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ABSTRACT 

Evidence for a Membrane Mating 

Receptor in Didymium Iridis 

Craig Allen Solt is 

Master of Science 

Youngstown State Univers ity, 1983 

Haploid myxamoebal mating types, Panamanian 2-7 A8 

and Honduran 1-2 A1 , of the acellular slime mold Didymium 

iridis, were isolated in pure culture on growth media. 

These isolates were then subjected to proper fixation, col

lection, purification, and staining utilizing the Feulgen 

reaction, and a microspectrophotometric analysis was per

formed to determine nuclear DNA content, and its relation

ship to the cell's p loidy level. 

ii 

These two isolates were combined on growth media and 

the resulting plasmodia were similarly prepared and analyzed 

as the pure isolates. Both isolates were a lso p laced on 

growt h media modified by the addition of Concanavalin A. 

The resulting culture was also prepared and analyzed as 

above. All data collected was subsequently subjected to 

statistical analysis. 

It was the purpose of this study, to determine if a 

membrane bound receptor is necessary for plasmodial forma

tion between compatible mating types of D. iridis. 
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CHAPTER 1 

INTRODUCTION 

The myxomycetes have provided a wealth of scientific 

information since they were first investigated by DeBarry in 

1 860 . The eucharyotic Myxomycetes exhibits a unique life 

cycle, which has been utilized in extensive research 

including: studies of the cell cycle (Therrien and Yemma, 

1974), mitotic synchronization (Rusch, 1969), and genet ic 

studies (Collins and Ling , 1972 ). 

The acellular slime mold Didymium iridis, the object 

of this study, has a life cycle (Figure 1) consisting of two 

basic vegetative stages: the first, a unicellular myxamoe

boid stage, and the second, a multinucleate and sporulation 

stage. 

The myxamoebal stage develops from the germination 

1 

of the spore from which a single ~rotoplast emerges (Co llins, 

1961). In the presence of an aqueous environment, the myxa

moebae becomes biflagellate and is referred to as a swarmer. 

If taken from this aqueous environment, the myxamoebal form 

emerges once again. The myxamoebae thrive on certain bacte

rial strains such as Escherichia coli or Aerobacter aeroger,e s , 

ingesting them through means of pseudopodia and subsequently 

divide at certain intervals resul t ing in a quickly growing 

population. If the food source becomes exhausted or inade-



quate, the cells encyst until the environmental conditions 

become once again favorable (Alexopoulas, 1962; Gray and 

Alexopoulas, 1968). 

2 

Plasmodial development occurs in myxomycete species 

by several different processes . In some species, plasmodiu~ 

will arise only after two mating types undergo syngamy and 

karyogamy respectively. This process is termed heterothal

lism and is genetically controlled by a single locus on the 

chromosome, containing multiple allelic poss ibilities 

(Collins, 196 3; Collins and Ling 1 968) . After fusion of 

compatible mating types, a zygote results which has the 

diploid chromosome number . There is some quest ion as to the 

method of zygote formation and subsequent plasmodial devel

opment. One of the purposes of this study is to investigate 

this process . 

It has been suggested b y some investigators that 

plasmodial development from zygotes occurs through the 

fusion or coalescence of many zygotes, subsequent nuclear 

division and differentiation of a single zygote, or fusion 

of microplasmodia (Kerr , 1961; Ross, 19 67) . 

Other ways plasmodia have been observed to develop 

is through homothallism, a fusion of genetically identical 

ce lls (Collins, 1976), or apogamic development, which pos 

sibly occurs through a series of nuclear divisions of myx

amoebae or swarm cells without cell division, nuclear fu

sion, or meiosis (Yemma and Therrien, 1 972; Therrien and 

Yernma, 1974) . 



FIGURE 1 

Life cycle of a Myxomycete, by C.J . Alexopoulos, 1962, 
Introductory Mycology, by John Wiley and Sons, Inc. 
New York p. 72 . 

3 
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After plasmodial formation, the organism will con

tinue to grow with synchronous nuclear divisions (Rusch , 

1969), unless it encounters unfavorable environmental condi 

tions, such as a lack of a suitable food source, or int ol 

erable temperature and humidity. Under these conditions, 

the plasmodium develops into a hard-walled resistant form 

termed a sclerotium. This is a dormant form in which the 

organism will remain until conditions once again are favor

able. This phenomenon is also observed throughout the 

Eumycotina, or true fungi (Moore -Landecker, 19 82 ). 

Sporulation is essential to the maintenance of the 

myxomycete species in that it allows for genetic reassort-

ment and gamete formation. In conditions that are intoler-

able to survival of the plasmodia, spores will form and 

remain viable for months or even years (A lexop oulos, 1963) 

until a more favorable environment returns. These spores 

can then be dispersed to favorable growth environments by 

water or wind, which will subsequently result in the germi 

nation of the s pore to a myxamoebae, and the life cycle may 

continue. 

For a thorough representation of the myxomycete li fe 

cycle, reference may be made to Gray and Alexopoulos (1968) . 

Today, there is general agree~ent among most cell

ular bi o logists that membranes of all ce lls contain the same 

basic structural and functional components. Among the many 

functions of the membrane are cellular recognition (Ashwell 



and Morell, 1977) and receptors for hormones and other out 

side mediators of cell physiology (O'Keefe and Cuatrecasas, 

1975) . 
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Membranes are composed of two basic species of com

pounds : proteins and lipids . The lipid found in the mem

brane functions to give it its overall structural properties, 

and is arranged in a bilayer configuration where the two 

layers are approximately 40 angstroms apart . These lipids 

are amph i pathi c, with the po l ar heads of the molecules 

facing outward from the bilayer and the hydrophobic tails 

running perpendicular to it . 

The protein component of the membrane accounts for 

10 to 20% of its total composition and functions as enzymes 

and receptors, providing the di stinct functional properties 

that membranes exhibit (Fox, 1972). 

Membrane proteins can be divided into two classes 

depending on their location in or on the membrane (Capaldi, 

1974). One class contains those proteins that are located 

only on the membrane surface, and are termed extrinsic pro

teins. The second class is composed of those proteins that 

actually penetrate ' the surface of the membrane bilayer, and 

those that actually extend all the way through and thus are 

termed intrinsic . 

Membrane proteins have been shown to exhibit asym

metry (Rothman and Lenard 1977) . Asymmetry can be observed 

in the membrane, where proteins of the extracytoplasmic 

side have been glycosylated, and the proteins of the cyto-



plasmic side have not. It is these glycoproteins of the 

extracytoplasmic side of the membrane that are of interest 
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to this study and their involvement in the formation of mem

brane receptors (Crumpton, 1975). Membrane proteins are 

shown to move laterally through the semi - fluid lipid bilayer, 

and that the lateral mobilit y may be important to the action 

of cell surface receptors (Edidin et al., 1973), and to 

their binding with the lectin, concanavalin A used in this 

study (Gillette et al ., 1973) . 

In the past very little has appeared in the litera

ture concerning membrane receptor structure and function in 

the myxomycetes. Robert Molday, Rory Jaffe and Daniel 

McMahon , from the division of biology, Californi a Institute 

of Technology, Pasadena (1976), did electron microscopy 

studies utilizing "microspheres" coupled to either concana

valin A or wheat germ agglutinin to visualize topographic 

distribution of cell surface lectin receptors in the cellu

lar slime mold, Dictyostelium discoideum. Martha Ulbrick 

Gillette, R.E. Dengler and M.F. Filosa of the Departments 

of Zoology and Botany, Scarborough College, Unive~sity of . 

Toronto (1974) , utilized con A to study its binding surface 

receptors and its subsequent induction of premature phos 

phodiesterase activity in D. discoideum. 

Lectins are plant proteins found throu~hout the 

Plant kingdom . These proteins exhib it a strong binding to 

g l ycoproteins. This binding between the lectin and g l yco 

proteins involve specific binding sites on the lectin 

WILLIA F MAAG LIBRARY 
·-· .• ,,..,..Tn\Alll-1 CTI\Tt: 111\11\/FRS\TY 



molecule that recognize speci f ic carb ohydrate group ing s on 

the glycoprotein (Sharon and Lis, 1972~ Lis and Sharon, 

1973). 
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Concanavalin A, makes up two to three percent of the 

prote in of the Jackbean, and has been shown to preferential l y 

agglutinate cancer cells (Inbar and Sachs, 1 969) . This lee

tin along with others has been shown to have mitogenic quali 

ties as well (Greaves and Janossy, 1 972) . As previously men

tioned, lectins bind with a specificity for certain sugars. 

Con A is specific for alpha-D-mannopyranose and alpha- D

glucopyranose with unmodified hydroxy l groups at C- 3 , C-4 and 

C- 6, and is a tetramer with a subunit molecular weight of 

27 ,500. It will dissociate to a dimer at pH 5. 8 or lower 

(Kornfied and Ferris, 1975). 

Con A is unusual in that it has no a l pha helical 

structure. Fifty-seven percent of the 237 residues in the 

monomer exist in three sheets of Beta structure. There are 

three binding sites on each monomeric unit, a manganese, a 

ca lcium, and a carbohydrate binding site respectively 

(Figure 2). The carbohydrate site does not bind substrate 

until the two metal binding sites are filled. It is thus 

suggested that a conformational change in the protein accom

panying the ion binding is essential to the creation of the 

sugar binding site (Metz ler, 1977; Brown et a l., 1977; Sherry 

et al., 1 978). 

Concanavalin A has been utilized b y several 

researchers to preferentially bind to cell surface g l y copro-



FIGURE 2 

A schematic representation of the tetrameric structure of 
Concanavalin A, in Biochemistry: the Chemical Reactions 
of Living Cells. David E. Metzler . 1977. Academic Press, 
New York, New York. p. 282. 
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teins: namely, Maher and Molday (1981) with neuroblastoma 

cells, Okada (1981) with human erythrocytes, and Molday et 

al. (1976) and Gillette et al . (1973), both using 

Dictyostelium discoideum. 
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This study proposes to utilize the glycoprotein 

binding properties of Concanavalin A, in conjunction with the 

acellular slime mold, Didymium iridis, in order to demon

strate a specific membrane receptor; more specifically , to 

present evidence for the existance of a membrane bound 

receptor, essential for plasmodial formation from myxamoebal 

clones . The clones chosen have been shown to be heterothal

lic, where a single locus, multiple allelic matin~ system 

occurs (Collins , 1963). 

Analysis of the DNA levels of haploid myxamoeba and 

diploid plasmodium, a result of cellular fusion and thus 

zygote formation will be accomplished utilizing the Feulgen 

reaction, which quantitatively stains DNA. By observation 

of nuclear ploidy levels and changes that may occur because 

of cellular fusion or lack of changes under experimental con

ditions, a hypothesis can be made as to the absence or pre 

sence of the theorized mating receptor in the membrane of 

D. iridis. 

Quantification of the Feulgen-stained DNA was accom

plished by microspectrophotometry, utilizing the two wave

length method as described by Patau (1957), and Ornste in 

(1952) . Microspectrophotometry used in conjunction with the 

Feulgen staining technique is a reliable me thod of obtainin~ 



ploidy levels, as proven by Mirsky and Ris (1949), Ris and 

Mirsky ( 194 9), and Swi ft (1950) . Furthermore, quantitative 

spectrophotometric analysis has been successfully accom

plished in Q. iridis by The~rien ( 1966), Yemma and Therrian 

( 1972) and Therrien and Yemrna ( 1974) . 

11 
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CHAPTER II 

MATERIALS AND METHODS 

The isolates used in this study were orig inally sup

plied by Dr. 0. R. Collins, Department of Botany , Uni versity 

of California. Isolates are desi gnated Honduran 1- 2 (Hon 

1-2) and P~namanian 2-7 (Pan 2-7). 

All myxamoebal clones as well as plasmodia were grown 

on solid media, previously innoculated with Escherichia coli, 

according to the methods of Yemma a nd Therrien (1972) . 

Control cultures of my xamoebae were obtaine d b y 

innoculating half strength cornmeal a gar with~- c o li and 

incubated for 24 hours at 25°c. The media was then innocu

lated with the respective myxa~oebal clones, which were taken 

from stock slant cultures and incubated at 21°c. Subcultures 

were then made once log phase of gr owth had been achie ved, 

and as previously described, were maintained in an incubator 

at 21°c ( Yemma and Therrien, 1972; Yemma et al., 1974). 

In order to obtain plasmodial controls, subcultures 

1 8 of Hon 1-2 A and Pan 2-7 A were placed on growth media 

(table 1), and prepared and incubated as above for 5 to 7 day s. 

After significant plasmodial growth was obtained, plasmodia 

were further subcultured onto plasmodial g rowth media (table 

1) and incubated an additional 5 to 7 day s before harvest. 

Experimental cultures were produced b y crossin~ Hon 

1-2 A1 and Pan 2-7 A8 on Concanavalin A media ( table 1). 



TABLE 1 

Media 

Growth Media (Half-Strength Cornmeal Agar) 

8.0 grams Difeo Agar 
8.5 grams Difeo Cornmeal Agar 
1.0 Liter Distilled Water 

Plasmodium Media 

5.0 grams Difeo Agar 
1.0 gram Difeo Peptone Agar 
1.0 gram Lactose 
1.0 Liter Distilled Water 

Concanavalin A Media 

8.0 grams Difeo Agar 
8.5 grams Difeo Cornmeal Agar 
0.2 grams Concanavalin A (Sigma) 
1.0 Liter Distilled Water 

13 
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All other preparations and incubation conditions were similar 

to those previously described for myxamoebae. The cultures 

were incubated for nine days and subsequently harvested. 

Two of the experimental culture p lates exhibited 

unexpected plasmodial growth. These plasmodia were isolated 

and transferred to plasmodia media and further incubated for 

harvest and subsequent analysis. 

Experimental controls were simultaneously run with 

the experimental cultures and carried out under exactly the 

same conditions except that half-strength cornmeal agar was 

utilized instead of Concanavalin A media. After plasmodia 

development, the isolates were transferred to plasmodia 

media, and allowed to develop for 5 to 7 days before harvest. 

Culture harvest and preparation for cytochemical studies 

Myxamoebae 

1. Cultures of myxamoebae were flooded with 10 % 

buffered formalin (pH 7.0) and allowed to fix 

for 12 to 13 hours. 

2. Myxamoebae were then carefully removed from the 

surfac~ of the media, transferred to conical 

centrifuge tubes and centrifuged 5 X gravity 

to remove any debris. 

3. These were centrifuges 15 minutes at 70 X 

gravity and the supernatant containing mostly 

bacterial contamination was discarded. The 

pellet was subsequently flooded with 70% 

ethanol and allowed to postfix for 12 hours. 



4. After the postfix per iod, the sus pensions were 

again centrifuged for 15 minutes at 70X gravit y 

and resuspended in 70 % ethanol . Samples of the 

suspension were checked microscop ically to de 

termine the extent of bacterial contamination . 

This process was repeated until a bacteria- free 

plug was obtai ned . 

5. The plug was then finally resus p ended in a 

small volume of 70 % ethanol and the cells 

affixed to previously albuminized slides 

Pl asrnodia 

1. Plasmodia were flooded with 10 % phosphate buf

fered formal i n (pH 7 . 0) and allowed to fix 1 2 

hours . Phosphate buffered formalin was then 

added in a gent le stream at the interface 

between the media and the plasmodial i solate 

to float it free . 

2. The fixed plasmodia were then washed twice 70 % 

ethanol and allowed to post - fix in 70% ethanol 

for 12 hours . 

3 . After fixation, the p lasmodia were dehydrated 

in a series of graded ethanol, passed through 

two changes of xylene, and imbedded in paraffin. 

4. Sections were cut at 4 microns and affixed to 

p r eviously a lb uminized slides . 

15 



Plasmodia from experimental cultures 

These plasmodia were found to be very fragile, 

developed infrequently (approximately 1 . 8% of total 

crosses) , and were non- viable . They were harvested, 

prepared and affixed to slides in a manner similar to 

the preparation of myxamoebae . 

Cytochemical Me thods 

16 

The Fuelgen nuclear reaction (Feulgen and Rossenback, 

1924; as modified b y Therrien, 1966; and Bryant and Howard, 

1969) was employed for the stoichiometric staining of 

deoxyribonucleic acid . Slide preparations of myxamoeba and 

the plasmodium sample that was prepared in the manner of the 

myxamoebae, were immersed in 70% ethanol, then rinsed in 

distilled water before proceeding through the staining se 

quence . Prior to staining, paraffin secti ons of p lasmodia 

were cleared in xylene, and then hydrated through a g raded 

ethanol series to distilled water before they were subjected 

to the following staining sequence . 

1. The tissue was hydrolyzed in 5N HCL 

for 45 minutes at room temperature . 

2. Rinse in distilled water . 

3. Stained for one hour in freshly mixed 

Schiff's reagent (4 parts), fortified 

with 10 % potassium- metabisulfite (1 

part) . The basic fuschin used, was man

ufactured by Fisher Sc ientific Companv 

(C.I. #42500). 



4. Staining was followed by three five min

ute rinses in freshly prepared bisulfite 

rinses (Yemma, 1972) . 

5 . Rinse in distilled water and dehydration 

in a graded ethanol series was then per

formed. 

6 . Finally the tissue was cleared in xy l ene, 

and cover slipped and mounted wi th pe r

mount. 

Cytophotometr i c Methods 

17 

The cytochemical methods employed include Fuelgen 

staini ng and a combination of the techniques of ~icroscopy 

and spectrophotometry . It is possible then, to offer absorp 

tion spectroscopy to individual cells, thereby allowing the 

amount of DNA per nucleus to be measured and computed (Swift, 

1950) within a heterogenious cell population (Ris and Mirsky , 

1949). 

All quant i tative DNA measurements were made using a 

Ze i s type 01 Microspectrophotometer with a quartz iodide 

light source . The object i ve used was a Zeis o i l i~mersion 

object i ve XlOO N.A. 1 30 , at an optovar setting of l. 25X , with 

Zeis i~~ersion oil, 518C Din 5884 . A continuous interference 

filter mono chronomator was used for selection of the desired 

wave l ength. Before all read i ngs, instrument alignment and 

phototube linearity response was checked. An absorption 

curve was used to determine the maximum and minimum wave -



lengths (Fig . 3 , Results Sect i on) . All readinrs were con

ducted at the two respective wavelengths determined by the 

curve : 560 and 505. 

18 

The two wavelength method of microspectrophotometry 

(Patau, 1952~ and Ornstein, 1952) was utilized for a photo 

metric determination of relative amounts of DNA stained b y 

the Feulgen reaction. This method was chosen because it ne 

gates a direct measurement of nuclear DNA (Mayall and 

Mendelsohn, 19 70) and also corrects for errors caused by 

heterogenious distributions of stained nuclear ~aterial . All 

myxamoebae and plasmodia populations of slides were simul

taneously hydrolyzed and stained to assure uniformity in 

stain intensity and thus absorption, relative to the respec

tive cells DNA content. 

An estimation of the absorbing material depends upon 

the difference in transmission at the two selected wave

lengths, previously determined on the absorption curve. 

These wavelengths will be termed 1 and 2 respectively . Wave 

length 2 will correspond to the maximum extinction of the 

absorption curve (E 2 ) and waveleng th one to the wavelength, 

half the maximum extinction (E 1 ) . 

In this experiment, wavelengt h 2 was determined to be 

560 nm., and wavelength 1 was 505 nm. Four microspectropho

tometric readings are necessary to determine relative nuclear 

DNA content. Nuclei were p icked at r andom , centered in the 

field aperature which was just large r in diameter than the 

nucleus itself (4 micron aperature), and reading s were made: 

I 01 , I Sl' r 02 , Is 2 res pectively. The readings were then 
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utilized in determining the amount of chromop hore (M) , by the 

equation, M = KA1,C . The absorptivit y constant K, was 

omitted since relative not absolute values we re needed. 1, 

was calculated by the equation 1 1 = (1 - T), and 1
2 

= b y the 

equa 1 2 = (l-T 2 ). T1 and T2 were determined by the wave -
Is1 

length readings, and the equations T1 = 1101 and T2 = 
I 
S2/I 

02. C, the correction faetor for the distributional 

error (Swift and Rasch, 195 6 ; Leuchtenberger, 195 8) was 

1 determined from the ratio (Q) between 1, and 1 2 (Q = 2/
1 

). 
1 

The Q value is used to eliminate the influence of unoccup ied 

space in the measured area around the nucleus, this is per

mitted since the extinction rati o at the two waveleng ths is 

2 :1. A series of C values and corresponding Q ratios, can 

be found in a table formulated by Patau ( 1952). 

Calculations of relative values of DNA were per

formed on the main computer at Youngstown State University 

through a program written by Dr. John Yemma. 
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CHAPTER III 

RESULTS 

The results of this study are presented in both tabu

lar form and as histograms. The latter method of presenta

tion facilitates the observation of even minor shifts in DNA 

that may occur in template activity, synthetic activity or 

changes in ploidy level regarding different cell or nuclear 

populations. Only interphase nuclei were observed during 

this study; hence, none of the measurements include division 

figures. 

The number of nuclei measured were plotted on the 

ordinate and the relative dye concentration of Feulgen 

stained DNA was correspondingly plotted on the abscissa in 

arbitrary units. 

Use of the two wavelength method of microspectro

photometry necessitates the establishment of an absorption 

curve for the particular dye-molecular complex being inves

tigated. Stained myxamoebal nuclei were used to establish 

the spectral absorptive curve according to the method of 

Yemma and Therrien (1972). The maximum absorption for the 

Feulgen-DNA complex was at a wavelength of 560nm, with the 

half maximum value at a wavelength of 505nm (Figure 3) . 



FIGURE 3 

Absorption Spectrum of Feu l gen Stained Plasrnodial Nuclei 
of D. iridis . 

21 
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Microspectrophotometric Analysis of Nuclear DNA in Didymium 
iridis 
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Deoxyribonucleic acid was measured in myxamoebae of 

the Hon 1-2 A
1 

and Pan 2-7 A8 clones, and the plasmodia which 

resulted from a compatible cross among these clones. 

In each stage, clone or plasmodia, 100 nuclei were 

analyzed. This procedure insured that the DNA content of a 

representative sample of each was measured. In other words 

the histograms are not influenced by chance measurement, for 

example, of a small population of nuclei of a different 

ploidy level. The results are shown in figures 4-6 and table 

2 . 

Analysis of Feulgen-DNA in the Myxamoebae and Plasmodia 

Table 2 illustrates an overall analysis of experi

mental and control results through a listing of the various 

organisms, the number of plates used and the results of 

their respective incubations, as well as mean DNA values and 

statisticai testing. Controls were established and run in 

conjunction with the experimental cultures. Fifty plates of 

Hon 1-2 A1 and fifty plates of Pan 2-7 A8 were prepared by 

placing the clones on growth media which had been previously 

innoculated with E. coli. These cultures were not crossed 

but were incubated separately, resulting in isolated 

myxamoebal cultures, with no p lasmodial formation as ex

pected. These myxamoebae exhibited a mean DNA value of 3 .16 

and 2 . 93 respectively and were used as haploid controls . The 

same two isolates were also incubated under identical condi-
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tions but in a mixed culture so that a cross would occur. 

After proper incubation, it was observed that 40 out of 50 

plates produced plasmodia, or 80 per cent. The mean DNA 

content was determined to be 7.09 (figure 4) by microspectro 

photometry and was utilized as the diploid control. The 

experimental cultures were prepared identically to the plas

modial controls, again by placing the two isolates in mixed 

culture, except, 200 ug/ml concanavalin A was added to the 

growth media. Of a total of 110 plates prepared, two plates 

curiously exhibited plasmodial g rowth, yet both the myxamoe 

bae and the plasmodia isolated from this experimental popula

tion had haploid mean DNA values upon comparison to control 

values. 

Swift (1950) designated a system for the description 

of ploidy levels: C, corresp onding to unreplicated haploid; 

2C, corresponding to replicated haploid; and 4C, corres 

ponding to replicated diploid . It has been previously 

demonstrated that plasmodia formed from heterothallic iso

lates, such as those utilized in this study, are diploid 

(Therrien, 1966), and the nuclei are in the replicated 

diploid state 99% of the time (Yemma and Therrien, 1 972) , 

thus corresponding to the 4C, replicated diploid, amount of 

DNA, and will serve as a diploid DNA control marker . In this 

same study, isolates that were not crossed and subsequently 

analyzed were noted to be 2C , or replicated haploid, since 

they were approximately one half the value of the plasmodial 

nuclei resulting from a cross of the two respective isolates. 
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It should be noted that in this study the two isolates, Pan 

2-7 A8 and Hon 1-2 A1 showed a unimodal distribution of DNA , 

which is in agreement with previous studies done by Ye mma 

and Therrien, 1972; and Col lins, 1976. Since their rela

tive DNA content was 2C, then it can be said that they were 

in G2 arrest, in other words, the G1 stage, unreplicated 

haploid, was absent. Thus, since control values determined 

in this experiment show the same unimodal distribut ion in 

the histograms, as we ll as in ploidy level as the previous 

studies mentioned; and taking the diploid (replicated) p las

modium to be 4C, the controls prepared in this study are 

valid and may be used in comparison to experimental isolate 

DNA values for subsequent analysis and interpretation. 

Analysis of Feulgen-DNA in Pan 2- 7, Hon 1-2, and Pan 2- 7 X 
Hon 1-2 

The nuclear measurement of Pan 2- 7 and Hon 1-2 was 

performed and compared with the value for nuclear DNA in the 

plasmodium resultant from a cross between the two isolates. 

The resultant histograms may be viewed in figure 4 It can 

easily be noted by inspection of the histor,rams, that the 

plasmodium resulting from the cross of the two isolates, Pan 

2-7 X Hon 1-2, has a nuclear DNA value near the sum of the 

two respective separate i solates . 

Analys i s of Feulgen-DNA in Hon 1-2 X Pan 2- 7 Experimental 
Cross 

Figures 5 and 6 represent histograms for the experi 

mental cross between Hon 1-2 A1 and Pan 2- 7 A8 on media con-



TABLE 2 

Compari son of Experimental Yi eld 

Ho n 1- 2 Hon 1- 2* 
Hon 1- 2 Pan 2- 7 X Pan 2- 7 X Pan 2- 7 
Cont ro l Control Contro l Exp. Cross 

No . of 
Plates 50 50 50 110 

No . Yieldi ng 
Plasmodia 0 0 40 2* * 

x DNA 
Myxamoebae 3 .1 6 2 . 93 3 . 28 

+0 . 71 +1.02 +0 . 84 

X DNA 
Plasmodia 7 . 09 3 . 88 

+l. 08 +1 . 20 

*Grown on media contai ning 200 ug/ml Con A. 
* *Plasmodia determined to have developed apomicticly . 
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taining 200 ug/ ml of the plant lectin, concanavalin A. Upon 

macroscopic examination of these cultures, only two p lates 

or 1. 8 per cent of the total ( 110) plates exhibited plas 

modial growth . 

Figure 5 represents a microspectrophoto~etric 

analysis of Feulgen-stained DNA in the experimental popula

tion that exhibited no plasmodial growth . The analysis 

revealed mean DNA values similar to those of either clone 

isolate and are thus designated 2C, which correspondingly 

is half the mean DNA value of the 4C p lasmodial control . 

Figure 6 represents relative Feulgen- DNA values for 

nuclei isolated from 2 plasrnodium that were formed during the 

experimental cross . These plasmodia were s~all, fra gil, and 

of low viability . Their DNA values were similar to the 

experimental crosses that produced no plasmodia, and simi 

larly will be assigned a ploidy value of 2C , which a gain is 

approximately one half that of the diploid control plasmodial 

value of 4C. Yemrna and Therrien, 197ll, reported that self 

sterile clones gave rise to haploid plasmodia on occasion 

without benefit of cross; 13.2 per cent in Hon 1- 2 , and 10 . 0 

per cent in Pan 2- 7 . These were considered to have deve l oped 

apomictically and were not the result of fusion between cells 

to form zygotes and subsequently plasmodia. It should be 

noted that the two p lasrnodia forming plates in this study, 

comprises approximately 1. 8 per cent of the total number of 

plates crossed utilizing growth media containing concanavalin 

A. 



FIGURE 4 

Histograms representing Feu l gen- DNA control values for 
Di dymi um i ridis . (a) Hon 1- 2 Al myxamoebae; (b) Pan 2- 7 
AS myxamoebae: (c) Hon 1 - 2 X Pan 2- 7 plasmodium . 
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FI GURE 5 

Histogram representing Feulgen- DNA values for experimental 
cross between Hon 1- 2 A1 and Pan 2- 7 A~ . 
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FIGURE 6 

Histogram representing Feulgen-DNA values for plasmodia 
f orme~ in experimental cross between Hon 1-2 Al and Pan 
2-7 A . 
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CHAPTER IV 

DISCUSSION 

The purpose of this study was to demonstrate the 

existence of a receptor site present in the membrane, that 

is essential for mating in the acellular slime mold 

Didymium iridis. Many questions have been raised as to the 

actual mechanism for plasmodial formation in heterothallic 

isolates of D. iridis (Kerr, 1961; Ross, 1967). Other 

studies more recently performed on D. iridis indicate con

siderable variability among isolates in their mechanism for 

executing the various transitional processes essential for 

differentiation in completion of life cycle phases (Yernma 

and Therrien, 1972; Therrien and Yemma, 1974, 1975; Collins 

and Therrien, 1976; Therrien, Bell and Collins, 1977). 

Youngman, Adler, Shinnick, and Holt (1977) have 

suggested that an inducer may be released into the media 

by differentiating amoebae of Physarum polycephalum, an 

acellular slime mold that may signal neighboring amoebae 

to differentiate for zygote formation and subsequent plas 

modial formation. Whether this signaling substance occurs 

in D. iridis is still unknown, but this study suggests 

that a receptor site for mating is already present or in

duced prior to zygote formation i n heterothallic mating 

types of D. iridis, Hon 1-2 A1 and Pan 2-7 A8 . 
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In this study, the demonstration of a membrane 

receptor for mating in D. iridis utilized the plant lectin 

concanavalin A. This lectin, has the ability to bind at 

the glycocalyx with specificity to the glycoproteins with 

alphaglucopyranose carbohydrate moieties attache (Lis and 

Sharon, 1972; Lis and Sharon, 1973) . It has been further 

demonstrated by Gillette, Filosa and Dengler (1973) using 

the cellular slime mold, Dictyostelium discoideum that 

6oncanavalin A binds to membrane receptor sites and that 
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it furthermore causes a four-fold increase in membrane

bound cyclic AMP phosphodiesterase activity . Molday, Jaffe 

and McMahon (1976) also using Dictyostelium discoideum 

labeled membrane receptors with concanavalin A- flourescent 

microsphere conjugates, to visualize membrane receptors by 

electron microscopy, demonstrated location and capping in 

membrane receptors. Molday and associates, in the same 

study, also utilized wheat germ agglutinin and demonstrated 

a difference in the binding pattern of this lectin in com

parison to the concanavalin A, thus further supporting the 

specific binding properties of concanavalin A with membrane 

bound receptors in slime molds. It is then feasible that 

the application of the con A- receptor binding techniaue can 

demonstrate the presence of a membrane bound mating receptor 

in D. iridis. 

In this study, the Pan 2-7 A8 and Hon 1- 2 A
1 

were 

placed on growth media suoplemented with the addition of 



200 ug/ml of concanavalin A (Gillette at al., 1973). The 

control plates utilized the same organisms, culture, and 

growth conditions, with the exclusion of concanavalin A, 

exhibited 80% plasmodial formation. The experimental 

crosses (those with con A), exhibited almost comolete ex

clusion of plasmodial formations. 

Since these experimental plates produced virtually 
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no plasmodial growth by macroscopic examination, it washy

pothesized that cell fusion (mating) is necessary for diploid 

plasmodial formation between heterothallic isolates of D. 

iridis, and that this fusion was inhibited by concanavalin A 

binding to membrane glycoproteins comprising the mating re

ceptor. Furthermore, this membrane mating receptor must con

tain alpha-mannopyranose and alpha-glucopyranose carbohydrate 

residues (Sharon and Lis, 1972; Lis and Sharon, 1973) since 

con A binds to these moieties. This hypothesis was confirmed 

by isolation of these organisms from experimental cultures 

and then subjecting them to proper fixation, staining, and 

microspectrophotometric analysis to determine the relative 

nuclear DNA content. The results of this analysis were then 

compared to controls by means of histograms, as well as by 

comparison of the statistical mean DNA values. 

Upon comparison, the experimental cultures exhibited 

a relative mean DNA content of 3.28, which were similar to 

8 the values for the myxamoebal controls: 2.93 for Pan 2-7 A , 

1 and 3.16 for Hon 1-2 A . When comparing experimental cul-

ture values to diploid plasmodial controls, the concanavalin 
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A treated clones are observed to have approximately half the 

nuclear DNA content as the diploid controls, and are thus 

designated haploid. Since these cells were confirmed to be 

haploid, the possibility of cell fusion and subsequent zy 

gote formation was ruled out. 

It should be noted that two con A treated plates 

produced plasmodia in the experimental population. These 

plates comprised approximately 1.8% of the total plates 

used in the experimental cross . These plasmodia were very 

fragile, small and demonstrated low viabilit y . The cultures 

were subsequently transferred to plasmod ia media (see table 

l; Materials and Methods) for further growth and develop

ment. They remained very small and fragile, and because of 

low viability are difficult to transfer. Following a seven 

day incubation period, the plasmodial isolates were properly 

fixed and stained for microspectrophotometric analysis. 

Upon comparison of mean DNA values for the experi

mentally crosses plasmodia to the controls, it was evident 

that they were haploid. They had a mean DNA of 3.88, which 

was very near one half the relative DNA content of the di

ploid controls (7.09), and slightly higher than the haploid 

control values; 2.93 for Pan 2-7 A8 , and 3.16 for Hon 1-2 A1 . 

This slight l y higher value can be e xplained by the fact that 

these plasmodial nuclei may be hyperhaploids (Collins and 

Ling, 1968) due to aneuploid development through apogamy , 

where the diploid heterozyg ous condition exists at the mating 



locus, apparently satisfying requirements for plasmodial 

formation (Co llins and Ling, 1968; Adler and Hold, 1975 ; 

Therrien and Yemma, 1974, 1975). 

The results of this study correlate well and are in 

agreement with the studies of apomictic plasmodial develop

ment by heterothallic isolates of the acellular slime mold, 

previously reported by Adler and Holt (1975) in Physarum 

polycephalum, and Therrien and Yemma (1974 , 1975) and 

Collins and Ling (1968) in Didymium iridis, which suggest 

two possible mechanisms for development. The two mechanisms 

they suggest for apomictic plasmodial development are the 

fusion of myxamoebae with plasmogany but no Karyogamy , or 

the nuclear division of a single cell without an accompany

ing cytokinesis. 

This study provides rather conclusive evidence that 

fusion does not occur in apomictic development of p lasmodia, 

since it can be assumed that concanavalin A had already 

bound to the mating receptors of the two myxamoebal isolates 

in the experimental culture plates before they came into 

intimate contact. This therefore suggests that apomictic 

plasmodial formation occurs through an abnormal mitotic 

division of a single cell nucleus, where mitosis is not 

followed by cytokinesis. This division involves a non-dis

junction at the mating locus forming an aneuploid. This 

cell, through subsequent nuclear division and differentia

tion may then develop into a haploid plasmodium. 



39 

BIBLIOGRAPHY 

Adler, P.N. and C.E. Holt . 1975. "Mating type and the dif
ferentiated state in Physarurn polycephalurn. r; 

Developmental Biology. 43 : 240 - 253 . 

Alexopoulas, C.J. 
edition. 
613 p. 

1962. Introductory My cology , second 
John Wile y and Sons, Inc., New York. 

Alexopoulas, C.J. 1963. 
Botanical Review. 

'!The Myxomycetes II. n 

2:1-78. 
The 

Ashwell, G. and A. Morell . 197 7. " rlfembrane g lycoproteins 
and recognition phenomena . ,: Trends in Biochemical 
Science . 2: 76. 

Bennett, V., E. O'Keefe and P. Cuatrecasas. 1975. ,:The 
mechanism of action of cholera toxin and the mobile 
receptor theory of hormone receptor-adeny late 
cyclase interactions." Proc Nat . Acad. Sci. U. S . 
ll_: 33 . 

Brown, R.D. III, C.F. Brewer, and S . H. Ko eni g . 1977. 
"Conformation states of concanavalin A: Kinetics 
of transitions induced b y interaction with Mn2t and 
Ca 2 t ions . " Biochemist r y . 1 6 : 3 8 8 3- 3 8 9 6 . 

Bryant, T.R., and K.L. Howard . 1969. !!Me iosis in the 
Oomycetes: A microspectrophotometric analy sis of the 
nuclear deoxyribonuc l eic acid in Saprolegnia 
terrestims." Arner. J. Bot. 56:1075-108 3 . 

Capaldi, R. 1974. "A dynamic model ce ll membrane." 
Scientific American. 230 :27- 33 . 

Col lins, O.R. 1961. nHeterothallism and homothallism i n 
two my.xomycetes.!! Amer. J. Bot. 4 8 : 67 4-6 83 . 

Collins, O.R. 1963. 11 Multiple alleles at the incompati
bility l ocus in the Myxomycete Di dymiurn iridis. !! 
Amer. J. Bot. 50:477-4 80. 

Collins, 0. R. 1 976. ,:Heterothallism and homothal lism. A 
study of 27 isolates of Didymium iridis, a true 
slime mold.n Amer. J. Bot . 63:138-14 3 . 

Col lins, O. R. and H. Ling. 1 96 8 . " Clonal l y - produced 
plasmodia in heterothallic i solates of Didymium 
iridis." Mycolog i a . _§_Q_: 85 8- 868 . 



40 

Collins, O.R. and H. Ling. 1972. "Genetics of somatic cell 
fusion in two isolates of Didymium iridis." Amer . J . 
Bot . .2...2.:337-340. 

Crumpton, M.J., D. Allen, J. Auger, N. M. Green and V. C. Main. 
1975. "Recognition at cell surfaces: Phytohemag
glut inin-lymphocyte interacti on . 1

• Phylosophical 
Transaction of the Roya l Society of London, Series B. 
272: 173-180. . 

Edidin, M., Y. Zagyansky and T. Lardner. 1974. 11 Measurement 
of membrane protein lateral diffusion in single 
cells.n Science. 191:466 -4 68 . 

Feulgen, R. and H. Rossenbeck. 1924. '" Mikroskopisch
Chemischer Nachweiss einer Nu cleinsavve von Typus 
der thermonuclein savre und die darauf berhende 
elektive Farburg von Zellkernen in mikroskopischen 
Praparaten a.fl Physiological Chemistry. 135:20 3-24 8 . 

Fox, C.F. 1972. nThe structure of cell membranes. 1
! 

Scientifi c American. 226:30 - 38 . 

Gillette, M.V . and M.F . Filosa. 1973 . !!Effect of Concana
valin A on cellular slime mold development: p remature 
appearance of membrane bound cy clic AMP phospho
diesterase.'' Biochem. Biophy. Res. Corr.rn . . .2._}:1159-
11 66 . 

Gillette, M.U., R.E. Dengler and M.F. Filosa. :r The localiza
tion and fate of Concanavalin A in amoebae of the 
cellular slime mold, Dictyostelium discoideum.n 
Journal of Experimental Zoology . 190:24 3- 248 . 

Gray, W.D. and C.J. Alexopoulos. 19 68 . Biology of the 
Myxomycetes. Ronald Press Co ., New York. 288 p . 

Greaves, M.F. and G. Janossy. 1972. "Lymphocyte activa
tion. 2. Descriminating lymphocyte subpopulations by 
phytomi togens and heterologous anti l ymp hocy te SEP.. . 11 

Clinical and Experimental Immunolo gy . l.Q_:525. 

Inbar, M. and L. Sachs. 1969. !!Interaction of carbohydrate 
binding protein concanavalin A with normal and trans 
formed cells. Proceeding s of the National Academy 
of Sciences USA. 63:1418-14 25. 

Kerr, U.S . 1961. ''A study of plasmod i um formation by the 
true slime mold Didymium nigripes.n Exp. Cell 
Research. D:603- 611. 



41 

Kornfie l d , R . and C. Ferris. 1 975 . !!Interaction of irnmuno
globulin glycopeptides with concanavalin A. " Journal 
of Bi ological Chemistry . 250 : 2614 - 2619 . 

Lis, H. and N. Sharon . 1973 . "Biochemistry of plant lectins 
( Phytohemagg l utinins) . !! Annual Review of Biochemistry . 
~:541-574. 

Leuchtenberger , C. 1958. "Quantitative determination of DNA 
in cells by Feulgen microspectrophotornetry, pp . 219 -
278 . " In : J . F. Danielli (ed . ), General Cytochemical 
Methods -.- Vol . 1, Academi c Press Inc . , New York . 

Maher, P . and R . S . Mo l day. 1981. "Analysis of lectin
specific cell surface surface glycoprotein on 
neuroblastoma cells . :: Biochimica et Biophysica Acta, 
647 : 259 - 269. 

Mayall, B.H . and M. M. Mendelsohn. 1970. "Errors in · absorp 
tion cytophotometry : some theoretical and oractical 
cons i derations,:1 pp . 171-197 . In: G.L. Weid and 
G. F . Bahr (eds . ) , Introduction to Quantitative 
Cytochemistry - II, Academic Press, New York . 

Metzler, D. E . 1977 . Biochemistry: The Chemical Reactions 
of Living Cells . Academic Press, Inc. New York. 
1129 p . 

Mirsky , A.E. and H. Ris. 1949 . 
ponents of chromosomes. r: 

!!Variable and constant corn 
Nature. 163:666 - 667. 

Molday , R., and R . Jaffe, and D. McMahon . 1976. 11 Concanava
l in A and wheat germ agglutinin rec~ptors on 
Dictyostelium discoideum . !' Journal of Cell Biology. 
D_:314 - 322. 

Moore - La~decker, E . 1982 . Fundamentals of the Fungi . 
Prentice - Hall , Inc . , Englewood Cliffs, New Jersey . 
578 p. 

Okada, Y. 1981. "A study of conca.navalin A binding to 
human erythrocytes . 11 Biochimica. Biophys. Acta. 
648 : 120 - 128 . 

Ornstein, L . 1952 . 11 The distributional error in micro
spectrophotometry. r: Laboratory Investigation 1: 250 . 

Patau, K. 1952 . !!Absorption microphotometry of irregular 
shaped objects. 1! Chromosoma . .2_ : 341 - 362 . 



42 

Ris , H. and A. E . Mirsky . 1949 . '! Quantitative cytochemical 
determi nation of deoxyribonucleic acid with the 
Feu l ge n nuc l eal reaction." Journal of General 
Phys i o l ogy. TI:125 - 126 . 

Ross, I . K. 1967. :'Syngamy and plasmodium formation in the 
myxomycete Di dymium iridis." Protoplasma . 64 : 104 -
119. 

Rothman, J. and J. Lenard . 1 97 7 . 11 Membrane asymmetry . " 
Science . 1 95 - 743 - 752 . 

Rusch, H. P . 1969 . "Some biochemical events in the growth 
cyc l e of Physarum polycephalum . '' Federat i on Pro
ceedi ngs . ~ : 417 - 429 . 

Sharon, N. and H. Lis. 1972. '!Lectins - Cell agg l utinating 
and sugar specific prote ins. ,: Sc i ence . 1 77 : 949 -
959 . 

Sherry , A. D., A. E . Buck, and C. A. Peterson . 1978 . "Sugar 
b i nding propert i es of various metal ion induced con
format i ons in concanavalin A .. , Biochemistry. ll_: 
2169 - 2173 . 

Swi ft, H. 1950 . !'Deoxyribose nucleic acid content of 
anima l nuclei.n Physiological Zoo logy . £l:169 =198 . 

Swift, H. and E. Rasch. 1956. " Microphotometry with 
visable light,1! pp . 353 - 400 . In: G. Oster and 
A.W. Pollister (Eds . ) Physical techniques in b i olo 
g i cal reseafch, Vo l. III, Academi c Press, Inc. New 
York . 

Therrien, C. D. 1966. "Mi crospectrophotometric measurement of 
nuclear deoxyribonucleic acid content of two 
myxomycetes." Canadi an Journal of Botany . 44 : 1667 -
1675. 

Therrien, C .D., W. R . Bell, and O. R. Collins, 1977. !!Nuclear 
DNA content of myxamoebae and plasmodia in six non
heterothallic isolates of a myxomycete : Didymi um 
iridis." American Journal of Botany . 64 : 286 - 291 . 

Therrien, C.D. a n d J.J. Yemma. 1974. "Comparative measure 
ments of nuc l ear DNA i n a heterothall i c and a self
fertile isolate of the myxomycete Didymium iridis. ,: 
American Journal of Botany 61 : 400 -4 04. 



43 

Therrien, C. D. and J . J. Yemma . 1975. '' Nuclear DNA content 
and ploidy values in clonally developed plasmodia of 
the myxomycete Didymium iridis." Caryologia. 28 : 
313-320 . 

Yemma, J.J. and C.D. Therrien. 1972. "Quantitative micro 
spectrophotometry of nuclear DNA in selfing strains 
of the myxomycete Didymium iridis. '' American Journal 
of Botany . .2..2_: 82 8- 8 35 . 

Youngman, P.J., P . N. Adler, T.M. Shinnick, and C. E. Holt, 
1977. "An extracellular inducer of asexual plasmodium 
formation in Physarum polycephalum ." Proc. Nat ional 
Acadamy of Science, USA . 74:1120-1124 . 




