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Ascites Induced in Mice 

by Staphylococcus 
Abstract. Ascitic fluid containing high 

titers of antibody was induced in mice by 
Staphylococcus. Two to three intraperi- 
toneal inoculations of 0.3 ml of a killed 
suspension of S. aureus mixed with com- 
plete Freund's adjuvant, given at 5-day 
intervals, produced ascites in 100 percent 
of the mice tested. 

An adequate supply of potent antibody 
is indispensable for studies in basic im- 
munology. This report describes a 
method for producing ascitic fluid con- 
taining high titers of antibody against 
Staphylococcus aureus strain 18 in mice 
(1). 

Munoz, using paraffin oil mixed with 
Mycobacterium phlei as an adjuvant and 
egg albumin or bovine serum albumin as 
the immunizing agent, produced ascitic 
fluid containing good antibody titers in 
50 percent of the mice tested (2). Herr- 
mann and Engle, using sarcoma 180 cells 
and influenza A and Newcastle disease 
viruses, produced ascitic fluid in mice 
containing antibodies against these vi- 
ruses (3). 

Male mice of the National Institutes 
of Health general-purpose Swiss stock, 
weighing 20 to 25 g when used, were 
given two to three injections of antigen 
intraperitoneally at 5-day intervals. For 
the preparation of the antigens, a 20- 
hour culture of Staphylococcus aureus 
18 grown in trypticase soy broth was 
treated in three different ways. (i) Cul- 
tures of live organisms were adjusted to 
give a concentration of 1 x 104 cells per 
milliliter. (ii) Cultures of organisms 
were concentrated to a level of 4x 109 
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cells per milliliter and exposed to a 
temperature of 60?C for 1 hour on two 
successive days. (iii) Cultures were ad- 
justed to deliver 4 x 109 cells per milli- 
liter, formaldehyde was added, to a final 
concentration of 0.5 percent, and then 
the cultures were allowed to stand for 24 
hours prior to use. 

Each antigen preparation was inocu- 
lated into 16 mice, with each mouse re- 
ceiving 0.3 ml of a mixture of equal parts 
of the prepared Staphylococcus antigen 
and Freund's complete adjuvant. The 
total amount of antigen inoculated into 
each mouse varied from 0.6 to 0.9 ml. 
Ascites appeared in 100 percent of the 
mice irrespective of the antigen prepara- 
tion used. Repetition of this experiment 
yielded similar results in a separate in- 
vestigation involving 60 additional mice. 

In the mice receiving live antigen, 
ascites appeared during the third or 
fourth week after the primary inocula- 
tion. Formaldehyde and heat-killed an- 
tigens produced ascites in 1/2 to 2 
weeks, after the first injection. In each 
instance, the quantity of ascitic fluid ob- 
tained with an 18-gage needle varied 
from 2 to 12 ml per mouse. The total 
yield of ascitic fluid for each group of 
16 mice after two to three taps at 
weekly intervals was 50 to 60 ml with 
the live organisms, 110 to 120 ml with 
the heat-killed antigen, and 90 to 100 
ml with formaldehyde-treated culture. 
Freund's complete adjuvant, when mixed 
with uninoculated sterile trypticase soy 
broth, produced ascites in four of 16 
mice 4 weeks after the primary inocula- 
tion. 

When no further ascitic fluid could be 
obtained from the mice, the animals 
were exsanguinated. The titer of anti- 
body in the serum was determined and 
compared with the titers of antibody 
contained in the ascitic fluid at succes- 
sive taps. Antibody titers measured by 
the slide agglutination method were es- 
sentially the same for the ascitic fluid 
and the blood serum of each group of 
mice and varied from 1/2000 to 1/4000. 
There was no increase in the titer of 
antibodies of the ascitic fluid following 
booster injections given 6 to 7 weeks 
after the primary inoculation. 
; Another experiment, with a different 
strain, S. aureus 2 (4), showed that it, 
too, can induce the production of ascitic 
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fluid containing antibodies in mice. In 
addition, the elimination of Mycobac- 
terium butyricum in Freund's adjuvant 
had no effect on the number of mice af- 
fected with ascites, the volume of ascitic 
fluid formed, the level of antibody pro- 
duced, or the duration of antibody re- 
sponse. 

Abdominal adhesions may occur after 
two or three withdrawals of ascitic fluid, 
and difficulty in "tapping" the mouse 
may be encountered. These adhesions 
appear to be less severe if ascites is pro- 
duced after two to three injections and 
may be dependent upon the quantity of 
the inoculum used and the time interval 
between doses. 

Further studies are in progress to de- 
termine the effect of various staphylococ- 
cal components; the importance of strain, 
age, and sex in mice; the optimal im- 
munization regimen; and the role of dif- 
ferent adjuvants in the production of 
ascitic fluid containing antibodies in 
mice. 

ROSE LIEBERMAN 

JOHN O. A. DOUGLAS 
WILLIAM HUMPHREY, JR. 

Laboratory of Clinical Investigation, 
National Institute of Allergy and 
Infectious Diseases, Bethesda, Maryland 
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Phototropic Equilibrium 
in Phycomyces 

Abstract. When illuminated by two 
light sources, the positively phototropic 
sporangiophores of Phycomyces blakes- 
leeanus come into a state of phototropic 
equilibrium. In this state, the sporangio- 
phores assume an orientation determined 
by the light fluxes falling upon opposite 
sides of their light-sensitive zones. Under 
certain conditions, the sporangiophores 
show tropic oscillations about the equilib- 
rium direction. 

Sporangiophores in their mature fast- 
growing stage were illuminated by two 
horizontal (:) light beams which made 
angles with each other of from 180? to 
30?. When the intensities of the beams 
are equal, the sporangiophores assume a 
direction of growth that bisects the angle 
between the beams. Such a stable equi- 
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between the beams. Such a stable equi- 
librium position is often maintained for 
more than 12 hours, during which time 
the sporangiophores grow a distance of 
more than 3 cm. If, however, the beams 
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make an angle of 180? with each other, 
the equilibrium is indifferent rather than 
stable. In this case the sporangiophores 
continue to grow in whatever direction 
they were started. 

When the light beams are unequal in 
intensity and make an angle of less than 
180? with each other, the equilibrium 
is stable as before, but the direction of 
growth is now shifted toward the more 
intense beam. This shift in equilibrium 
position was measured for various rela- 
tive beam intensities and various angular 

beam separations. The results of this 
work have been reported in detail else- 
where (2), and hence it will suffice here 
to summarize the findings. In all cases 
the direction of equilibrium is that direc- 
tion for which the light-sensitive region 
intercepts an equal amount of flux from 
each beam on opposite sides of the spo- 
rangiophore. 

The calculation of the amount of flux 
received by the sensitive zone from a sin- 
gle beam of parallel light is based on the 
following considerations: (i) The pho- 

Fig. 1. Multiple-exposure photograph of a group of sporangiophores oscillating about 
their stable equilibrium points. The light beams were of equal intensity and were sepa- 
rated by an angle of 60?. Exposures were made every 5 minutes by red light, which is 
phototropically ineffective. The scale of the photograph is indicated by the size of the 
glass vials, which were 12 mmt in diameter. 
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totropically sensitive region has beet 
estimated by Cohen and Delbriick (3) 
to extend from 0.5 to 2.0 mm below the 
sporangium. (ii) The sensitive zone is 
not always fully illuminated by an inci- 
dent beam, since for certain angles of in- 
cidence the terminal sporangium casts its 
shadow on parts of this region. Thus, the 
portion of the sensitive zone that is illu- 
minated is a simple geometrical function 
of the angle of incidence of the beam 
and of the dimensions of the sensitive 
zone and sporangium. (iii) The flux in- 
tercepted by the illuminated part of the 
sensitive zone is proportional to the in- 
tensity of the beam and to the sine of the 
angle between the beam and the axis of 
the sensitive zone. It is interesting to note 
that the resultant law, which applies tr> 
Avena coleoptiles in phototropic equi- 
librium (4), is identical to the equal 
flux law given above if the shading actior 
of the sporangium is neglected. 

The most striking property of sporam- 
giophores in stable equilibrium is the 
phenomenon of oscillation. Figure 1 is a 
time-lapse photograpb of several spo- 
rangiophores in stable phototropic equi- 
librium. Here the sporangiophores are inf 
a state of phototropic oscillation, it 
which regular rhythmic bending tak?.- 
place alternately to the right and lefi 
Each sporangium is recorded in the pho- 
tograph as a wavy trail of dots as it is 
carried back and forth by the oscillatinur 
and growing sporangiophore. 

The amplitude and period of oscilla- 
tion can be obtained directly from sucht 
a photograph. The amplitude varies 
somewhat and has a maximum of about 
30?. The period shows a remarkable 
regularity from specimen to specimen; at 
the beginning of the oscillation, when thr 
sporangiophore is young, the period is 
about 60 minutes, but as the sporangio- 
phore grows, the period drops until it 
reaches a value of about 30 minutes. Thi. 
transition from long period to short 
period is quite gradual and is unaffected 
by changes in the amplitude. It is a 
somewhat curious fact that while tht- 
period of oscillation is decreasing, the 
rate of growth is increasing. These two 
processes are so synchronized that the 
"wavelength" of oscillation remains con- 
stant at about 2 mm. 

Careful analysis of the three-dirnei) 
sional path traced out by the sporangiunm 
has revealed that this path is not a flat 
zigzag but rather a flattened helix. The 
cross section of this helix is an ellipst 
whose major axis is about fou'r times it'. 
minor axis. The explanation of this ellip- 
ticity of path probably lies in the fact 
that the growing region of the sporangio- 
phore twists about its own axis as ii 
grows. 

A series of experiments was also car- 
ried out to determine what effect the 
angle between the light beams has on 
oscillation. It was found that oscillation 
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occurs if this angle is 90?, 60?0 
but does not occur if it is 120?, 
180?. Oscillation does not occ 
single beam is used. It was also 
ered that a sporangiophore m 
under conditions favorable for os 
and yet remain in the nonos 
state; in this case it is only nece 
give a short tropic stimulus in 
initiate the oscillation, which is t 
sustaining. 
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Flower Induction in 
Japanese Chrysanthemums 
with Gibberellic Acid 

Abstract. Gibberellic acid, w 
plied in lanolin to apices of three 
varieties of Chrysanthemum mo 
induced bolting and flowering 
varieties are not sensitive to phc 
but require a cold treatment in 
flower. On the other hand, the 
of Chrysanthemum which belon, 
short-day group are not induced 
by gibberellic acid. 

The discovery that gibberel 
(GA) induces bolting and flow 
several species (1, 2) has sti 
much research on the flower-: 

Fable 1. Effect of flower-induci, 
ments on three varieties of 
chrysanthemums. 

Gib- 
Variety Con- berellic 

trols acid a.cid 

Total height* (cm 
Shuokan 17.8 95.4 
Kinkazan 36.0 106.8 
Shin-misono 25.2 64.0 

Average length of internodes* 
Shuokan 0.31 2.27 
Kinkazan 0.49 2.07 
Shin-misono 0.39 1.40- 

Average nodes to flower* 
Shuokan 42.0 
Kinkazan 51.6 
Shin-misono 45.6 

Number of weeks to anthes 
(from beginning of treatmen 

Shuokan 30 19 
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properties of this compound. Gibberellic 
acid, however, seems to be unable to in- 
duce flowering in the cocklebur (Xan- 
thium pennsylvanicum) (2) and in 
short-day varieties of chrysanthemum 
(Chrysanthemum morifolium) (3). This 
situation raises the following point: Is 
gibberellic acid ineffective, in the cited 
cases, because the two species, Xanthium 
pennsylvanicum and Chrysanthemum 
morifolium, happen to be nonresponsive 
for genetic reasons, or is it ineffective 
because of the physiological short-day 
character which these species have in 
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In order to elucidate this question. 
plane the three varieties of Japanese chrysanthe- 

eotropism. mums which can be induced to flower 
rnia Insti- 

regardless of the photoperiod were se- 
lar Comp. lected: Shuokan, Kinkazan. and Shin- 
k. Naturv. misono (4). These varieties require a 

cold treatment near 1?C for 3 to 4 weeks 
[ogy, Dart- in order to be able to flower, whether 

under long-day or short-day illumination; 
without a cold treatment, they may re- 
main in a rosetted condition for almost 
a year. 

The following procedures were carried 
out, with eight replications pnr treatment 
for each of the three varieties: (i) con- 
trols were kept in a greenho:ise at a tem- 

'hen ap- perature above 15?C during the whole 
Japanese growing period; (ii) plants were sub- 
'rifolium, jected to temperatures of 1? to 5?C for 
r. These 4 weeks in an outdoor cold frame, then 
>toperiod returned to the greenhouse; (iii) plants 
order to were kept in the greenhouse but were 
varieties treated once, at the growing point, with 
g to the about 5 mg of a lanolin paste contain- 
to flower 

ing 10 Lug of gibberellic acid per milli- 
gram (5). At all times, including the 

llic acid periods of cold treatment, all the plants 
Tering in were given long, 18-hour days by supple- 
imulated menting the hours of natural daylight 
inducing with periods of incandescent light. From 

each plant the lateral shoots were re- 

ng treat- moved, only one main stem being left. 
Japanese The results obtained were as follows. 

Two weeks after treatment with either 
gibberellic acid or cold, the stems of the 
respective plants started to elongate 
(Fig. 1 ). Later on, flower buds appeared. 
and 19 weeks after the beginning of the 
treatments the plants were in full bloom 

85.0 (Fig. 2). At that time the controls were 
99.4 still in a rosetted state and without any 
66.6 flowers. The controls eventually bolted 

(cm) and finally bloomed also, but much later 
2.64 -some 11 weeks after the treated plants 
2.42 had bloomed. Results were- essentially 
2.08 similar in all three varieties, except that 

*::; in the Shin-misono variety the plants 
32.2 treated with gibberellic acid bloomed 2 
41.0 weeks later than the cold-treated ones. 

As is shown in Table 1, the cold-treated 
i;s plants flowered at a lower node than 
Its) those treated with gibberellic acid and 

19 had longer internodes. 
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2.42 had bloomed. Results were- essentially 
2.08 similar in all three varieties, except that 
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32.2 treated with gibberellic acid bloomed 2 
41.0 weeks later than the cold-treated ones. 

As is shown in Table 1, the cold-treated 
i;s plants flowered at a lower node than 
Its) those treated with gibberellic acid and 

19 had longer internodes. 
20 These experiments show that gibberel- 
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F'ig. 1. Growth curves of Japanese chrys- 
anthemums, var. Shuokan, subjected to 
the following treatments: (open circle. 
and solid line) about 50 sg of gibberellic 
acid applied in a lanolin paste to the 
growing points at time 0; (solid circles) 
T weeks of cold treatment; (open circles 
and dashed line) controls. (Each poin, 
represents the average of eight replica- 
tions. ) 
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Fig. 2. Induction of bolting and flowerin' 
in Japanese chrysanthemums, var. Shuo. 
kan, 19 weeks after the application ot 
gibberellic acid (left) or the beginning 
of a 4-week cold treatment (right). The 
control (middle) remained rosetted and 
vegetative. 

normally require a cold treatment i, 
order to flower. They indicate thai 
it is not the species Chrysanthemum 
morifolium, as such, which is insensitive 
to the flower-promoting effect of gib- 
berellic acid but rather the short-da\ 
characteristic of some of the varieties. 
belonging to this species. This eresuli 
strengthens the idea that gibberellic acid 
is not effective in inducing flowering in 
qhort-day plants (6). 
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