have been isolated by using different
combinations of selective markers. They
are being analyzed further.

With regard to the staining reaction,
neither the Hfr nor F+ salmonella give
the reaction when mixed with F—
strains, either salmonella or coli.

NoORTON D. ZINDER
Rockefeller Institute, New York
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Suppression of Radiation-Induced
Tumorization in Fern Prothalli

Abstract. By quantitative techniques it
has been shown that the expected tumor
frequency after x-irradiation of spores of
the fern Pteridium aquilinum can be re-
duced by the addition of casein hydroly-
zate or amino acids to the medium upon
which the spores are germinated and
grown into either prothalli or tumors.

To analyze the process of tumoriza-
tion and to attempt to characterize it
in terms of fundamental cellular proc-
esses, it would seem advantageous to
study the phenomenon in the simplest
biological system in which it can clearly
be recognized. One such system, which
is perhaps unique in many ways, is that
of the prothallial or gametophytic gen-
eration of the fern (I). In Pteridium
aquilinum (the bracken fern) a readily
recognizable tumorization occurs spon-
taneously at a very low rate, but the
frequency can be increased in response
to ionizing radiations (2). Although
certain criteria for the word tumor are
inapplicable here, since tumor was orig-
inally defined in the frame of reference
of more complex Dbiological systems,
these abnormal growths are considered
to be tumors in that they are unlimited,
disorganized growths characterized by
many cellular changes typical of tumors
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in higher organisms. At least in the
lower dose range, the response to ioniz-
ing radiations is linear, and the spon-
taneous frequency is increased by ap-
proximately 100-fold at 15,000 r of
x-rays applied to dormant spores. This
process can be quantified quite pre-
cisely (3). The primary causal event to
subsequent tumorization is known to
occur in a single haploid cell, the spore.
The spores and the resultant prothalli
and tumors are germinated and grown
aseptically in vitro on chemically de-
fined media.

To study factors involved in tumor-
ization in this system, experiments were
performed as follows (4): Spores of
Pteridium in the dormant condition
were irradiated at 1000 r/min of un-
filtered 136-kv x-rays for a total dose
of 15,000 r. The spores were then
sterilized and sown either quantitatively
(3) into petri plates, or semiquantita-
tively onto agar slants in 25-mm culture
tubes. The quantitative technique was
used to assay possible effects on via-
bility, whereas the more rapid semi-
quantitative technique was used for
preliminary and large-scale screening.
In this latter method, a Carbowax
suspension of spores was made as for
the fully quantitative method, but with
a higher concentration of spores (100
mg/cm?). Then quantitatively com-
parable inocula were taken for the
control and experimental lots, without
making actual spore counts, by dipping
a suitable wire inoculating loop into the
spore suspension and streaking this onto
the slanted agar surfaces. It has been
found that the drop which fills the loop
contains approximately identical inocula
in repeated immersions from one spore
suspension.

To assay for the effects of additions
to, or alterations of, the medium, these
quantitatively similar inocula of Xx-
irradiated spores were streaked onto the
control, or basal, medium and onto the
experimental media, in rotation. The
basal medium is essentially a Knudson’s
mineral salt solution with added minor
elements, sugar and agar (/); in all
experiments here described spores were
grown on 0.25 percent sucrose and
1.5 percent Difco Bacto-agar. This
selection of a basal medium was purely
arbitrary; it was an outgrowth of earlier
work with the culture of fern prothalli.
Since the discovery of the phenomenon
of induced tumorization and all earlier
quantitative work had been on this
medium, it was used as a point of de-
parture for subsequent work. Thus, in
all experiments the “basal” tumor fre-
quency is defined as the frequency of
tumors for each individual experiment
on this basal or control lot. Experi-
mental lots are then expressed on a
percentile basis as compared with the
control lot. The experimental lots have

Table 1. Frequency of tumors in prothalli of
Pteridium aquilinum on various media after
x-irradiation of dormant spores, expressed as
percentage of frequency on basal medium.

Tumor
Addition to basal medium fre-
quency
(%)
Casein hydrolyzate, 2.5 ml/lit. (see 5) 42
Casein hydrolyzate, 5.0 ml/lit. 34
Synthetic casein hydrolyzate (total)* 34
Monoaminomonocarboxylic amino acids 52
Hydroxyamino amino acids 40
Sulfur-containing amino acids 35
Benzenoid amino acids 42
Basic amino acids 82
Acidic amino acids 96
Pyrrolidyl amino acids 40
NH4NO;, 680 mg/lit. 109
NH4NO;, 1360 mg/lit. 116

* Qur synthetic approximation of casein hydrolyzate,
compiled from amino acids obtained from Mann Re-
search Laboratories, Inc., New York, was made up as
follows, in milligrams per 100 ml of stock solution, used
at the rate of 100 ml/lit. of medium: monoamino-
monocarboxylic: glycine (20), L-alanine (35), L-valine
(70), L-leucine (100), and L-isoleucine (60); hydroxy-
amino: L-serine (60) and L-threonine (45); sulfur-contain-
ing: L-cystine (5) and L-methionine (30); benzenoid:
L-phenylalanine (50), L-tyrosine (60), and L-tryptophane
(20); basic: L-lysine (70), L-arginine monohydrochloride
(50) and L-histidine monohydrochloride (30); acidic:
L-aspartic acid (70) and L-glutamic acid (220); pyrro-
lidyl: L-proline (80) and L-hydroxyproline (20).

either this basal medium plus an added
substance, or, in later experiments, a
modification of the basal medium. All
recognizable tumors were counted at
the end of 6 weeks in culture.

With this experimental approach, first
various plant growth hormones (auxins)
were tested, but with no apparent effect.
This emphasized the possible magnitude
of the task if future testing were to be
done with specific substances. Thus, in
an attempt to test broader categories of
substances, casein hydrolyzate (5) was
among those tested. This was found to
depress the incidence to as low as 34
percent of the basal rate in the con-
centrations used. For further informa-
tion on this and other results discussed,
see Table 1. Several replications con-
firmed this initial observation. Next, to
determine whether this effect was due to
the amino acids, a synthetic approxima-
tion of casein hydrolyzate was made,
based upon published analyses of casein
(6). This synthetic “casein hydrolyzate”
was found to have a similar tumor-
inhibiting effect, depressing the inci-
dence to the lowest value observed with
the original hydrolyzate. Next, the
component amino acids were arbitrarily
categorized as to structural types, and
these groups were tested separately, in
the same concentrations in which they
occurred in the total mixture. The
effectiveness of the groups varied, and
no one group was quite as effective as
the total, but the results indicated that
the effectiveness of the total mixture
was due to several of the component
amino . acids, and also that the action
of the various amino acids was more
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than additive. That is, the separate
groups tested seemed to be more effec-
tive than would have been expected.
The basic and acidic amino acids were
not significantly effective, whereas all
other groups had marked tumor-
depressing activity. These results sug-
gested that although there may be some
sort of specificity with respect to certain
amino acids or types of amino acids,
there also appeared to be nonspecificity
in that suitable amino acids could
satisfy most of an apparently general
requirement.

To test the effect of simply raising
the nitrogen level of the medium, the
addition of ammonium nitrate to the
basal medium in concentrations suffi-
cient to double and triple the nitrogen
supply showed instead a very slight in-
crease in tumor frequency. To establish
that the decrease in tumor frequency
produced by the casein hydrolyzate or
the amino acid mixture was not simply
due to a comparable decrease in general
viability, the fully quantitative method
was used to determine the viability in
each treatment. Although the two addi-
tions to the media did depress viability
slightly, this was not in proportion to
the decrease in tumor counts. The
tumor frequencies, when adjusted to
percentage viability were: casein hy-
drolyzate, 57 percent; synthetic “casein
hydrolyzate,” 47 percent, the basal fre-
quency being expressed as 100 percent.
The viability on the casein hydrolyzate
was 93.5 percent of that on the basal
medium, and on the synthetic “casein
hydrolyzate” was 91 percent of the
basal value.

It is apparent from these results that
it is possible in this system to in-
fluence the frequency of occurrence of
tumors. Of course, there is no ready
way to determine at present whether
th!a potentially tumorous spores do ger-
minate on the amino acid-containing
media. They could either not develop
at all, or alternatively, they could de-
velop into normal prothalli. The latter
case could mean that in the potential
tumors there is a block in the pathway
from inorganic nitrogen to —NH, and
that the amino acids are in effect
satisfying a continuing deficiency, or
possibly that the amino acids may be
necessary just at the start of physiolog-
ical activity, perhaps to repair radiation
damage (7). At present, experiments
are being devised to attempt to establish
the time relationship of the phenome-
non. Since the observation of the amino
acid effect, investigations on inorganic
nitrogen metabolism have also been
initiated. Present results show that with
ammonium as the sole source of nitro-
gen, tumor frequency is highest, where-
as with nitrate as the sole source, the
frequency is lowest, viability on calcium
nitrate being 93.5 percent of that on
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a nitrogen equivalent of ammonium
sulfate. These results would suggest
further a possible block in nitrogen
reduction from —NO: to —NH, asso-
ciated with the initiation of tumors.
That only a fraction of the total
expected number of tumors is affected
by any one treatment would suggest
that what we recognize as the morpho-
logical entity “tumor” actually repre-
sents a whole spectrum of biochemical
variants. Conceivably, these variants
may fall into more general categories
in that they affect certain general
mechanisms, the dysfunctions of which
may also have the general morpho-
genetic manifestation of tumorization.
CARL R. PARTANEN
Children’s Hospital and
Children’s Cancer Research Foundation,
Boston, Massachusetts
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Isolation from Animals of Human
Strains of Staphylococci during an
Epidemic in a Veterinary School

Abstract. Antibiotic-resistant staphylo-
cocci of the same bacteriophage type were
isolated from the external nares of asymp-
tomatic domestic animals and from human
beings during an epidemic of staphylo-
coccal disease in veterinary students. Not
all of the infections could be attributed to
person-to-person contact; spread could be
explained also by transmission of staphylo-
cocci from animals.

An unusual number of senior stu-
dents at the Veterinary School of the
University of Pennsylvania reported to
the student health service during the
school year 1956-57 with furuncles,
cellulitis, deep cutaneous abscesses, and
paronychiae. A high incidence of in-
fections continued for the next 2 years,
and contact infections in students’
families were also observed. Cultures
obtained from the lesions and from the
external nares of the students yielded
hemolytic coagulase-positive Staphylo-
coccus aureus of the bacteriophage type

52/42B/81 (type 80/81). The strain
was resistant to penicillin, streptomycin,
and the tetracyclines and was occa-
sionally resistant to erythromycin; it
was sensitive to chloramphenicol and
novobiocin.

The external nares of both animals
and human beings were swabbed with
dry cotton-tipped sticks, which were
then rolled on blood-agar plates or, in
the third animal survey, on saline (7.5
percent)—mannitol (1 percent) plates,
and streaked within 1 hour of swabbing.
After incubation overnight, colonies
were selected without regard to pig-
mentation and subjected to the tube-
coagulase test with human serum. All
coagulase-positive or mannitol-ferment-
ing strains were tested with 23 standard
bacteriophages at the routine test dilu-
tion (7).

In May 1957 questionnaires were
distributed to determine the staphylo-
coccal morbidity in the school (Table
1). Thirty-six percent of the seniors
reported having had lesions during the
school year. The faculty also reported
a high incidence (26 percent), but the
other three classes of students reported
an incidence less than half that of the
seniors. Ten of the 11 active lesions
cultured yielded staphylococci of strain
80/81.

Nasal swabbing was also performed
in May 1957 (Table 1); 46 percent of
the seniors carried strain 80/81 staphy-
lococci, whereas the carrier rate in the
other five groups was 14 percent or less.
Two of the four employees who were
carriers were stablemen, and two were
office workers. The two faculty carriers
and other faculty members who later
became carriers all worked in the ani-
mal clinics.

During the next school year (1957-
58) nasal swabbing of the 46 new
seniors was repeated regularly to deter-
mine the source of infection. Five
seniors were carriers of the 80/81
strain in September 1957; only one of
these had been a carrier as a junior.
The other four students had worked in
the school during the summer. Ten
other seniors became carriers before
the end of the school year. Lesions
developed in all but two of these 15
students. All six of the lesions cultured
yielded 80/81 staphylococci. Analysis
of the dates on which students were
first shown to be carriers revealed that
they became carriers shortly after
they had been in a work group which
included a student with an active lesion.

A second morbidity survey and pro-
gram of nasal swabbing of the students
during the school year 1958-59 (Table
1) showed, as the first had, that the
current seniors most frequently gave
a history of a recently acquired lesion
and most frequently carried the 80/81
strain. In February 1959 no isolation
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