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ABSTRACT
The Myxonycetes are an excellent nodel for scientific
I nvestigations including those that deal with cellular
bi ochem stry and netabolism Four geographi cal isol ates of

Ddymumiridis and their respective plasnodi al phase were

anal yzed by agarose gel el ectrophoresis to determ ne the
primary nodes of netabolismthat occurred devel opnental |y
during the major stages of the life cycle.

The gl ycol ytic pathway appears to be quite prom nent in
t he Myxanoeba as supported by the el ectrophoretic patterns of
t he enzymes Phosphogl uconmut ase (PGVW) and G ucose Phosphat e
| sonerase (PA), with both exhibiting an el evated activity.
Thi s pathway woul d then appear to be of primary inportance in
this phase of the life cycle not only for energy production
but as a neans for carbohydrate production through
gl uconeogenesis. The carbohydrates' noieties would then be
made avail able for encystnment which is of frequent occurrence
since these cells are extrenely sensitive to the depl etion of
those netabolites essential for growh. Evidence al so
I ndi cates that the hexose nonophosphate shunt is prom nent
during this stage of the life cycle as denonstrated by the
high level of activity of d ucose-6-Phosphate Dehydrogenase
(G 6-PDH), which functions to produce inportant products

necessary for DNA synthesis, thus enabling the Myxanoeba as



Y
observed to grow exponentially in preparation for zygote and
ultimately plasnodial formation. The isoenzyne data seens to
support the contention that PGMis a bridgi ng enzyne whi ch
permts the interaction of glycolysis and the hexose
nonophosphat e shunt .

The citric acid cycle is the nost promnent pathway in
the pl asnodial stage of the life cycle as denonstrated by the
el evated activities of the enzynes Isocitrate Dehydrogenase
(1CDH) and Glutamate Xxal oacetate Transam nase (QOI). These
enzymes appear to be necessary for an assimlative function of
the plasnodia as well as its growth prior to sporogenesis.

The sporul ati on stage denonstrated, as expect ed,
decreased levels of enzyne activity regarding P@ and Al kaline
Phosphat ase, as well as the conpl et e absence of other
nmet abol i c enzynes. This indicates that this stage represents
one of reduced netabolic activity and dor nmancy.

Finally, electrophoresis of total protein followed by
highly sensitive silver staining indicates that there are
mar ked di fferences regarding structural proteins anong the

cl ones used in this study.
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CHAPTER |

| nt roducti on

El ect rophoresi s continues to be a very inportant
tool in the elucidation and anal ysis of bi ol ogical
macr onol ecul es. The contribution of el ectrophoresis to our
present understanding of proteins is second to no other
nmethod and is well docunented in the literature (Goullet,
1980; Casse et al., 1979; and others). Its inpact is felt
in the areas of biochem stry, physiol ogy and medi ci ne.

The techni que of agarose gel el ectrophoresis has
frequently been used in taxonom c characterization of
organi sns by nmeans of isoenzyne profiles (Cann and WI cox,
1965). This techni que has been used successfully for the -
Identification of various plant pathogens.

El ectrophoresis has al so been instrunental in
defining the taxa of certain fungi. Chang et al. (1962)
denonstrated different protein patterns between the wild

strain of Neurospora crassa and a nutant strain. Myer et

al. (1964) found that unique esterase and phosphat ase
patterns were produced fromcultured filtrates of fornae

speci al es of Fusariumoxysporumand E xylarioides. dynn

and Reid (1969) also used protein patterns as a possible

nmeans of taxonomcally identifying Fusari um oxysporum and




13 ot her Fusariumspecies. Fungi successfully identified
with disc el ectrophoresis include three species of
Penicillium(Bent, 1967) and seven ot her species of
Aspergillus (Kulik and Broooks, 1970).

Presently, very little appears in the research
literature concerning el ectrophoretic studies of the order

Physarel es, including Ddymumiridis. Sonme of the

earliest research was perfornmed by Zeldin and Ward (1963),
where gel el ectrophoresis was used to detect changes in
protein patterns of polysaccharidases in the plasnodia and

presporangi a stages of Physarum pol ycephal um The

application of starch gel and pol yacryl am de gel
el ect rophoresi s has been incorporated in various taxonom c
pr obl ens concerni ng the nyxonycetes of the order Physareles
(Franke et al., 1968, Franke and Berry, 1972). The use of
I mmunoel ect rophoresis (G aber and WIlians, 1963) and ot her
techniques inply that classification of the nyxonycetes nay
be nore efficiently resolved by studying the natural
rel ationshi ps at the nol ecul ar |evel.

Donald A Betterley and 0'Neil Ray Collins from
t he Departnent of Botany, University of California,
Ber kel ey, recently published a report on the genetic
di vergence anong the varieties of D iridis (1983),

I ncl udi ng those that have the ability to interbreed, as



wel|l as those that do not. Their research indicates that
correl ation exists between nmating type conpatibility and
| soenzyne pol ynor phism These types of studi es have al so
been carried out on various fungi (Spieth, 1975; Bapti st
and Kurtzman, 1976).

Statenent aof the Problem

It appears up to this point that nost applications
of el ectrophoresis concerning the nyxonycetes have been of
a taxonomc nature. The intent of this study was to
exam ne the devel opnental aspects of the nyxonycetes,
especially those of D iridis during the life cycle,
utilizing the nmethods of high resol ution, agarose
el ectrophoresi s and scanni ng densitonetry.

Conpari sons were nmade of the activity and
diversity of certain netabolic isoenzynes through the
entire life cycle of D iridis. This will be acconplished
by exam ning the el ectrophoretic patterns of isoenzynes of
t he nyxanoeba, pl asnodi um and sporul ati on st ages.

The life cycle of D iridis (FFg. 1) essentially
consi sts of a nyxanoebal hapl ophase, and a mul tinucl eat ed
pl asnodi al di pl ophase, and a subsequent sporul ati on phase.

M/xanmoebae arise fromthe germnation of the spore
(Collins, 1961). Wen subjected to a liquid environnent,

t he nyxanoeba are transfornmed into a fl agell ated swar ner



Figure 1.
Life cycle of a Myxomycete, by C J. Alexopoulos, 1962,
I ntroductory Mycol ogy, by John wiley and Sons, Inc., New

York p. 72.
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stage. Unfavorable environnmental conditions force the
nyxanoeba into a protective encystnent stage.

Plasnodiumformation in D iridis results fromthe
fusion of two haploid nyxanoeba (Dee, 1975), which forns a
| arge syncitiumthrough successive mtotic divisions.
Ceneral ly a concentration of 10° cel I's nust be achi eved
in order for plasnmodiumformation to occur (Yenmma and
Perry, 1985).

Adver se environnental conditions such as
dehydration and | ow tenperature (Junp, 1954) transformthe
pl asnodiuminto a nore resistant stage referred to as a
sclerotium The life cycle is conpleted wth the onset of
sporul ation (nei osis), which normally occurs after
starvation (Junp, 1954). Sporul ation and sclerotization
differ in that the latter is a reversible process that wll
revert quickly to the plasnodi um stage when exposed to a
noi st tenperate environnent (Lott and O ark, 1982).

Studies already in the literature concerning the
life cycles of D iridis include senescence of plasnodia
(Lot and O ark, 1980; Kerr and waxlax, 1969), sonatic
I nconpatibility (O ark, 1980; Ling and O ark, 1981), and
nucl ear DNA changes as observed during the life cycle

(Therrien and Yemma, 1974; Collins and Betterl ey, 1982).



CHAPTER 11

H storical Review of El ectrophoresis

El ectrophoresis primarily involves the mgration
of macronol ecul es such as ionic pol ysaccharides, nucleic
aci ds and proteins when subjected to an electric field.
Mgration is based on the net charge and size and/or shape
of the macronol ecul e being el ectrophoresed and the ionic
strength of the buffer solution. Oher paraneters
determ ning mgration include the conposition of the
sol vent nedium and the frictional coefficient of the
nol ecul es (Gaal et al., 1980).

Essentially there are three types of
el ectrophoretic systens used today. The first is noving -
boundary, where there is an initially sharp boundary
bet ween the buffer and the nacronol ecul ar sol uti on
(Tiselius, 1957). The novenent of the boundary determ nes
the mgration velocity of the charged macronol ecul es.
Consequently, multiple noving boundaries depi ct
het er ogeneous sol uti ons. However, individual conponents
cannot be resolved into distinct zones because the density
of the buffer is less than that of the macronol ecul ar
solution and diffusion of band spreadi ng poses a probl em

The second type of el ectrophoresis (Tiselius,



1975) is zone el ectrophoresis, which involves the
separation of zones, i.e., the buffer solution and the
nmedia. Methods of separation include density gradients,
rotation or continuous flowof a liquid film or the nost
comon et hod, the use of a porous medi um such as filter
paper, cellul ose acetate or various gels. Zone
el ectrophoresi s was used exclusively throughout this study.
El ectromgration (Gal et al., 1980), the third
nmet hod, is a steady state or displacenent el ectrophoresis
where the wi dth of zone does not change with tinme. An
exanpl e of electromgration is iso-electric focusing.

Variation of Zone El ectrophoresis

The first successful type of zone el ectrophoresis
was perfornmed using filter paper in 1950 (Gaal et al.
1980). The filter paper was conposed of 96% - cellul ose
whi ch was noistened in a buffer solution. Paper thickness
proved to be a factor, since the conductive properties
depend on the volune of buffer contained in the paper.
Thin or nmediumthick papers that have a dense texture
resulted in straight electrophoretic fronts while thick
hi ghly absorbi ng papers denonstrated indistinct fronts
(Winderly, 1954).

An inportant consideration of filter paper

el ectrophoresis is el ectroosnosi s, which nay influence



fluid novenent. Al though el ectroosnosis itself should not
dimnish the fractionating power or induce trailing (Kunkel
and Trautman, 1959), it usually nmakes cal cul ati ons of

el ectrophoretic nobilities sonmewhat difficult. Hydrostatic
heads may al so develop, resulting in the exudati on of water
at one end and drying out at the other. This phenonenon
ultimately leads to the | oss of honogeneity of the

el ectrophoretic field (Wene, 1965). Another consi deration
is the buffer level in each conpartnent which nust be even
in order that a siphoning effect be avoided. lonic
strength which is increased by evaporation nust be guarded
against for it leads to a concentration of electrolyte in
the paper and poor resolution of the magrating

macronol ecule. Low ionic strength buffers and cooling can”
be used effectively to control evaporation. After

el ectrophoresis, the paper is dried at 105-110° for

20-30 mnutes and then stained (Gaal et al., 1980).

Cel | ul ose Acetate

Cel | ul ose acetate, which was originally prepared
for filtration was introduced by Kohn (1958) as a
supporting nedia for electrophoresis. This nmethod is
conparabl e to filter-paper el ectrophoresis. It consists of
a honogeneous, mcroporous structure with an average pore

dianeter of a few mcrons. Cellul ose acetate possesses
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several advantages over filter paper. They are 1) high
purity, 2) no tailing due to |ow absorptive properties, 3)
col orl ess background, 4) shorter el ectrophoretic period and
5) decreased spreadi ng of zones.

A di sadvantage of this nmethod is the relatively
| ow resol uti on when conpared to the various gels.
Li pophilic dyes such as Sudan Black B are difficult to
renove fromthe nedia. Cellul ose acetate is used
extensively in clinical |aboratories for the quantitative
anal ysis of blood proteins (Bohinski, 1979).

Pol yacryl am de Gel El ectrophoresis

Since the introduction of polyacrylamde gel as a
supporting nmedium for el ectrophoresis (Raynond and
Wei ntraub, 1959), it has becone one of the biochemst's -
nost inportant tools. The resolution of polyacrylam de ge
permts the separation and characterization (charge,
conformation, nol ecul ar wei ght) of biol ogica
nmacr onol ecul es (Houtsmiller, 1969). Separations are
conparabl e to those of starch gel due to the sieving effect
(Hermans et al., 1960). Applications of polyacrylamdes to
di sc el ectrophoresi s have been successful (Ornstein, 1961,
Davis, 1961). The separation of |ipoproteins into nany
protei ns has been achieved through the introduction of the

gradient principle into this nmedium (Pratt and Dangerfi el d,



1969) .

Al though resolution using this nediumis high, the
preparation for electrophoresis is relatively |aborious and
the medium (acrylamde) is a potentially hazardous neural
toxin when in the liquid state. El ectrophoresis is carried
out with a buffer that is in direct contact wth the gel,
and the electro-osnotic flowis virtually negligible. Due
to its extrene versatility (in inmmunoel ectrophoresis, w de
pH ranges of the buffers, etc.) it has been successful in
appl i cations of various hi stochem cal procedures (W ene,
1965). Optically the mediumis clear, and chemcally it is
inert and stable (Houtsmiller, 1969). Extrene care nust be
t aken when enpl oying this nmethod for el ectrophoresis.

Starch Gel

The use of starch gel electrophoresis has becone
one of the nmajor techniques in the area of protein
separation. Hgh resolution using this systemis obtained
by a conbination of electrophoresis and differenti al
filtration (Wene, 1965). Since the nedi um possesses a
fluctuating range of pore sizes, termed thermal agitation,
the progress of magration of very large nolecules will only
be retarded but not prevented (Poulik and Smthies, 1958).
Consequently, nol ecul es that have the sane charge but

different nol ecular sizes will separate. Starch gel is



prepared by heating partially hydrolyzed starch until it
forns a honogenous nass (Wene, 1965). The suspension
suddenly becomes nore viscous and the heating nust be
continued until the viscosity level falls. At this point
the suspension is converted to a transparent sol ution which
I's then degassed in a vacuumand poured into trays
(Bl oenendal , 1963) .

This nedium offers the researcher the versatility
required for adaptation with nmany bi ol ogi cal
macr onol ecul es.  For exanpl e starch bl ock el ectrophoresis
has been adapted for the separation of I|ipoproteins (Kunkel
and Sl ater, 1952). Successful separation of |ipoproteins
Is attributed to the fact that the absorption of proteins
into the mediumis al nost negligible, allow ng |arge N
nmol ecul es such as |ipoproteins to nove freely (Bl oenendal ,
1963). A consequence of this nethod regarding |ipoproteins
Is the relatively long staining period of 16 hours and
destaining period of 6-8 days (Fine and Burstein, 1958).
Interpretation of the results of general el ectrophoresis
using starch gels may be difficult due to the conplexity of
factors involved in separation (Wene, 1965). Sone of the
factors include surface distortions on the gel, variations
in the type of starch, and the tinme and conditions of

hydrol ysis, all which can lead to differences in resol ution



(Bier, 1959).

Agar ose Cel El ectrophoresis

Agarose gel was originally used for the separation
of netals (Kendall, 1928) and then adapted for its use with
proteins (Gordon, 1949). The breakthrough occurred when
el ectrophoresis in agar nedi a was extensively anal yzed
(Wene, 1959).

The gel is prepared by heating agar in boiling
water until the solution is clear (Wene, 1965). The agar
becormes viscous at about 38°c. Liquefaction of the nedia
is achieved by boiling at 100°c. The structure of the
agar is believed to contain at |east two pol ysacchari des,
agarose and agaropectin (Araki, 1953).

The advantages of this technique include: A
relatively |l ow cost of nedia, B) high resolution, C
noder at e el ectrophoretic period, D) non-toxic nedia, E)
sinplicity of technique, and F) transparency of medi a.

Taki ng the above factors into consideration al ong
with the fact that agarose gel is virtually inpervious to
absorption of nany proteins, agarose gel was chosen as the
medi um for el ectrophoretic study in this investigation
since its versatility and reliability permt the
adaptability necessary for acceptable results regarding the

cellular systemunder study. |Its resolving properties are



far greater than those of cellul ose acetate and are
conparable to acrylam de, while at the same time the
preparation for electrophoresis is |less hazardous and

sinmpler than the latter.

14



CHAPTER 111
Materi al s and Mt hods

d ones of Didymium iridis were secured frombDr.

J. J. Yemma, Departnent of Biological Sciences, Youngstown
State University, and OO R Collins, Departnent of Botany,
Berkel ey, California. The clones used in this study were

designated as foll ows: CR5—5A2 1- 12 (Costa Rica); Pan

2-4 w 1-12 (Panama) ; Pan 2-4428 (Panama) ; and Ph1a2
(Phili ppi nes).

CQulturing of cells - M/xanoeba

The original clones were maintained in mlk
bottle slants containing 1/2 strength (2% corn neal agar

(Table 1) that were previously inocul ated with Escherichia”

coli which served as a food source for the cells. These
slants were stored in an incubator set at 21°c (Yenmma and
Therrein, 1972; Yemma et al., 1974).

Subcul tures of each cl one were prepared by
transferring a plug of the anoeba to sterile 100 nm x 15 nm
petri plates of 1/2 strength corn neal agar previously
inoculated with E coli, according to the nethods of Yenmma
and Therrien, 1972.

Plugs of arbitrary but approximate simlar size

fromeach clone were transferred to 25-30 petri plates
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TABLE 1 = MEDI A

1/2 Strength Corn Meal Agar (2%
85 g bDfco Corn Meal Agar

8.0 g D fco Bacto- Agar
1.0 liter Dstilled Water

Pl asnodi a Agar

15.0 g Bact o- Agar

1.0 g Bact o- Pept one

1.0 g Bacto-Lactone
1.0 liter Distilled Water

16

nmedia were mxed and boiled on a Thernol yne Type

for

15 mnutes. Each sterile petri

filled with approxi mately 25 ml of nedi a.

1000 Magnetic Stirrer and then autoclaved at 121°€,
psi ,

pl ate was
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containing 1/2 strength corn neal agar and E coli. Geat
care was exercised to maintain sterility of the clones
during the transfer process.

Col |l ection aof cells - M/xanoeba

Each subculture was permtted to growto
confl uency which required approximately 5-7 days or until
the tinme prior to encystnent of the nyxanoeba. Twenty-five
to thirty culture plates were grown and fl ooded in 40 ml of
either of 3 buffers, Tris-Maleate, pH 8.0, Tris-Mleate, pH
7.4 or Sodi um Phosphate pH 7.0 designated as buffers 1, 2
and 3 (Table 2), diluted 1:14. The diluted buffers
constituted the |ysate buffer. Buffers 1, 2 and 3
undi luted were used as running buffers in the investigation
of specific enzynmes studied. Cells were then collected in-
a gl ass centrifuge tube and counted on an Anerican Opti cal
0.1 nmm X 0.1 nm Henocyt onet er.

The cells were concentrated by centrifugation in
a Damon/IEC HNS Centrifuge for 10 mnutes at 900 rpm This
procedure facilitated the collection of cells wthin a plug
while at the sane tine leaving the E coli suspended in the
supernatant. After decantation, the pellet was washed
twice wwth 20 ml1 of |lysate buffer, centrifuged at 2,500
rpm and the supernatant once again decanted. The cellul ar

pell et was covered with a designated anount of |ysate



TABLE 2

Lysat e*
Buf f er Enzynes St udi ed
1
Tri s-Mal eate Buffer Phosphogl uconut ase ( PGV
pH = 80 | soci trate Dehydrogenase (1 CDH)
2
Tris-Mal eate Buffer d ut amat e xal oacet at e Transam nase
pH = 7.4 (GOT)
3 ucose Phosphate | sonerase (PQ)
3
Sodi um Phosphat e A ucose- 6- Phosphat e Dehydr ogenase
Buf f er (G 6- PDH)
pH = 7.0 Al kal i ne Phosphat ase

Esterase D

*Lysate buffers were nmade by a 1:14 dilution of the
runni ng buffers,



buffer, and these were then disrupted using a Branson
Sonifier 185 at a microtip setting of 5 for 15-25 seconds
under ice. After centrifugation (2,500 rpm, the cel
debris was di scarded and the |ysate was collected in
Vangard #1076 2cc cryogenic tubes. The tubes were stored
in a Union Carbide VHG 35 Oyogenic Tank filled with Liquid
N trogen, at a tenperature of -196° (-320°F).

Qul turing of Pl asnodi a

Pl asnodi a for this study were obtai ned by
crossing two clones of conpatible mating type on plates of

1/2 strength corn neal agar inoculated with E coli. To

ensure nmating type conpatibility, ten 35 nmx 10 mnm petri
plates of 1/2 strength corn neal agar and E coli were used
and marked for plasnodial formati on. Plasnodi a growth
requi red approxi mately 7-12 days. These were then
transferred to petri plates containing plasnodia agar in
order to increase their size (Table 1). Fifteen plates of
pl asnodia were grown for buffer 1, 5 plates for buffer 2,
and 5 plates for buffer 3 Plasnodial grow h was enhanced
by placing sterile oatneal around the periphery of the
plates. E coli was not necessary for growth of this
tissue and it was grown axenically.

Col | ection af Lysates-Pl asnodi a

The plates for each buffer were fl ooded and
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washed with |lysate buffer. The plasnodia were then
centrifuged, sonified and collected in cryogenic tubes
foll owi ng the sane procedure described for nyxanoeba.
Protein Determ nation

The Lowry Procedure

Before valid quantitative el ectrophoresis can be
perfornmed, a protein determnation for each |ysate nmust be
nade. It is inperative that known anounts of protein for
each |ysate be placed on each well, particularly when
anal yzing the activity of isoenzymes. Thus the protein
determ nation was perfornmed according to a nodified Lowry
Met hod (1951, Table 3). A standard curve was plotted in
order to determne the protein content of each |ysate. It
was then possible to determne the nunber of mcroliters of

| ysate used in each well of the el ectrophoretic slab.

El ect rophoreti c Met hods

El ectrophoresi s of the enzynes was acconpl i shed
by pl acing a designated anount of |ysate in well
tenplates. Approxinmately 60 to 400 ug of protein were
placed in each well with a Dgitron SM E ectronic
Pipette. A concentrated sanple of E coli, food source for
t he nyxanoeba, was el ectrophoresed to det erm ne whet her or

or not this organi sm produced variations in isoenzyne
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TABLE 3

Lowry Protein Determ nation

Reagent s: _
A - 1% Na,cO, in 0.1 NaOH

B - 0.5% au584 5H20 in 1% Sodi um or Pot assi um
Tartrate

C-50nm A+1 nm B (Prepare Daily)

D - 50 nh Z%NazCO + 1 ml B

E - Folin reagefit 1:1 with H,0
St andar ds:

DTutions of 25, 50, and 100 wmg/ul of Signma G obulin

Protein Standard were used for Buffer 1 |ysates;

dilutions of 1.6, 8.0, and 16 ug/ul of Dade Serum

Al bumn were used for Buffers 2 and 3.

Pr ocedur e:
1 Mx 02 nm lysate and 1 nh solution C Let stand
10 mnutes at roomtenperature (a d ay- Adans gun
was used to pipette the sanple.
2 Add 0.10 ml solution E, mxing i mredi ately.
3. After 30 mnutes the absorbances were read at 750
nmon a Varion Techtron Mdel 635 dual wavel ength
Spect r ophot onet er .



profiles. Helena Titan Gel H gh Resol ution Protein Agarose
Cel s were used throughout this study, These were
commercially prepared under strict conditions of quality
control, They consist of agarose in a sorbitol solution
with 0.1% sodi um azi de and 0.02% thinmersol (as a
preservative). The gels acconodated up to seven sanpl es,
Two gel s, one designated Anobeba and the ot her Pl asnodi a,
wer e el ectrophoresed si mul taneously on a Shandon Hori zont al
Slab Gel El ectrophretic Chanber with a Shandon Sout hern Sae
2769 power supply. A Bronophenol tracker dye was used
during each el ectrophoretic run to note the progress of
mgration, GCooling of the gels was achieved with an E-C

I ce water circulator and a Gornman- Rupp circul ati ng punp

Devel opnent of HE ectrophoretic Pl ates

After el ectrophoresis, each slab was placed on a

Nobl e agar gel containing the substrate and chronogenic
reagent system (charge "stain") specific for each enzyne
being investigated. The follow ng tables give the
protocols of the running buffers, |lysate, buffers, stains
and substrates specific for each enzyne, along with the
actual running conditions for the anmbeba and pl asnodi a.

El ectrophoretic nethods as described by Harris and

Hopki nson (1976) were obtained fromD. R chard D
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Kreut zer, Departnent of Biological Sciences, Youngstown

State University and adapted for use on DDdymumiridis.

After appropriate staining, the reaction for each gel was
termnated by washing themin a 5%acetic acid sol ution
until clear, then placed in a THELCO/GCA Preci sion
Scientific Incubator which was set at 70°c until dry.

Total Protein El ectrophoresis = The Silver Stain Procedure

Total protein el ectrophoresis of each cell type
was performed using Tris-nal eate buffers at a pH of 8.0,
and subsequently stained by the use of a highly sensitive
silver staining procedure devel oped by Hel ena Laboratori es,
Beaunont, Texas. This permts the observation of total
protei n bandi ng patterns.

Col I ection of Spores

Two plasnodia were permtted to sporul ate.
El ectrophoresi s and enzyne anal ysis as previously described
were performed on the spores.

Quantification of |soenzynes

Enzynme activity, per mcrogramof protein, was
anal yzed through the use of Scanning Densitonetry. A
Beckman Mddel R-112 Scanni ng Densitoneter was used in this
study. Al enzynes, with the exception of esterase D, were

scanned at a wavelength in the range of 550 nanoneters



whi ch was found to be the optimum peak for spectrophoto-

metric absorption.



TABLE 4
PHOSPHOGL UCOMUTASE ( PGV)

1. Running buffer: 0.1 MTris (12.11 g T-1503), 0.1 M
Maleic acid (11.62 g M0375), 0.01 M EDTA (Na.)
(2.92 g ED2ss), 0.01 MwMmgcl, (203 g). Al in 1
liter of distilled H,0. Adjust to pH 80 with 40%
NaOH.

2. Lysate buffer: dilute 1 part running buffer to 14
parts distilled H,O0.

3. Reaction buffer: dissolve 006 MTris 0.728 g per 100
m T1503; adjust to pH 80 wth 50% HC1.

4. Stain: The follow ng reagents were dissolved in 30 ml
reaction buffer: 200 mgel ~D-glucose-1l-phosphate G 7000
or G875, 120 ny MgCl,, 15 ngy MIT M 2128, 15 ny P -NADP
(Na salt) N- 0505, 10 PVB P- 9625, 25 units gl ucose- 6-
phosphat e dehydr ogenase G 6378, 60 ny EDTA ((Na. salt)
ED2SS, 1.2 ng < -D-glucose-1.6 di phosphate G-5875.

*Dissolve 0.6 g of Noble Agar (Difco) in 30 ml of reaction
buffer. Wile heating and stirring, allowto cool to
50°C, then add agar to stain. Pour into Mueller-Hinton
cul ture plates. .

Running Conditions: 200 volts, 60 mnutes, 20 mAmp.

*Denotes that this step is carried out for each enzyne bei ng
studied, i.e., the addition of Noble agar to a specific
substrate stain. The only enzyne that does not followthis
procedure is Esterase D



TABLE 5
| SOO TRATE DEHYDROGENASE (I CDH)

1 Running buffer: dissolve the following in distilled
water: 0.2 MNaH, PO, S-0751 (21.3 g); 0.2 M
Na HPO, S 0876 (9.277%g) in 1155 ml distilled water.

Adjzust4pH to 70 with 50% HC1.

2 Lysate buffer: dilute 1 part running to 14 parts dis-
tilled water.

3. Reaction buffer: dissolve 0.1 M Tris T-1503, 1.312 ¢
Tris in 100 ml distilled water, adjust the pHto 8.0
with 50% HC1.

4. Stain: The follow ng reagents were dissolved in 30 ml
reaction buffer: 100 ng DL-lsocitric acid 11252, read-
just pHto 80 and then add 15 ng MIT M 2128, 15 ng NADP
N- 0505, 10 ng PMS p-9625.

Running conditions: 200 volts, 60 m nutes, 31 mAMP.



TABLE 6
GLUTOVATE OXALQACETATE TRANSAM NASE ( GOT)

1. Running buffer: 0.1 ph Tris (12.11 g T-1503), 0.1 M
Mal eic acid (11.62 g M 0375), 0.01 MEDTA (Na.,)
(2.92 g ED 2-SS), 0.01 M MgCl, (2.03 g), al'f ¢n 1
liter distilled n,0. Adjust o pH 7.4 with 40% NaoH.

2 Lysate buffer: dilute 1 part running and 14 parts
distilled water.

3 Reaction buffer: dissolve 0.1 MTris (1.312 in 100 m
distilled water). Adjust to pH 80 wth 50%Hc1

4. Stain: D ssolve the following in 30 nh reaction buffer:
Substrate: 200 ny L-Aspartic acid A-9256, 75 ng o -
Ketoglutaric acid (readjust pHto 80) K-1875, 10 ng
Pyri doxal - 5- phosphat e p- 9255.

Stain: 75 ng fast blue BB F- 3378.

Runni ng conditions: 200 volts, 60 mnutes, 24 mAMP (Run 1)
250 volts, 90 mnutes, 30 mAMP (Run 2)



TABLE 7

GLUCOSE PHOSPHATE | SOVERASE (PQ )

1. Running buffer: 0.1 MTris (12.11 g T-1503), 0.1 M
Maleic acid (11.62 g M 0375), 0.01 M EDTA (Na.)
(2.92 g ED 2-SS), 0.01 MMgCl, (2.03 g) all' ifi 1
liter of distilled H,0. Adjuét to pH 7.4 with 40%
NaOH.

2 Lysate buffer: dilute 1 part running buffer and 14
parts distilled water.

3. Reaction buffer: dissolve 0.06 MTris (0.728 g per 100
m distilled water). Adjust to pH 80 wth 50% HC1.

4. Stain:

D ssolve the following in 30 m reaction buffer:
20 ng Fruct ose- 6- phosphat e F- 1502, 120 ngy MgCl
ng MIT M 2128, 15 ny

B-TPN (Na salt) N 0505,

,» 15
{0 ng PNVS

P9625, 25 units d ucose- 6- phosphat e dehydr ogenase

G 6378, 60 ny EDTA (Na, salt) ED 2SS

Runni ng conditions: 200 volts, 1 hr 10 mn, 20 mAMPs.



TABLE 8
G_UCCSE- 6- PHOSPHATE DEHYDROGENASE ( G 6- PDH)

Runni ng buffer: dissolve the followi ng in 1155 m1 of
distilled water: 0.2 M NaH,PO, S 0751 (21.3 9),
0.2 MNa,HPO, S 0876 (9.72 §)." Adjust to pH 7.0

with 50%HC1.

Lysate buffer: dilute 1 part running buffer to 14
parts distilled water.

Reaction buffer: dissolve 0006 M Tris (0.728 g in 100
rm distilled water). Adjust to pH 80 wth 50% HC1.

Stain: Dissolve the following in 30 ml1 of reaction
buffer: 75 mg D Q ucose- 6- phosphate G 7375, 15 My
MIT M 2128, 15 ng B-TPN (Na salt) N- 0505, 10 mg PMS
P- 9625.

Runni ng conditions: 200 volts, 40 mn, 28 mAMP (Run 1)

200 volts, 2 hrs, 28 maMP (Run 2)



TABLE 9
ALKALI NE PHOSPHATASE

Running buffer: 0.15 MGtric acid (Naj) (38.7 g
c-7254), 0.24 MNaH, PO, (28.8 g S 0751).° Adjust

to pH 6.3 with 40% RaoH. D ssolve in 1 liter of dis-
tilled water.

Lysate buffer: dilute 1 part running buffer to 14
parts distilled water.

Reaction buffer: 0.06 MBoric acid (0.37 g B-0252)
in 100 ml1 of distilled water. Adjust to pH 83 wth
40% NaOH.

Stain: Dissolve the following in 30 ml reaction
buffer:75 mg o ~naphthyl phosphate N 1132, 100 mg
MgSO, M 1880, 30 mg fast blue BB F-3378.

Runni ng conditions: 200 volts, 50 min, 38 mAMPs.



TABLE 10
ESTERASE D

Running buffer: 0.1 MTris (12.11 g T-1503), 001 M
Maleic acid (11.62 g MO0375), 0.01 MEDTA (Na,)
(2.92 ED2-SS), 0.01 MMgcl. (2.03 g), 0.15 M RaoH
(6.0 g). Dissolvein 1 1ifer of distilled water.
Adjust pHto 7.4.

Reaction buffer: 0.41 g Sodi um acet at e anhydr ous
(0.05 M. Adjust to pH6.5 with 1%acetic acid
(dissolve first in 100 ml of distilled water).

Stain: dissolve 4 ng of 4-Methylunbelliferyl acetate
(M 0883) in 300 ml1 of acetone and then add to 10 ml
of reaction buffer.

Application: Soak stain on Whatman 3 mmfilter paper
and apply to electrophoretic plate. Incubate at room
tenperature for 5 mnutes. Read plate using |ong wave-
length ultraviolet light and nmark bands.

Runni ng conditions: 200 volts, 1 hr, 31 mAMP.



CHAPTER |V
Results

The results of this study are presented in tabul ar
formand graphically as el ectropherograns of each enzyne.
The di agrans represent total protein applied to the gel, and
relative activity (content), and mgration patterns of
enzynes. Were applicable, the enzyne pol ynor phi smfor
nyxanoebal cl ones and pl asnodi a are presented.

Densitometric scan patterns were used to quantitatively
illustrate the relative protein content or activity of each
| soenzyne band. An el ectropherogramillustrating total
protein for the nyxanmoeba and plasnodia is al so included.

Rel ative cell counts used for the el ectrophoretic
nyxanoebal sanple as determned by a hand counter and
henocytoneter are illustrated by Table 11, while Table 12>is
I ndi cative of the mating type conpatibility for the
specified clones regarding their ability to form pl asnodi a.
Each separate cross was nade on 10 petri plates of 1/2
strength corn neal agar, and scored for plasnodi al
formation. A frequency of 7 out of 10 crosses was
consi dered an acceptabl e val ue regardi ng conpatibility.

Note that no plasnodia were formed in cases where a cl one

was crossed against itself as expected, indicating that



conpatibility regarding the genetic nmating | ocus requires
cl ones possessing a nmating allele other than one that is
conmon.

Protein Assay - The Lowry Mt hod

The results of the standard curves generated using
the Lowry nethod of Protein Determnation are illustrated in
Figure 2 and Tables 13 and 14.

Figure 2A represents the actual standard curve
plotted for the |less concentrated cell lysate in buffers 2
and 3. Dlutions of 1.6, 8 and 16 sg/ul of Dade A bumn
Protein Standard were plotted agai nst absorbance in order to
nmeasure the concentration of each sanple. The curves in
each case were conputer generated. The anount of protein in
ul that was |oaded on the experinmental gel to give an
el ectrophoretic pattern was then determned. The standard
curve plotted for the nore concentrated |ysate used in this
study is reflected in Figure 2B

Dilutions of 25, 50 and 100 mg/ul of Signa
A obulin Protein Standard 15506 were cali brated agai nst
rel ati ve absorbances of each clone and its cross. Simlarly
ul of protein to be |oaded on the experinental gel was
determ ned from the graph

Tabl es 13 and 14 indicate the results obtained

fromthe graph for buffers 1, 2 and 3  The nunber of ug of



TABLE 11

Rel ative Cell Counts
Lysate Lysate Lysate
d ones Buffer 1* Buffer 2 Buffer 3
CR5—5A2 1-12 44,400, 000 cel l's (40, 720,000 cells | 42,042,000 cel I s

Pan 2-4 w 1-12

Pan 2-44A8

PhlA2

per 0.4 ml |ysate

72,400,000 cel | s
per 0.6 ml |ysate

22,500,000 cel | s
per 0.2 ml |ysate

38, 200, 000 cel | s
per 0.4 ml |ysate

per 3 ml |ysate

69, 000, 000 cel I's
per 3 ml |ysate

42,500, 000 celI's
per 3 ml lysate

43,585,000 cell s
per 3 ml |ysate

per 3 ml |ysate

84,924,000 cells
per 3 ml |ysate

43, 320,000 cel I's
per 3 ml |ysate

42,685,000 cel l's
per 3 ml |ysate

" Denotes a highly concentrated formof each |ysate



TABLE 12

Conpat ability of Mating Types

2

CR5-5A Pan 2-4 w 8 5
1-12 1-12 Pan 2-44A PH1A
CR5-5A2 Nok 10/10 9/ 10 10/10
1-12 Pl asnodi a Pl asnodi a Pl asnodi a Pl asnodi a
Pan 2-4 8/ 10 No 10/10 10/10
wt 1-12 Pl asnodi a Pl asnodi a Pl asnodi a
Pan 2- 44A8 7/10 9/ 10 No 8/10
Pl asnodi a Pl asnpdi a Pl asnodi a Pl asnodi a
PhlA2 10/10 9/10 8/ 10 No
Pl asnodi a Pl asnodi a Pl asnodi a Pl asnodi a

*Denotes nunber of crosses out of 10 that yielded plasnodia



St andard curve for

Figure 2

protein determ nation for:

A) Lysate Buffers 2 and 3; and

B) Lysate Buffer 1
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Protein Determ nati on - Standard Curve

TABLE 13

Lysate Buffer 1 - Amoeba

Aver age ug of Load on
Cl one Absor bance Protein Gel (ul)
CR5—5A2 1-12 0.212 200 2.1
Pan 2-4 wt 1-12 0. 228 200 1.8
Pan 2-44A8 0. 207 200 2.3
Ph1A? 0. 203 200 2.4
Lysate Buffer 2 - Ampeba
CRS-SA? 1-12 0.197 30 2.3
Pan 2-4 1-12 0. 205 30 2.1
Pan 2-44A 0. 166 30 3.6
Ph1A2 0.176 30 3.0
Lysate Buffer 3 - Ampeba
CRS-SA? 1-12 0.189 30 2.5
Pan 2-4 w 1-12 0.212 30 1.9
Pan 2-44A8 0.190 30 2.5
Ph1aZ2 0.176 30 3.0




TABLE 14

Protein Determination - Standard Curve

Lysate Buffer 1 - Plasmodia

Average ug of Load on

Cross Absorbance Protein Gel (ul)
Pan 2-4 wt 1-12 X PhIA2 0.208 200 2.2
CR5-5A2 X Phla2 0.233 200 1.7
Pan 2-4 wt 1-12 X CRS—SA2 1-12 0.194 200 2.8
Ph1a2 X Pan 2-44a8 ) 0.247 200 1.5
Pan 2-—44A8 X CR5-5A" 1-12 8 0.225 200 1.8
Pan 2-4 wt 1-12 X Pan 2-44A 0.191 200 2.9

Lysate Buffer 2 - Plasmodia

Pan 2-4 wt 1-12 X PhlA“ 0.208 30 2.0
CR5-5A2 X PhIA ) 0.210 30 2.0
Pan 2-4 wt 1-12 X CR5-5A° 1-12 0.205 30 2.1
Ph1AZ X Pan 2-44A8 ) 0.194 30 2.4
Pan 2-44A8 X CR5-5A% 1-12 o 0.184 30 2.7 -
Pan 2-4 wt 1-12 X Pan 2-44 A 0.182 30 2.8

Lysate Buffer 3 - Plasmodia

Pan 2-4 wt 1-12 X PhIA2 0.255 30

1.4
CR5-5A2 X Ph1a? ) 0.236 30 1.6
Pan 2-4 wt 1-12 X CR5-5A° 1-12 0.237 30 1.5
Ph1a2 X Pan 2-44A8 0.191 30 2.4
Pan 2-44A8% X CR5-5A% 1-12 o 0.278 30 1.2
Pan 2-4 wt 1-12 X Pan 2-44A 0.238 30 1.5




protein corresponds with the ul sanple | oaded on the gel
This provided for the application of the same anount of
protein and thus the standardi zation of sanpl e concentration
In each well of the gel

Control Sampl es

El ectrophoresis of the concentrated sanple of E
coli reveal ed no observabl e i soenzyne patterns. The use of
sterile oatnmeal as the plasnodi al food source yiel ded no
det ect abl e changes in isoenzyne patterns as well.

Interpretation of El ectropherograns

D agrans representing the banding patterns of
various enzynes throughout the cell cycle are included. In
each case, with the exception of the silver stained protein
pattern and Esterase-D, a horizontal densitonetic scan of
simlar and maj or bands was done and conpared for each
speci nmen.

The scanning densitoneter indicates relative
amounts of protein by calculating the area under the curve.
To the right of each diagramis the printout of protein
concentrations of each scan which is in rel ative percentages
of protein (the extrene right colum), and correspondi ng
nureri cal values of Relative Protein (RP., the left
colum). Total protein anmounts designated by a "P" were

cal cul ated by the sunmati on of m crogramanounts of protein



that was placed on the gel for each specinen. The first
relative protein and percentage val ues, i.e. the val ues
cl osest to the Total Protein value designated by "p"
corresponds to the first clone or cross, the second val ue up
corresponds to the second clone or cross, etc. The relative
amount of enzynme protein was then cal cul ated for each band.
On the bottomright hand corner of each diagramis a key
representing the relative intensity of the bands as they
appeared on the gel. Al lysates were placed on the origin
of initial application and mgrated appropriately fromthe
origin, either in the positive or negative direction as the
case nay be.

For the enzynes Phosphogl uconut ase (PGV), (Figures
3 and 4), and d ucose Phosphate Isonerase (P@), (Figures 7
and 8), all which show two bands, vertical scan patterns are
presented showi ng rel ative enzyne content and activity )
within a particul ar speci nen.

Anal ysi s af El ectropherograns - | soenzyne Patterns

Phosphogl uconut ase (PQ\Y)

Anal ysis of this enzynme (Fig. 3) shows the
presence of two bands for nearly all the nyxanmoeba speci nens
with simlar but varying intensities. Pan 2—44A§ appears
to have the |owest enzyne activity (intensity) as well as

the greatest band difference anong the cl ones represented



her e.

The results of the plasnodia (Fig. 4) showsimlar
bandi ng patterns and sonewhat |ower activity when conpared
to the nyxanoeba with the exception of crosses Ph1a® X Pan

2. 448 and Pan 2 44A8 X crs-5a°2

1-12 having only

single bands. Pan 2-4 wt 1-12 X CrR5-5A% 1-12 has the

hi ghest activity as indicated by its nunerical protein value
(870). Pan 2-44A8 X OR5-5A% 1-12 has the | ovest

activity anmong the specinens. Magration of bands was anodal
and ranged from one quarter to one half the distance of the
gel, dependi ng on the band bei ng observed. In each case,
the nore active bands were closer to the cathode. Note the
vertical scan patterns representing nultiple bands with a
speci nen.

| soci trate Dehydrogenase (1 CDH)

The results of ICDH are illustrated in Fg. 5A and
5B. ICDH, a Kreb's cycle enzyne denonstrated significantly
hi gher activity for the plasnodia when conpared to the
M/xanoeba, as shown by the densitoneter scans and intensity

| evel s. Plasnodi al crosses Pan 2-4 wt 1-12 X PhIA?,

OR5-5A2 1-12 X PhIAZ and Pan 2-4 wt 1-12 X CRS- 5A2
1- 12 showed significantly increased |evels of activity over
the other specinens. Mgration of the enzynes was

approxi mately one quarter the distance of the gel
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d ut anat e xal oacet at e Transam nase ( GOT)

The activity of this enzynme for the nyxanoeba
(Fig. 6A) was relatively |ower and consistent anong the
cl ones when conpared to the plasnodia. Plasnodia activity
(Fig. 6B) was equal in two cases and hi gher than the
nyxanoeba in the remai ning four cases. Especially
interesting regarding this enzyne is the node of mgration.
QT is the only enzyne examned that resulted in a cathodal
mgration, meaning the net charge of the isoenzyne was
positive. It should also be noted that greater activity
anong the plasnodia involved either Pan 2-4 wt 1-12 or a Pan
2-44A8 as parents.

A ucose Phosphat e | sonerase (BP4d)

Thi s enzyne showed extrenely high activity anong
the specinens, |In every case for the nyxanoeba (Fig. 7) two
bands were found. To the bottomof the diagramis a
vertical scan within each specinmen. Protein nunerical
val ues are given, with the first and snal | est nunber
corresponding to the | owest peak and the hi ghest nunber
correspondi ng to the hi ghest peak (and the nost intense
band) ,

Figure 8, representing the plasnodia, shows
relatively the sane activity when conpared to in activity to

t he nyxanoeba. Notice crosses Ph1a® X Pan 2—44A§ and Pan



Fi gure 3.
El ect ropherogram Representi ng Phosphogl ucor nut ase (PGM)

for Myxanoeba.
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Figure 4
El ectropherogram Representing Phosphogl ucomut ase (PGM

for Pl asnodi a.
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Fi gure 5.
El ectropherogram Representing |socitrate Dehydrogenase
(1 CDH) for:
(A) Myxanoeba
(B) Pl asnmodi a
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Fi gure 6.
El ectropherogram Representing G utamate Oxal oacetate
Transam nase (GOT) for:
(A) Myxanopeba
(B) Pl asnodi a
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2-4 wt 1-12 X Pan 2-44A8 where only single bands
appear ed.

Mgration of the bands for both the nyxanoeba and
pl asnodi a were uniform wth the nost intense band mgrating
closer to the anode. This was just the opposite to PG
M gration distances were one quarter to one half the gel,
dependi ng on the band bei ng observed.

Since P@ proved to be an extrenely active enzyne,
It was chosen for analysis of spores (Fig. 9). N ne
sporangi a were taken fromthe designated crosses and
sonified in 200 ul of menbrane buffer. Designated anounts
of the honogenate were placed on the well. As Fig. 9

2 1-12 has a

I ndi cates, Pan 2-4 wt 1-12 X CR5-5A
significantly greater activity than CR5-5A% 1-12 X
Phi - A2,

d ucose- 6- Phosphat e Dehydr ogenase (G 6- BDH)

The nyxanoeba results are represented by Fig.

10A. Pan 2-4 w 1-12 and PHlA2

have the greatest activity
(intensity), while Pan 2-448 has the lowest. Overall the
nyxanoeba (Fig. 10B) shows slightly greater enzyme activity
than the plasnodia, ranging fromdark to light. O osses
cR5-5% 1-12 X ph1a® and Pan 2-4 wt 1-12 X CRS-5A° 1-12
showed the highest activity, Pan 2-4 w 1-12 X Phila, PhIA?

X Pan 2- 44A8, Pan 2- 44A8 X CR5- 5A2 1-12 i nternedi at e,
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and Pan 2-4 wt 1-12 X Pan 2-44A% the | owest activity.

Net mgration of this enzyne was anodal. This
enzyne denonstrated limted magration out of all the enzynes
tested, which was due to its great difference in nass to
charge rati o.

Al kal i ne Phoswhat ase

Thi s enzyne denonstrated relatively lower activity
for the nyxanoeba (Fig. 11a) when conpared to the plasnodi a

(Fig. 11B). The bands however are considerably w der for

t he nyxanoeba. O osses CR5-5A% 1-12 X PhIA?, Pan 2-4 w

1-12 X CRS-SA? 1-12, and Pan 2-4 wt 1-12 X Pan 2—44A§ of

the plasnodia had the highest activity, Pan 2-4 wt 1-12 X

Phi A2 and Phl A2 X Pan 2- 44A8

2-44A§ X CRS—SA? 1-12 the least. This enzyne

i nternedi at e, and Pan

denonstrated by far the greatest anount of mgration which
was anodal . »
Because of this enzyne's high activity and
extended mgration distances, it was chosen for anal ysis of
the spores (Fig. 12). The sane cellular material in the
form of honogenate was used as previously described for PG
spore analysis. The activity varied and once again is
represented as heavy, light or internmediate intensities.
M gration di stances were conparabl e to the anoeba and

pl asnodi a.



Figure 7.
Electropherograrn Representing Glucose Phosphate

Isomerase (PGIl) for Myxamoeba.
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Fi gure 8
El ectropherogram Representing G ucose Phosphate

| somerase (PG) for Plasnodia.
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Fi gure 9.
El ectropherogram Representing G ucose Phosphate

| sonerase for Spores.



66

1HOIM =013
wniaaw =z
AHvQg = l

SALISNZ LN
aNvE
CI-1,¥6-cuD viug
X A
erranmeusd Z1-1,¥¢-guo
-—d - .
o (34

ZzZ 222 o oo

]

) ” * [ .

) 1l . . .

' ' . : .

1 1} . " . +
i ] . . .
F THT F [ T FITE ; a»
1 n HH { q § ' # T L

1 NH: i - 1 4 1 IMH 1H : Ju, H

4 § M ni u., Juilﬂor.. T ] e T

i : I i LI

3
-y
1
¥
- —
T
—
.
r
’e
—
t
1
-
?
T
" —
~
T
» Sutremy

L HHIT ) ) L ﬁ %., Tpm 1 i T .ﬁ)
i n 11 H THHHHIHIH ] T
| ST e tathiigtth

S3H0dS



Fi gure 10.
El ectropherogram representi ng G ucose- 6- Phosphate
Dehydr ogenase (G- 6-PDH) for :
(A) Myxanoeba
(B) Pl asnmodi a
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Est erase D

Figure 13 illustrates the results of Esterase D
for the nyxanmoeba. Due to the intensity produced by the
fluorescent nature of the bands and residual interband
staining, it was beyond the Scanning Densitoneter's range
and capability to obtain adequate scan patterns. However,
accurate visual observations were possible. The bands are
single, relatively w de, and dense in nost cases, Magration
was anodal . CR5-5A? 1-12 and PhIA? denonstrated the
greatest activity, while Pan 2-4 wt 1-12 showed the |east,

Figure 14 shows interesting results concerning the

2

pl asnodi a crosses Pan 2-4 wt 1-12 X CR5-5A" and Pan

2- 448 X CR5-5A% 1-12 where ORS-5AZ 1-12 is a common

parent and denonstrated the greatest activity while crosses
Pan 2-4 wt 1-12 X Phl A2 and Phl A2 X Pan 2- 44A8 where

PHIA® is a parent, denonstrated the |east activity. hbté

2 8

the multiple bands for crosses Phia“ X Pan 2-44A° and

Pan 2-4 wt 1-12 X Pan 2- 44AS.

Modes of mgration were simlar for both the
nyxanoeba and plasnodia resulting in a distance of
approxi mately one half the distance of the gel

Silver Stain = Total Protein

Total protein analysis for the nyxanoeba (Fg.

15A) shows the majority of the bands being nmediumto |ight



Fi gure 11.
El ectropherogram Representing Al kaline Phosphatase for
(A) Myxanoeba

(B) Pl asmodi a
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intensity, with the exception of Phi AZ.

Fig. 15B represents the plasnodia. Larger bands
are seen in nost cases, with crosses Pan 2-4 wt 1-12 X
ph1aZ, Phl A2 X Pan 2-4418 and Pan 2-4418 X ors-5A2
1-12 being the | east active and cr5-5a% X Phl A°> and Pan

2-4 wt 1-12 X CR5-5A%

1-12 being the nost. Pan 2-4 w

1-12 X Pan 2-44A8 has the | argest band. The silver stain
therefore indicates that a consi derabl e anount of protein
variability indeed exist in the isolates of D iridis. This

can nore than likely be attributed to differences in - :

structural protein than isoenzyne variability. <?-ﬁgohn A
O



Fi gure 12.
El ectropherogram Representing Al kaline Phosphat ase

for Spores.
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Fi gure 13.
El ectropherogram Representing Esterase D for

Myxanoeba.
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Fi gure 14.
El ect ropher ogram Representing Esterase-D for

Pl asnodi a.
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Fi gure 15.
El ectropherogram Representing Silver Stain for
(A) Myxanoeba
(B) Pl asnodi a
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CHAPTER V
Di scussi on
The M/xonycetes are excellent nodels for scientific
I nvestigation including el ectrophoretic studies. Sone
I nteresting studi es al ready done include the effects of

starvation of Physarurn pol ycephal um as denonstrated by

i soenzyne profiles (Huttermann et al., 1979), and the
conpari son of isoenzyme profiles between heterothallic and
nonheterothallic isolates of D. iridis (Betterley and
Col I'i ns, 1983).

Since this study involves the investigation of
| soenzynes anong di fferent geographical isolates within the
sane species, nanely D iridis, one woul d expect to find very
simlar isoenzyne profiles (nmodes of mgration, degree of
polymorphism, etc.). If the potential to interbreed anong
| sol ates exists, then the isoenzynme profiles wll show great
simlarities. This situation appears to be consistent wthin

groups of Fusarium nonilifornme Sheld, as reported by

Kat hariou (1981). In contrast, noninterbreedi ng groups that
are nor phol ogi cal I y i ndi sti ngui shabl e exhi bited differences
In their isoenzyne profiles (Janeson, 1977),

Hence, it was the intent of this study to exam ne

the differences regarding activity and efficiency of certain



nmet abol i ¢ enzynmes throughout the life cycle of D iridis, and
to exam ne the degree of enzyme pol ynor phi sm anong t he
desi gnat ed geogr aphi cal i1 sol ates.

In all cases, different levels of enzyne activities
(intensities) were observed utilizing the techni ques of
el ectrophoresi s, and scanni ng densitonetry. The isoenzyne
profiles obtained in this study proved to be quite
distinctive and highly reproducible. Quality appeared to be
I nfl uenced by several factors. Among themare: A Voltage,
el ectrophoresis was perforned at a | ow, constant vol tage (200
V); B) It was not necessary to use detergents in experinenta
| ysates; C) Storage of cell lysates in liquid nitrogen
prevented the degradation of the enzynes by proteases w thin
the cell lysate, even after repeated use of the |ysate; D)
The buffers used for the storage of cell |ysates effectively
mai ntained the integrity of the enzynes (Betterley and )
Collins, 1983); E) H ectrophoresis of a concentrated sanple
of E cali, the food source of D iridis, resulted in no
| soenzyne patterns and thus no interference; F) The use of
sterile oatneal as a food source for the plasnodia yiel ded no
det ect abl e changes in isoenzynme profiles as previously
reported by Franke and Berry (1972). These factors rul e out
the possibility of extraneous sources introducing variabl es

that nay alter the isoenzyne patterns of the speci nens under



st udy.

| soenzyne Dat a

Phosphogl ucomut ase ( PQY)

Overall, the activity of this enzyne appears to be
greatest in the M/xanoebal stage of the life cycle.
Phosphogl uconut ase converts gl ucose- 1- phosphate to
gl ucose- 6- phosphate which is the first internediate in
gl ycolysis, as well as the pentose phosphate pat hway (Rawn,
1983). The higher activity of this enzyne in the nyxanoeba
as reflected by activity and the degree of pol ynorphi sm seens
to indicate that the glycolytic pathway is very prom nent
this phase of the life cycle of D iridis. Since these cells
achieve logarithmc growth in a short period of tinme (2-3
days), and thus have the function of increasing cell nenbers
in preparation for plasnodia formation, this is expected. It
Is also inportant to note that this enzyne plays a pronihént
role in the hexose nonophosphat e shunt necessary for the
rapid division of cells. Thus PGM coupl es glycolysis to the
pent ose phosphate pat hway (Rawn, 1983). It should al so be
noted that this pathway is inportant in gl uconeogenesis
necessary for cyst wall formation which also occurs in the

nyxanoeba when a reduced | evel of nutrients in the

environnent is exhibited (Gay and A exopoul os, 1968).
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| soci trate Dehydrogenase (1 CDH)

| soci trate dehydrogenase converts isocitrate to
Succinyl Co-A This is the first oxidative decarboxyl ation
which leads to the formati on of one NADH during one turn of
the Kreb's cycle. Even though this enzynme showed rel atively
| esser activity as opposed to the other enzynes tested, the
pl asnodi a showed significantly greater activity than the
nyxanoeba, indicating preval ence of the Kreb's cycle in the
pl asnodia. This correlationis justified by the fact that
the plasnmodiumis a nore conplex nenber of the life cycle,
and represents the dipl ophase, the result of the union of the
nyxanoeba or swarmcells and zygote formati on (Yenma and
Perry, 1985). Wereas, the nyxanoeba are hapl oid and
represent the hapl ophase of the life cycle. The nentioned-
greater conplexity corresponds with a nore efficient nethod
of energy production in order to conpensate for the nore
di verse netabolic processes evident in the plasnodi a
i ncl udi ng the Kreb's cycle.

d ut anat e Oxal oacet at e Tr ansani nase ( &I)

A ut anat e oxal oacetate transam nase is al so an
enzyme closely associated with the Kreb's cycl e, which
functions in the addition or subtraction cl eavage of NH,,
groups of amno acids comng in and out of the Kreb's cycle.

As with I1CDH, the activity of GOT is overall significantly



higher in the plasnodia. This data supports and conpl enents
that already presented and di scussed previously regarding
| CDH activity in the plasodi um

d ucose Phosphate | sonerase (PQ)

3 ucose phosphate i sonerase is the second
internmediate in the glycolytic pathway which functions in
converting gl ucose-6-phosphate to fruct ose-6-phosphate. This
enzynme denonstrated simlar intensities in both the nyxanoeba
and plasnodia for the principal formof the enzyne. However
t he nyxanoeba were nore polynorphic for this enzyne
exhibiting versatility regarding this enzyne. This data
supports the contention that the glycolytic pathway is a
dom nant node of ATP synthesis in the nyxanoeba. Since this
enzyme is prominent in the glycolytic pathway but not part of
t he pentose phosphate pathway, it would explain the
simlarity in activity between the nyxanoeba and pl asnodi a,
and woul d al so explain the discovery of less activity for
this enzyne when conpared with PGV in the nyxanoeba.

Anal ysis of the spores indicates a considerable
reduction in the activity of the enzynmes concerned with
growt h and energy production for all specinmens. Since the
spores are concerned with that part of the life cycle
characterized by the reduction of nmetabolic activity and

dormancy (Gray and Al exopoul os, 1968), this would be
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expect ed.

A ucose- 6- Phosphat e Dehydr ogenase (G 6- PDH)

A3 ucose- 6- phosphat e dehydrogenase is the initia
enzyne in the hexose nonophosphate shunt, which converts
d ucose- 6- Phosphate to 6-Phosphoglucono-1,5~lactone, The
primary functions of this pathway are A the synthesis of
ri bose phosphate, the starting point in biosynthesis of
nucl eoti des and B) the production of NADPH whi ch is necessary
for reductive reactions in the biosynthesis of fatty acids
(Rawn, 1983). The observed higher activity in the nyxanoeba
than the plasnodi a suggests that this pathway is necessary
for the rapid growmh rate of the nyxanoebal cells and further
supports the hypot hesis previously discussed regardi ng the
nyxanoebal phase of the life cycle in regard to PGV -
activity. The plasnodia are nore conplex forns and therefore
concerned wth assimlation and greater biochem cal acitivity
than the nyxanmoeba. This would predicate the inportance of
pat hways whi ch woul d satisfy greater energy requirenents and
reduced activity of glycolytic or pentose phosphate pat hway
enzynes.

It is also worthy to note it has been our observa-
tion during the course of this investigation that the pl as-
nodi a, once reaching a critical size within a few days, cur-

tails growmh but continues rapid assimlation of nutrients.
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G 6- PDH showed little or no activity in the mature
spores, denonstrating the inactivity of this pathway in this
particul ar stage as expl ai ned previously.

Al kal i ne Phosphat ase

Even though it is has been possible to denonstrate
the activity of this enzyne in aninmal tissues, there is
consi der abl e confusi on concerning its activity in |ower
organi sns (Gahan, 1984). This enzyne, however, is known to
cl eave phosphate groups froma variety of substrates which
may be inportant in the synthesis of ATP. Al kaline
phosphat ase activity was sonewhat higher in the plasnodi a,
wher e metabolismis somewhat higher and therefore energy
production. As expected, the activity in the spores was
greatly reduced. )
Esterase D

Esterases represent a broad spectrum of enzynmes in
pl ants and aninals. They function primarily in the
hydrol ysis of carboxylic acid esters of al cohols, phenols and
naphtol s resulting in phosphate groups necessary for DNA
synthesis, ATP synthesis and regul atory factors concerning
enzymes. The activity of this enzynme was virtually the sane
in both the nyxanoeba and plasnodia with the plasnodi a
showi ng sone pol ynorphismfor this enzyne. Once again this

supports the contention that this is due to the greater
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conpl exity of the plasnodi um

In conclusion this study denonstrates that the
conversion from one phase of the life cycle or norphol ogi cal
formin D iridis is acconpani ed by a change in conplexity
and therefore differential activity of certain netabolic
pat hways and enzynes and therefore chemcal requirenents. In
addition, the isolates used in this study although
denonstrating in sonme cases different levels of enzynmatic
activity anmong thensel ves al so denonstrated great simlarity
I n isoenzyne profiles and thus supports the designation of a
singl e genus and species for these organisns. The silver
stain procedure for total protein indicates there is
consi derabl e variation however in total protein when
I nt er breedi ng cones are examned. This can be attributed to
structural protein in viewof the simlarities found in
enzyme patterns. However, it appeared that sone isol ates
were nore efficient than others for a given enzyne as are
di fferent norphol ogical fornms within the life cycle thus
supporting the fact that the designation of varieties within
the species is justified.

The changes in netaboli smwhen going from one stage
of the life cycle to the next can be summarized in the
followi ng way. The glycolytic enzynmes (PGM and PG ) which

showed the greatest nmetabolic activity in the nyxanoeba,
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denmonstrated effectively that the nyxanoeba are able to

nmet abol i ze gl ucose and its derivatives efficiently. Thus
glycolysis is the primary node of glucose netabolism The
high activity of PGMand G 6-PDH i ndi cate that the pentose
phosphate pathway is al so prom nent due to the rapid growth
exhibited by these cells, and because gl uconeogenesi s has the
potential of occurring, resulting in the synthesis of gl ucose
and ot her carbohydrates which allows for encystnment of these
cells when nutrients are depleted. Since plasnodia are
essentially without cell walls and diploid, thus nore conpl ex
fornms (Al exopoul os, 1968), in conparison to other

nmor phol ogical fornms within the life cycle of D iridis, the
need for gl uconeogenesis would be less evident. It exhibits
limted potential growh and a high rate of nutrient

assiml ation.

The prinmary node of carbohydrate netabolismin the
pl asnodi a was found to be by way of the Kreb's cycle. | CDH
and GOT denonstrated considerably higher activity in the
pl asnodia, indicating that a high rate of assimlation of
nutrients and energy production utilization occurs in this
stage of the life cycle. Thus the need for a nore efficient
node of netabolism ari ses.

Mat ure spores denonstrated decreased |evel s of

enzynme activity, as expected, since they are not



83

net abolically active (Gay and Al exopoul os, 1968). G 6- PDH
denonstrated no activity which would indicate a |ack of DNA
synthesis in this stage. Likew se, the enzynes PGV | CDH,
Q0T and Esterase-D exhibited no netabolic activity in the
sporul ation stage. Finally, even though D iridis is a
relatively primtive organism it appears to have a rather
conpl ex cell cycle as determ ned by isoenzyne anal ysis
performed in this study. It continues to be an inportant
research tool that can further enhance our understandi ng of
nmet aboli smand cellular differentiation by answering many
per pl exi ng bi ochem cal probl ens, which up to this point nay

not be fully understood.
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