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ABSTRACT

Correlation between hydrogen-ion concentration and 
percent spore germination in the myxomycete, Didymium 
iridis, was tested.

The results indicate that an acidic environment of 
pH 6 promotes optimum spore germination in this myxomycete 
Ho germination occurs at pH's of less than J or above 9.5.

Results also demonstrate that a slightly acidic en
vironment will decrease the time required for germination 
to begin.
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INTRODUCTION

Since de Bary's first observation of spore germination 
in 1868, occasional observations on the influence of exter
nal factors upon the germination of myxomycetous spores have 
been reported in the literature (Smart, 1937)* Research 
showed that external factors such as the nutritional condi
tion of the medium, the hydrogen-ion concentration of the 
medium and the temperature of the medium influence spore 
germination in a variety of myxomycetes (Smart, 1937)•

Didymium iridis (Ditmar) Fries, a white plasmodial 
myxomycete, undergoes a vegetative growth followed, under 
suitable conditions, by sporulation. The morphologically 
distinct sporangia contain spores which, upon germination, 
fuse in pairs and initiate the growth of a new plasmodium.

The ability of D. iridis. like other myxomycetes, to 
sporulate will be determined by the pH of the medium in 
which the spores are sown (Scholes, 1962).

My study was to identify the pH range within which 
D. Iridis can germinate and hopefully will serve as a 
reference for further research on Didymium iridis.



LITERATURE REVIEW

Classification.
a The classification of myxomycetes has undergone a con

siderable evolution since the time of Linnaeus whose writings 
are the starting point for the nomenclature of these organ
isms (Alexopoulos, I960). In this system of classification 
the structure of the spores and the spore-bearing bodies de
termine the group to which a myxomycete belongs. The plas- 
modiurn was neglected in determining classification because 
previously no such structure had ever been identified (Alex
opoulos, 1960).

Our present system of classification is based on both 
the organisms plasmodial and sporophore type. Many more 
species must be investigated critically, but it appears now 
that a study of the plasmodium and of the mode of its evolu
tion into the spore-bearing stage may be of considerable 
importance in determining relationships among the myxomycetes 
(Alexopoulos, 1960).

D. iridis is currently classified in the Division Myxo- 
mycota, Class Myxomycetes, Subclass Myxogastromycetidae and 
Order Rhysarales (Ainsworth, Sparrov; and Sussman, 1973)*

Life Cycle
In the life cycle of D. iridis, three distinct structures
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are seen: they are the spore, the plasmodium and the scler

otium.

The spores of 0. iridis germinate through a minute 

pore dissolved in the spore wail releasing one to four myx

amoebae. Lipid bodies in the spores are utilized as sources 

of energy during germination (Alexopoulos and Mims, 1979).

Once the myxamoebae are released they divide repeatedly until 
a large population has formed. Once this population is formed, 

two compatible myxamoebae will fuse forming a zygote. The zy

gote grows and goes through several mitotic divisions result

ing in a nultinucleated plasmodium with diploid nuclei. The 

plasmouium has no cell wall around it, but is enveloped, by a 

gelatinous slime sheath. It neves in a definite direction 

and loons like a flat sheet in front, and farther back it ap

pears as a reticulate net. The cytoplasm moves in channels 

and the channels show a granular appearance because of the 

presence of nuclei in these channel spaces. The cytoplasm 

between the channels appears clear due to the presence of 
only a few nuclei. The plasmodium 'will move in an ameboid 

fashion. Under unfavorable conditions, the plasmodium be

comes converted into an irregular, hardened mass called a 

sclerotium. The sclerotium is composed of small "cells" 

that are called spherules (Alexopoulos and Mims, 1979).
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Each spherule is surrounded by a membrane.
In the formation of the sclerotium the following phases 

occur (Jump, 1954):
1. The initial cessation of streaming in the cytoplasm 

of the plasmodium
2. Gelation of the whole structure
3. The distribution of the nuclei in the cytoplasm 

of the plasmodium
4. The deposition of the sclerotium wall
5. Completion of macrocyst formation
6. The hardening of the sclerotium
7. The shrinkage of the nuclei to half their original

diameter
Once the sclerotium has been formed, the sporoplasm is 

cleaved to separate muclei from one another. These new struc
tures are called spores. When first developed the spores are 
uninucleate and diploid. Then a nuclear division occurs 
followed by a second which results in four nuclei. Three of 
the four nuclei will disintegrate leaving the spores uninuc
leate and haploid (Alexopoulos, 1979)• These spores then 
can be released from the sclerotium and give rise to new 
myxamoebae to start the life cycle over again (Alexopoulos, 
1979).
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The acidity or alkalinity of a solution is expressed by 
its pH value, the expression pH representing the negative 
logarithm of the hydrogen-ion concentration (Brock, Smith 
and Madigan, 1984). The pH scale ranges from 0 to 14, lower 
numbers indicating a more acidic solution and higher values 
indicating a more basic solution. A pH of 4 as compared to 
a solution with a pH of 5 reflects a 10 fold difference on 
the pH scale (H+ concentration). A pH of 4 is then 10 times 
more acidic than a solution with a pH of 9.

Each organism has a pH range within which growth is 
possible, and usually has a well-defined optimum pH (Brock, 
Smith and Madigan, 1984). Organisms which grow in a natural 
environment with pH values between 5 and 9» and organisms 
with optima in this range are the most common. Only a few 
organisms can grow at pH values of less than 2 or greater 
than 10 (Brock, Smith and Madigan, 1984)*

Studies have revealed that a slightly acidic medium 
favors the germination of the spores of most myxomycetes 
(Smart, 1937)*
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MATERIALS AND METHODS

Experimental Organism
A plasmodial culture of D. iridis was obtained from

the American Type Tissue Collection and was used to begin 
1this study. The plasmodium was growing on a corn meal 

agar slant with the bacterium, Escherichia coli, as a 
food source.

From the initial culture, a stock culture of D. iridis 
was prepared. These subcultures were maintained on corn meal 
agar by sterile transfer of mycelium to fresh medium in tubes 
or petri plates.

Sterilization
Glassware was sterilized by dry heat in a hot-air oven

at 160°C for 4 hr. Medium was autoclaved for 15 min at 250°F 
2and 15 lb/in pressure.

Food
D. iridis was grown in the laboratory on corn meal agar 

in the presence of S. coli (Appendix, Table 5).
E. coli was maintained on nutrient agar slants and then 

transferred to the corn meal agar as a food source for D. 
iridis (Appendix, Table 4).

—b—
1 Strain ho. 218021. American Type Tissue Cultures 12501 

Parklawn Drive Rockville, Maryland 20852.



Collection of Snores
The plasmodium was allowed to grow over the entire agar 

surface in the dark, and then, without being fed, it was trans
ferred to the light (but not direct sunlight). Sporangia 
developed 12 to 14 days later. The sporangia were removed 
from the agar surface by a dissecting needle and collected.
The sporangia were placed in a sterile beaker for approximately 
2 wk to allow them to dry out. When the plasmodiocarp was 
dry, a razor blade was used to chip away the top part of the 
sporangium and the spores were removed from the plasmodiocarp 
and placed on a sterilized waxed paper in a sterile beaker and 
stored for future use in a dry environment at room temperature 
for 1 to 2 months. These collected spores were subsequently 
used in the germination studies.

Two ml of nutrient broth were added to each of yO test 
tubes. The test tubes were divided into 18 sets, each set 
having five test tubes. The medium was then adjusted to differ 
ent pH's ranging from 2 to 10.5 by titrating with HC1 and NaOH. 
The five test tubes of each set were adjusted to the same pH. 
The pli was determined by the use of a pH meter and the tubes

• of medium were then sterilized.
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Inoculating Test Tubes with Spores
The test tubes containing medium of different pH's were 

then inoculated with spores with a sterile Pasteur pipette.
® The spores adhered to the surface of the pipette and were

washed off by rinsing the medium through the pipette. Five 
test tubes were inoculated for each pH tested.

Calculation of Percent Snore Germination
Each test tube was tested for the percent spore germin

ation at 4-hr intervals. Tne caps of the test tubes were 
removed and the mouths flamed. After the manner of Smart 
(1937)5 a sterile Pasteur pipette was used for each test tube 
and then by successive uptakes and expulsions of the medium 
two purposes were met: 1.) to aid in wetting the spore mem
brane and 2.) to distribute the spores evenly throughout the
me dium.

A drop of the medium was placed on a glass slide and 
covered with a cover-slip. Once all the slides had been pre
pared they were observed under a light microscope. The per
cent spore germination was determined by counting the number 
of germinated spores out of the first 100 spores observed. 
Germination was determined by observing a cracked spore case,

• a vacant spore case or a myxamoeba emerging from the spore wall
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RESULTS

The percent of spore germination was calculated by 
averaging the percent germination of the five test tubes 
within each experimental set. The final percent was then 
recorded.

The results (Table 1, Fig. 2 and 5) indicate that 
the ph for optimum percentage of spore germination is 6.0. 
They also indicate that the optimum pH range for the germin
ation of Didymium iridis ranges from 5.0 to 6.5. The spores 
of D. iridis were not able to germinate under the pH of 5 or 
above the pH of 9.5.

The results (Fig. 5) indicate that the optimum percent 
of spore germination in pH of 6 was obtained in 60 hr. 
Germination was not observed until 6 hr after the test tubes
were inoculated.

The results (Table p, Fig. 4) indicate that the time 
required for J2. iridis to begin sporulation decreases for 
environments which are slightly acidic. The spores sown in 
pH's ranging from 5.5 to 6.5 will begin to germinate earlier 
than spores sown in other pH's.
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PAOLA 1: Percent spore gc
at different pH’

iriiiination of Oidymiuxa iridis
1 s

-pTJ Percentage (3)
2.0 0

2O5
3.0

0
2.4

3.5 6.2
4.0 23.6

4.5 39.2
5.0 75
b ♦ b 82.6
6.0 90

6.5 72
7.0 50.2

7.5 41 .6
6.0 30.2

6.5
9.0

25.8
12.6

9.5 1 1 .8
10.0 0
10.5 0
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Fig. 1 Percent spore germination of Didymium iridis 
at different pli’s
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Fig. 3» Percent spore germination of Didymium iridis 
at pH 6 related to time.
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Table 2. Time required before germination was observed in 
Didymium iridis at different pH's

pH Time
2.0 n/a
2.5 n/a
5.0 44
5.5 24
4.0 12
4.5 12
5.0 12
5.5 8
b .0 8
0.5 8
?.o 12
7.5 12
6.0 12
6.5 12
9.0 12
9.5 16
10.0 n/a
10.5 n/a
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Fig. 4. The time required before germination was observed in 
didymium iridis at different pH's

48-

Ti
me
 (

hr
)

44-

40-

36-

32-

28-

24-

20-

16-

12-

8-

4-

0-
23456 7 8910

pH

-15-



DISCUSSION AND CONCLUSIONS

The hydrogen-ion concentration of a medium is a major 
factor in determining the percent spore germination in myxo
mycetes. Most microorganisms will have a higher percent 
spore germination in a medium that is slightly acid (Brock, 
Smith and Madigan, 1984). The optimum pH ranges from 4*5 to 
7.0 for most myxomycetes (Elliott, 1949).

For example the spores of Badhamia rubift'inosa and Phys
arum serpula germinate better at pH 4.7 and those of Physarum 
didermoides germinate best at pH 7.0 (Smart, 1977)• Studies 
have indicated that the reason for microorganisms preferring 
an environment which is slightly acidic is that when the pH 
is raised towards neutrality, the plasma membrane will actu
ally begin to dissolve. This suggests that high concentra
tions of hydrogen-ions are required for membrane stability 
(Brock, Smith and Madigan, 1984). Although microorganisms 
are found in habitats over a wide pH range, the pH within 
their cells is probably close to neutrality.

In an acidic environment, the organism will maintain an 
intracellular pH close to neutrality either by keeping hydro
gen-ions from entering or by actively expelling hydrogen-ions

• as rapidly as they enter. Neutrality is required because
there are many acid and alkali labile components in the
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cell. DNA and many proteins are destroyed by acidic and ANA 
and phospholipids are sensitive to alkaline pH (Brock, Smith 
and Madigan, 1984).

..her. the spores are sown in an extreme acidic environment 
the hydrogen-ions are able to cross through the spore wall and 
spore membrane causing the proton pump mechanism of the cell 
to become nonfunctional. This will cause an intracellular 
rise in the normal neutral pH causing both breakdown of DNA 
and protein leading to the death of the cell.

When the spores are sown in an extreme basic environment 
the spore membrane will become degraded and the intracellular 
pH becomes basic. The basic pH will cause the breakdown of 
both ANA and phospholipids of the cell.

My experiment supports the hypothesis that most microor
ganisms have a higher percent spore germination in acidic en
vironments. The results indicate that an acidic environment 
promotes optimum percent spore germination in D. iridis.

Factors which could influence the percent spore germina
tion but were not taken into account in this experiment are: 
temperature, nutrients, the existence of a soluble autocata
lytic factor (Dahlberg and Franke, 1977), and longevity (Smart, 
1987). These factors have been found to be a major contribution 
to percent spore germination.

Temperature can exert a definite influence upon the
-17-



germination of spores (Smart, 1937)* Investigators have
found a correlation between temperature and percent spore 
germination. The optimum temperature for myxomycetes is 
found to be between 22° and 30°C, most forms doing better 
near 30°C than at lower temperatures (Elliott, 1949)• For 
example the spores of Badhamia rubiginosa and Physarum Cine- 
re um germinate best at 30°C and those of Diachea leucopedia 
germinate best at 25°C (Smart, 1937). Temperature influences 
the period required for germination to occur. If spores of 
jDidymium squamulosm were kept for 1 hr at 50°C they germi
nate in a drop of maize extract at room temperature in 10 
hr whereas if exposure to this temperature was prolonged 
to 2 hr, fewer spores germinated, and after a 5~hr exposure 
only 10 per cent germinated in 24 hr (Smart, 1937). The 
temperature range for myxomycetes has also been studied. 
Investigators found that the spores of Physarum polycephalum 
germinate between 18° and 23°C and those of Fuligo septica 
germinate between 18° and 30°C (Scholes, 1962). According 
to Smart (1937) the way temperature influence germination is 
by the presence of a vacoule within the spore membrane. At 
temperatures ranging from 23° to 30°C the spore wall will 
soften and water will become absorbed into the spore. This 
will cause the vacoule to swell creating an internal pressure
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on the spore wall which will then rupture releasing the myxa- 
ffloebae. At temperatures which are much lower or higher than 
the range from 25° to 30° the spores will not germinate be

cause the spore wall will not soften.
The nutrients present in the medium which spores are sown 

have been shown to have an influence on the percent spore 
germination (Smart, 1937). According to Smart (1937)» the 
spores of most Myxomycetes germinate better in organic solu
tions than in inorganic solutions. He found that the spores 
of Badhamia magna germinate best in a medium which contains 
humus while those of Comatricha elegans germinate best in a 
medium which contains pine wood and bark. Scholes (1962) 
states that myxomycetes germinate better when nutrients are 
available in particulate form than when only soluble nutrients 
are present. Some vital change in the protoplasm of the spore 
is promoted by the presence of nutrient materials in the 
medium (Smart, 1937). The change causes water to be absorbed 
into the spore wall which sets up internal pressure and rup
tures the spore wall (Smart, 1937).

Evidence indicates that spore germination is influenced 
by a soluble, dialzable, autocatalytic factor associated 
with the spores that is present in the aethalium prior to 
the moistening of the spores (Dahlberg and Franke, 1977)•
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Evidence for such a substance has been supported by Cadman, 
(1931) when he discovered that suspensions containing five to 
six spores would germinate but single spore suspensions would 
not (Dahlberg and Franke, 1977)• Dahlberg and Franke (197?) 
observed that Fuligo sentica spore germination does not show 
sigmoid kinetics, as would be expected if the frequency of 
germination were randomly distributed around a mean time in
terval; instead it follows logarithmic kinetics. The loga
rithmic patterns of germination suggest autocatalysis (Dahl
berg and Franke, 1977)- The soluble autocatalyst present in 
association with the spores could presumably act to stimulate 
the spores and at the same time catalyze the synthesis or 
activation of additional amounts of autocatalysts (Dahlberg 
and Franke, 1977)* The autocatalyst is present in association 
with the dormant spores prior to the beginning of germination, 
and is solubilized almost immediately after the spores are 
placed in suspension (Dahlberg and Franke, 1977)•

Another factor which could influence the percent spore 
germination is the longevity of the spores. The longevity 
of myxomycete spores is a subject which has received little 
attention (Smith, 1929). Smith (1929) tested the viability 
of spores of known ages from L± to >2 yr. He observed in 
every case that germination was secured and in some cultures
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the percentage of viable spores was as great as in cultures 
where the spores were less than a year old. The elapsed time 
between wetting of the spores and the observed emergence of 
the swarm-cells was somewhat greater than with younger spores 
(Smith, 1929). One very evident cause of variation is differ 
ence in maturity of spores at time of collecting, a differenc 
which in some cases clearly extends to different spores in 
the same sporangium (Smith, 1929). Another factor of varia
tion is the autocatalyst becomes labile with time. Thus, 
older spores would have less autocatalyst and would there
fore require longer periods to activate germination (Dahl
berg and Franke, 1977)»

Spore germination is dependent upon various factors.
All factors must be taken into account in order to discover 
the environment which promotes optimum spore germination in 
a microorganism.
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APPFDDIX

TABLA 2

Corn Meal Agar - Appropriate for the growth of many fungi; 
often induces sporulation.

Corn ileal 20 gm
Peptone 20 gm
Agar 15 gm
Distilled Water 1000 ml

Add corn meal to the water and simmer in a water bath for 
1 hr. Filter the corn meal mixture through coarse filter 
paper using a Buchner funnel, or decant. The agar and 
peptone are then added and melted in the autoclave. Once 
the agar melts, filter the mixture through a double layer 
of cotton held in gauze. Tube and sterilize in the auto- 
clave at 250°F and 15 lb/in pressure for 15 min (Alexopoulos 
and Beneke, 1966).
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TABLE 4

Nutrient Agar
Nutrient Broth (dehydrated) 
Agar
Distilled Water

8 g.
15 g. 

1000 mis.

Add nutrient broth to the distilled water. Mix until the 
broth is dissolved in the water. Add the agar and steri
lize in the autoclave at 250°F and 15 lb/in^ pressure for 

15 min.
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