Observations on Flea Transfer
between Hosts; a Mechanism in the
Spread of Bubonic Plague

A particularly important problem in
plague epidemiology is concerned with
the method of transfer of the disease
from one rodent species to another. Since
enzootic plague is known to be estab-
lished in at least 15 of our western
states, in western Canada, and in Mex-
ico, the mechanism of plague transfer
from wild rodents to domestic rats in
the vicinity of human habitations is a
particularly important question (I).
Many investigators have suggested that
the primary mechanism of plague spread
is by transfer of infected fleas between
hosts. (2). Convincing circumstantial evi-
dence that, in rural areas with a large
rat population, the infection chain of
“squirrel-squirrel flea—rat” may operate
was obtained in studies of a plague epi-
zootic in Ventura County, California
(3). Although the evidence has been
highly suggestive, the actual transfer of
fleas from host to host has never been
demonstrated.

The means for evaluating ectoparasite
transfer more precisely were obtained
through the development of a method
for tagging fleas and other arthropods
with Ce'** (4). By use of the California
vole (Microtus californicus), domestic
rats (Rattus norvegicus) and radioac-
tively tagged wild rodent fleas (Malar-
aeus telchinum), a preliminary study of
flea transfer was conducted in experimen-
tal plots simulating field conditions.
These plots were enclosed by steel
screens and provided soil and native
grasses for the establishment of the
rodents. In one type of experiment, male
and female Microtus were toe-clipped
for identification and allowed to estab-
lish nests; then tagged fleas were placed
on certain individuals. Traps were set
each day, and the captured animals were
lightly anesthetized. The fleas were re-
moved, and checked for radioactivity,
and then returned to the hosts. In an-
other experiment, three rats were main-
tained in a closure adjacent to three
Microtus harboring tagged fleas, or the
rats were allowed to enter the vole en-
closure after the wild rodents had been

killed or while they were alive. In all
cases, a survey meter, Nuclear model
2612 equipped with a mica end-window
probe, was used to scan the animals and
fleas removed from them. The radioac-
tivity of each flea was checked at the
end of each trial with a RIDL scaler
equipped with an end-window counter,
Scott type.

Table 1 summarizes typical data on
the movement of tagged fleas between
individual Microtus. It should be noted
that fleas transferred between animals,
were found in nests, and were eaten by
the animals, as was shown by radioac-
tive feces. Thirty to sixty percent of the
fleas were recovered from Microtus and
their nests after periods ranging from
13 to 21 days.

The movement of radioactively tagged
wild rodent fleas from the voles to the
rats may be summarized as follows: 30
tagged fleas were introduced via the
Microtus; while the Microtus were alive,
none of these were found on the sepa-
rated rats; after the Microtus were killed
by snap-trapping, seven flea transfers
were noted when the rats had entered
the area with the dead voles; no transfers
were noted on three new Microtus placed
in the enclosure after the rats were again
separated; 30 tagged fleas were placed
on the new Microtus, and 12 transfers
to rats were noted when the rats were
allowed in the area with the live voles.
Of the 60 fleas placed on the Microtus,
none was found in Microtus nests, and
27 were recovered from the rats’ nests.
Radioactivity was found in Microtus
feces twice, once in rat feces. Of the
total fleas added, 49, or 81.6 percent,
were accounted for during a period of
56 days. It should be noted that over 50
percent of the fleas accounted for were
recovered between days 50 and 56. The
fleas showed an initial average count of
(6.2 to 8.5) x 102 counts per flea per
minute, and after 56 days, (3.6 to 5.1) x
102 counts per flea per minute.

Under actual plague epizootic condi-
tions, the coexistence of Microtus, Ma-
laraeus, and Rattus has been postulated
to be a significant relationship in a com-
plex ecological situation in which other
flea and rodent species are involved (5).
Further studies on flea transfer under

Table 1. Movement of radioactively tagged wild rodent fleas, Malaraeus telchinum, be-
tween one male and two female voles, Microtus californicus.

. No. fleas Percent
Trial  No. fleas Sex of  Days of No. flea N(;).. times recovered fleas
No. added host trial  transfers ;a 'O?th; accounted

eces toun Animal Nest for

1 40 M 18 21 4 11 16 67

2 10 F 21 9 not checked 5 no nest 50

3 10 F 18 21 not checked 3 no nest 30

4 12 & F 6 8 1 0g 0g 36
139 F 49 49

5 158 F 13 40 not checked 23 3g 62
119 F 69 50
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actual field conditions are being planned
to confirm and extend the obserevations
reported here (6).
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Presence of Polyamines in
Certain Bacterial Viruses

Recent studies from this and other
laboratories have shown the wide distri-
bution of the polyamines putrescine
[NH,(CH,) ,NH,], spermidine [NH,
(CH,),NH(CH,) ,NH,], and spermine
[NH, (CH, ) ,NH (CH,) ,NH (CH,),
NH,] in nature (I-3). Little is known of
their function, but their importance is
implied by their roles as growth factors
for several microorganisms (4) and as
substrates for amine oxidases (5), and
by their pharmacological effects (1). A
possible functional connection with nu-
cleic acids is suggested by the in vitro
affinity of spermidine and spermine for
nucleic acids and by the recovery of a
considerable quantity of these bases
from the nuclear fraction of liver cells
(3). The studies on polyamines and the
unanswered question about what com-
pounds neutralize the negatively charged
phosphate groups of the deoxyribonu-
cleic acid (DNA) in bacteriophage (6)
led to the present study of the polyamine
content of phage.

Putrescine and spermidine are present
in phage T, of Escherichia coli B in
quantities sufficient to neutralize much
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of the viral DNA; these polyamines ap-
pear to be the unidentified compounds
recently found by Hershey to be injected
into E. coli along with the DNA of phage
T,, while the phage protein remained
outside (7).

Carbon-14 labeled putrescine is incor-
porated into spermidine in E. ¢oli B, and
these amines are then transferred to the
phage. These findings are consistent with
previous work showing that putrescine
and spermidine are present in consider-
able amounts in E. coli (2, 8) and that
spermidine is synthesized from putres-
cine and methionine (9, 10).

Cultures of E. coli B were grown in
minimal medium (II), and were either
harvested or infected with phage T,r+
while they were in the logarithmic phase.
Putrescine and spermidine were extracted
from suspensions of washed bacteria or
purified phage (/2) with hot 5 percent
trichloroacetic acid. The bases were
separated by ion-exchange chromatogra-
phy on Dowex 50 (X2, 200-400 mesh)
and were assayed colorimetrically as the
dinitrophenyl derivatives, as previously
described (7). Phosphate analyses were
done on the phage after ashing (I3).

The identity of the compounds recov-
ered from the phage was established by
ion-exchange and paper chromatography
and by recrystallization with carrier to
constant specific activity. Both com-
pounds were eluted from Dowex 50 in
the expected fractions, and the putres-
cine peak was further characterized by
rechromatography on Amberlite XE-64
(1). Paper chromatography was per-
formed in an isopropanol-HCI solvent
(7, 14), which separates putrescine,
spermidine, spermine, agmatine, and
propanediamine. The putrescine and
spermidine peaks from the Dowex elu-
ates each showed single ninhydrin spots
on the paper chromatograms. These
spots had the same R; values, respec-
tively, as synthetic putrescine and sper-
midine (0.30 and 0.18) and contained
all the applied radioactivity. Both com-
pounds showed constant specific activity
upon recrystallization with synthetic car-
rier (3).

Table 1 summarizes the results of sev-
eral experiments. It can be seen that
the putrescine and spermidine recovered
from the phage are comparable in quan-
tity to that recovered from either the
uninfected or the infected bacteria. A
comparison of the DNA phosphorus con-
tent with the polyamine content of the
phage (noting two amino groups for
putrescine, three for spermidine), shows
that the neutralization of one-third to
one-half of the DNA phosphate can be
accounted for by polyamines. In four of
the runs G'*-putrescine (15) was added
with the bacterial inoculum, and from
these it can be seen that the degree of
dilution of the radioactivity is greater
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Table 1. Putrescine and spermidine content of E. ¢oli B and phage Tur*. In experiments
1, 2, 3, and 4 the host bacteria were infected with about six phage each, and 5.5 hours
later, when lysis was complete, the progeny phage were isolated; each run yielded about
4 X 10" phage. The host bacteria were grown at 37°C with shaking in minimal medium
(I11) (1 lit except where noted) from a titer of about 10%/ml to titers of 2.3, 1.5, 2.4, and
1.9 X 10°/ml, respectively. Experiments 1A and 4A paralleled 1 and 4; the bacteria from
the former two were harvested at the same time that phage were added to the latter two.
Experiment 1B also paralleled 1, but here the bacteria were harvested 19 minutes after
infection (before lysis had occurred). Analytical values for the purified phage were cor-

rected for losses during purification.

Ratio of specific
activity of

. DNA isolated material
» Putres- Spermi-
Experiment cine pdine I;Ihos- to thatt of a}dded
(wmole) (wmole) (I;ug:;il:) putrescine
Putres- Spermi-
cine dine
1*  (phage) 11.7 1.3 0.10 0.64
2% (phage) 4.9 1.3 46 0.22 0.65
31 (phage) 5.5 0.5 30 0.00 0.00
4  (phage) 6.1 1.2 43
1A* (uninfected bacteria) 3.7 0.49 0.26 0.81
4A  (uninfected bacteria) 4.1 0.61
1B* (infected bacteria) 3.4 0.41 0.26 0.85

* Q14 Putrescine (47,500 count/min pmole) added with bacterial inoculum: experiments of series 1, 4
umole in 800 ml of medium; experiment 2, 11 umole in 2 lit.

+ 2.4 umole of C¢ putrescine was added to the liter of bacterial lysate after the first (low-speed) centrifu-
gation and was incubated with the phage for 1 hour at 35°C and then overnight in the cold.

for the putrescine than for the spermi-
dine; this is consistent with the higher
rate of turnover of putrescine previously
noted (10). The dilution of both poly-
amines is slightly greater in the phage
than in the bacteria; this may be related
to the length of time required after in-
fection for complete lysis. In experiment
3 radioactive putrescine was added only
after lysis of the bacteria; the absence
of radioactivity from the phage recov-
ered from this lysate rules out the direct
exchange of the putrescine in the me-
dium with that of the phage or the con-
tamination of the phage with external
putrescine. The variations among the
several runs may be due in part to varia-
tions in growth conditions for the bac-
teria. It has been shown that the poly-
amines in E. coli vary markedly with
growth conditions (3), and work is in
progress to relate more precisely the
host polyamines to those of the phage.
Hershey (7) has recently described
two unidentified compounds A; and A,
comprising about 1.5 percent of the total
carbon in phage T,; these compounds
now appear to be spermidine and putres-
cine. Compounds A; and A, were labeled
from C!4-arginine, which is a reasonable
metabolic precursor of putrescine. Her-
shey reported that A; and A, were ex-
tractable from the phage with cold tri-
chloroacetic acid, were unaffected by
heating with 6N HCI, were ninhydrin-
positive, appeared in the phage un-
changed after assimilation by the bac-
teria, and seemed to be normal constitu-
ents of the bacteria. These properties are
shared by the polyamines. In addition,

spermidine was found to have the same
Ry values as A, (the minor component)
and putrescine as A, (the major compo-
nent) in the solvents used by Hershey.
Paper chromatography of whole phage
has also been performed in the isopro-
panol-HCI solvent. If 5x 10 purified
T, phage (or T, phage) is applied to the
paper, the strongly acid solvent extracts
the amines from the phage, and two spots
corresponding to putrescine and spermi-
dine are revealed by developing with
ninhydrin; the only other ninhydrin spot
is at the origin and presumably is phage
protein. It is interesting that the Sal-
monella phage PLT-22 and 98 (I6)
show quite different ninhydrin patterns
from that of T,. Chromatography of
purified PLT-22 on paper and on Dowex
50 shows spermine but little if any pu-
trescine or spermidine. However, these
latter two types of phage were grown in
broth, and the possible effect of different
media on amine content remains to be
assessed. At present the high amine con-
tent has been established only for certain
types of coli phage, and further work is
in progress on other viruses (17).
Bruce N. AmES
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Gibberellin-Induced Systemic
Fruit Setin a
Male-Sterile Tomato

Although recent reports (/-3) suggest
that gibberellin or gibberellin-like sub-
stances (hereafter referred to as gibberel-
lin) occur naturally in plants, investiga-
tors differ in their opinions regarding the
movement of these compounds. The
probability that gibberellin, like auxin,
produces physiological effects distal from
the site of synthesis indicates the need
for further investigations of its movement
in plants (4, 9). Hitchcock and Zim-
merman (6) and Ferri (7) have demon-
strated the movement of auxin through
the plant by application to the soil, to
roots, or to cuttings.

In the present study (8) the ability of
gibberellin, applied as flower sprays, to
set fruit parthenocarpically (9, 10) or to
increase the growth of “dormant” to-
mato fruit (/) was regarded as a bio-
logical assay of its systemic movement.

The technique was refined by using
male-sterile tomato plants (Lycopersi-
con esculentum) of the variety Earlypak
(12) which were identified and selected
at anthesis from a segregating backcross
generation. These plants were normal in
every respect except that the pollen
grains were aborted (as indicated by an
acetocarmine test). A few parthenocar-
pic fruit may set naturally on this mu-
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Table 1. Effect of gibberellin applied both to the foliage and soil on induction of fruit

set in male-sterile Earlypak tomato.

Average per plant

Gibberellin Place of Total No Total No. of No. of
per plant application of clus ter;' No. of fruitson  fruits on
ith fruit frtii ¢ treated  untreated
wi s $ lateral lateral
100 pg Expanded leaves 6.4 14.8 10.8 4.8
100 ug Stem apices 7.0 12.0 7.0 5.0
100 ug Flower peduncles 2.0 5.0 5.0 0.0
100 mg Soil 8.0 36.0
0 Control (untreated) 0.3 0.7

tant, but any appreciable increase in
numbers of fruit under isolated green-
house conditions could be attributed to
applied gibberellin.

Immediately preceding anthesis of the
first flower cluster, the main stems of
the tomato plants were pruned in order
to stimulate the growth of two lateral
branches from the cotyledonary axils.
These branches were nearly alike with
regard to time of flowering, number of
flowers per cluster, and number and
length of internodes. Basipetal and acrop-
etal movement from a treated lateral
would be reflected in a stimulation of
fruit set on an untreated lateral. The
plants were grown during the spring and
summer in a greenhouse held at approxi-
mately 65°F at night. Day temperatures
were held between 65° and 85°F.

In preliminary experiments to confirm
previous results (13), floral sprays con-
taining 500 ng of gibberellin per milli-
liter resulted in characteristic partheno-
carpic fruit development. Subsequently,
the effect of gibberellin (14) on inducing
systemic fruit set was evaluated (i) by
applying, with a micropipette, 100 ng
per plant to the first or second fully ex-
panded leaf above the second open
flower cluster, to stem apices, and to the
peduncle of a single inflorescence (15)
and (ii) by applying 100 ml of a solution
containing 1000 ug/ml (100 mg) to the
soil (Table 1). An excess of gibberellin
was applied in order to compensate for
the rapid degradation in the soil re-
ported by Brian et al. (16). One milli-
liter of polyoxyethylene sorbitan mono-
laurate (Tween-20) per 100 ml of solu-
tion was added as a wetting agent for
both plant and soil treatments.

Increased parthenocarpic fruit set on
both treated and untreated laterals was
induced by applying gibberellin to the
foliage, but not by treating peduncles
(Table 1). Greatest fruit set resulted
from the soil application. Fruit from
these treatments in every way resembled
that resulting from direct floral sprays.
All treatments, in addition to floral

K as 2

sprays, resulted in significant increases
in size of “dormant” fruits. Johnson and
Liverman (I1) reported that a “dor-
mancy” of developing fruits induced by
high temperature or by far red irradiation
could be overcome by spraying them
with gibberellin. No quantitative studies
were made to determine whether promo-
tion of fruit growth in our experiments
was comparable to that reported by
Johnson and Liverman.

The marked increase in fruit set on
an untreated lateral of a male-sterile
plant indicates that gibberellin initiates
a physiological response distant from the
point of treatment. The results do not
necessarily imply that gibberellin per se
is directly responsible for systemic induc-
tion of fruit set. The use of male-sterile
plants to assay for systemic fruit setting
may have application for evaluating
other growth-regulating substances.
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