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INTRODUCTION

Only a few investigators have been concerned with the 
occurrence of myxobaoteria in soils, and there are no reports 
of their occurrence in arid soils of this country. While 
several workers have been interested in the parasitic nature 
of myxobaoteria, very little attention has been given to 
other aspects of the association of these bacteria with other 
soil microorganisms. It had been observed, however, by Even- 
son (1952) that certain products of microbial metabolism, 
such as penicillin and streptomycin, influenced favorably the 
growth of certain myxobaoteria. It seemed that this problem 
should also be studied further.

This research was therefore undertaken (a) to determine 
if myxobaoteria could be found in soils of the Tucson area,
(b) to compare the myxobacterial flora of soils from the pine 
forest, oak-grassland of Molina Basin, and sahuaro-palo verde 
desert areas, and (c) to study the association of various 
species of myxobaoteria and certain selected soil microbes 
under laboratory conditions. When later it was found that Or- 
dal's medium lacked some factor or factors necessary to sup
port the growth of the myxobaoteria that were isolated, and 
that this factor or factors could be supplied by growing cells 
of a number of soil organisms of various types, tests were run 
to determine if this requirement could be met by the addition 
of certain organic compounds or by certain antibiotics.
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HISTORICAL REVIEW OF THE LITERATURE

The earliest published reports of myxobacteria are those 
of Link (1809) who noted Podangium vitellinum growing under 
an old v/ioker basket, and Berkley (1857) who reported Chon- 
dromyoes orocatus growing on melon rind and straw.

Thazter (1892, 1893, 1897, 1904), however, made the 
first intensive investigation of this group of organisms. 
Because they had a two-phase life cycle, he set them apart 
from the true bacteria in a separate order, the Myxobacteria- 
ceae. He described the following species, and cited the 
sources as indicated below:

Species Source
Chondromyces crocatus Old straw
Chondromyces aurantiacus Decaying wood
Chondromyces lichenicolus Living lichens
Chondromyces serpens Decaying lichens
Chondromyces apiculatus Antelope dung
Chondromyces gracilipes Rabbit dung
Chondromyces erectus Rotten poplar logs
Chondromyces pediculatus Goose dung
Chondromyces sessilis Rotten wood
Chondromyces muscorum Living beach trees
Cystobacter fuscus Rabbit dung
Myxococcus stipulatus Sheep and pig dung

2
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Myxococous oirrhosus 
Myxoooocus disciformls 
Myxococcus rubescens 
Myxococcus virescens 
llyxococcus ooralloides 
Myxococcus pyriforals 
Myxobacter aureus 
Polyangium compositum 
Polyangium sorediatum

Grouse dung 
Muskrat dung 
Decaying lichens 
Hen and dog dung 
Decaying lichens 
Rabbit dung 
Wet wood 
Rabbit dung 
Rabbit dung

Most of these species occurred in the.New England area.
Smith (1903) reported finding Myxococcus pyriformis grow

ing on rabbit dung in Wales.
Yoshii (1926) found that Myxococcus virescens and Myxo

coccus rubescens were common in Japanese soils, and that Myxo
coccus rubescens grew well in potato decoction, while Myxococ
cus virescens grew in a peptone sucrose solution. Watanabe and 
Tanaka (1929) described Chondromyoes lanuginosus as a new 
species occurring in Japanese soils.

A relatively simple isolation technique was devised by 
the Krzemieniewskis (1927a, 1927b) and used by them in study
ing the myxobacterial flora of Polish soils. Since myxobac- 
teria were found to be extreme aerobes (Krzemieniewski, 1927b), 
they collected soils from the upper 7-8 cm. About 100 g. of 
soil were placed on blotting paper in petri dishes, and steril
ized rabbit dung was placed on the soil. The myxobacteria de
veloped and fruited on the dung. The following species were
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found frequently: Arohangium gephyra, Myxoooccus coral-
loides, Myzococcus rutescens, Myxococcus virescens, Poly- 
angium fuse um, Polyangiura f us cum var. velatum, Mellttanglum 
boletus. and Sorangium compositum* Other species which oc
curred more rarely included: Archangium primigenium, Ar-
changium assurgens, Archangium flavium, Angiococcus desul- 
formis* Ohondromyoes oruentus, Chondromyoes aurantiacus var. 
frutescens, Chondrococous polycystis, Myxococcus stipitatus, 
Myxococcus ovalisporus. Polyangium minus. Polyangium flavium, 
Polyangium ferrugineum. Polyangium indivisum. Podangium erec- 
tum, Pluteum sp., Sorangium septatum. Sbrangium sorediatum 
var. macrocystum. and Sorangium spumosum (Krzemieniewskis,
1926, 1927a, 1930).

The myxobacterial flora of Algerian soils was studied by 
Lievre (1927) who noted the following species: Myxocoocus
rubescens, Myxocoocus virescens. Chondromyoes coralloides. 
Chondromyoes coralloides var. maximus. Polyangium fuscum var. 
velatum. Podangium erectum and Melittangium boletus.

Only one species, Chondromyoes indivisus. was found by 
Wehmeyer (1935) in the soils of Nova Scotia.

Solntzeva (1939a), working in Russia and using a complete 
mineral salts agar with cellulose, as well as an agar substrate 
containing Vfo potato decoction, isolated Mellttengium boletus 
and Chondromyoes aurantiacus from rotting wood and horse manure, 
respectively.

Beebe (1940, 1941a) modified slightly the original method
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of the Krzemieniewskis by using fresh dung from domestic rab
bits. Fruiting bodies which developed on the dung were trans
ferred to dung decoction agar for purification. VJhen molds 
had been eliminated, fruiting bodies were transferred to agar 
containing killed eubacteria. He found the following species 
in the soils of Ames, Iowa: Myxococcus fulvus, Myxococcus
virescens, Myxococcus zanthus, Polyangium fusoum, Polyan- 
gium erectum, Ohondrococcus blasticus, Chondromyces crocatus, 
Chondroooccus coralloides, Ohondrococcus sp.. and Myxococcus 
sp. The more frequently isolated species belonged to the genus 
Myxococcus.

Singh (1947) described a new method for the isolation of 
myxobacteria. He spread a few loopfuls of a suitable bacteri
um over the surface of non-nutrient agar in the form of disks 
or circles. At the center of each circle he placed a crumb 
of the soil sample to be tested. Fruiting bodies developing 
on the circles were transferred to bacterial streaks on plain 
agar. Singh found Myxococcus fulvus * Myxococcus virescens. 
Ohondrococcus exiguus. and Archangium sp. commonly in soils 
of Great Britain, while in a few composts of sludge and straw 
that were examined Myxococcus fulvus occurred in much larger 
numbers than the other three myxobacteria.

Horen (1950, 1951a, 1952a) compared Singh’s method of 
isolation with that of the Krzemieniewskis as modified by 
Beebe. In the first investigation the Krzemieniewskis’ method 
gave better results, since only Myxococcus sp. were found with
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Singh’s method (Noren, 1950). In later investigations, how
ever, Noren (1951a> 1952a) found that Chondrococous coral- 
loides and Archangium sp. also could he isolated by Singh’s 
method. Singh’s method appeared to be the more rapid as well 
as the most certain one for obtaining pure cultures, and the 
myzobacteria were seldom killed by the competition of other 
organisms. However, only bacteriolytic myzobacteria could 
be obtained by this method. The Krzemieniewski-Beebe method 
did not give comparable data concerning different types of 
soils, since the dung did not constitute a constant medium. 
However, a greater variety of myzobacteria developed on this 
medium.

In Swedish soils of the Uppsala area the following 
species were found: Archangium gephyra. Archangium primigeni-
um, Podangium erectum, Uelittangium boletus, Myzococcus 
fulvus. Myzococcus virescens. Myzococcus zanthus, and Chon- 
drooocous coralloides were the most common, while in summer 
samples Arohangium sp. was completely dominant. Furthermore, 
a greater number of myzobacteria as well as a greater variety 
of species occurred in composts and well-kept garden soils than 
in soils from other localities (Noren, 1950, 1952a).

Noren (1952a) also studied the occurrence of myzobacteria 
in soils of the alpine regions. Although they were rare in 
alpine soils, the following species were noted: Myzococcus
fulvus, Myzococcus virescens. Chondrococous coralloides. 
and Arohangium sp. Rock type, the presence of lime, pH, or
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rainfall did not appear to have any effect on the distribu
tion of myxobaeteria.

Noren (1951b) examined 17 soils including plots receiv
ing no manure, farmyard manure and complete minerals plus 
(NH^^SO^ to determine the effect of soil treatment on the 
occurence of myxobacteria. Myxococcus fulvus, Myxococcus 
virescens and Chondrococous coralloides were found in every 
soil. No difference was observed between untreated and 
mineral-treated soils with respect to abundance of myxobac
teria. On the other hand, treatment with farmyard manure 
greatly increased the number of myxobacteria present.

Vahle (1909) was probably the first investigator to show 
that myxobacteria could grow on eubacterial cells. He found 
that addition of Bacillus oxalatious to the culture stimu
lated the growth of Chondromyoes crocatus. Pinoy (1913, 1921) 
reported observations on the lytic effect of Chondromyoes cro
catus on a living culture of a species of Micrococcus.

Johnson (1931) demonstrated that a Myxococcus sp. exhib
ited antagonistic properties against young cultures of corn 
smut fungi and oat smut fungi.

Kononenko (1937a, 1937b) isolated species of Polyangium 
and Myxococcus by using an agar completely overgrown with the 
mycelium of Verticillium dahliae, and showed that fungi offered 
a suitable nutrient for some myxobacteria.

Jahn (1939) from his own observations, as well as from 
those of Vahle and Pinoy, suggested that Chondromyoes crocatus
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could kill eubacteria and utilize the cells for its own nu
trition.

Further studies were made by Solntzeva (1939b) who 
tested the bacteriolytic activity of Chondromyces aurantiacus. 
Melittangium boletus, Myzococcus rubescens, Myxococcus vi- 
rescens and Myxococcus filliformis. She grew the myxobacteria 
in cultures of 5 bacteria pathogenic for plants and found that 
in some cases the bacteria were lysed by the myxobacteria.
The lysis was due to a dialyzable substance secreted from the 
cells, but the substance did not pass through a Seitz filter.

Beebe (1941b) found that killed suspensions of various 
eubacteria supplied all the nutrients for the growth of Myxo- 
ooccus fulvus, Myxoooocus virescens, Polyangium fuscum and 
Podangium erectum. He observed that Gram-negative, non- 
pigmented and non-spore forming bacteria were more easily 
utilized by the myxobacteria, although they appeared to grow 
in the presence of any of the true bacteria tested. He at
tributed the frequent growth of myxobacteria on dung to the 
high bacterial content. The relationship of myxobacteria and 
eubacteria appeared to be so definitely one of dependence on 
the part of the myxobacteria that Beebe considered it to be 
parasitic.

Snieszko, McAllister and Hitchner (1941) showed that 
Myxocooous virescens could lyse living cultures of Gram
negative bacteria, while both Myxocoocus fulvus and Myxococ
cus virescens could lyse dead bacteria. They (1942) further
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studied the association of myxobacteria and eubacteria by- 
adding the latter to the medium as living and as killed sus
pensions, or as water or saline extracts of intact cells. 
Aqueous extracts and suspensions were also prepared after 
disintegration of the cells. Similar extracts and suspen
sions were prepared from Saccharomyoes oereviseae. They 
found that the insoluble components of the cells supported 
better growth than any other media, and that residues of the 
disintegrated cells were readily digested. Extracts and sus
pensions prepared from yeasts supported growth, but fruiting 
bodies were not formed. Furthermore, pigmentation of the 
fruiting bodies could be influenced by using suspensions of 
various associated bacteria.

Oxford and Singh (1946) found an antibacterial substance 
from Myxococcus virescens which was more active against Gram
positive bacteria than against Gram-negative bacteria.

Singh (1947) verified Beebe's idea that Gram-negative, 
non-pigmented, non-spore forming bacteria are more suscepti
ble to lysis than are Gram-positive and pigmented types. He 
also confirmed Solntzeva's (1939a) observations that the lytic 
substance was active after passing through cellophane. Ans- 
combe and Singh (1948) tested 87 strains of bacteria against 
8 micro-predators, 3 of which were myxobacteria comprising the 
following species: Myxococcus fulvus, Myxococcus virescens
and Chondroooocus exiguus. Myxococcus fulvus showed a defi
nite preference for Gram-negative bacteria.
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Finck (1951) noted antagonistic substances produced by 
6 varieties of Myxocoocus sp. which were active in inhibit
ing Penicillin sp. as well as bacteria.

Imshenetskii and Eusjurina (1951) found that Micrococcus 
aureus (Micrococcus pyogenes var. aureus), Escherichia coll. 
Pseudomonas aeruginosa and Serratia marcescens. as well as 3 
species of Saroina and 2 species of Micrococcus were lysed by 
Myxococous virescens. They assumed that the process consisted 
of two phases: in the first, the eubacteria were killed;
while in the second, they were digested by a protease secreted 
by Mvxococcus.

Oetker (1953) showed that when species of Myxococcus were 
grown on a eubacterial-suspension agar, two concentric MKlar- 
ungshofe” were visible around the colonies, especially when 
Escherichia coli constituted the substrate. The inner zone, 
but not the outer zone, was completely cleared. The assump
tion was made that two bacteriolytic systems existed in Myxo- 
cooous.

Horen (1953a) found that only the vegetative cells of 
myxobacteria are lytically active and that the microcysts 
were apparently without effect. He concluded that the pres
ence of eubacteria is not a condition requisite for the nor
mal development of myxobacteria, since some lytically active 
types are able to utilize substances other than eubacterial 
cells for their nutrition. Organisms other than eubacteria 
may also constitute the nutrient. He (1953b) also found a
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substance in myxobacteria that inhibited Aerobacter aerogenes 
but had no effect on Micrococcus aureus (Micrococcus pyogenes 
var. aureus). In other investigations Koren (1955a) studied 
the lytic activity of Myxococcus virescens and Chondroooccus 
coralloides on Micrococcus aureus, Escherichia coll, Aero
bacter aerogenes, Aerobacter sp., Bacillus subtilis and 
Serratia marcescens. He added killed suspensions of the eu- 
bacteria to broth cultures of the myxobacteria as well as to 
cell-free extracts, and followed lysis photometrically. He 
observed that in a medium the sole nutrient of which was the 
eubacterial cells, Myxococcus virescens and Chondroooccus 
coralloides were capable of only a slow lysis, whereas in a 
casein hydrolysate medium they were able to carry out a more 
rapid lysis of the same bacteria. Furthermore, lysis com
prised three phases: (a) an initial short period with heavy
lysis, (b) a stagnant period, and (<?) a new period with heavy 
lysis. With the cell-free culture solution, however, only 
the first phase was produced; bacteriolysis was very intense 
during the first few hours, but decreased later.

Horen (1955a) confirmed the findings of Singh (19A7), 
Beebe (1941b), Oetker (1953) and others that different eubac- 
teria vary in their resistability to myxobacterial attack. 
However, contrary to the results of Beebe and Singh, Horen 
found that Gram-positive Micrococcus aureua (Micrococcus 
pyogenes var. aureus), and the pigmented Serratia maroesoens 
were more rapidly lysed than the Gram-negative, non-pigmented 
Escherichia coli.



METHODS

I* Primary Isolation
Four methods were used to study the occurrence of myco

bacteria in soils of the Tucson area: (a) Beebe’s (1941)
modification of the Krzemieniewskis1 method with and without 
certain soil treatments; (b) Singh’s method (1947); (c) moist 
chambers containing desert debris; and (d) soil plates in 
which pieces of sterilized wood replaced the dung.

Soil was collected during each of the three months of 
September, November and December from three sections in the 
Tucson area: mountain soil from the pine forests of Mt. Lem
mon near Summerhaven at an elevation of 7600 feet, mountain 
soil from the oak-grassland area in Molina Basin at an eleva
tion of 4500 feet, and desert soil from the sahuaro-palo verde 
area at an elevation of 3000 feet. Soil was taken from the 
upper 4-5 cm. and was sieved to remove stones and other unde
sirable materials.

Petri dishes were prepared according to the method of 
Beebe (1941). A piece of filter paper was placed in the bot
tom of the dish to aid in retaining moisture, and ehough soil 
was added to fill about half the dish. About 10 fresh fecal 
pellets from domestic rabbits were then placed on the soil, 
and water was added to 80-90$ saturation. This constituted 
the basic method. In the preliminary studies, fresh fecal

12
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pellets from white mice and wild rats were also used to deter
mine if the different kinds of fecal material would affect 
the species occurring or the rate at which they occurred. How
ever, since the same species occurred on all three kinds of 
dung and since rabbit dung was easier to obtain, the use of 
mouse and rat dung was discontinued.

Similar isolation plates were made with the same soils 
to which Yfo potato starch, or 1% beef blood or cellulose in 
the form of a piece of finely macerated filter paper, had been 
added. These substances were thoroughly mixed with the soils 
before the latter were placed in petri dishes.

A series of otherwise untreated plates, set up according 
to the basic method, received one antibiotic disk of each of 
the following antibiotics,* placed centrally: aureomycin,
bacitracin, Chloromycetin, penicillin, polymixin B, dihydro
streptomycin, and terramycin. The concentrations of these 
antibiotics are listed in Table I on the following page. From 
each soil sample, four untreated plates and four plates of 
each treatment were prepared. Duplicate plates were incubated 
at 20° and 30° C. Water was added every 2-3 days to keep the 
moisture content at 80-90% saturation. Plates were examined 
every other day with a sterioscopic microscope.

Singh’s method (1947) was also tried in the preliminary 
studies. A few loopfuls of a culture of Escherichia coli

*Difco Bacto-sensitivity disks
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Table I. Method of soil treatments with the con
centrations of antibiotics used

Plate no. Soil treatments*
1 and 2 Untreated soil
3 and 4 Soil with cellulose (one piece of 9 cm. 

#201 filter paper from Reeve Engels Co., 
ground with a mortar and pestle)

5 and 6 Soil with 1% Difco beef blood
7 and 8 Soil with Ifa potato starch
9 and 10 Soil with a centrally placed disk of 

aureomycin (10 or 30 meg.)**
11 and 12 Soil with a centrally placed disk of 

bacitracin (20 units)
13 and 14 Soil with a centrally placed disk of 

Chloromycetin (30 or 60 meg.)**
15 and 16 Soil with a centrally placed disk of 

penicillin (10 units)
17 and 18 Soil with a centrally placed disk of 

polymizin B (30 meg.)
19 and 20 Soil with a centrally placed disk of 

dihydrostreptomycin (100 meg.)
21 and 22 Soil with a centrally placed disk of 

terramycin (30 or 60 meg.)**

*About 10 fresh fecal pellets from domestic rabbits were 
placed on top of the soil in each dish. The disks were 
never in direct contact with the fecal pellets.

**The concentrations varied slightly from month to month as 
follows: For September— aureomycin 10 meg., Chloromycetin
60 meg., and terramycin 60 meg. For November and Decem
ber— aureomycin 30 meg., Chloromycetin 30 meg., and terra
mycin 30 meg. As indicated in the chart, all the other 
antibiotics were used in the same concentrations for the 
three months.
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were spread over the surface of water agar in the form of a 
disk or circle about 1-2 cm. in diameter. About 6-8 such 
areas were made on each plate. Then each disk was inoculated 
with a crumb of soil. However, since myxobacteria develop so 
slowly and since agar plates dry out so rapidly in this cli
mate and since only a few species developed, this method did 
not prove useful and so was discontinued.

When it was found that myxobacteria developed in moist 
chambers set up for the cultivation of Myxomyoetes (Evenson), 
wood that had lain on the ground for some time was collected 
from the desert areas. It was taken to the laboratory and 
placed on cotton in moist chambers which were then incubated 
at room temperature. They were examined every other day with 
a sterioscopic microscope.

Since a greater variety of myxobacteria developed on the 
wood in moist chambers than on the dung plates, it was hoped 
that wood might be substituted for dung in Beebe's soil 
plates. Therefore, some of the wood was broken into smaller 
pieces and placed on moistened filter paper in petri dishes, 
which were then sterilized at 121° 0. under 15 lbs. pressure 
for 2 hours. The plates were then inoculated with the three 
soils used previously and incubated at room temperature.

II. Purification Procedures
A. Media

1. Sterilized soil and dung plates. Soil plates 
were set up with fresh rabbit dung according to the basic
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method. These plates were then sterilized at 121° C. and 15 
lbs. pressure for 2 hours. During incubation the moisture con
tent was maintained with sterile water.

2. Escherichia coll suspension agar (Beebe, 1941a). 
About 200 ml. of melted nutrient agar were poured into 900 ml. 
prescription bottles, which were then sterilized at 121° C. and 
15 lbs. pressure for 20 minutes. The bottles were then placed 
flat on a table to give the greatest surface area, and the 
agar was allowed to solidify. One to 2 ml. of a broth culture 
of E. ooli was inoculated on the surface of each bottle. The 
bottles were incubated at 37° C. for 3-4 days. At the end of 
this period the growth was washed off with sterile distilled 
water, and 1.5% agar was added to the pooled bacterial suspen
sion which was sterilized at 121° 0. under 15 lbs. pressure 
for 30 minutes.

3. Rabbit dung decoction agar (Beebe, 1941a). One 
hundred g. of fresh rabbit dung were added to one liter of 
distilled water, brought to a boll and infused in an Arnold 
sterilizer for 24 hours. It was then filtered twice through 
double layers of cheese cloth and made up to volume. A 1.5% 
agar-agar was added, and the medium sterilized at 121° C. and 
15 lbs. pressure for 30 minutes.

4. Dung agar (Beebe, 1941a). Two or 3 pieces of 
fresh rabbit dung were placed in a petri dish and sterilized 
at 121° C. and 15 lbs. pressure for an hour. A 1.5% solution 
of agar-agar was then added to each plate to equal about half
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the depth of the pellets. Care was taken not to cover the 
dung with agar. Then, with a sterile needle, the dung was 
moved to the center of the plates.

5. Wood infusion agar. A 4-liter beaker was filled 
with decaying wood and infused in an Arnold sterilizer for 12 
hours. It was then filtered twice through double layers of 
cheese cloth, made up to volume, and 1.5$ agar-agar was 
added. The medium was then sterilized at 121° C. and 15 lbs. 
pressure for 30 minutes.

6. Sterilized wood. Pieces of wood were placed on 
moistened filter paper in petri dishes and sterilized at 121° 
C. and 15 lbs. pressure for 2 hours.

7. Horen’s nutrient solution III B (Horen, 1952b) 
consisting of casein hydrolysate (Sheffield H-Z amine type A) 
2.5 g., asparagine 2.5 g., EgHPO^ 2 g., HaCl 1 g., MgSOj^EgO 
0.1 g., CaClg 10 mg., MhS0^.2E20 l mg., Fe citrate 3 mg., and 
distilled water 1 liter. This medium was also used as an agar 
with 1.5$ agar-agar added. It was sterilized at 121° C. and 
15 lbs. pressure for 30 minutes.

8. Ordal’s Cytophaga medium* was composed of sodium 
acetate 0.02$, beef extract 0.02$, Bacto-tryptone 0.04$, 
Bacto-yeast extract 0.04$, distilled water 1 liter, and agar- 
agar 1.5$. The pH was adjusted to 7.0-7.3. This medium was

*The name and formula for this medium came from the Univer
sity of California at Davis. Ho reference for this medium 
has been found in any of the literature, nor could the infer 
mation be obtained from Dr. Ordal.
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also prepared and used in double and triple strength nu
trients.

B. Methods
Fruiting bodies which developed on the primary iso-

/ •

lation plates were repeatedly transferred to sterilized soil 
dung plates. Ihen molds had been eliminated, fruiting bodies 
were transferred to the center of the agar plate. As the 
myxobacteria developed on this medium, some of the outer swarm 
area was transferred to the center of a fresh E. coll agar 
plate. This procedure was continued until pure cultures were 
obtained, which sometimes took as many as 10 or more trans
fers.

Pure cultures were maintained on E. coll suspension 
agar slants and transferred at monthly intervals. This pro
cedure was satisfactory in the case of all the Myxococcus 
species. In some cases Horen’s nutrient solution III B pre
pared with a 1.5% agar-agar base and double-strength Ordal’s 
Cytophaga agar were used also, but these did not prove to give 
as good results as the E. coli suspension agar.

Fruiting bodies from Archangium and Chondromyces 
species were also transferred to sterilized soil dung plates. 
However, in the case of these two species, E. coli suspension 
agar did not prove to be too effective. Fruiting bodies were 
therefore transferred to dung decoction agar and to dung agar. 
Growth on dung decoction was scanty whereas growth on dung 
agar was heavy, although growth occurred only in the presence
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of an associated organism. Therefore, dung agar was used 
consistently for these species. From dung agar, fruiting 
bodies were transferred to a bacterial suspension agar pre
pared by growing the associated bacterium on the surface of 
nutrient agar. Then after growth of the bacterium had oc
curred, the plates were sterilized in the autoclave at 121° C. 
under 15 lbs. pressure for 30 minutes. Fruiting bodies were 
transferred repeatedly from dung agar to fresh plates of this 
medium until pure cultures had been obtained. Fruiting 
bodies were maintained on slants prepared similarly. It was 
later found that Archangium would grow well on Horen's nutri
ent solution III B with 1.5% agar-agar added. The Chondro- 
myces species, however, would not grow on any artificial, media 
except in association with another organism.

Fruiting bodies appearing on wood in moist chambers 
were transferred to sterilized wood, to wood infusion agar, 
and to Horen's nutrient solution H I  B with 1.5% agar-agar. 
Hone of these media, however, supported fruiting of the myxo- 
bacteria tested.

III. The Association of Myxobacteria with Gther Organisms.
In order to study the influence of other organisms on 

the growth of myxobacteria and the effect of myxobacterial 
growth on certain other organisms, several bacteria, actino- 
mycetes and molds were isolated from soil. They included 5 
species of Streptomyces; 8 molds including Aspergillus fuma- 
gatus, Aspergillus niger. Aspergillus versicolor.



20

Penioillium decumbens. Trichoderma sp., Hormiscium sp., 
Fusarimn sp. and Phoma sp.; and the bacteria Micrococcus 
roseus, Micrococcus luteus, two strains of Bacillus cereus, 
Bacillus megaterium. A1caligenes sp. and two species of 
Achromobacter. Other organisms investigated were stock cul
tures and included: 2 strains of Rhodotorula. Schizosao-
charomyoes pombe, Mycoderma vini. Hansenula anomala, Myco- 
bacerium phlei and Mycobacerium smegmatis.

The following myxobacteria were used in these tests: 
Myxoooccus virescens. Myxococcus xanthus, two varieties of 
Myxococcus fulvus and Archangium primigenium var. assurgens.
An attempt was made to use a Ohondromyoes sp. also, but the 
results were never satisfactory.

The myxobacteria were grown in Horen’s nutrient solution 
III B, in which the myxobacteria formed a pseudoplasmodium 
along the side of the tube after 5-6 days incubation. The 
tubes were well shaken in order to get an even distribution of 
the organism. The inoculum was standardized, using Breed’s 
counting method, and added to prescription bottles containing 
200 ml. of melted, cooled Ordal’s Cytophaga agar (single 
strength), so that each petri dish would receive approximately 
100 myxobacterial cells. Ordal’s Cytophaga medium was chosen 
as the test medium since none of the myxobacteria would grow 
in it. After the bottles had been well shaken, plates were 
poured, allowing about 20 ml. of agar per plate. After the 
agar had solidified, each set of plates was inoculated in the
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center, using a straight needle or loop, with one of the asso
ciated organisms. One loopful of a 24-hour-old broth culture 
of bacteria or yeasts, or of a 48-hour-old broth culture in 
the case of the actinomycetes, was placed in the center of the 
plates. A small amount of the mold mycelium from a 48-hour 
slant culture was transferred to the plates with a straight 
needle to make a pin point inoculation. Control plates were 
prepared in the same manner as those above, but they were not 
inoculated with an associated organism. The plates were incu
bated at 30° 0. and examined every other day with a sterio- 
scopic microscope.

When it was found that the myxobacteria grew in Ordal’s 
medium (single strength) only in the presence of the associated 
organism, that growth occurred first near but not necessarily 
in contact with the colony of the associated organism, and that 
in several instances the zone of growth extended by degrees 
until eventually it occurred throughout the plate, it seemed 
that the favorable effect might be due to a diffusable sub
stance produced by the living organism or released from dead 
autolyzed cells. To test this hypothesis 4 organisms (Rhodo- 
torula sp. I, Streptomyces sp. II, Aspergillus niger and Micro
coccus roseus) were grown in Ordal’s Cytophaga liquid medium 
(single strength) for 2 days, then transferred to tubes contain
ing 40 ml. of the same medium. The tubes were incubated for 2 
days at 30° C. At the end of this period each broth culture 
was filtered through a Seitz filter, using a Fischer 60-mm.



22

#9-739-B filter disk. Filtrate dilutions of 1:10, 1:100, 
1:1000 and 1:10,000 were prepared with sterile distilled 
water. Sterile 1-cm. filter disks used in the assay of peni
cillin were then saturated with the undiluted filtrate and 
with each dilution of filtrate, and placed in the center of 
pour plates of Myzococcus fulvus and Myxoooocus xanthus in 
Ordal’s Cytophaga agar (single strength). Undiluted fil
trates from 6-, 8- and 10-day-old broth cultures of these or
ganisms were also used according to the above procedure.
Plates were incubated at 30° C. and examined every other day 
with a sterioscopic microscope.

IV. Effect of Various Organic Substances
It was observed that Ordal’s medium (single strength) was 

not adequate to support growth of the myxobacteria, except in 
the presence of associated organisms, but that double strength 
Ordal’s medium did permit growth and fruiting. There was a 
possibility that growth might be obtained by replacing the 
colony of the associated organism with a filter disk saturated 
with solutions of various organic compounds.

Therefore, Myxococcus fulvus, Myxococcus virescens and 
Myxococcus xanthus were grown in cultures of Horen’s nutrient 
solution III B, and pour plates were made as previously de
scribed using Ordal’s Cytophaga medium (single strength). 
Rhamnose, maltose, sucrose, lactose, cellobiose, mellobiose, 
trehalose, inulin, dextrin, potato starch, rice starch, arrow 
root starch, corn starch and soluble starch were prepared in
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1$ solutions or suspensions. One-cm. filter disks were satu
rated in the solutions and placed on pour plates of the myco
bacteria. Duplicate plates were set up. Two sets of control 
plates were included; one set consisted of pour plates of the 
mycobacteria, while in the other controls pour plates were 
inoculated with associated organisms which were known to 
stimulate growth of the mycobacteria. A set of plates also 
received disks saturated in a 1% sodium acetate solution.

Similar tests were run using 0.1$ solutions of other or
ganic substances including asparagine, Bacto-beef, casein, 
casein hydrolysate, creatine, creatinine, cystine, d-1 
methionine, proteose peptone, Bacto-tryptone, pyridine, urea, 
uracil, uric acid, sodium citrate, sodium propionate, isoamyl 
alcohol, butyl alcohol, propylene glycol, glycerol, sodium 
oleate and tributyrin. Mycococous fulvus was the test or
ganism.

Since the growth of mycobacteria in the primary isolation 
plates appeared to have been favored by the presence of cer
tain antibiotics, it was decided to determine whether or not 
these substances would produce growth of Mycococous fulvus I 
and II, Mycococous virescens, Mycococous canthus and Archan- 
gium primlgenium var. assurgens in Ordal's medium (single 
strength). One antibiotic disk was placed in the center of 
each pour plate, and duplicate plates were used for each anti
biotic. The following antibiotics* were included: aureomycin

*Difco Bacto-sensitivity disks



30 meg., bacitracin 20 units, Chloromycetin 30 meg., dihydro
streptomycin 100 meg., erythromycin 15 meg., penicillin 10 
units, polymixin B 30 meg., terramycin 30 meg. and tetracy
cline 30 meg. Plates were incubated at 30° C. and examined 
every other day with a sterioscopic microscope.

V. Relation to Oxygen
It seems to be assumed that myxobacteria are strictly 

aerobic organisms (Krzemieniewskis, 1927b), but in this inves
tigation they were observed to grow and fruit in fairly deep 
pour plates.

Tests were therefore run to determine if myxobacteria 
were strictly aerobic, or whether they would grow at reduced 
oxygen tensions. Twenty-cm. x 2-cm. tubes were filled about 
half full with Noren’s nutrient solution III B which contained 
1.5% agar, and Ordal's medium in double and triple strengths. 
These media were chosen since myxobacteria will grow on them. 
These tubes were sterilized at 121° 0. under 15 lbs. pressure 
for 30 minutes. When the tubes had cooled to 45° 0., the fol
lowing myxobacteria were inoculated into duplicate tubes of 
each medium: Myxococcus fulvus I and II, Myxococcus xanthus,
Myxococcus virescens and Archangium primigenium var. assur- 
gens. One ml. of a broth culture (Noren’s nutrient solution 
III B)of each myxobacterium was inoculated into each tube, 
and the tubes were rotated 75-100 times. Tubes were incubated 
at 30° C. and examined every other day for 30 days to determine 
at what depth growth occurred.
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To determine if Beebe’s soil plates would yield myxo- 
bacteria under anaerobic conditions, four soil plates were 
prepared from each soil according to the basic method,
These were incubated in deep anaerobic jars, in one of which 
the oxygen content was reduced by using a lighted candle, 
while in the other, anaerobic conditions were obtained with 
pyrogallic acid and NaOH. They were incubated at room tem
perature and remained unopened for two weeks. Then they were 
examined with a sterioscopic microscope, and immediately af
ter examination they were replaced in the cylinders and an
aerobic conditions were again established. Observations were 
continued for 30 days.



RESULTS

The results of the preliminary isolations show that a 
variety of myxobacteria do occur in soils of the Tucson area. 
Table II gives a summary of the species found in each of the 
three areas, using (a) soil plates set up according to Beebe's 
method with and without certain soil treatments, (b) soil 
plates with sterilized wood replacing the dung, and (c) moist 
chambers in which pieces of wood were incubated. The greatest 
variety of species was found in desert soils of the sahuaro- 
palo verde area (elevation 3000 ft.), the next greatest in 
soils of the oak-grassland area of Molina Basin (elevation 4500 
ft.), and only 2 species in soils of the pine forest area near 
Summerhaven (elevation 7600 ft.). In moist chambers 9 species 
occurred, which were never found on dung. On soil plates with 
dung, 5 species were found which did not occur on wood, while 
in soil plates in which sterilized wood replaced the dung only 
two species appeared.

Table III shows the effect of season on the species of 
myxobacteria isolated from soils. Hyxococous fulvus occurred 
in all three types of soils during each of the three months.
It was the most common species in upper mountain and Molina 
Basin soils during each of the three months, and in desert 
soils during September. In desert soils in November and De
cember, however, Archangium primigenium var. assurgens was the
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most common species. Chondromyces aurantiacus was found in 
Molina Basin and desert soils only during the months of Sep
tember and November, while Ghondrococcus sp. occurred in 
Molina Basin and desert soils only during November and Decem
ber. The numbers in parentheses in Table III refer to the 
number of plates on which each species occurred for the month 
indicated. Totaling these numbers for each month, it appears 
that there was about an 8% increase in the occurrence of myxo- 
bacteria from September to November, with a sharp decrease of 
greater than $0% from November to December.

Table IV is a summary of the species occurring in the 
soils from the pine forest area. Certain soil treatments ap
peared to shorten somewhat the incubation period for Myxocoo- 
cus fulvus, which never appeared on untreated plates before 12 
days. In some cases the untreated plates were consistently 
negative. Myxococcus viresoens was found only three times, 
and never on untreated plates. It occurred on the plates con
taining either bacitracin, beef blood or cellulose. During 
November, however, Myxococcus fulvus developed on all plates 
in 12 days.

Table V is a summary of the species found in soil from 
the Molina Basin area. In some instances, treatments appeared 
to shorten the incubation period required for development of 
these organisms and to influence the types of species found. 
For example, Ghondrococcus sp. appeared on the plates treated 
with penicillin or polymixin, but was never found on untreated
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plates, while Archangium primigenium var. assurgens occurred 
on plates treated with bacitracin or penicillin, but not on 
untreated plates. Myocococcus zanthus occurred five times on 
treated plates, but only once on untreated plates. Myzococcus 
fulvus appeared to be the most common species, but Myxoooccus 
virescens also appeared frequently. All the other four species 
seemed to be much less common.

Table VI is a summary of the species occurring in soil 
from the sa&uaro-palo verde desert area. Here, as in the 
other soils, treatments in some instances seemed to shorten 
the incubation period and to yield some species not found on 
the untreated plates. Myzococcus virescens was found in Sep
tember only and on plates enriched with beef blood. Myxococ- 
cus xanthus occurred only on plates treated with potato starch, 
beef blood, Chloromycetin or streptomycin. The Myxococcus sp. 
occurred less frequently in desert soils, while Chondromyces 
aurantiacus. Chondrococcus sp. and Archangium primigenium var. 
assurgens seemed to be more common. Another species was 
found in desert soils during November and December which would 
not grow on any media and could not be identified with any 
genus in Sergey's manual.

Table VTI.. shows the effect of incubation temperature on 
the frequency of occurrence of different myxobacteria. The 
30° 0. incubation temperature seemed to be slightly more favor
able for Myxooooous sp., since they usually developed earlier
at this temperature. The other species did not seem to show
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any preference for temperature. However, in the case of 
soils collected during December, the 30° C. incubation tem
perature seemed to be definitely more favorable.

Tables VIII, IX, X, XI and XII show the effects of vari
ous microbes on the growth and development of myxobacteria in 
Ordal’s medium (single strength). With the exception of 
Myxococcus viresoens, all of the myxobacteria tested grew in 
the presence of all of the associated organisms (Figs. 2 and 
3), but never in the control plates (Fig. 1). Myxococcus 
viresoens grew only in the presence of yeasts and acid-fast 
organisms.

Table VIII shows the effects of various organisms on the 
growth of Arohangium primigenium var. assurgens. Two of the 
Streptomyces sp. inhibited all growth of Arohangium in a zone 
that extended 5-7 mm. from the edge of the actinomycete 
colony. Beyond this inhibition zone, the myxobacterium grew 
in a zone of 5-15 mm. and slowly progressed over a 5-day period 
until growth covered the entire plate. This progressive 
growth was noted in most cases, and usually by the tenth day 
of incubation the myxobacterial growth covered the plate.
This myxobacterium also seemed to inhibit, for a certain de
gree, the growth of several molds or actinomycetes, in that 
the mold or actinomycete showed a flattened area in the region 
of myxobacterial growth. Definite lysis in which the colony 
of the associated organism disappeared in whole or in part was 
never observed in the case of this myxobacterium, although
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growth on the colony was noted. Typical fruiting bodies were 
not formed. However, slide preparations from ’’heaped” 
masses of cells showed short rods which could have been micro- 
cysts. The myxobacterial colonies immediately around the 
associated organisms usually showed the most intense pigmen
tation. All of the plates were held for 30 days. However, 
even after this long period the control plate still did not 
show any myxobacterial growth.

Tables IX and X show the effects of various microbes on 
the development of two strains of Myxococcus fulvus. Y/hile 
there were slight differences, these two myxobacteria showed 
practically the same effects. Growth of these myxobacteria 
occurred in the presence of every organism tested (Figs. 2 
and 3). Growth.usually occurred immediately around the colony 
of the associated organism in 5-9 days, and then slowly pro
gressed out and away from the associated organism until it 
covered the entire plate. In a few cases the entire plate was 
covered with myxobacterial colonies after only 9 days incuba
tion; in other cases 23 days incubation was necessary for 
growth to cover this distance; and in a few instances growth 
remained only around or on the associated organism and did not 
progress. Fruiting usually occurred several days after growth 
was first evident and progressed gradually away from the as
sociated organism. However, in several cases, fruiting was 
confined to the colony of the associated organism or to the 
region immediately surrounding it (Figs. 4 and 5). The
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surface of the agar in all of these plates showed a pock
marked or pitted effect above the sub-surface colonies and 
around the surface colonies of the myxobacteria. The cause 
of this is unknown, but it is thought that it might be due to 
agar utilization. Definite lysis of the associated organism 
was observed only in the case of Micrococcus luteus, Micro
coccus roseus and Rhodotorula sp. (Figs. 6 and 7). These 
myxobacteria also seemed to interfere with the development of 
certain molds and actinomycetes, and induced a flattening of 
the colony (Figs. 8, 9, and 10). Several of the Streptomyces 
sp. completely inhibited the myxobacteria for a zone of 5-10 
mm. from the edge of the actinomycete colony. Outside of 
this inhibition zone, myxobacterial growth occurred (Fig. 11). 
Fruiting occurred in practically every case. The color of the 
fruiting bodies of the Myxococcus fulvus I especially varied 
with the associated organism; that is, when grown in associ
ation with Achomobacter sp. I, the fruiting bodies were 
orange to salmon colored, while in association with Fusarium 
sp. they were tan. No myxobacterial growth occurred in any 
of the control plates even after 30 days incubation.

Table XI shows the effect of various organisms on the 
growth of Myxococcus virescens. Growth occurred only in the 
presence of yeasts and acid-fast bacteria, and in these cases 
growth was restricted usually to the area surrounding the 
colony of the associated organism. Ordinarily it did not 
progress to the edge of the plate. Definite lysis of the
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associated organism was observed in the case of one Rhodo- 
torula sp. only. Control plates did not show any growth 
even after 30 days incubation.

Table XII shows the effects of these organisms on the 
growth of Myzococcus xanthus. Growth occurred in the pres
ence of every organism tested. However, in many cases growth 
developed only around the associated organism and did not 
progress to the edge of the plate even after 30 days incuba
tion. Fruiting bodies were formed in most cases, although 
they were usually confined to the colony of the associated 
organism or to the region immediately around the colony. Mo 
fruiting occurred in the presence of Schizosaccharomyces pombe 
on Bacillus cereus II. The color of the fruiting bodies 
varied somewhat with the associated organism. For example, 
when grown in association with Hormiscium sp., fruiting 
bodies were greenish; whereas when grown in association with 
Bacillus cereus I, they were tan to orange colored; and in as
sociation with Rhodorula sp., they were pink. Definite lysis 
of .the associated organism was never observed with this or
ganism, although in some cases it appeared questionable.
There appeared to be slight interference with the mold growth 
in several instances, in that the mold showed a flattening in 
the region of myxobacterial growth. Mo growth occurred in any 
of the controls even after 30 days incubation.

Table XIUshows the period of incubation required for 
myxobacterial growth to appear in association with various
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other organisms. Archangium primigenium var. assurgens de
veloped in 5 days in association with most organisms. The 
colonies of Myxococous fulvus developed in 5 days in associa
tion with yeasts and bacteria, but usually took 2-3 days 
longer to develop in association with molds and actinomy- 
cetes; and in the case of one Streptomyces, growth appeared on 
the 13th day. Myxococcus xanthus usually developed more slow
ly than the other myxobacteria, and visible growth was first 
noted in 7 days. Myxococcus virescens developed in seven days 
with most yeast and acid-fast bacteria. No growth occurred 
in any of the control plates even after 30 days of incuba
tion.

None of the organic substances tested nor the antibiotics 
stimulated the growth of the myxobacteria. It was observed, 
however, that whenever contamination occurred on a plate, 
growth of the myxobacteria resulted. In the absence of con
tamination, myxobacteria did not develop. Table XIV lists 
contaminating organisms that were observed to initiate 
growth of the myxobacteria.

The results of the experiments to determine whether the 
myxobacteria would grow under reduced oxygen tensions are 
summarized in Table XV. Noren’s agar and Ordal's agar in 
double and triple strengths were used, since it had previ
ously been observed that surface growth and fruiting occurred 
with each of the media. In these experiments no growth oc
curred in Ordal's medium in either double or triple strengths.
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However, in Noren's medium, Hyxococous fulvus I and II, 
Myxoooccus virescens and Myxococous xanthus grew from 35-40 
mm. below the surface of the agar after 5 days incubation. 
After 12-20 days the zone of growth had increased upward so 
that it was from 5-35 mm. below the surface of the agar.
These myxobaoteria seemed to develop deep in the agar first. 
Thereafter, growth extended toward the surface. Archangium 
primigenium var. assurgens grew 5 mm. below the surface only. 
Myxococous fulvus grew on the soil plates incubated under 
anaerobic conditions. Ho other species were found on these 
plates even after 30 days incubation.



DISCUSSION

The results indicate that myxobacteria are present in 
the soils of the Tucson area, and that a number of varieties 
are represented. It is also apparent that a variety of 
methods should be used in studying the myxobacterial flora 
of an area.

The fact that the greatest variety of myxobacteria ap
peared in the moist chambers would seem to indicate that 
this method should be used more extensively. The myxobac- 
teria occurring on the decomposing plant material found on 
the ground of the sahuaro-palo verde desert are no doubt from 
the soil. They probably exist here in the resting stage dur
ing periods of drought, and grow and fruit under conditions 
of moisture. The usefulness of the dung plates is indicated 
by the occurrence thereon of five species of myxobacteria 
that did not occur in the moist chambers.

The replacement of dung by sterilized wood in soil plates 
yielded only two species. However, it is possible that the 
use of dishes larger than petri dishes might have been more 
successful. The moist chambers were set up in pint jars or 
refrigerator dishes which permitted a greater air space.
Under similar conditions, sterilized wood might be a more ef
ficient replacement for the dung.

The usefulness of moist chambers was not realized soon
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enough to be generally applied in this investigation. There
fore, a comparison of the different soils with this method 
is impossible. However, it seems probable that if this 
method had been used in the study of soils from the Molina 
Basin and pine forest area, a greater variety of species 
might have been isolated. The use of this method has appar
ently not been reported previously.

The use of rabbit dung imposes certain difficulties in 
that it is not consistent in composition. The results ob
served in this investigation may reflect, in part at least, 
differences in the composition of the dung pellets used. 
However, the Krzemieniewski or Beebe method of isolation is 
useful in that it provides a relatively simple procedure for 
the isolation of certain types of myxobacteria. The results 
obtained with this method seem to agree with those of other 
investigators (Yoshii, 1927; Beebe, 1941; Singh, 1947; and 
Horen, 1950), who found Myxococcus species to be the most 
common types. However, in desert soils of the Tucson area 
collected during November and December, a species of Arohan- 
gium occurred more commonly than the Myxococcus species.
Noren (1950) found that in the summer season Archangium sp. 
was the most frequently occurring form in soils of the Uppsala 
region.

Certain treatments of the soil appeared to influence the 
results in that the incubation period required for the devel
opment of some of the species seemed to be somewhat shortened.
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Also, in some cases certain myxobacteria occurred in plates 
with various treatments, but not in untreated plates. It is 
possible that the latter effect is more apparent than real, 
and that the distribution of the myxobacteria in the soil is 
an irregular one. Approximately 50 g. of soil were used in 
each plate. It is possible that the myxobacterial flora 
varied in the different samples.

Incubation temperature did not seem to be an important 
factor in most cases. Other investigators (Beebe, 1941;
Noren, 1950) have reported that 20-25° C. was the most fa
vorable temperature for incubation. This investigation 
utilized 20° and 30° 0. incubation temperatures. In one in
stance in soils from the pine forests and Molina Basin col
lected in December, growth occurred chiefly at 30° C. How
ever, in most cases the myxobacteria isolated at each tem
perature were very similar.

While a number of workers have studied the lytic nature 
of myxobacteria, very few reports have been concerned with 
the ability of other organisms to stimulate the growth of my
xobacteria. In this investigation it was found that all of 
the myxobacteria tested grew in Ordal1s medium (single 
strength) only in the presence of another organism. All ex
cept Myxococcus virescens were induced to grow in the pres
ence of practically every organism used. This included molds, 
yeasts, bacteria, acid-fast bacteria and actinomycetes. 
Furthermore, myxobacterial growth occurred around, but not
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necessarily in contact with, the associated organism. It 
seems possible, therefore, that the stimulatory effect may 
be due to a diffusable substance either produced as a result 
of metabolism or released from dead autolyzed cells. De
finite lysis occurred in relatively few instances, while 
growth and fruiting on the colony was frequently observed. It 
may be that in nature the myzobacteria live in association 
with other soil organisms utilizing either dead cells, living 
cells, or products of cell metabolism. From these results 
it would seem that myzobacteria are not necessarily parasitic 
as has been assumed by some investigators (Beebe, 1941).

Beebe (1941) found that Gram-negative, non-pigmented bac
teria were more easily lysed than Gram-positive or pigmented 
forms. This was confirmed by Singh (1947)* However, in the 
present investigation only Gram-positive, pigmented bacteria 
(Micrococcus luteus, Micrococcus roseus) and a pigmented 
yeast (Rhodoturola sp. I) were definitely lysed. These find
ings, however, seem to agree with Horen (1955) who found that 
the Gram-positive Micrococcus aureus (Micrococcus pyogenes var. 
aureus) and the pigmented Serratia marcesoens were more 
easily lysed than Escherichia coll. This appears to be the 
first report of lysis of a yeast cell. It seems possible 
that contradictory results may be due to differences in the 
strains of myxobacteria and eubacteria used in the various ex
periments . It is also possible that they are due to differ
ences in the methods used in studying and determining lysis.



39

Inhibition of myxobacterial growth by certain actino- 
mycetes has not been reported previously. However, in the 
present study it was found that in several cases the zone of 
inhibition closely paralleled the darkened area around the 
aotinomycete colony. Beyond this zone of darkening, myxobac- 
terial growth occurred. It is possible that two substances 
could be produced by the aotinomycete, one which inhibited 
the myxobacteria and the other which stimulated their 
growth. On the other hand, it may be that one substance is 
produced by the aotinomycete which is inhibitory to the myxo
bacteria in large concentrations, but stimulatory in smaller 
amounts. In several instances it was observed that myxobac- 
terial colonies along the periphery of a mold disappeared as 
the mold grew over them. This could have been due to a sub
stance stimulatory to the myxobacteria in small concentra
tions and toxic in larger amounts, or it might have been due 
to depletion of the stimulatory factor. The most actively 
metabolizing part of the mold is at the periphery. When this 
area passed over the myxobacterial colonies, the stimulatory 
substance would probably hot be available; and in its ab
sence, growth might be impossible.

In several cases fruiting extended 40-45 mm. from the 
colony of the associated organism, while in others it was re
stricted either to the area immediately surrounding the 
colony or to the colony itself. However, in most of the 
cases where fruiting was limited, growth still occurred out

Univ. of Arizona Library
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to the edge of the plate. It is possible that one substance 
is required for growth and another for fruiting, or the same 
substance may be needed for both phenomena but in different 
concentrations.

It was also observed that in several cases the color of 
the fruiting body varied with the species of associated or
ganism. This seems to be in agreement with the findings of 
Snieszko, McAllister and Hitchner (1942) who found that pig
mentation of the fruiting bodies could be influenced by us
ing suspensions of different bacteria. These findings have 
some significance, since the color of the fruiting bodies 
is a characteristic utilized in the classification of these 
organisms.

In the present investigation the myxobacteria appeared 
to inhibit the growth of several molds and actinomycetes, as 
evidenced by the flattening of the colony in association with 
myxobacterial growth. Other investigators (Johnson, 1932; 
Finck, 1953) have previously reported that certain Myxococcus 
sp. exhibited antagonism toward certain fungi. This could be 
due to the secretion of a substance actually inhibitory to 
the mold, or the inhibition might be purely mechanical. The 
latter explanation is not entirely satisfactory, since molds 
will usually grow over any barriers in their path. The in
hibition might also be due to depletion of the nutrients of 
the media by the myxobacteria, or to the accumulation of the 
waste products of metabolism. However, since most molds will
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grow on plain water agar, depletion of nutrients would not 
seem to be an important factor.

None of the eubacterial, actinomycete, mold or yeast 
filtrates stimulated the growth of the myxobacteria. It 
therefore appears that the stimulatory substance either did 
not pass through a Seitz filter or was not produced in the 
absence of myxobacterial cells.

None of the antibiotics tested stimulated any growth of 
the myxobacteria. However, on the plates set up according 
to Beebe's method in the primary isolations, antibiotics 
seemed to have a favorable effect, and Evenson (1952) also 
found that certain antibiotics added to the soil favorably 
influenced the growth of myxobacteria. In view of these 
findings, it seems possible that the antibiotics favored the 
growth of the myxobacteria in isolation experiments, not by 
direct stimulation, but by the inhibition of certain organisms 
which competed with the myxobacteria for certain nutrients.
It is also possible that the antibiotics might have altered 
the microbial population by inhibiting certain organisms not 
easily utilized by the myxobacteria, and thereby allowing 
other organisms which could be utilized to grow.

Other investigators have reported that myxobacteria are 
strictly aerobic organisms (Krzemieniewskis, 1927; and 
others). However, in the present investigation they were 
found to grow under conditions of reduced oxygen tension in 
deep tubes in an enriched medium such as Noren’s nutrient
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solution III B, but not on Or&aVs double or triple strength 
medium. Surface growth of the species of mycobacteria oc
curred on all three media. Only one species (Mycococcus 
fulyus) could be isolated from soil on dung plates incubated 
under anaerobic conditions.



SUMMARY

Soils were collected in September, November and Decem
ber from the pine forest area near Summerhaven, from the oak- 
grassland area of Molina Basin, and from the sahuaro-palo 
verde desert area. Studies were made of the myxobacterial 
flora of each soil using (1) Beebe's method with and without 
various modifications, (2) moist chambers, and (3) soil 
plates in which sterilized wood replaced the dung. Only 
Beebe's method of isolation was used in studying the soils 
from the pine forest and oak-grassland area of Molina Basin. 
All three of the above methods were used to study soil from 
the sahuaro-palo verde desert area. Incubation temperatures 
of 20° and 30° C. were used. Sixteen species of myxobacteria 
including 2 different strains of Myxococcus fulvus and of 
Chondromyoes aurantiacus were observed. Soil from the pine 
forest area yielded only 2 species. Six species were found 
in soils of the oak-grassland area of Molina Basin, and 16 
species in soils of the sahuaro-palo verde desert area. Tem
perature of incubation appeared, in most cases, to have lit
tle significance. Preliminary treatment of the soil by the 
addition of various substances, particularly antibiotics, 
seemed to influence the length of the incubation period as 
well as the species that developed.

The myxobacteria did not develop on Ordal's medium

43
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(single strength). However, all of the species studied, 
except Myxococcus virescens, grew on this medium in the pres
ence of a number of yeasts, molds, bacteria, and actinomy- 
cetes. Myxococcus virescens. however, grew only in the pres
ence of yeasts and acid-fast bacteria. The filtrates from 
2-, 6-, 8- and 10-day-old cultures of selected organisms 
failed to exert the stimulatory effect observed with growing 
cells. Definite lysis was observed only in the case of Gram
positive pigmented bacteria and a pigmented yeast. The 
myxobacteria seemed to inhibit the growth of a number of 
molds and actinomycetes. When the colony of the associated 
organism was replaced by antibiotic disks or by filter disks 
saturated in solutions of a number of organic substances, 
myxobacterial growth failed to occur.

Surface growth of the myxobacteria occurred on Ordal’s 
medium (double and triple strength), and in Horen’s medium. 
However, under conditions of reduced oxygen tension, the my
xobacteria grew only in Horen’s medium. Myxococcus fulvus 
was the only species which grew in soil dung plates incubated 
under anaerobic conditions.
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Table II* Species of myxobacterla isolated from soils of the Tucson area

I* Soil from the pine forest area (elevation 7600 feet) 
A* Isolated by Beebe*s method 

Myxococcus fulvua 
Myxococcus vlrescens

II* Soil from the oak grassland area (elevation 4500 feet)
A* Isolated by Beebe *s method

Arehanpltim nrlml pmnlnm var* assurcrens 
Chondrococcus sp»
Chondromyces aurantlacus*
Myxococcus fulvus 

. Myxococcus vlrescens 
Myxococcus xanthus

III. Soil from the sahuaro palo verde area (elevation 3000 feet)
A. Isolated by Beebe*s method

Archanglum prlmlKenlum var * assurgens 
Chondrococcus sp.
Chondromyces aurantlacus 
Myxococcus fulvus 
Myxococcus vlrescens 
Myxococcus xanthus 
Unidentified species

B. Isolated by moist chamber method
Archanglum sp.
Chondromyces anlculatus 
Chondromyces aurantlacus 
Chondromyces cycllndrlcus 
Chondromyces nedlculatus 
Myxococcus fulvus 

. Myxococcus vlrescens 
Podanglum graclllpes 
Polyanglxm aureum 
Polyangium sp.
Stelanglum museorurn

C. Isolated from soil plates in which sterile wood replaced
the dung

Myxococcus fulvus 
Polyanglum sp.

♦Chondromyces aurantlacus which appeared on dung plates was a different 
variety from that which appeared on moist chambers.



Table III* Effect of season, on. species of myxobacterla isolated from. soli.\

ttonth Pine forest area Oak grassland area Sahuaro palo verde area

Septi Myxococcus fulvus (17)*
Myxococcus vlrescens (1)

Nov. Myxococcus fulvus (22)
Myxococcus vlrescens (1)

Dec. Myxococcus fulvus (10)
Myxococcus vlrescens (1)

Myxococcus fulvus (13) 
Myxococcus vlrescens (2) 
Myxococcus xanthus (3) 
Chondromyces aurantlacua (2)

Myxococcus fulvus (11) 
Myxococcus vlrescens (2) 
Myxococcus xanthus (4) v 
Chondromyces aurantlacus (4)var.

assurRens (4)
Myxococcus fulvus (19) Myxococcus fulvus (10)
Myxococcus vlrescens (4) Chondromyces aurantlacus (1) 
Myxococcus xanthus (2) Chondrococeus sp. (4)
Chondromyces aurantlacus (1) Archanglum prlmlgenlum var. 
Chondrococeus sp. (2) assurgens (21)
Archanglum prlmlgenlum var. 

assurgens (1)
Myxococcus fulvus (9) 
Myxococcus vlrescens (2) 
Myxococcus xanthus (1) 
Chondrococeus sp. (2) 
Archanglum prlmlgenlum var. 

assurgens (1)

Myxococcus fulvus (1) 
Myxococcus xanthus (1) 
Chondrococeus sp. (2) 
Archanglum prlmlgenlum var. 

assurgens (4)

*The numbers In parenthesis refer to the number of plates on which each species occurred for- the 
month Indicated.



I

Table IV - Effect of Various Treatments on the Primary Isolation of Various Sp ecies of Mycobacteria from Pine Forest Area (Elevation 7600 feet)

Month of 
Collection

Incubation
Temperature

Incubation
Time

Untreated
Soil

Potato
Starch Cellulose

Beef
Blood 3 Aureomycin Bacitracin

Chloro
mycetin Penicillin Polymixin

Strepto
mycin. Terramycin

September
n

11

11

20UC

11

11

11

10 days
12 days
13 days 
20 days

M. fulvus
M. fulvus

M. fulvus
M. fulvus

i
!

M. fulvus M. fulvus
M. fulvus

M. fulvus M. fulvus M. fulvus M. fulvus

11 30°c 10 days - - - - 1 M. fulvus - - -  ' M. fulvus -

11 II 12 days - M. fulvus M. fulvus - — ’ - - - - M. fulvus
11 It 15 days - - - -

!
; • M. virescens "" ' - - - -

it It 20 days - - - -

l
M. fulvus

November 20°C 10 days - - - - 1
i

— - - - - —

II II 12 days M. fulvus M. fulvus M. fulvus M. fulvus
1

M . fulvus M. fulvus Me fulvus M. fulvus Me fulvus M. fulvus M. fulvus
I I I I lf> days - - - - - - - - - —

I I I I 20 days - - M. virescens - ? .
I I 30°C 10, days - - - - ; .s — —

I I It 12 days M. fulvus M. fulvus M. fulvus M. fulvus M. fulvus Me fulvus M. fulvus M. fulvus M. fulvus M. fulvus M. fulvus
I I I t If? days -  • - -

iS - - - - - - - -

I I I t 20 days - - -
I

_ _

December 20°C 7 days - - - - *
— — — — -

it It 12 days - - M. fulvus —
- - - M. fulvus M. fulvus - -

11 I I If? days - - - - — -  ' — - - -

i t I t 20 days - - - - _ -

i t 3 0°c 7 days - M. fulvus M. fulvus M. virescensi M. fulvus - - Me fulvus - -

n I t 12 days - - - - 1 -
— — - - M. fulvus -

11 I t If) days - - - -
i  -

— - - -

11 I I 20 days - - - -
i  M. fulvus - - Me fulvus - - -

J
i



Table V - Effect of Various Treatments on the Primary Isolation of Various Species of Myxobacteria from Oak Grassland Area of Molina Basin (Elev. 1^00 ft.)
t J

Month of Incubation Incubation Untreated Potato Beef !j Chloro Strepto-Collection Temperature Time Soil Starch Cellulose Blood . il Aureomycin Bacitracin mycetin Penicillin Polymixin ayein TerramycinSeptember 20°C 12 days — ** u — w - - - -
11 I t 15> days Chondromyces - - - ! - - - — - M. xanthus

M. fulvus
I t i t 20 days i M. fulvus — - - -
i t t t 25 days M. fulvus M. fulvus - !

’ ; “ V - - Me fulvus M. fulvus
— M. vanthuS

n 30°C 12 days M. fulvus - - M. fulvus
1
' ! .... • .• - / . - - ' - M. fulvus

t t tt 15 days M. virescens M. fulvus - - : M. fulvus - M. fulvus - M. virescens - —
t t t t 20 days - - - - i Chondromyces - - M. fulvus M. xanthus
t t t t 25 days — - - - •! - - - -

November 20°C 12 days; - - - - ■I - - - M. fulvus Chondromyces
t t t t 15 days - - - - M. fulvus Me fulvus M. fulvus Chondrococcus Chondrococcus M. fulvus

M. virescens M. virescens
tt tt 20 days,' - - — — "i

V;
- - Archangium mm mm -

M. fulvusn t t 25 days. Me fulvus M. fulvus - — - - M. fulvus
i t 30°c

. i

12 days mm M. fulvus — :.
M. fulvus M. fulvus M. fulvus

• M. xanthus M. virescens
tt Tt 15 days M. fulvus M. fulvus - - M. fulvus — M. fulvus M. fulvus M. fulvus -

’ H. xanthus ] M. virescens
t t t t 20 days *• - : - - - - —
tt t t 25 days - - - - t mm •» -

December 20°C 7 days - - - - f — — — -
t t t t 10 days - - M. fulvus - - - - - -
t t t t 15 days - - - - - - - -
tt i t 20 days — - > - — - —
i t 30°C 7 days M. fulvus % ' M. fulvus « M. fulvus Chondro M. virescens M.virescens M. virescens

coccus
tt t t 10 days M. fulvus — M. fulvus - — — - M. fulvus — «- «e

M. xanthus
t t t t 15 days - - - — - Archangium - - M. fulvus



Table 71 - Effect of Various Treatments on the Primary Isolation of Various Mycobacteria from Sahuaro Palo Verde Desert Area (Elevation 3000 Feet)
Month of Incubation Incubation Untreated Potato Beef
Collection Temperature Time Soil Starch Cellulose Blood
September 20°C 10 days - — — -

II II 12 days - - -
II II 15 days Chondromyces - - M. fulvus

M. fulvus M. xanthus
II It 20 days - Chondromyces M. virescens

M. fulvus
II 30°C 10 days - - - M. xanthus
II 11 12 days - M. fulvus - -
II II 15 days Chondromyces - M. fulvus M. virescens
It It 20 days M. fulvus 

Archangium
- Chondromyces i1

November 20°C 10 days - - - ii
ii 11 12 days Archangium - M. fulvus 

Archangium
i•

n II 15 days M. fulvus Archangium — Archangium
ii II 20 days Unidentified M. fulvus - M. fulvus ’
it 30°G 10 days - - - !
ii it 12 days M. fulvus M. fulvus M. fulvus I

15 days
Archangium Chondrococcus

i i n Archangium — Archangium I
n it 20 days Unidentified Unidentified

December 20°C 10 days - - - • i

n 11 12 days - Chondrococcus - -
i t I I 15 days - - - -

it I t 20 days Chondrococcus Unidentified Unidentified
i t 30°C 10 days - Archangium -

n 11 ' 12 days Archangium - - -
i i I I 15 days - - - -

Aureomycin Bacitracin Chloro- Strepto-
mycetin Penicillin Polymixin mycin______ Terramycin

Archangium M. fulvus 
Archangium

Archangium

H. fulvus M. xanthus M. fulvus 
M. fulvus

M. xanthus 
M. fulvus

Archangium Archangium Archangium Chondromyces M. fulvus Archangium

Chondrococ- Archangium Archangium Chondrococcus 
cus Archangium

i M. fulvus
| Archangium Archangium 
| Chondrococcus

Unidentified

M. fulvus Archangium Archangium Archangium 
Archangium Archangium

Unidentified Unidentified

Unidentified M. fulvus

Archangium 
M. xanthus

20 days Unidentified Unidentified - 
Archangiumii



Table VII, Effect of incubation temperature on the occurrence of each myxobacterium species

Month Incub.
(davs)

M. virescene M. fulvus M. xanthus ChondrococcusSO.
Archaneium

Ghondromyces primigenium 
Caurantiacus var. aRanvo-on

Segt. 10 0 0* 0 0 0 020 C. 12 0 2 0 0 0 215 0 11 1 0 2 020 1 4 1 o 1 125 0 4 1 o 0 0
Sept. 10 o 2 2 o 0 030°C. 12 0 11 1 0 0 0

15 4 4 0 0 1 0
20 . ' 0- 3 1 0 2 1
25 0 0 0 0 0 0

Ifov. 10 0 0 0 0 0 0
20°G. 12 0 14 0 0 2 0

15 2 5 0 4 0 6
20 1 3 0 0 . 0 5
25 0 0 0 0 0 0

Nov. 10 0 0 0 0 0 0
30°C. 12 1 20 1 2 0 8

15 1 6 1 0 0 2
20 0 0 .0 0 0 o
25 0 0 0 0 0 0

Dec. 7 0 0 0 0 0 0
20°C. 10 0 1 0 0 0 0

12 0 3 0 1 0 0
15 0 0 0 0 o 0
29 0 1 0 1 0 0n



Table VIII* Effects of various organisms on the development of Archangium
primigenium var. assurgens

Organisms 5 days 8 days 10 days 12 days 17 days

Zone of growth Zone of growth Zone of growth ZMost intense Myxobacterial
Achromobacter sp. I 6-7mm.* 20mm. to edge of pigment with growth on

plate (40mm.) in 15mm. of 
Colony.

colony.
Zone of growth Zone of growth Zone of growth Most intense Myxobacterial

Alcaligenes sp. 8mm. 20mm. to edge of pigment with- growth on
plate (40mm.) in 13mm.of 

colony.
colony.

Zone of growth Zone of growth Zone of growth Most intense Myxobacterial
Bacillus cereus I 5mm. 20mm. to edge of pigment under growth on.

plate (40mm.) colony. o o £

Zone of growth Zone of growth Zone of growth Myxobacterial Mb further
Bacillus cereus II 2mm. 7mm. ...... 20mm........ growth on 

colony.
change.

Zone of growth Zone of growth Zone of growth Most intense Myxobacterial
Micrococcus luteus 5mm, 20mm. to edge of pigment with growth on

plate (40mm.) in 7mm. of 
colony.

colony.
Zone of growth Zone of growth Zone of growth Most intense Myxobacterial

Micrococcus roseus 8mm. 20mm. to edge of pigment with- growth on
plate (40mm.) in 15mm. of colony.

colony.
Mb growth Zone of growth Zone of growth Most intense Mb further

Myeobac fcerium phlei 5mm. to edge of platepigment with- change.
(40mm.) ..... .in (20mm.)of

colony.
Mb growth• Zone of growth Zone of growth Most intense Mb further

Mycobacterium smegmatis to edge of to edge of pigment with change.
plate (40mm.) plate (40mm.) in 25mm. of 

colony.
* Zone of growth was measured from edge of colony to outside edge of furthest myxobacterial colony.

( continued )



Table VIII. continued

Organisms 5 days 8 days 10 days 12 days 17 days

Aspergillus fumagatis 

Aspergillus niger 

Aspergillus versicolor

Fusarium sp.

Hormiscium sp. 

PenicilHun decumbens

Phoma sp.

Trichoderma sp.

Few myxobacter-Zohe of growth Zone of growth Most intense Inhibition of 
ial colonies 15mm. to edge of pigment with- mold growth."
around m o l d . ___________plate(30mm). in 3mm of m o l d _____
Few myxobac ter-Zone of growth Zone of growth Mb further Inhibition of 
ial colonies " 10mm. 'to edge of change. mold growth.
around mold.______ ___________plate(30mm),_________  •_____________
Mo growth. Few myxobac ter-Zone o£ growth Zone of growth Most intense

ial colonies 10mm. " to edge of pigment with-
around mold. plate(35mm). in 5mm of

__ ______________________ ________’_________ colony.
Few myxobac ter-Zone of growth Zone of growth Most intense Inhibition of 
ial colonies 20mm. to edge of pigment with- mold growth,
around mold. , plate(35mm). in 12mm of
.___________ ____________________  mold. ________________
Few myxobac ter-Zone of growth Zone of growth No further . No further 
ial colonies 5mm. 15mm. change, change.
around mold. ___________
Few myxobacter-Zone of growth Zone of growth Most intense Inhibition of 
ial colonies 10mm. to edge of pigment with- mold growth,
around mold. plate(30mm). in 10mm of
____ ______________  . __________mold._______________________
No growth. Few myxobac ter-Zone oj? growth Zone of growth No further 

ial colonies 15mm. to edge of change.
______________ around mold. _____ plate(35mm)._______
No growth. Few myxobac ter-Zone of growth Zone of growth No further 

ial colonies 10mm. to edge of change.
____________around m o l d . ________plate(35mm).

continued



Table VIII« continued

Organisms ' 5 days 8 days 10 days 12 days 17 days

Rhodotorula sp. II
Few mjxobacter- Zone of growth Zone of growth Most intense 
ial colonies • $mm. 20mm. pigment with-
around yeast. in $mm of

colony.

No further 
change.

Hansenula anomala
Few myxobacter- Zone of growth Zone of growth Mb fufcther 
ial colonies 7mm. 15mm. change,
around yeast.

No further 
change.

Mycoderma vini
Zone of growth 
2mm.

Zone of growth Myxobacterial Zone of growth 
10mm. growth on 15mm.

colony.
No further 
change.

Streptomyces sp. I
Zone of inhib
ition 7mm, 
then zone of 
growth 15mm.*

Zone of growth Zope of growth Most intense 
20mm, to edge of pigment with-

plate(40mm). in 15mm of 
colony.

Inhibition of
actinomycete
growth.

Streptomyces sp. II
Zone of growth 
10mm.

Zone of growth Zone of growth Most intense 
25mm. to odge of pigment with-

plate(40mm). in 15 mm- of 
colony.

Inhibition of
actinomycete
growth.

Streptomyces sp. IV
Zone of growth 
5mm.

Zone of growth Zone of growth Inhibition of 
20mm. to edge of actinomycete

plate(40mm). growth.
Myxobacterial 
growth on 
actinomycete.

Streptomyces sp. V
Zone of inhibi
tion 5mm, then 
zone of growth 
5mm.

Zone of growth Zone of growth Most intense 
15mm. to edge of pigment with-

plate(40mm). in 15mm of 
colony.

to further 
change. -

*The inhibition zone was measured from the edge of the actinomycete colony to the myxobacterial 
colonies nearest the actinomycete.



Table IX. Effect of various organisms on the development of Uyxococcus fulvus I.

Organisms 5 days . 7 days 9 days 13 days • 23 days

Achromobacter sp. I

Alcaligenes sp.

Bacillus cereus I

Bacillus cereus II

Bacillus mycoides

Micrococcus luteus

Micrococcus roseus

1 mycobacter
ial colony be
side bacterium.

4 mycobacter
ial colonies 
under bacter
ial colonies.

Zone of growth Zone of growth Zone of growth Orange colored 
22mm̂ " Larger 30mm. Fruiting to edge of fruiting bod- 
myxobacterial near bacterial plate(40mm). ies on bacter- 
colonies near colony only. iwn. Possible
bacterium. lysis.
Zone of growth Zone of growth
22mm. Larger 30mm.
mycobacterial
colonies near
bacterium.

Zone of growth Pink colored 
to edge of fruiting bod- 
plate (40mm). ies on and

near colony. 
Possible lysis.

3 mycobacter
ial colonies 
under bacter- 
ial colony.

Zone of growth Zone of growth 
5mm. Fruiting to edge of 
on bacterium plate(40mm). 
only._______________

Pink fruiting 
bodies bn and 
near bacter- . 
ial colony.

Zone of fruit
ing 40mm.

No growth. Zone of growth Mycobacterial 
5mm. growth on bac-

. ____ _____________________ terial colony.
Zone of growth Zone of fruit- 
10mm. Fruiting ing 5mm. 
on bacterium. __________ •

2 mycobacterial 
colonies under 
bacterium.

Zone of growth Zone of growth 
20mm. Larger to edge of 
mycobacterial plate(35mm). 
colonies near
bacterium.

Pink fruiting No further 
badies on edge change, 
of bacterial 
colony.

No growth. Zone of growth Zone of growth Zone of growth Fruiting on and
9mm. Larger 12mm. Lysis of 35mm. Pink fr around bacter- 
mycobacterial bacterial fruiting bod- ial colony, 
colonies near colony. ies on bacter-

_______________ bacterium.___________________ ium. _________ ______________ _
No growth. Zone of growth Zone of growth Zone of growth "Lysis of bac-

4mm. 12mm. Mycobac- 20mm. Pink terial colony,
terial growth fruiting bod- 
on colony. ies on bacter

ial colonies.
JTT

/

^ .n 'i r '



Table IX. continued.

Organisms 5 days 7 days 9 days 13 days 23 days

Aspergillus fumagatis
No growth. Zone of growth 

12mm.*

;
Zone of growth Zone of growth inhibition of 
20mm. Larger 25mm. Pink f ' mold growth, 
myxobacterial fruiting bod- 
colonies near ies around 
mold. mold.

Aspergillus niger
Nb growth. Md growth. Few myxobacter-Zone of growth Zone of growth; 

ial colonies 20mm. 35mm. Few small 
around mold. ' pink fruiting .

bodies.

Aspergillus versicolor
hb growth. Zone of growth 

5mm.
Lafger myxobac-Zone of growth Pink fruiting 
terial colonies30mm. bodies along
near mold. mold periphery.

Fusaidum sp.
Ub growth. . 3 myxobacter

ial colonies 
around mold.

Zone of growth Zone of growth Zone of fruit- 
15mm. 25mm. ing 15mm. Tan

colored fruit
ing bodies.

Hormiscium sp.
No growth. 2 myxobactei*- 

ial colonies
Zone of growth Zone of growth Pink fruiting 
12mm. Larger 2Qmm. bodies near

around mold. myxobacterial 
colonies near 
mold.

mold.

Jfo growth. Zone of growth Zone of growth Zone of growth Pink fruiting 
11mm. 15mm. to edge of bodies around

______.____________ __ ;____________ _______  plate (30mm). mold.________ _
ffo growth. Few myxobacter- Zone of growth Zone of growth Zone of fruiting 

ial colonies 5mm. 20mm. Pink 20mm.
around mold. fruiting bod—

_____■ ies near mold.

Penicillium decumbens 

I&dchoderma sp.

^Zone of growth was measured. from edge of colony to outside edge of furthest myxobacterial colony, 
continued

A



Table IX. continued

Organisms 5 days 7 days . 9 days 13 days , 23 days

Rhodotorula sp. I

Rhodotorula sp. II

Schizosaccharomyces
pombe

Kanaenula anomala 

Mycoderaa vini

Mycobac teriuji phlei 

Myc obacte rium smegma bis

Zone of growth Zone of growth Zone of growth Zone of growth No further
2mm. 20mm. Fruiting 30mm. Lysis of and fruiting change,

on yeast. • ' yeast.. to edge of
• _______________________________  plate(40mm)..
Zone of growth Zone of growth Fruiting on Zone of growth Zone of fruit-
10mm. 20mm. Zone of yeast colony, to edge of ing to edge of
_______ ._______fruiting 10mm.__________  plate (40mm), plate(40mm).
No growth. Zone og growth Zone of growth Zone of growth Zone of growth 

5mm. 10mm. 17mm. Pink and fruiting
fruiting bod- to edge of

____  ■_____ ;_________  - ____  ies on yeast. plate(4Qmm).
Zone of growth Zone of growth Fruiting on' Zone of growth Zone of fruit-
5mm. 15mm. Zone of yeast colony. 40mm. Zone of ing to edge of
_____' ____fruiting 8mm. fruiting 20mm. plate(40mm).
Zdme of growth Zone of growth Zone of growth Zone of growth Zone of growth
5mm. 12mm. Larger 15mm. Fruiting and fruiting and fruiting to

myxobacterial on yeast. 30mm. ' edge of plate
■ ■' _____ colonies near (40mm).

yeast._________________• __________  -
No growth, 1 myxobacterial Zone of growth Zone of growth Zone of growth 

colony under 7mm. 15mm. Fruiting to edge of plate
bacterium. near bacterium. (40mm). Zone of

- ______ ;_____ ________ • ________________  fruiting 20mm.
No growth. 4 myxobacterial Zone of growth Zone of growth Zone of growth

colonies around 10mm. 20mm. Zone of to edge of plate
bacterium. fruiting Zgnm. (40mmJ. Zone of

■ ■______________________ ;_______ _________ ___._________ fruiting 10mm.

continued



Table DC, continued

Organisms 5 days 7 days 9 days 13 days 23 days

Streotomyces sp. I
No growth Zone of inhibi-Zone of growth Zone of growth

tion 7mm, then 15mm. to edge of
zone of growth plateT40mm).
13mm.* Pink fruiting

bodies around
inhibition
zone.

No further 
change.

Streptomyces sp. II
No growth. No,growth. Zone,of inhib

ition 10mm., 
then zone of 
growth 10mm.

Zone of growth Zone of growth 
20mm. Pink and fruiting
fruiting bod- - to edge of 
ies around plate(40mm).
inhibition zone.

Streptomyces sp. Ill
No growth. Zone of growth Zone of growth Zone of growth 

10mm. 15mm. larger 30mm. Pink
myxobac terial fruiting bod- 
colonies near, ies around 
actinomycete. actinomycete.

Zone of growth 
and fruiting 
35mm. Yellow 
fruiting bod
ies on actin
omycete.

Control plate
No growth. No growth. No growth. No growth. No growth.

*'Zdne of inhibition was measured from the edge of the actinomycete colony to the nearest myx©bacterial 
colonies.



Table X. Effect of various organisms on. the development of Myxococcus fulvus II.

Organisms 5 days a days 13 days 17 days

Achromobacte r sp. I
4 myxobacterial col- Salmon colored 
onles around bac- ' fruiting bodies 
terlal colony. around bacterial

colony.

Zone of growth and 
fruiting to edge 
of plate(40mm) .*

No further 
change.

Achromobacter s p . II
3 myxobacterial col- Zone of growth 
onles around bac- 3mm.
terlal colony.

Zone of growth and 
fruiting 15mm. \

No further 
change.

Alcaligenes sp.
Zone of growth. Zone of growth
10mm. and fruiting 10

mm. Fruiting 
bodies salmon 
colored.

Zone of growth to 
edge of plate 
(40mm)•

Possible lysis.

Bacillus cereus I.
3 myxobacterial'col- Zone of growth 
onles around bac- 2mm. Myxobacter-
terial colony. ial growth on

. colony.

Fruiting bodies on 
bacterial colony 
only.

No further 
change.

Bacillus cereus II
No growth Myxobacterial

growth on. bacter
ial colony only.

No further 
change.

No further 
change. -

Micrococcus luteus
No growth Zone of growth.

and fruiting 5mm.
Zone of growth to 
edge of plate(40 
mm. Zone of fruit
ing 20mm.

Lysis of bacter
ial colony.

Micrococcus roseus
6 myxobacterial col- Zone of growth 
onles within 5mm. of and fruiting 
bacterial colony. 25mm.

Zone of growth 
and fruiting to 
edge of plate(40mm)

Lysis of bacterl 
ial colony.

♦Zone of growth was measured, from the edge of the colony of the associated organism, to the outside 
edge of the furthest myxobacterial colony.

continued

/



Table X* continued

Organisms 5 days 8 dpys 13 days 17 days

4 myxobacterlal col- Zone of growth and No further change ► Zone of growth and
Aspergillus fumagatis onies around, mold. fruiting 15mm. 

Inhibition of 
mold growth.

fruiting to edge 
of plate(30mm).

Aspergillus nlger-
No growth. Few myxobacterlal 

colonies around 
mold periphery.

25 myxobacterlal. 
colonies around 
mold periphery.

Fruiting around 
mold only. Inhib
ition of mold 
growth.

Aspergillus versicolor
No growth. Few myxobacterlal 

colonies around 
mold periphery. 
Inhibition of mold

15 myxobacterlal 
colonies around 
mold periphery.

Fruiting bodies 
around mold only.

growth. .

Fusarium. sp.
1 myxobacterlal col
ony near mold.

3 myxobacterlal 
colonies around 
mold. Few fruiting 
bodies near mold.

Inhibition of mold No further 
growth. change.

Hormlsclum sp.
No growth. 3 myxobacterlal 

colonies near 
mold.

Fruiting bodies 
around mold only.

Inhibition of • 
mold, growth.

Penicilllum decumbens
No growth. 1 myxobacterlal 

colony near mold. 
Few fruiting bod
ies.

2 myxobacterlal 
colonies beside 
mold.

Fruiting bodies 
on and around 
mold.

Phoma sp.
No growth. Few myxobacterlal 

colonies around 
mold. Inhibition 
of mold growth.

8 myxobacterlal 
colonies around 
mold. Few fruit
ing bodies.

Myxobacterlal 
growth and fruit
ing around mold 
only.

continued



Table X. continued

Organisms . 5 days 8 days 13.days 17 days

Ifo growth. Few myxobacterlal 
colonies around 
mold.

12 myxobacterlal 
colonies around 
mold. Few fruit
ing bodies. In
hibition of mold 
growth.

No further 
change.

Mycotiacterlum phlei
No growth. Pink, fruiting bod

ies on bacterium.
No further 
change.

No further 
change.

Mycobacterium smegmatls .
No growth. Pink fruiting bod

ies on bacterium.
No further 
change.

No further 
changei

Streptomyces sp* I
No growth. Zone of inhibition 

5mm, then zone of 
growth 5mm.*

Zone of growth 
10mm. Few frultf 
ing bodies.

Inhibition of
actinomycete
growth.

Streptomycfes sp. II
Zone of growth 
5mm.

Zone of fruiting 
' 5mm*

Zone of growth 
and fruiting to 
edge of plate 
(40mm).

Inhibition of 
.actinomycete 
growth.

Streptomyces sp. V
No growth* Zone of inhibi

tion 10mm, then 
zone of growth 
5mm.

Few frdltlng bod
ies around inhib
ition zone.

Zone of growth 
20mm.

Rhodotorula sp. I
Zone of growth 
10mm.

Zone of growth 
30mm. Zone of 
fruiting 13mm.

... Fruiting on yeast.

Zone of growth 
and fruiting to 
edge of plate 
(40mm). •

Lysis of yeast.

♦The inhibition zone was measured from, the edge of the actinomycete colony to the myxobacterlal 
colony nearest the actinomycete*. . co;.' d

continued



Table X. continued

Organisms 5 days 8 days 13 days 17 days

Rhodotorula sp. II
Zone of growth 
lOrmu

Zone of growth 30 
mm. Zone of fruit
ing 10mm.

Zone of growth to 
edge of plate(40 
mm). Fruiting on 
yeast colony.

No further 
change»

Schlzosaccharomyces
pombe

Zone of growth 
2mm*

Zone of growth 
15mm. Zone of 
fruiting 5mm. 
Fruiting on 
veast.

Zone of growth 30 
mm. Zone of fruit
ing 25mm.

Zone of growth 
and fruiting to 
edge of plate 
(40mm).

Hansenula anomala
Zone of growth 
5 mm*

Zone of growth 15 
mm. Zone of fruit
ing 8mm. Fruiting 
on yeast.

Zone of growth 30 
mm. Zone of fruit
ing 20mm.

Zone of growth 
and fruiting to 
edge of plate 
(40mm).

Hycoderma vlnl
Zone of growth 
6mm.

Zone of growth 15 
mm. Fruiting on 
yeast only.

Zone of growth 25 
ran. Zone of fruit
ing 15mm.

Zone of growth 
and fruiting to 
edge of plate.

Control plates* No growth No growth No growth No growth



Table XI. Effect of Various organisms on the development of Myxococcus virescens

Organisms 7 days 9 days 11 days 13 days 15 days

Achromobac ter sp. I 
Alcaligenes a n .  
Bacillus cermis I 
TmH crococcus lufceus 
Micrococcus roseus 
Streptomvces so. I 
Strentomvces ib. II 
Strentomvces so. 17 
Streptomvces sp. V 
Aspergillus fumagafcis 
Asnereillus nisrer 
Mpergi 11 us versicolor 
Piisflrium sp.
Pairi si 1 H u m  decumbens 
Phoma sp.
Trichoderma sp.

no growth no growth
n  i i

n i i

i i  i i

n n

I I  M

it  i f

i i  i i

n H
n n
i i  i i

i i  n

i i  n

i i  , i f

n  if

i t  i t

no growth
i i

M
ft
I I

I I

H
It

' M
ft

I f

If
f l

M
fl
I I

no growth n
i t

it

i t

M
I f

I I

I I

I I

I I

ft
I t

I t

M
I I

no growthM
If
I I

ft

I I

I f

I t

I I

I I

I I

I t

I f

M
It
ft

4 myxobac ter- Myxobac terial Orange fruiting No further Zone of growth
ial colonies growth around bodies on yeast. change. Z 35 mm. Fruit

Rhodetorula so. I under yeast. yeast only. Lysis of yeast. ing only a-
Fruiting on round and on
yeast. yeast.
Myxobacterial No further Zone of growth No further No further

Phndnhorula sp. IX growth on col- change. 15 mm.. * change. change.
ony only.

* Zone of growth was measured from the edge of the colony of the associated organism to the outside 
edge of the furthest myxobacterial colony*

( continued )



Table XI. continued

Organisms 7 days 9 days 11 days 13 days 15 days

Schizosaccharomyces pombe Mb growth

Hansenula anomala

Mvcoddrma vini

Myxobacfcerial No further No further
A) growth growth on col- change. change.

______ ony only. _____________
Zone ofgrowthbmm.tt Zone of growth 

8mm. Larger 
myxobac terial 
colonies near 
yeast._____ '__

Zone of growth Zone of 
15mm. Zone of 20mm. 
fruiting-13mm.

growth Zone of growth 
30mm.

Zone of growth Zone of growth Zone 
2mm. 5mm. Fruiting 7mm.

on yeast. *
of growth Zone of growth Nb further 

10mm. Many change, 
fruiting bod-

Mycobac terium phlei

Mycobacterium smegmatis 
Control plates

ies on colony.
Zone of growth Zone of fruit- 
5mm. ing 4mm. Pink

colored fruit
ing bodies.

Nb further 
change

Nb further 
change

Nb further 
change

Zone of growth Zone of fruit/- 
7mm. ing 6mm. Pink

colored fruit
Nb further 
change.

Nb further 
change.

Nb further 
change.

ing bodies.
Nb growth. Nb growth Nb growth Nb growth Nb growth

* Zone of growth was measured from the edge of the colony of the associated organism to the outer 
edge of the furthest myxobacterial colony.



Table XII. Effect of various organisms, on the development of Myxocdccus xanthus. *

Organisms 7 days 11 days 13 days 18 days 24 days

Achromobacter so.. I
1 myxobacterial 10 myxobacter- Yellow fruit- 
colony under ial colonies ing bodies a- 
assoclated org- under associa- round bacter- 
anlsm. ted organism. Ial colony.

Zone of growth 
5mm. Tan fruit
ing bodies on 
bacterium.

Possible
lysis.

Alcaligenes so.
Zone of growth 
4mm.*

Zone of growth Zone of growth Orange color- 
I5mm. Fruiting to edge of ed fruiting
on bacterium, plate(40mm). bodies on

bacterium.

Possible
lysis.

Bacillus cereus I
No growth. Myxobacterial No further 

growth on col- change, 
ony only.

Tan-Orange 
colored fruit
ing bodies on 
bacterium.

Fruiting on 
bacterial 
colony only.

Bacillus cereus II
No growth Myxobacterial No further 

growth on col- change, 
ony only.

No further 
change.

No further 
change.

Micrococcus luteus
No growth. Myxobacterial No further 

growth on col- change. 
ony only.

No further 
change.

No further 
change•

Micrococcus roseus
10 myxobacter- Zone of growth Zone of growth No further 
ial colonies 12mm. 15mm. Fruit- change,
around bacterium • Ing on bacter

ial colony only

Possible
lysis.

Mycobacterium, phlel
No growth. Zone of growth No further 

10mm. Yellow change. 
fruiting bod
ies on colony.

Zone of growth 
to edge of 
plate(40mm).

No further 
change.

*Zone of growth was measured from edge of colony of associated organism to outside edge of furthest 
myxobacterial colony. • continued



Table XII* continued

Organisms 7 days 11 days 13 days 18 days 24 days

1 myxobacter- Zone of growth Zone of growth Zone of fruitirnHo further 
Mycobacterium smeganatls lal colony un- 12mm* to edge of p' t.' tng 10mm* change,

der bacterium. plate (40mm.).
Fruiting on
colony. .

Asperglllxxs fumgatls
Mo growth. Zone of growth Zone of growth 

20mm. to edge of
plate(30mm).

Yellow-orange 
fruiting bod
ies on mold.-

Inhibition 
of mold 
growth.

Aspergillus nlger
No growth* No growth. Few. myxobac

ter lal colon
ies along mold 
periphery.-

No further 
change.

No further 
change.

Aspergillus versicolor
No growth. 2 myxobacter-* 

lal colonies 
near mold.

Few myxobac- 
terial colon
ies near mold.

No further 
change.

No further 
change.

Fusarlum sp.
No growth. Zone of growth Zone of growth Inhibition of 

10mm. 15mm. Fruiting mold growth,
on mold.

Orange fruit
ing bodies on 
mold.

Hormlsclum sp.
No growth. No growth, Zone of growth Green fruiting No further 

15mm. bodies around change.
mold.

PenlclIlium decumbens
No growth. Zone of growth Fruiting bod- 

8mm. ies around
mold.

Inhibition of 
mold growth.

Tan colored 
fruiting bod
ies within 5
mm. of mold. 
Orange color
ed further
away.

continued



Table XII. continued

Organisms
-----jl------------

7 days 11 days 13 days 18 days 24 days

Phoma sp.
No growth. No growth. 25 myxobacter- 

lal colonies 
around mold.

Orange fruit
ing bodies 
around mold.

No further 
chanfee.
N

Trlchoderma sp.
No growth. 20 myxobacter- 

ial colonies 
around mold.

No further 
change.

Few fruiting No further- 
bodies around change, 
mold.

Streptomyces sp. I
No growth. Zone of growth 

8mm.
Zone of growth Fruiting 
14mm. around actln-

omycete.
Fruiting bod
ies orange 
colored.

Streotomyces s p . II
No growth Zone of growth 

8mm.
Zone of growth Tan fruiting No further 
10mm. bodies around change,

actinomycete.

Streptomyces sp. V
No growth: Zone of growth 

5mm.
Zone of growth Fruiting 
to edge of around actln-
plate(40mm). omycete.

Zone of fruit
ing to edge 
of plate(40mm)

Rhodotorula sp. I
20 myxobacter- 
lal colonies 
around yeast.

Zone of growth 
10mm.

Pink fruiting 
bodies on 
yeast.

Zone of growth No further 
to edge of change,
plate(40mm).

Rhodotorula sp. II
Zone of growth Mo further 
10mm. change.

Zone of growth No further 
to edge of change.
plate(40mm).
Zone of fruit
ing 5mm.

No further 
change.

Schlzosaccharomyces
pombo

No growth. Few myxobacter- 
lal colonies 
near yeast.

7 myxobacter- 
lal colonies 
around yeast.

Zone of growth Zone of growth 
5mm. 20mm. Fruit

ing on yeast.

continued



Table XII* continued

Organisms 7 days 11 days 13 days 18 days 24 days

Hansenula anomala
Zone of growth Zone of growth 
7mm* 10mm.

Zone of growth Fruiting on 
to edge of yeast,
plate (40mm).
Zone of fruit
ing 10mm.

No further 
change.

Mvcoderma v&nl
20 myxobacter- 
ial colonies 
around yeast.

Zone of growth 
5mm*

Zone of growth Zone of growth No further 
15mm. Fruit- 25mm. - change,
ing on yeast.

Control plates
No growth* No growth. No growth. No growth. No growth.

- '



Table XIII. Period of incubation, in days, required for myxobacterial growth to occur in assoc
iation with various organisms.

Organisms___________Archangium sp. M. fulvus I . M. fulvus II M. viresdens M. x an thus
Achromobacter sp. I 
Achromobacter sp. II 
Alcaligenes sp.
Bacillus cereus I 
Bacillus cereus II 
Bacillus xaycoides. 
Micrococcus luteus 
Micrococcus roseus 
Streptomyces sp. I 
Streptomyces sp. II 
Streptomyces sp. Ill 
Streptomyces sp. IV 
Streptomyces sp. V 
Mycobacterium phlei 
Mycobac terium smegmatis 
Aspergillus fumagatis 
Aspergillus niger 
Aspergill us versicolor 
Fusarium sp.
Hormiscium sp. 
Penicillium decumbens 
Phoma sp.
Trichoderma sp. 
Rhodotorula sp. I 
Rhodotorula sp. II 
Schizosaccharomyces pombe 
Mycoderma vini 
Hansenula anomala 
Control

5 538* 38*;;
5 5
5 5
5 738* 5“
5 7
5 7
5 7
5 738* 7
5 13
5 38*
7 7
7 7
5 7
5 9
7 7
5 7
5 7
5 7
7 38*
7 7
5 5
5 538* 5
5 5
5 5growth no growth

5
5
5
58**
8
58
5**
**
8
77 
58 8 
5 8 8 8 
8 
4 
4 
4 
4 
4no growth

no growth* n
M
M
it

no growth
it
M
ii
**

no growthii
7
7no growth n 
n
it
i i

M
ii
n
7
711
7
7no growth

7
711
n•3H*
11
711
11•38*
*3*
11It711
1311
11
1311
1311
7
711
7
7no growth

*N8 growth after 30 days incubation. **Not tested.



Table XIV* Contaminants which stimulated the growth of rayxobacterla in
Ordalls medium (single strength)

I. Contaminants which stimulated Hyxococcus fulvus I 
Micrococcus roseus 
Micrococcus ureae 
Alcallgenes sp.
Flavobacterlum. sp*
Bacillus clrculans 
Streptomyces sp.
Strentpayees sp.

II. Contaminants which stimulated Myxococcus fulvus- II 
Hlcrfleoccus epldermldls

III. Contaminants which, stimulated Hyxococcus vlrescens 
Micrococcus Candidas 
Micrococcus caseolytlcus 
Micrococcus freundenrelchil (three strains) 
Micrococcus roseus 
Flavobacterlum sp.

IV. Contaminants which stimulated Hyxococcus xanthus 
Micrococcus freundenrelchil 
Micrococcus rhodochrous .
Micrococcus roseus 
Micrococcus ureae 
Flavobacterlum sp.



Table XV► Relation of oxygen to growth o£ myxobacteria

Media M. fulvus I M. fulvus II M. virescens M. xanthus Archangium sp.

Ordal*s agar 
(double 
strength)

Ho growth* No growth No growth No growth No growth

Ordains agar 
(triple 

strength)
No growth No growth No growth. No growth No growth

Noren’s agar 
5 days 
Incub.

3 myxobacterlai 
colonies: 4mm, 35 
ram., and 41mm 
below surface.

1 myxobacterlai 
colony 39mm 
below surface.

Zone of growth Zone of growth
to a depth of 35 from 15-35 mm 
mm. Heaviest from below surface. 
15-35mm below 
surface.**

Zone of growth 
from surface to 
5mm below sur
face.

12 days 
incub.

Zone of heaviest 
growth from 28mm 
below surface to 
35mm below surface

Zone of growth 
from 35—40mm 
below surface.

Zone of growth 
from 5-35mm 
below surface.

Zone of heaviest 
growth, from 10 
mm below surface 
to 15 mm below 
surface.

No further 
change.

20 days 
incub.

Zone of heaviest. 
growth from 5mm 
below surface to 
35mm below sur
face.

No further 
change.

No further 
change.

Zone of heaviest 
growth from 7mm 
below surface 
to 15 mm below 
surface.

No further 
change.

*No growth after 30 days- incubation.
**Growth was measured, from, the surface of the agar. All figures are in relation to the surface.



Figure 1. Control plates 
showing no growth after 
30 days incubation.

Figure 2. Growth of 
M.yxococcus fulvus in 
association with a 
Gram-negative rod (aft
er 13 days incubation). 
Heaviest concentration 
of colonies surround 
the associated organ
ism. Fruiting is not 
apparent. The X marks 
a contaminant.

Figure 3* Growth of 
Myxococcus fulvus in 
association with a Gram
positive bacillus (after 
13 days incubation). 
Fruiting is not apparent.



Figure 4* Fruiting of Myxococcus fulvus 
growing in association with a yeast (after 
13 days incubation)♦

Figure 5» Fruiting of Myxococcus fulvus 
growing in association with a Gramr-nega- 
tive bacterium. Picture taken after 13 
days incubation.



Figure 6. Lysis of a colony of Micrococcus 
by "yxococcus fulvus (after 13 days of in
cub ationJT-

1
Figure ?• lysis of a colony of Rhodotorula 
by Myxococcus fulvus (after 13 days of in- 
cubation).
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Figures 8 and 9» Growth of iiyxococcus fulvus 
in association with a mold and subsequent 
interference with mold growth. Pictures taken 
after 23 days of incubation.



Figure 10. Growth of Myxococcus ful- 
vus in association with a meld and 
subsequent interference with mold 
growth. Picture taken after 23 days 
of incubation.

Figure 11. Growth of Myxococcus ful- 
vus in association with a Streptomyces 
sp. Inhibition is evident immediate
ly around the colony (after 13 days 
of incubation).


