The implications of the results for
replication and transcription of RNA are
discussed.

In the last several years there has
been an accumulation of data consist-
ent with the concept that polyribo-
nucleotides are the informed inter-
mediaries between DNA-genomes and
the cellular entities which carry out
their instructions (I, 2). However, the
problems posed by the existence of
viruses which use RNA for the trans-
mission and storage of genetic infor-
mation remain for detailed resolution.

A definitive decision on the exist-
ence or nonexistence of homology be-
tween viral RNA and the DNA from
its host would aid in delineating the
mechanisms of replication of RNA and

transcription from an RNA genome.

For technical convenience the sys-
tem chosen was Escherichia coli (Hfr
strains, K-16 and K-10) and an RNA
bacteriophage related to the one (f2)
discovered by Loeb and Zinder (3).
The virus used, MS¢2, (4) had bio-
logical, chemical, and physical prop-
erties similar to those reported for f2
(5).

A decision on whether or not there
is homology between two nucleic acid
molecules rests essentially on a com-
parison of base sequences. In practice
what can be readily detected is se-
quence complementarity (6, 7). Experi-
mentally, then, the question we seek
to answer may be posed as follows:
Does the DNA found in the host cell
contain, either before or after infection,
a sequence complementary to the nu-
cleic acid of an RNA virus?

One answer to questions of com-
plementarity is provided by specific
hybrid formation. A sensitive test for
hybridization of RNA and DNA was
developed by Hall and Spiegelman (8)
to demonstrate that the RNA synthe-
sized in E. coli after infection by the
bacteriophage T2 is complementary to
the DNA of the virus rather than to
that" of ‘the ‘host. Equilibrium density
centrifugation in swinging bucket rotors
combined with isotopic labeling was
used to identify the hybrid structures.
The same procedures were successfully
used to exhibit complementary RNA
synthesized in cells during “step-down
transitions” (9) or short pulses (2),
as well as RNA formed in vitro by
the DNA-dependent RNA polymerase
(10).

The investigations just cited tested
heterogeneous populations of RNA
which represent between 10 and 100
percent of the available sequences in
DNA. Consequently, the detection of
hybrids did not strain the available
sensitivity. However, the numerical
situation inherent in the present prob-
lem is far less favorable. It demands
finding one particular sequence in the
DNA equivalent in length to the viral
RNA. Since the molecular weight of
the viral RNA is about 8 X 10°, one
must detect complexes including ap-
proximately 0.005 percent of the total
length of E. coli DNA. However, a
similar- numerical difficulty was over-
come by Yankofsky and Spiegelman
(11, 12) when they established the
existence of sequences in DNA com-
plementary to sequences in homologous
ribosomal RNA. These experiments
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Fig. 1. Hyperchromic response of ribo-
somal and viral RNA to heat. Solutions
containing nucleic acid (20 pg/ml) in
0.01M phosphate at pH 6.8 were used.
These were contained in closed quartz
cuvettes held in a block wired to permit
controlled electrical heating and monitored
by a reference cell containing a thermistor.
The block fits into the holder of the
Opticon spectrophotometer which was used
for these measurements. The ratios of the
optical density (O.D.) at 260 mgy at the
ambient temperatures (O.D.7) to that at
25°C are plotted.

were designed so that hybrids includ-
ing between 0.001 and 0.01 percent

of the total DNA were readily de- '

tected. The necessary sensitivity was
achieved by labeling the RNA to the
required specific activity. Confusion
with “noise” either in the form of
mechanical trapping or chance coinci-
dence in complementarity over short
regions was avoided by use of the
resistance of true hybrids to degrada-
tion with ribonuclease. Non-specific
complexes are completely sensitive.

- Our experience with the ribosomal
complexes of RNA and DNA encour-
aged us to undertake the present study
with viral RNA. It seemed highly prob-
able that a definitive answer to homol-
ogy, whether positive or negative, was
experimentally attainable.

A further element of assurance was
introduced into these experiments as
an internal control. Ribosomal-23S
and viral RNA are comparable in mo-
lecular weights (1.0 X 10° vs. 0.8 X
10°) and base composition (53 percent
vs. 52 percent guanine-cytosine). These
resemblances are reflected in their hy-
perchromic shift due to heat, as shown
in Fig. 1. Since the responses of these
two molecules to thermal disruption of
their secondary structures are very
much alike, their behavior during the
annealing process should also be simi-
lar. Consequently, in addition to serv-
ing as a test for the sensitivity of hy-
brid detection, ribosomal RNA can
also be used to monitor the adequacy
of the hybridization test conditions.
Thus, under conditions which yield
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hybrids with ribosomal RNA, the ab-
sence of such complexes with viral
RNA can be accepted with comparative
confidence as evidence that there is
no homology between viral RNA and
cellular DNA.

Isolated and purified DNA (13),
purified H*-23S RNA (40,000 count/
min per pg) (I1), heat denatured
DNA (I1), and purified P%-phage
RNA (40,000 to 360,000 count/min per
»g8) (14) were prepared. The relative
specific activities of the ribosomal and
viral RNA molecules were deliberately
adjusted in some of the experiments to
make the detection of hybrids with
viral RNA 10 times more sensitive. The
usefulness of two different labels will
become apparent. The procedures of
Hall and Spiegelman (8) for forma-
tion of hybrids, and their separation in
CsCl gradients, were followed. Perti-
nent experimental details are found in
the legends.

Results representative of a number of
experiments are illustrated in Fig. 2.
The top figure (24) shows the usual
hybrid structure which results when
ribosomal RNA is incubated with
homologous single stranded DNA. Fig-
ure 2B describes the completely nega-
tive outcome observed when viral RNA

Fig. 2 (right). Equilibrium density gradient
centrifugation of incubated mixtures of
RNA and DNA. In all cases the peak in
0O.D. identifies the position of DNA in the
density gradient which decreases from left
to right. In addition 50 ,g of heat dena-
tured DNA of E. coli, the annealing mix-
tures contained the following: (A4) 2 ug
of tritium-(H?) labeled ribosomal RNA
(40,000 count/min per ug); (B) 2 ug of
P*-labeled viral RNA (85,000 count/min
per ug); (C) a mixture of 4 and B. The
incubation solution was 0.3M in NaCl,
and 0.05M in phosphate at pH 6 to 8; the
total volume was 0.5 ml. The mixtures
were slow-cooled from 55°C to 30°C
over a period of approximately 17 hours.
The density was then adjusted to 1.720
with CsCl and the final volume was ad-
justed to 3.0 ml. The resulting samples
were centrifuged for 72 hours at 33,000
rev/min at 25°C in the SW39 rotor of
the Spinco model L ultracentrifuge. At the
end, fractions of 0.12 ml were collected
from the bottom of the tubes, diluted, and
analyzed for optical density at 260 mgu
and for radioactivity. Radioactivity of the
acid insoluble fraction was assayed on
aliquots, washed and dried on Millipore
membranes, and counted in the Packard
liquid scintillation spectrometer which
measures simultaneously H* and P*. Opti-
cal Density at 260 mu was measured on
the whole sample; the radioactivity was
assayed on a fraction. The activity given
must be multiplied by 5.6 to convert to
the activity of the total sample.

is substituted for ribosomal RNA in
the reaction mixture. Since the two
RNA molecules were labeled with dif-
ferent isotopes, they could be included
in the same reaction mixture; and the
extent of hybridization of the DNA
with each RNA determined in the
presence of the other. Figure 2C de-
scribes the results of such an experi-
ment. Here one sees that the Hribo-
somal RNA formed a hybrid structure
and the P*-labeled viral RNA did not.

Similar experiments have been car-
ried out under a variety of other condi-
tions with identical results. In some
experiments the specific activity of the
viral RNA used was 360,000 count/
min per microgram. Thus, if one se-
quence complementary to viral RNA
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existed per genome, 1800 count/min
would have been observed in the DNA
density region of the gradient and none
were found. Other variations included
raising the initial temperature to 65°C
in the annealing process, increasing
viral RNA to amounts five times above
saturation for ribosomal RNA, a pre-
liminary heat denaturation of viral
RNA, and the use of DNA prepara-
tions from a variety of strains of E. coli.
Finally, DNA was isolated from host
cells after infection at various intervals
from 20 to 45 minutes. No hybrid for-
mation was detected with any of these
preparations. The absence of hybrid
formation could not be ascribed to the
fact that only one of the two possible
complementary RNA strands was be-
ing tested. The DNA which was being
challenged contained both strands and
one of the two would have satisfied
the condition of complementarity, if it
existed.

It is evident that neither before nor
after infection can one find sequences
in the DNA which are complementary
to the viral RNA. In evaluating these
negative findings several features of
these experiments must be recalled.
First, the hybridization process was
monitored internally. Second, the rela-
tive specific activities in counts per
minute was such that the sensitivity per
strand of detecting hybrids with viral
RNA was ten times that possible with
the ribosomal RNA. Finally, the pro-
cedure used was adequate to detect,
with ease, complementary stretches in
the DNA corresponding in length to
10 percent of the length of viral RNA.

These results have a number of inter-
esting implications. They obviously lend
no support to the rather attractive
speculation that the RNA viruses might
represent “escaped” genetic messages of
the host. The data do suggest that RNA
viruses do not employ the “DNA to
RNA to protein” path of information
transfer. This in turn implies that the
viruses have evolved a mechanism of
transcription and replication at the level
of RNA. We would then predict the
existence of an enzymatic mechanism
involving an RNA-dependent RNA
polymerase. It seems highly unlikely
that an enzyme of this sort pre-exists
in the cell. All recognized nucleic acid
components, including “informational”
RNA (9), ribosomal RNA (71, 12),
and RNA which transfers amino acid
(15) have been shown to be comple-
mentary to some sequences in homol-
ogus DNA. Further, actinomycin-D,
which inhibits the DNA-dependent
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RNA polymerase (I6), prevents syn-
thesis of RNA in both bacterial (17)
and animal cells (/8) but does not
inhibit production of RNA virus (18).
One must conclude, therefore, that the
incoming viral RNA contains the struc-
tural program for this new polymerase.
Since this enzyme must be synthesized
before replication, the viral RNA must
be conserved during its translation into
protein (/9). Results of experiments
confirming some of these predictions
are in preparation for publication.
Roy H. Dor
S. SPIEGELMAN
Department of Microbiology.
University of Illinois, Urbana
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Dual Microscope

tions in the entire procedure (Fig. 1).
The details are described in terms of
the instrumental components as they
now exist.

The light source is a Mikrark 100-
watt zirconium arc (Sylvania C-100/
DC) whose power supply is operated
from a Sola constant-voltage transform-
er through a variable transformer that
is usually set for 115 volts. Kohler il-
lumination is strictly maintained and is
attenuated only by neutral density fil-
ters, with or without a Corning blue
filter (5800, melt 528).

The beam-splitter is a complex of
one half-aluminized optical flat (Bausch
and Lomb No. 45-10) and three first-
surface mirrors. The mirrors are mount-
ed on double ball-and-socket clamping
joints.

The triocular microscopes (Bausch
and Lomb Dynazoom) have apochro-
matic objectives, compensating eye-
pieces, achromatic centering condensers
(1.40 numerical aperture), and first-
surface mirrors. Visual and photograph-
ic coupling is effected by a Bausch and
Lomb comparison eyepiece between the
vertical microscope tubes. Specific de-
sign of the microscopes is not critical,
although focusing by movement of the
stage eliminates the eyepiece binding
that occurs with movements of the body
tube.

Photomicrographs were made on
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