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ABSTRACT . '

¥

The. final stage in the developmental 1ife cycle of
Dictvostelium discoldeum is the formatlon of a frulting
body. This structure consists of a basql disk, a column of
deaq stalk cells, and a sorus containing dormant spores in
a viscous matrix of extracellular materlal.' Anélysls of
crude extracts of the sorus demonstrateg that there 1Is a
higher specific activity of [g-glucosidase and trehalase in
the_extracellular matrix—than in the dormant spores. These
extracellular enzymes, which were syntheslzed by stalk
cells, degrade or denature upon aging of Intact sorocarps.
This may indicate that the enzymes age probably. not
Involved In the autoactivation phenomepon:

Electrophoresis« of matrix material from the sori
reveals the présence of ﬁ-glucosidase 2 wlith a trace
amount of g-glucosldase 1. Both forms of [3-g1ucosldase
are present during spore germination of D. alscoideum. In
dormant spores only ﬁ -glucosidase 2 1s detected. Upon
heqt-acéivation of the spores, this form of {?-glucosldase
Is reduced to an undetectable Ievel.' During emergence of
myxamoebae, . f’-gluc‘osldase 2 Is replaced by a newly- -
syntheslzed enzyme, lg-glucosldase 1. The formatlon of the
latter form_of ﬁ -glucosidase requires b%ﬁp RNA and proteln
syntheses. |

The fg-glucosldase 2 enzyme that Is foynd In dormant
spores appears to have a surface locatlon slince trypsin

: | S .
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treatment will cause total degradation of the enzyme, The
normal germlnation of these trypsin treated spores suggests
that /e-glucosldase 2 Is not required for the.g;rmlnation
process. . '

The complete germinatlion of a /g-glucosldase 1 minus
mutant also casts doubt on the necessity for /g-glucosldase
1 activity durlng emergence. Spores (which have been
blocked from gmerglng by cycloheximidé treatment) wlll
release spheroplasts when treated with pronase and D.
discoldeum cellulase. However, addlition of ﬁ-g]ucosldase
1 to the cellulase-pronase treated spores does accelerate
the rate of spheroplast formation. Thus, it Is concluded
that ﬁlglucosldase 2 Is not required for spore germination
but F-glucosldase 1 plays a minor but dispensable role in

D. discoideum spore germlnation.
Trehalase activity, unilke/Jg;glucosldase 2, Is not

x

denaturated upon heat-induced actlvation of sporesl The

trehalase specific activity remalns at a basal level In the

"early stages of germinatlon and by late spore swelling the

enzyme activity begins to increase. The latter increase In
trehalase actlvity requlres both RNA and protelé syntheses.
Thlis newly-synthesized trehalase Is released into the
extracellular medium durling spore germinatlon.

Trehélose, the substrate for the enzyme trehalase, is
hydrolyzed before late spore swelling. Thls Indicates that
ésehalase which Increases durlng maximum spore swelling l;

not Involved In trehalose degradation. Therefore the



trehalase synthesized during.late spore swelling may not
have a critical role In spore germination. The above
hypothesis Is supported by the normal uFllIzatlon of
trehaNose In UV lrréd!ated and cyclohéxlmlde treated spores
which swell but do not synthesize trehalase or f?-
glucosldasé 1. Thus, Ié.ls concluded that the newly-formed
trehalase, ng ﬁ-glucosldase 1, does not play a critical
role in the_sp;re germinatlion process.

Temporal as well as'quantltétlve shifts In expresslon
‘of trehalase and {g-glucosldase 1 are observed when-spores
are subjected to chemléaf’activatlon and éut;actlvatlon.
These shifts are more pronounced In the expresslon of
trehalase than in ﬁtglhcosldase 1. The shifts In enzyme
expression wlthout concomitant shifts In the time of
emergence'lend additlonal support to the hypothesis that

these enzymes are not critical to the germinatlon process.
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YNTRODUCTION v
. . ' !
A. Genera] gverview of the 1ife hi'story of the cellular

slime mold, Dictvostelium discoldeum.
The cellular slime mold, Qictvosteljum discoideum
NCtF, was first Isolated by K.B. Raper (1935) from forest

soil In North Carolina. It is not, by any means, the most

common species of cellular slime mold, but Is certalnly the-

one most intensively studied In all research laboratories.
The 11fe cycle of g.1d1§§glgggm 1s shown In Figure 1

(Wright, 1963). The amoebae are found in bacterla-rich .

solls where they are Indistingulshable from other soil

amoebae. They feed on the bacterla of decaying falfen

leaves and will continue to grow and under;o bitnary fisslion

as long as food 1s avallable. However, upon depletlion of

the food source, a unique and characterlstic series of

developmental events occur which distinguish D, discoldeum

from other soil amoebae. These developmental events

consist of the following three stages: aggregatl;n,

pseudoplasmodial formatlon and culminatlion.

The amoebae will flrst aggregate Into a mound

—
’

cont®ning approximately 10° cells. The aggregation s
Inltated\by a substance orglnally referred to as ‘'acrasin'
.which is flrst secreted by the centrally located amoeba.
The presence of thls chemlcal In the environment will then
stimulate the neighbouring amoebae to secrete thelr own

‘acrasins' (Bonner, 1967). This chemlcal was later

/“
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FIGURE 1. The tife cycle of
(after Wright, 1963).
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Ident!fléd ;o‘be the nucleoxlge adenosine 3',5'-cyclic
monophosphate (SAMP) (Barkley, 1869).

The aggregate becomes Integrated by deposition of a
surface sheath covering the whole mound. This aggregate‘
topples over onto the surface and migrates horizontally as
a pseudoplasmodlum (a grex or a slug). The
pseduoplasmodium Is phototatic and can move.towards a
unidirectional light source of extremely low denslty. Once
the migration ppase has ended, Spe pseudoplasmodium rears

back upon itself and extends its diameter to form a

flattened disciTike object. At this point the cells at the

*anterlor end differentiate Into pre-stalk cells, whereas

cells at the posterior end differentlate Into pre-spore
cells.

The pre-stalk cells ultimately develop Into large,
vacuolate stalk cells with thick cetlulosic cell walls.’
The stalk cells extend lengthwise causing.a rapid
elongatlion of the stalk and form the frul‘lng body or
sorocarp with the spore cells at the top. ThI; marks the
end of the culminatlion stage. To complete the 1ife cycle,
the sbores are re]ea;ed from thelr container, the sorus,
and upon favourable conditions germfhate into vegetative
amoebae (see Newell, 1971, 1978; Loomis, 1975 for revlew).h
- Cellular slime molds are haploid throughout thelr
usual growth and developmental stages, and mutatlons are

therefore much more readily detected than in most

eukaryotes which are diplold. Several mutants are used In
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thils study. They are the axenic mutant, AX3, which unlike
the wild type straln NC4H can grow axenlcally wlthout the
presence of bacteria (Loomls, 1971); the /g-glucosldase 1
minus mutant, G1, which Is a mutant of AX3 and |s unable to
synthesize the fg-glucosldase enzyme (Diamond and Loomlis,
1976); and the spontanteous germinatlon mutant, SGl;is a
ﬁutant of NC4H which can germlinate In the absence of any
activation treatments (Cotter and Dahlberg, 1977).

B. Spores and spore germlination in D. discoldeum.

Dormant spores’yf D. discoideym are contalned Iin a

vfscous matrix of extracellular materlal at the top of the

sorocarp (see Murata and Ohnishi, 1980). The extracellular
matrix consists malnly of enzymes (Chan et al., 1981b).
Otﬂér components of the matrlix such as complex
carbohydrates (Ceccarinl and Filosa, 1965) and discadenlne
(a spore germinatlion lnh}bltor) are also found (Abe et al,,
1976). The dormant spores of wild type straln NC4H are
capsule shaped and vary in size; normally, the spores are
approximately 6 to 9 um long and 2.5 to 3.5 um In diamete;
(Raper, 1935; Bonner, 1967). .
Ultrastructural and enzymatlc analysis by Hemmes &t
al. (1972) demonstrate that the dormant spore of D.
discoldeum consists of the followlng three layers: the
outermost layer wh}ch Is mainly made up of
mucopolysaccharide; the middle layer which 1s actually

constructed of two distlinct cellulosic layerél The two

sub-layers differ only in the orientatlon of thelfr fibrils.
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However, it Is stlll not certain If cellulose Is the only
component present In these sub-layers; the third layer Is
apade up of at least two compone;ts, cellulose and protein.,

Young D. discoldeum spores are constitutively dormant
and will not germlinate Into myxamoebae wilthout an exogenous
aotivation treatment. The conversion of dormant spores to
nascent myxamoebae may occur In the followlng four stagés:
activation of dormant spores, postactivation lag, swelling
of actlvated spores and the release of a single myxamoeba
from each swollen sporé (Cotter, 1975) (Figure 2).

Several activation methods, both physical and
chemical, have been developed by Cotter and co-workers {(see
Cotter, 1981 for. review)., Before activation, the spores
have to be washed once in double distilled water and twice
In 0.1 M phosphate buffer (pH 6.5) to remove all
inhibitor(s). The activation technlques-lnclude the
following: 1% peptone for 30 min (Cotter and Raper, 1966);
heat at 45 € for 30 min (Cotter and Raper, 1968ab); 20%
dimethyl sulfoxide (DMSO) for 30 min (Cotter et al., 1976);
8 M urea for 30 min (Cotter and 0'Connell, 1976); 3 M
ethylene glycol for 60 min (Cotter, 1977); 6 M guanidine
HC1 for 60 min, 2 M dimethylurea for 60 min, and 2 M

tetramethy)! urea for 30 min (Cotter, 1979).

-

>

The time between the removal - of the actlvating
stimulus and the flrst sign of spore swelling Is called the
postactivation lag, and can be divided into two almost

equal phases: early and late lags (Cotter, 1975). The
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FIGURE 2. The ;ermlnatlon sequence of heat-actlivated
Qlctvostel lum discoldeum straln NCKH spores(Cotter and
Raper, 1968b). Spgreslkpre heat-activated at 45 C for
30 min and incubated at 23.5 C for 5 hr. (0, Derceht of
-swollen spores; . . Percent of emerged myxamoebae, )
The semidiagrammatic deplction of spore germlnation
below the abscissa includes late lag, early swelding]

mid swelling, late swelling, emerged myxamoebae, and

post-emerged myxamoebae.



N

100,

80L

» 6
* kg

HOURS

-

PN



H

»

FE

-9-

>

(L
’

postéctlvatloﬁ°l§g‘a§ a whole Jasts from 0.5 to 2 hours
depending on the mgthod‘of activation empIo;ed. )

The swel}lng stage of germlination begfno leh the
‘;ppearance of a lateral proiuberance leadlng to the ]oss of
the ffrst two layerss;f the_spore wall (Cotter gt al.,
1969; Hemmes et al., 197%). The protuberance entarges

-until the entire spore Is sdoljen. This s accompanied by
loss of refractility, so.ehatvﬁhe swolien spore appears
phase dark Instead of phase bright under ; phase‘oontrast
mlcroscone.' The later part of this staéea}g characterlzed

‘by the aopearanco of granules and one or more contractile
vacuoies (Cotter and Raper, 1966, 1968a,b; Cotter, 1975)

% Splttting of the outer two wall layers begins diring spore
swelllng (COtter et al., 1969; Hemmes et al., 1972). '
N The last scage of spore germination, the émergence of

.myxamoebag, is deflned as a splitting of the fnnermost wall
layer (Cotter et él.,1969; Hemmes:g%”gi.,,1972)" The
myxamdeba posseses pseudopodla and 1s phase dark. tn this
final stage, the lipodlal bodles as well as protelnqpceous
crystals are degraded so that the true vegetative amoeba Is
devoid of these structures (Cotter et al., 1969; Gregg and
.Badman, 19703 .

Hlld type spores, NCuH will germlnate to form more
than 931 myxamoebae by the' end of 5 hr after actlivatlon
when Incubated at 105-107 spores/ml at 23.5 € in 0. 01 M

phosphate buffer (pH 6;5) with continuous shakling (Cotter

and Raper, 19683 b). However, when mutants such as, B, AX3

L]

- !

-

Gy,
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and Gl, are germinated, less than 80% of the spores will
transform Into myxamoebae. In the case of heat-actlvatlon,
the 803 germination will not be seen until 10 hrs after
heat-induced activatlon (Cotter and Raper, 1968c).

The spontaneous germination mutant, SG1, will
germinate to more than 95% at a concentration of 10/
spores/ml In the absence of any-exogenous activation
treatments (Cotter aﬁ& Dahlberg, 1577). Furthermore, the
germination process Is unchanged even if addltional
activation treatment Is applied to the doFmant spores.

‘o

constitutlvely dorméﬁt and do not germinate without an

L4

activation treannent. However, upon aging of the spores in

As ‘-mentioned aBofE, fresﬁ}x formed spores of NC4UH are

the intact sorocarp for more than 7 days, autoactivation
will occur upon suspension of washed spores In phosphate
buffer. Sﬁores that are aged for 7 days wil] show aggbt 1%
swelling at 6 hr and 17% at 8 hr, while. those that are aged
for 10 days show 17% swelllng at 6 hr and 86% at 8 hr. 1f
‘the spores are allowed to age for 13 days in the sorus,
washed spores will germinate to at least 952 without any
activation treatments (Dahlberg and Cotter, 1978).

» The procegs of spore germination In D. discoldeum can
be inhibited by exposing spores to one of the followlng
four envirommental factors: reduced oxygen tension, high or
low pH, high osmotic pressure and high or low temperature.

If spores in the lag phase of germinatlion are exposed to

any one of the above environmental extremes, then the
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spores Wil not swell but they will return to the dormant:
sta;e, l.e., they will deactlvate:’ However, 1f the same
condition Is applied to spores In thelswellln; or emergence
stage, then the spores will not return to the dormant state
but will) dIeN(Cotter and Raper, lgﬁaa,b} Cotter, 1975;
Cotter et al., 1979).

C. ‘Expression of é-g]“gggldgge durtng the multicellular

developmental stages of D. discoideum.

A series of enzymes have been found to accumulate ‘
durling discrete stages of the multicellular development of

the cellular slime mold, Dictvostelium discoideum (see

Roanis, 1968; Loomis, 1975). - One such enzyme is the
presumably lysosomal enzyme, lg-glugosldasé~(Rosness, 1968;
Coston and Loomis, 1969). The.speclflic actlvity of
ﬁlglucosldase increases durlng the first 4 hr after removal
of the food source (aggrggatlon stage) and then decreases
until culmination begins about 14 hr later. At this time,
a second period of lhcrease occurs, and this Increase
reaches a maximum at the end of the culmination period.
_Electrophoreslis of these cell preparations on 5% continuous
polyacrylaml&e gels shows that two forms ;f'enzyme are
present during the Jevelopmental stages of D. discoldeum.
The enzyme that forms durlng aggregation has a fEQter
mobl1ity on the gel than the on; formed at the end of"
culmination. Coston and Loomis (1969).refer to the faster
moving enzyme as /g-glucosldase 1 and the slower moving one

as ﬁ-glucosldaée 2. Occasionally, a third component which

‘ L]
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migrates faster than either of the two enzymes will be seen
in both early and late samples, but when observed it is
always found to represent less than 5% of the total
actlvlty.

The accumulation of /?-glucosidase 1 occurs
independently of elther RNA or proteln synthesls, Whereas,
increase of !@-glucosidase 2 seems to require both types of
synthesis. Actinomycin D (an inhibitor of RNA synthesis) as
well as cycloheximide (an Inhibltor-of protein s;pthesls)
aré.found to prevent the formation of (e-glucdSldase 2.
Because of Its late accumulation, Coston and Loomls (1969)
have proposed that /g-glucosldase 2 might have a function
In the spores and is probably Involved In the splitting of
the spore wall during germination. ’

Besldes their difference In mobllities on 5%
polvacrylamlde gels, the two enzymes are also found to
differ tn thelr respective Km values for p-nitrophenyl-/g—
D-glucoside substrate. The Km value of f?-gluéosldase 1ll1s
1.28 X 107> M and that for [-glucosidase 2 Is 0.83 X 103
M. However, both fogﬁs of ﬁ-glqcosidase exhibit optlimum
actlvities at pH 4,5 - 5.5 (Coston and Loom}s, 1969).

When /3-;1ucosldase 1 Is purified to electrophoretic
homogeneity from vegetative cells of straln M3 (a mutant of
AX3 that lacks «{ -mannosldase activity), then the enzyme lIs
found to consist of two subunits with apparent molecular
welghts of 68,000 and 83,000 daltops (Dtamond and Loomlis,
1376). The enzymatic gctlvltytof }g-glucosldase 1 1s found

»
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to sediment as a molecule of 8S and ha; an apparent
molecular weight of 160,000 (Coston and Loomis, 1969; Every
and Ashworth, 1973). Thus, the active enzyme appears to
contain one copy of each of the subunlts.

/ Several mutants that are deficlent In fg-glucoslﬂase 1
activity have been isolated (Diamond and Lo:mls, 1976).
These mutants are derived from the axenlc straln AX3 which,
‘unlike the wild type NCh, excretes /?-glucosldase 2 enzyme
into the medium during growth on bacteria (Ashworth and
%yance, 1972): The release of {3-glucosldase 2 enzyme
during development thus aids In the procedure used to
screen for mutants. One of the mutants, Gl, is found to
contain only about 2.5% of 1ts parental (AX3) /g-
glucosidase 1 activity, and most of this remaipldk activity
can be accounted for by the activity of a ‘G- galactosidase
enzyme that can nonspeclfically hydrolyze the (5-g1ucoslde
subsngte (Diamond and Loomis, 1976; Loom!s, 1980}.'

Besides Gl, six other mutants ltacking measurable /5-
glucosidase 1 activity have been isolated, All these
mutants which tack {?-glucosldase 1 activity are also -found
to be unable to accumulate ﬁ-gluco‘sldase 2 activity
(Diamond and Loomis, 1976). All seven mutatlons affecting
ﬁ-glucos!dase actlvlt& In D. discoldeupm are found to be
non-complementing, recessive to the wild-type allele, and
té occur In the gene locus, glu A (Loomls, 1980).

To explain why there are two polypeptides in purifled

F-g]ucosldase 1 and yet only one recognized gene
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affecting the activity, Loomis (1980) proposed the
following explanations: 1) one of the subunits might not be
required for the activity measured; 2) the polypeptides
might be derived from %leavage of a larger precursor; or 3)
the polypeptides mi;ht be derived from the same primary
translation product but be differentlally modifled at a
later time., The probability that one of the polypeptlides
Is a contaminating protein Is eliminated since the
polypeptides tested are In equimolar proportions after
greater than 2,000 fold purification, and the enzyme
activlty comigrates with 90% of the total protein fbllowing
electrophoresis at three different pH conditions (Lommis,.
1980). ‘

Unlike fg-glucosidase 1 which Is rather stable at low
temperature, p;glucosldase 2 Is very unstable and
demonstrated a consistent loss of.gtht'ISz of Its activity

1 4
per day during the puriflcation process (Dlamond and

Loomis,1976). )

When the Immunological relationship between the two
forms of enzyme was studied (Diamond and Loomls, 1976). It
Is found that both /?-glucosldases as well as several
hydrolases sha:z a common Immunological determlnant. The
antigen is ‘unaffected by bollling or ml1d NaOH treatment.
However, It Is totally destroyed by protelnase K dligestion
and péftiélly destroyed by periodate oxldation. Thus It

has been suggested that the antigenic determinant requlres

intact protein and probably represents a glycosylatlon of
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that protein. Loomis (1980) later showed that both
polypeptides of /g-glucosidase 1 are glycosylated,

Loomis (1980) further postulates that both enzymes,
p-g'lucgsldase 1 and ﬁ-g!ucosldase 2, are controlled by .:;
single gene and that thelr difference In mobllity and other
factors are contrlbuted to by a post-trapslatlonal .
modification process. This mgdiflcqtlon Is restricted to

the modA gene (Free et al., 1978a; Free and Schimke,

f

1978b)-.
0. Expresslion ;f -glucoslidase during §29£§‘g£1min§£lgn of
D. discoldeum. _ -

Dormant spores of ﬁ. discoideum contaln a low amount
of ﬁ-glucosldase. This enzyme decreases In specific
activity during heat actlvation. However, upon emergence
of myxamoebae, the enzyme undergoes at least a ten fgld
increase I'n speciflc act{Qlty when compared to post
activated spores at zero time (Tisa and Cotter, 1980):~ The
Increase of this enzyme requires protein and RNA syntheses
since spores that are subjected to UV irradiation or
gerhl;ated in the presence of 200 ug/m}l of cycloheximide
fall to express any /g-g1ucosldase actlvity (Tlisa and
Cotter, 1980; Demsar, rpersonal communléatlon).. The enzyme
unllke other enzymes such as, cellulase;, are not released
imto the medium during spore germination (Jones et al.,
1979; Tisa and Cotter, 1980): ‘

Decryptlfléatlon experiments performed by Tisa and

Cotter €1980) suggested that the f?-glucosldase Enzyme Is
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probably located near, or bound to, the external surface of
the plasma membrane of dormant spores slnce simllar enzyme
activity was found In dormant spores that had undergoﬁe
breakage and those that have not been subjected to any
treatments. However, -the above observation Is not true for
emerged myxamoebae. A higher enzyme actlvity is ﬁou;d In
those amoebae that havé.undergone at least some type of
decryptification treatments than In those that had not been
treated (TIsa and Cotter, 1980). ,

Deactivating condlitions such as, Incubating spores in
the presence of ‘sodium azide (2'mM) or potassium cyanide (2
mM)}, or at 0 C for 48 hr, block the expression of the
increase in /3-glucosldase activity (Tisa and Cotter,
1980).
E. Relatlonshlp of trehalase and trehalose during the

multicellular developmental stages of D. discoldeum.

The relationship between trehalase and trehalose was
first studied by Ceccarlin! (1967). Trehalase enzyme
activity was found to be present in almost all development
stages of D. discoideum. The activity was found maximally
In the vegetative amoebae and was preferentially released
into the externél medium qurlng aggregatlion according to
Ceccarini (1967). The activity of the enzyme remalned low
for the rest of the developmental cycle. Upon germlnatlion
of the mature.spores, the enzyme reappeared in the

germinating amoebae (Ceccarinl, 1967). The release of
. -

trehalase during aggregation was !ndependent of elther RNA
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or protein synthesis. Once the enzyme had been released to
the external medium It did not reappear unti] the cells
_were fed with E. coll (Ceccarini, 1967).

The results of Roth and Sussman (1966) and Killick and
Wright.(1872) on the actlvity of trehalase during
differentlation differ from those of Ceccarini- (1967).
Instead of having a .low level of trehalase enzyme actlvity
in the spores. These authours claimed that the enzyme
reappeared in the terminal stage of sorocarp formation,, and
thus trehatase was p}esent In a fair amount In the spores.

8y means of an ultra-microte;hnique, Jefferson and
Rutherford (1976) showed that most, if not all, of the
actlvity present In the sorocarp stage was stalk specific.
Thus the high trehalase actlvlity found in the sorocarp by
Killick and Wright (1972) was actually that of the stalk ’
cells and not the spore cells. )

The level of carbohydrate, trehalose, varles
consideragly throughout the life cycle of D. discoldeum
(Ceccarinl and Fllosa, 1965). 1In the vegetatlve amoebae
and migrating slugs, the level of trehalose ls very low and

occuples less than 0.5% of the total dry welght. However,
upon culmination, the level of trehalose increases to 1.5%
of the dry welght and reaches a maximum of 5% In mature
spores. Trehalose and glucose are found to be the only
water-soluble carbohydrates In the mature spores. Indlrect

evidence obtained from Muller and Hohl (1975) sugges ted

that trehalose is locallzed in vesicles withln the spores.

TP N |
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F. Exoresslon of trehalase during spore germinalon of D.

discoldeum.

Very low trehalase activity is found In the
post-activation 1#g and early swelling stages of heat
actlivated D, discoideum kaH.spores (Cotter and Raper,
1970; Cotter et al:, 1979; Tisa and Cotter, 1979b). Unlike
ﬁ-glucosl'd_ase, this Iow‘ level of trehalase is unaffected by
heat treatment. By late swelling, about 15-30 min before
the emergence of myxamoebae, the enzyme increases
dramatically In activity. The increase In actlvity of
trehalase requires both RNA and proteln syntheses. UV
Irradlation of spores or addition of 200 ug/ml of
cycloheximide at the beginning of germination blocks the
expression of trehalase actlivity (Cotter and Raper, 1970;
Tisa and Cotter, 1980; Demsar, personal communication).
H%zexer, little Is known on the utilizatlion of trehalose
d&élng the germinatlion process (Ceccarini, 1967). Whether
the enzyme will be released to the external medium durling
the above process is also unknown,

G. Requirement for an Improved coupled assay for th

detection of glucose released By acld glucosidases.

The requirement for assay of acld glucosidaser

activities Is frequently encountered In blochemical
research involving both prokaryotic and eukaryotic
organisms. Acld glucosidases such as, trehalase and /%
glucosidase, release glucose as one of thelr endproducts

after hydrolysls of thelr natural substrates. For ﬁl
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glucosidase, the enzyme activity can be detected by uslng a
synth;tlc compound (p-nitrophenyl- ﬁLD-glucoslde) as
substrat;. However, trehalase which Is a very substrate
sbeclfic enzyme cannot hydrolyze such a synthetic compound,
Thus a rapld and sens!tive method éon* determing the
activities of acld glucosidases, especlally that of
trehalase, 1s required. The existing methods employed are
el ther compticated (Ballario et al., 1978; Xi1lick, 1979),
are expensive (Ballario et al., 1978), are of low
sensitivity or work only at neutral pH (Ceccarini, 1965;
Deshpande et al., 1978).

In thls study, an Improved reagent for detect[ng
glucose which Is released by acid glugosidases at low pH Is
Introduced (Chan and Cotter, 1980). The reagent was first
utilized by Becker (1974) to detect free glucose in blood

plasma at pH 7.0, The princliple of this method Is outlined

below:

Glucose + HZG + 0, ﬁlggggg;uﬂ;ﬂuu;> Gluconic acid + Hy0,
" Hp0g + reduced chromogenﬁg;g;lggag?_ ZHZO + oxtdized

chromogen

The chromogen employed In this study Is 2,2'-Azlno-~di-
(3-ethyl-benzthlazolin)=-6~sulphonate (ABTS),.
Unfortunately, the enzymes used by Becker had,n;utrab pH
optima and thus were unsultable for measurling glucose at
acidlic pH values,
H. The purpose of this study.

The purfose ;¥ this study was to Investigate the role
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of two enzymes, /g-glucosldase and treHaI;se, In the
germination process.‘ - ‘ ‘
The expression.of different forms of /g-gtycosidase

during spore germinatlion was also studled, A

An improved coupled assay for detecting glucose
.released by acld glucosldases was Introduced for the
detalled study of trehalase actlvity durlng the germination
process, The util}zation of trehalose was Investigated ° .
using the above assay.

Finally, the relationship betwéen methods of

activation and the expression of enzymes was also stydled.‘

4
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N . MATERIALS AND METHODS

Several stralns of Dictvostellum dlscoldeym were used

In this study. All stralns (NC4H, SG1, AX3, and Gl) were
grown In conjunction with Escherichia col] 84r on
glucose-salt agar (Adams, 1959). This medium con;lsts of‘
the followlng components: 1.0 g of NH,Cl, 0.13 g of Mgso, ,
3.0 g of KH2P0n . 6.0 g of NazHPOh and 20.0 g of Bacto agar
(Difco) In 1 1iter of double distilled water. After
autoclaving, 10 ml of 0.4 g/ml of sterile glucose (Fisher)
was added to the above medlum. After complete mixing, the
medium was cooled to 50 C and dispensed into 100 X 15 mm
plastic petri dishes.

Spores of D. discoideum were germinated in phosphate

buffer consisting of 1.04 g of KHZPOh In 1 liter of double

distilled water; the pH of the 0.01 M solutlon was adjusted

to 6.5 with concentrated KOH prlor;}o autoclaving.
B. Formation of D, discoideum sorocarps.
Spores of D. discoldeum were transferred aseptlically

v

from a stock plate to 20-80 ml of sterlfle double dlstilled

water ylelding a spore denslty of 107 spores/ml. A loopfu)
of E. goll B/r was thed’%ransferred to the suspenslon and
mixed throughly; 2 ml of the mixture was transferred onto
the glucose-salt plates and incubated at 23.5 C. The
culture was shaken at 24 hr and 48 hr after plating to

ensure even growth and synchronous formation of sorocarps.

e M a1 n s s o i aes <

AN ik s aEe
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Myxamoebae wl 1] usuél!y be found on the second day after

plating and by the' fourth day young éprocarps bgaring g
SDO(:s at the top will be seen. For geranatlon
experiments, the sorocarps were allowed to age from.1-3
days before the spores were harvested In order to ensure
that alhtspores used in experimental work had entered , -
dormancy.
C. Col of matrix enzymes,
* Dormant spores of D. discoldeum are contalined in a
vi'scous matrix of extracellular material at the top of the '
sorocarp. This extracellular material Is composed.malnly
of enzymes. To collect these enzymes, 1-13 days old sorl
. —

were removed fiom the stalk cells by pasgﬁng a mlEroscoplc
sllde several mlllimet;rs above the agar sur}ace. The sorl
which consisted of spores and extracellular material were
suspended Into 5-15 m! of sterile double distilled water or
acetate:buffer at 0 C. The spores were then removed from -
: he extracellular material by low speed centrlfugation at
setting 6 in an IEC clinical centrlfuge. The supernatant
containing the yellowish-green matrix material was stored
at -21 C untl!l use.
D. Germination of D. discoideum soores.

Spores‘whlch have been washed once In dfftllled water
were washed twlce agjin in.0.01 M phosphate:buffer (pH 6.5)
to ensure that all spores werg.free of extracellular . ’

material. -

Both physlcél'and chemical activation meéhods were

-
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- used in this study, If heat acttyetion was used, spotes
were suspended In 5 ml of 0,01 M, phosphate buffer (pH 6.5)
and placed In a 45 C waterbath for 30 min. At the end of
heat actlvation, the spores were’dlluted-oqt to a
concentration o; approxﬁnétely 1'x 107 spores/mt in
phosphate buffer and incubated at 23:5 ¢ with gent!e
shaking to allow germination to occur. The ﬁdmber of
spores/ml was calculated ylth'a héhac?tometer (Cettg} and
Raper, 1966, 1968a, b).‘

Spores were also actl;ated in 5 ml of phnsphate buffer
"with the following chemicals: 202 dimethyl sulfoxide’ §DMSD)
_for 30 min (Cotter et gl.: 1976) and S.M urea for 30 min ‘
(Cotter ang 0'Connel @ 1976)) lln‘both cases, cgemlcals
were removed by flltraf!;e thfough a 1.2 um Mi1}lpore
fliter at the end of aetivatlon. The spores were then
washed twice in phosphsfe buffer. ’

In addition to uslng botﬁ'physical and chemical

. +

actlvatlon treatments, the spontaneous germlnation mutant,

¥

SGI was also allowed to undergo autoacti{vation {Cotter.and’
Dalhberg, 1977). The §pe}es of S5G1 were harvested as
lndlcated above and washed twice_ in phosphate buffee. " The
spores were then diluted to a concentratloﬁ of
approxlmately 197 s spores/ml In phosphate bufﬁer and
incubated ét‘23:5 C with contlnuous shaking.
. Spores were germlnaéed after activatlon In one of two
wa;s depending on the volume needed. {n the case of small
volumes, actlvated spérés were placed 1n 10 X 1 cm test

~ - .

i . )
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tubes and incubated at 23.5 C in a Braun Thermomix 1420
waterhath. The spores were stirred with magnetic stlrrlng
bars propelled by a submersible stlrring unit (Tri=-R
micro-submersible magnetlc stirrer). |In the case of large
volumes, a ilter batgh of activated spores was Introduced
Into a 2.8 liter fernback flask shaken gently with a
Gyroﬁor§ shaker (Model G2) at 200 oscillations/min. N

The percentage of swoilen_sporé§ and released
myxamoebae was 'monitored by piaclng approximately 0.03 ml
of the suspension on a s[lde and countling the flrst 200
objects with a Zelss phase contrast mlcroscope at a

v

magnification of 320 X. The objects were placed into three

groups: unswollen spores, swollen spores, and emerged

myxamoebae,
E.. Production of vegetative myxamoebae. -

Vegetative amoebae were prepared by inocuiatlng
glucose~salt plates wlth;g, discoideum spores and E. ¢oli
B/r together with 10 m! of sterile double distilled water.
The plates were shaken continuously In a Gyrotory shaker ~
(Model G2) at 100 osclllations/min. After several days of
growth the vegetative amoebae were harvested and washed
free of any baceterla by repeated ce;tr!fugatlon at 1,000 x
g In a Beckman J 21-C centrifuge. .

The study of é ~glucosidase enzymes.

.1. Preparation of /g-glucosldas;e enzymes,

Spores were activated as described In section D In

order to analyze the expresslon of {8-glucosldase activlity
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durlng spore germinatlon of D. discoldeum. At hal% hour
Intervals during the germlgatlon process, 10 ml samples
were removed, Waﬁhed free of phosphate buffer by low speed
centrifugation at setting 6 In an IEC centrlfuée,'and
resuspended In 5 m! of 0,05 M acetate buffer (pH 5.0). The
samples were then passed through a French pressure cell .
three times at 20,000 PS| and stored immedlatel§ at =21 ¢
for 24 hours. After a single freeze and thaw, the spore
extiacts were centrlfuged at 8,200 x g for 15 min at &4 C In
a réfrlgerated Beckman J-21 C centrifuge. The
supernatants after centrifugatfon served as crude
ﬁ-glucosidgse preparations. The above procedure was also
used for the collectlon of"ﬁ-glu osidase preparations
obtained from vegetatlive myxamoebae. ‘

To obtain /g-glucosldase sa;mples from the
extracellular matrix, sorl were first centrlifuged at 1000 x
g€ to separate spores from-the crude matrlix material.

Matrix material that was }ree of spores was agaln
centrlfuged at 8,200 x g for 15 min in a Beckman J 21-C

centrifuge at 4 C; the supernatant after this second

centrlfugation served as a /g-glucos!dase matrlx

preparation..- . ,
2. Assay of /g_s____J" lucosidase speclflc activity during spore
germination of D, discolideum. §

A modlficatlon'of the procedure of Tlsa and Cotter
(1980) ug;,hsed to assay for the expresslon of ff-

glucosidase activity during spore germination. A volume of
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0.25 m! contalning the substrate p-nitrophenyl-/g—
D-glucoside (0.01 M in 0,05 M acetate buffer, pH 5.0) was
added to 0.25 m1 of the enzyme extract and the reaction
mixtures were shaken gently at 23.5 C fﬁ a GCA/precision
scientific waterbath for 50 min. The reaction was
terminated by the addition of 1 ml of 1 M sodium carbonate
and the absorbance was measured at 420 nm with a -
Spectro-Plus (MSE) spectrophotometer against a blank
containing 0.5 ml of 0.05 M acetate buffer and 1 m] of
sodium carbonate.

In order to correct for the appareng substrate
degradation that occurs in the absence of the enzyme (due
to the long incubation time) and to critically examlne the
decrease in the specific activity following
heat-activation, a substrate control was utilized. The
control was prepared by adding 0.25 m! of substrate and
Incubated as described above. After the incubation perlod
0.25 m1 of enzyme extract together with 1.0 m) of sodium
carbonate was added simultaneously to each substrate
control tube and the absorbance was measured as described
above,

One unit of enzyme activlty was defined as 1 nmole of
p-nitrophenol reldased per min at 23.5 C under the assay
condl tions as described above. Protein was measured by the
method of Bradford (1976) ﬁslng Er-globulln as a standard;
units of specific activity were deflned as units of enzyme

activity per mg of proteln.

-
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3. Enrichment of

Spores or amoebae were harvested by centrlfugation and
resuspended in 0.01 M tris-HC1 (pH 7.5), 0,01 M °
mercaptoethanol, 0.01 M MgCl2 , hereafter referred to as C
buffer A, and were broken In a French pressure cell as °
described in sectlon F.l. The egtract was Immedlately
frozen at -21 C and stored overnight. After thawing at
23.5 C the preparation was centrifuged at 37,000 x g for 30 '
min.at & C. The supernatant was withdrawn and centrlfuged
at 105,000 x g for 90 min In a Beckman ultracentrifugé
using a 60 Tl fixed angle rotor at 4 C. The supernatant
. was made to 0,2 M KCI By adding ofie volume of 1.0 M KC1 in
buffer A to four volumes of supernatant. The extract was
then passed down a DEAE-52 column (Whatman) which had
previously been equilibrated with 0,2 M KC1 In buffer A at
4 C. The enzyme was eluted from the column directly (in
the void volume) using the equilibration buffer. Fractions
of 1.0 m1 each were collected with a flow rate of
approximately 12 ml/hr; a total of thirty fractions was
co]leﬁted. The first few fractlons with an'Azsb‘greater
than 1.0 were pooled for vacuum dfalysts. Vacuum dialyslis
was performed using a coltoidion bag with a moleculér
weight excluslon 1imit of 75,000 (Schielder and échuell
Co.); dlalysis was performed against two changes of buffér
5 contalning 103 glycerol v/v,‘and a final change of 50%
v/v glycerol. Vacuum dialysls'was routinely performed to a

final volume of 0.5 m! using a colloidion bag accelerator

K
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(Schleicher and Schuell Co.) ana required between 1.5 and 2
hours depending on the sample size. A}l samples were
stored at -21 C until use,

k., Polyacrylamide gel electrophoresis.

Electrophoresls of enrlched [g-giucosidase samples was
performed using 5% contlnuous non-denaturing gels as_
described by Coston and Loomis (1969). Gels were prerun In
0.1 M phosphate buffer (pH 7.1) for 30 min at 5-6 mA/gel
and were focused for 30 min at 0.5 mA/gel after s;mple
application. ‘The gels were then run ai 5-6 mA/gel for 4 hr
at 4 C, After electrophoresis, the gels were removed and
sliced Into 2 mm fractions and the enzyme was eluted at
23.5 C for 30 min in 0.25 m! of 0.15 M acetate buffer (pH
5.0). Para-nitrophenyl-/s-D-glucoslde (0.01 M in 0.05 M
acetate buffer, pH 5.0) was added in an equal volume and
the samples were Incubated at 23.5 C for 50 min. The
reaction was terminated by the addition of 1.0 ml of 1.0'@
sodlum carbonate and the absorbance was measured at 420 nm
In a Spectro-Plus (MSE) spectrophotometer. One unit of
enzyme activity was defined as 1 nmole‘9f p=nitrophenol

released per min at 23.5 € under the assay conditlons as

described above.

-

5. Trypsin treatment of dorman;tgggggi. .
Dormant spores of D. discoldeum NCu4H were suspended In
1 mg/ml of trypsin (in 0.01 M phosphate buffer, pH 6.5) for
2 hr to degrade all the ﬁtgiucostdase 2 activity that was

present, The spores were centrlifuged at low speed, washed

-
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once with phosphate buffer and resuspended In 1 mg/m! of
trypsin-inhiblitor for 1 hr to neutralize all residual
trypsin activity. After the one hour Incubation, the
trypsin-inhibitor was washed from -the spores by low speed
centrlfugation and the spores were then heat shocked at 45
C for 30 min in phosphate buffer., Spore germination was
monltored as described in section D. . <
6. Breparation of cellulase.

fellulase released from spores was prepared by
allowing NCiH spores to germinate in the presence of 200
ug/ml of cycloheximide. Spores.under the above conditlons
will swell and release cellulase into the medium without
the formation of f?-g]ucosldase. At the e;d of the 5 hr
germination perfod, the extracellular medium was collected
by passing the spore suspension through a 0.45 um Mitlipore
filter. The cellulase In the medlum which passed the
filter was concentrated by vacuum dialysls against sterlle
distllled water usl;L a colloldlon bag with a molecular
welght exclusion limit of 10,.000. The concentrated
cellulase was lyophilized and stored at =21 C until use.

7. Formation of spheroplasts.

The method of Hemmes ef al. (1972) was used to study
the effect of ﬁ-g!ucosidase 1 on the splitting of the
inner spore coat. Spores of NCkH were heat-shocked and
germinated to late swelling in the presence of 200 ug/ml of
cycloheximide as previously described by Tisa and Cotter

(1980). A mixture contafning 1 mg/ml of;commerglal

=
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cellutase (Worthington Chemicals) Iq 0.05 M acetate buffer
was added to the spores in the presénce of 200 ug/ml of
cycloheximide. The spore suspension was then allowed to
Incubate at 23.5 C for 1 hr. At the end of the incubation
perfod, the spores were agaln centrifuged at low speed and
resuspended In 1 or 5 mg/ml of Pronase (Calblochem) (in
0.01 M phosphate buffer, pH 6.5) contalning 200 ug/ml of
cytloheximide. The above procedure was repeated again by
substituting commercial cellulase with 1 mg/ml of spore
cellultase or a mixture of 1000 U/ml of enr!ched /3-
glucosidas; 1 and 1 mg/ml of spore cellulase in 0,05 M
acetate buffer.

The percent spheroplast formation was monitored by
placing 0.03 ml of the suspension after pronase treatment
on a slide and counting the first 200 objects with a Zeiss
phase contrast microscope at a magnification of 320 X. The
objects were divided Into two groups: swollen spores and

—

spheroplasts.
G. The development of an Improyed coupled assay for
detecting glucose released by acid - glucosidases.

1. Preparatlon of enzymes and enzyme extracts.

Crude trehalase extracts were prepared from spores and

emerged myxamoebae of D, discoideum NC4H. Spores were

harvested and germinated to myxamoebae as described In
sectlon D, Trehalase preparations from both spores and
myxamoebae were obtalned by French pressing the cells three

times In 0.1'M acetate buffer (pH 5.5) at 20,000 PSI. The
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cellular extracts were centrifuged at 27,000 x g at 4 C for
30 min in a Beckman J 21-C centrifuge, Supernatants after
centrifugation were collected and used as a crude
preparation of trehalase.

Enzymes with ﬁ-l,s hydrolase activity were obtalned
from yeast cells (Flelshmann Co.) slince D, discoideum
spores and myxamoebae contalned very llttlé of these
enzymes. Dry living yeast cells were allowed to swell and
starve overnight in 0.1 M phosphate buffer (pH 6.5) at room
temperature. The cells were washed several times In
acetate buffer (pH 5.5) and were th?n broken by French
pressing three times at 20,000 PS!, The cells were
centrifuged at 27,000 x g for 30 min; the resultant
supernatant served as a crude preparation of /3-1,6
hydrolases.

The commerclally avallable pure enzymes, /g-glucosidase
(Gere B, from almond emulslon; Calbiochem) and invertase
(GraéB\VI, from Baker's yeaét; Sigma), were dissélved in
0.1 M acetae buffer (pH 5.5),

2, Preparation of Earbohzdrate ggbg;ra;eg.

Trehalese dlﬁxgkate (BDH Chemicals), amygdalln
(Sigma), sucrose (Fisher), and cellobioée (BDH Chemicals)
were dissolved respectively in 0.1 M acetate buffer to a

L]

o
final é%ncentrétlon of 50 umole/ml.

3. Preparation of glucose reagent.
‘ The glucose oxidase (from Asperglllus nlger; Miles

Blochemicals) chosen for this modified reagent had an

~ L

(
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acidlic pH optium which facllitated coupling to acid
glucoslidases. The glucose reqﬁent was prepared by

dissolving 45 U/ml of glucose oxidase, 7.5 U/ml of

peroxidase (from horseradish roots; Miles Blochemlcals)

and 2.3 mM of 2,2'-Azino-dir(3-ethy1-benzthlaz6lln)-B-sulphonate
(ABTS; Boehringer Mannhelm) in 0.1 M acetate buffer (pH 5.5).
The reagent was stored at 4 C in a bro¢n bottle before

use (Chan and Cotter, 1980).

b. Glucose assay (Standard curve).

Solutions contalning 10 nmole to 100 nmole of glucose

(Fisher) in a2 volume up to 1.0 ml were pipetted into 12 X
100 mm test tubes, Glucose reagent of 1.0 ml volume was
then added to each tube. The contents were mixed well, and
" allowed to Incubate In a 23.5 C GC?lpreclslon sclentiflc
waterbath with continuous shaking at 60 oscillations/min
for 60 min. Absorbances at 420 nm were measured with a
Spectro-Plus (MSE) spectrophotometer against a blank
contalning 1.0 m! of glucose reagent and-1.0 m! of buffer.
The amount of glucose in the standard tubes was plotted
’against the approprl%te absorbance; thls resulted in a

s tandard curveﬁwhlch was used to determine the amount of

——

—~—

.glucose ln\unEEEwn samples (Chan and Cotter, 1980).

S-MMMM-

In all experiments, activities of the acid

e~

glucosldases were assayed In 0.1 M acetate buffer -(pH 5.5).

Pure enzymes or enzyme extracts of 0.1 ml to 0.5 ml volume



were added to 0.5 ml of 50 umole/m! of the appropriate
substrates. The total ;Sfﬁme of each tube was then brought
to 1.0 ml by the addition of acetate buffer; 1.0 ml of
glucose reagent wa;-lntroduced into _the tubes and the
contents were mixed with gentle shaking at 23.5 C. In each
<coupled assay the following two sets of controls were used:
an enzyme control contalning the same volume of pure
eénzymes or enzyme extracts as in the above sample but
without the subStrate, and a substrate control ,containing
only 0.5 m! of the appropriate substrate. The total volume
of both tubes was brought to 1.0 m! with acetate buffer and
1.0 m1 of glucose reagent was then added. All three tubes
were allowed to incubate in a 23.5 ¢ GCA/precision
sclentific waterbath with contlnuous shaking at 60
oscillations/min for 1 hr. At the end of the incubation
perlod, absorb;nEES at 520 nm were measured against a blank
containing 1.0 ml of buffer and 1.0 ml of glucose reagent.
In the case of high substrate background due to glucosé
contamination in commercial carbohydrates, the amount of
glucose released by acld glucosidases at the end of the 60
min incubation was measured by dlluting the contents with 2
ml of acetate buffer. Absorbances of these diluted samples
and contro! tubes were measured agalnst a blank containing
3 ml of acetate buffer and 1 m] of glucose reagent. In all
cases, eniyme activity wés expressed as nmole of glucose
released in the sample tube minus the amount of glucose’

detected in the enzyme and substrate controls (Chan and
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Cotter, 1980).

-~ B, Dlécontfnuous glucosidase assay.

t

In these’ experiments, éure eﬁzymes or enzyme extracts
were allowed to Incubate with the;r respective substrates
for 1 hr at 23,5 C tp release glucose. With this method,
the‘eﬁzyme reactlons were stopped after the 1 hr incubation
period by boiling the contents in a waterbath for 10 min,

A 0 time control! containing the same amount of enzyme and
substrate was prepared by Introducing both components
slﬁu]taneously into a pre-heated test tube. Thls mlxture
was also boiled for 10 min In a waterbath. After bolling,
the tubes w;re removed from the waterbath and immediately
cooled In lce. Precipitated proteins were removed by
centrifuging at setting 7 In an IEC clinical centrifuge for
2 min. A 1.0 ml aliquot of the supernatants containlng
glucose was removed from each tube and Introduced Iinto a
clean test tube. To each tgbe 1.0 m! of glucose reage;t
was added and the mixture were allowed to. incubate at 23.5
C for 45 min. Absorbances at 420 nm were measured using a
blank containing 1.0 m! of buffgr and I.O,TI of glucose
reagent., Agaln, In the presenZe of high substrate
background, the mixtures In both the 0 time controls and
the sample tubes were d}lutgd with“2-ml of acetate buffer
:kter the 45 min incubation. Absorbances at 420 nm were
measured against a blank containing 3.0 m! of buffer and
1.0 ml of glucose reagent (Chan and Cotter, 1980).

H. The study of trehalase enzvme activity.

s
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1. Preparation of endogenous and exogenous trehalase
samples.

Spores of D, dlscoldeum were activated and germlnated
as described In sectlon D. At half hour intervals, 10 m}
samples were collected and centrifuged at setting 6 In an
IEC clinlcal centrifuge to remove spores and/or my xamoebae,
The supernatants after centrl}ugatlon were collgctéﬂ and™
centrjfuged again at 27,000 x g in a Beckman J 21-C at & C
for 30 min., The supernatants after this centrifugatlion
were collected and stored,at -21 C for 24 hgurs. These
samples were used as exogenous trehalase preparations.

Spores or myxamoebae that were pelleted after the low
speed centrlfugatfon were resuspended in 5 ml of 0.1 M
acetate buffer’(pH 5.5). The suspensions were French
pressed three times qt\zo,ooo PSI and stored at =21 C for
24 hr. After a single freeze and thaw, the spore of
myxamoeba extracts were centrlfuged,at 27,000 x g for 30
min in a Beckman J 21-C centrifuée at 4 C. These
supernatants, In turn, served as endogenous trehalase
preparations. )

To obtain treha]asé samples‘g:;m the extracetltiular
matrix,. sorl were flrst centrifuged at 1000 x g to separate
spores from the crude matrix material. The matrix material
that was free of spores was again centrifuged at 27,000 X g
for 30 min in a Beckaman J 21-C centrifuge-at 4 C; the

supernatant af.ter this second centrifugation served as a

trehalase matrix preparation, .
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2. Assay of trehalase actlvlty. ' .

t

The continuous coupled glucoslidase assay as described

In Section G.% was used to detect the activities of both
endogenous and exogenous trehalase, Before performing the
assay, the pH of the exogenous preparation was Iowered to
5.5 by the addltldm of I=2 ul of concentrated glacial
-acetic acld to a 2 ml atliquot of the exogenous trehalase
sample. A total volume of 0.5 ml pf elther endogenous or
exogenous trehalase sample was added to 0.5 ml of 50
umole/m] of trehalose. An enzyme control contalning 0.5 ml
of the trehalase sample and 0.5 ‘m} o% acetate buffer (pH
5.5); and a substrate control contalnlng 0.5 ml of
trehalose and 0.5 ml of acetate befer vwere also used. A
volume of 1 ml of glucose reagent was added respectively to
the above -tubes and the mIxture y;s Incubated at 23,5 C for
1 hr with continuous shaking in a.GCA/precision sélentlflc
waterbath at 60 oscillations/min. Absorbance§ were taken
at 420 nm agalnst a Blank contalning 1.0 m1 of acetaté
buffer and 1.0 m1 of glucose reagent.

3. Partial purificatiop of trehalase samoles.

Trehalase was purlfied from matrix material since Its

~

enzymatic activity Is much higher in‘the méqclx than In the,
dormant spores o; myxamoebae; T6 ;urlfy tEé enzyme, .the "y
matrix preparat!on was centrifuged at 27,000 x g For 30 mln,‘
to remove all dormant spores. The supernatant was first «
‘brought to 403 (v/v) alcohol by addition of 1003 (v/%)

ethanol at 0 C. After two hours of precipltation, the
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L1} ' ‘

sample was centrifuged agaln at 27,000 x g for 30 min., The
preclnltate was discarded and the uo; (vlvl a\nlﬁv
supernatant was then brought to 60% (v/v) alcohol. The

sample was agalin altlowed to slt.Tn the.lce for another two

hours. At the énd of ‘the precipitation period, ‘the sample

)
—

- .

. In Section

*

&
wag”tentrifugeg at 27,000 xg forABO min and the _

. pre&bpltate was drfedfunder'vacuum at 4 C. After the

ethanol had comp!etel§ evaporated, the precipitate was
dlssolved In an minimum volume of 0. 1 M acetate buffer
(pH 5.5) (Ceccarlnl 1966 Klllick 1979, 1980), *

4. Preparation of trehatose sam g]eg.

The carbohydrate, trehalose, was prepared by means of"
ethanol extraction (Cotter and Nlederpruem, 1971) The
spores were ‘al lowed to germinate as prevfously descrlbed.

At half hour Interva?s, 10 m1 samples weré removed and
centrifuged, at low speed to pellet the spores orp
myxamoepae.c After one wash with 0,01 M’'phosphate buffer the
sample5~were extracted with two portions: of ethanol tsoz,
v/v) ft‘SO c for'§0 min. The ethano! exttacts were then ' --

alr. dried at 45 C. The dry extracts werée redissolved In

snalJ quantities of 0.1 M acetate buffer. (pH 5.5).

5. Reasurement of trehalose utilizatton during

germination of UV or cgcléhe;lmlde treated spores.
’ The tlnuous coupled glucosldase assay as described
ozﬁﬁh was modlfled to detect the amount of

-
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tréﬁalose present during germination of UV or cycloheximlide .

-treated spores. Instead of using a fixed concentration of

trehalose, a constant amount of trehalase was used In the
assay to convert the gxtracted trehalose Into glucose.
volume of'0.5 ml of the trehalose extract was added to 0.5
ml of 85 h/ml of partial purified trehalase enzyme. To the
above mixturé 1.0 m! of glucose reagent was added and the
tube was incubated at 23.5 € for 1 hf., An enzyme control
containing 0.5 m1 of 95 U/ml of partial purifled trehalase
enzyme and 0.5 ml of acetate buffer, and a substrate
control containing 0.5 ml of the trehalose extract and 0.5
ml of acetate buffer qeré also used. A volume of 1 ml of
glucose reaéent wés added respectively to the above tubes
before Incubatlon, Absorbances were taken at 420 nm
agalnst a blank containing 1.0 ml of acetate bgffer and

1.0 m1 of glucose reagent.

l.:UQggngmggg of glucose released durlng spore germination
of D. discoldeum.

Glucose released into the medium during spore
germination was measured duqug the coupled assay as
previously described. Spores of D. discoideum were
allowed to germinate elther In the presence or absence
of cyclohexlmide: At half hour intervals durlné spore
germination, 5'ml1 samples were collected and centrifuged
at 27,000 x g in a Beckman J 21-C centrifuge to. remove all

spores or myxamoebae. The supernatants that were free of
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spores or myxamoebae were used to determine the amount

of glucose In the external medium.
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RESULTS

A. Expresslon of /g ~glucosidase speciflc activity In matrix

material and In dormant spores of D. discoldeum straln
NGLH. %

For a constant number of sorocarps, a higher specific

actlivlity was observed In extracellular matfix material than
In dormant spores (Tabie I}Y. This high specific act!vltyxl
was contributed to by both high enzymatic activity and lq@
prételn concentration in the matrix materlgl.

It had been shown that when spores of NCLH were
allowed to age in the intact sorocarp for more' than 7 days,
autoactivation would océur upon suspension of washed spores
In phosphate buffer (Dahiberg and Cotter, 1978). When /?-
glucosidase activity was analyzed In 1, 7, and 13 day old
sorocarps, the enzymatic activity was found to decrease In
both matrix material and dorwant spores undergoing aging
(Figure 3). Thls decrease was probably due to degradatlon
or denaturation of the enzyme and therefore ﬁ-glucosidase
may not play an essential role during autoactivation. Thls
observatlon was in contrast to that of the other hydrolases
such as, /g -galactosidase and N-acetyl-j@-D-
glucosaminidase, which were released from the dormant

spores to the extracellular matrix upon agling of the

sorocarps (Chan et al., 1981).

B. The enzyme ggttérn of pP-glucosidase In matrix material. —
S ' .
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FIGURE 3. The activity of {g-glucosldase in the matrix material
and In the dormant spores. -Unlts of enzyme activity versus
days of aging In the intact sorocarp. Unlts of enzyme
activity are equlvélent to nmoles of p-nltrophenol

released per min at 23.5 C per 107 spores. [] enzyme

activity in matrix materlal; II, eﬁzyme activity In

dormant spores,
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When the matrix material of the 2 day old sorl was
electrophoresed, F’-g]ucostdase 2 was found to be present
with only trace amounts of /g-glucosidase 1 (Figure &),
Protein from vegetative amoebae which contailned only /@-
glucosidase 1 activity was also electrophoresed to Indicate
“the exacf position of this form of enzyme on the gels
(Coston and. Lobmls, 1969). Proteln from vegetative amoebae
served routinely as a marker for the {f-glucosldase I

position throughout the study.\

C. Expression of crude !&:g}ucosidagg activity during
heat-induced spore germination of D. discoldeum strain
NCUH. |

The chang;a in speclfic activity of ﬁ-glucosldase

during spore germination of D. discoldeum NC4H Is shown‘ln
Figure 5. Thls enzyme decreased in speciflc activity
during heat activation (Tisa and Cotter, 1980). However,
upon emergence of myxamégbae, the enzyme underwent at least
a tenfold Increase in specific activity when compared to
post-activated spores at zero times. Wlth the modified
technique used in thls work, a larger decrease in specific
activity was observed after heat activation than previously
shown (Tisa and Cotter, 1980; Fi e 5). The specific
activity was about 5 to 7.5 In dyrmant spores and decreased
to an a]ﬂost undetectable amount In the post actlvated
spores,

The latter Increase In specific activity of ﬁ-—
glucosldzif/jolncided with the rise In the number of



FIGURE 4, ﬁblyacrylamlde gel electrophoresis patterns

of fg-glucosidase in matrix materlal and In

vegetatlve amoebae. Each gel recelved 0.4 ug of
proteln and the gels were electrophoresed as
described In the Materlals and Methods section. . ,

fs-glucosldase pattern in matrix material;

A, F-g]ucos!dase pattern In vegetwe amoebae.
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FIGURE 5, The speciflc activity of /3-glucosldase
during spore germination of D, discoldeum straln NC&H.
Spores were heated at 45 C for 30 min and incubated
at 23.5 € for 5 hr. O , percent of swollen spores;

@ . percent of emerged myxamoebae;A’/g-glucosldase
specific actlvlty: The semidiagrammatic depliction
of spore germination below the abscissa Includes
late lag, early swelling, mid swelling, late swelllng,

emerged myxamoebae, and post-emerged myxamoebae.
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A

myxamoebae during emergence (Figure 5).

D. Enzyme patterns of fg-gjgcosldase during heat-induced
spore germination of D. discoldeum straln NCuH,

Different forms of rg-glucosidase were found in the

spores than in myxamoebae, as indicated by polyacrylamide
gel electrophoresls (Figure 6). T%e predominant form of
ﬁ-glucosidase In the'dormant spore was {g—glqgosidase 2.
Upon heat actlvation, this form of enéyme decreased to less
than 25% of that found in the dormant spores. During
emergence of myxamoebae, a new form of /g-glucosldase was
synthesized. The expression of thls newly-formed enzyme,
ﬁ-g]ucosidase 1, required both RNA and proteln syntheses

since UV Irradiation as wel)l as cycloheximide (Tisa and

[

"Cofié?, 1980; Demsar, personal communication) would block

the Increase In specific actlvity of this en%ége.

E. Expression of crude é-g]ucosldase activity during spore

germination of D, discoideum straln $G1,

The spontaneous germination mutant,SGl, was used to
study the expression of‘[?-glucosldaae during chemical
activation and autoactivation of D. discoldeum spores.
Strain SG1 was se]ected over straln NC4H because a higher
percentage of myxamoebae emergence could be achleved upon
chemical actlvatlon'of the former sbores..As shown In
Figures 7-10, the {g-gluco.sldase actlvl ty of D, discoldeum
strain SG1. exhiblted both temporal and quantitatlive shifts

In activity which were dependent on the methods used for

spore activation. 1t was important to note that although
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FIGURE 6. Polyacrylamide gel electrophoresis patterng

of different forms of ﬁ-glucoslda_se_ during spore \,

-

y germination. The gels containing 400 ug of protein™

were electrophoresed as described ‘in the Materlals and

Methods. O , dormant spores; D . heat-activated

spores at zero times; A , fully emerged myxamoebae.

-



-5]-

'Y

5 a2 2

ALIAILOY 3S¥01S09n1D -6
, |

v P
€

10 .
FRAC

TION

e,

3
(4
-~

LALE K]



-

-

FIGURE 7. The specific actlvltg_&f /3-glucosldase
durlng heat-Tnduced germination of D. discoideum
strain SG1 Spores. Time zerd denotes the time
directly after heat activation (45 C for 30 min).
O. percent of swollen spores; P , percent of
emerged myxamoebafe; A, /g-glucosldase specif!c-

activity.
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FIGURE 8, Speclific actlvity of /g-glucosldase during
germination of autoactivated D. discoideum straln

SG1 spores. Spores at a concentration of 107/ml

were Incubated in 0.01 M phosphate buffer at 23.5 C.
Time zero denotes the time when spores Qere

diluted at the required concentration in phosphate
buffer, O, percent of swollen spores; ., percent of

emerged myxamoebaeaﬁ&;pecific activity of fg-glucosldase.
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FIGURE 9. Specific activity of ﬁ-glucosidase during

germination of DMSO ac‘tlvated D. discoldeum straln

S$G1 spores. ‘ Spores were activated by incubation

in 203 DMSO for 30 min. Time zero denotes the

time when spores were released from the chemlcal.
O ., percent of swollen spores; . » percent of

emerged myxamoebae; A, specific activity of

ﬂ -glucosidase.
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FIGURE 10. Specific activity of ﬁ-glucosidase

/durlng germinatlion of urea-activated p. discoldeum
straln SG1 spores. Spores were actlvated by inc.(ubatlon ’
in 8 M urea for 30 min. O, percent of swollen

spores; ., percent of emerged myxamoebae; A ;-

speciflic activity of ﬂ-g!ucosidase.

Ve
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there was a difference in specific activity In NC4YH and SG1
spores after heat shock, both stralns shswéd an Increase in
Fglucosldase speciflc activlity concurrently with the
emergence of myxamoebae (Figure 8).

Among the different types of activation, auto-
activation caused the ﬁost drastlc temporal shift in ﬁi
glucosidase formation. The enzyme was formed almost 30 min
before the emergence of myxamoebae. In the case of
chemical activation, both DMSO and urea caused an early
synthesis of ﬂ-g]ucosldase-by about 15 min when compared to
heat shock treatment.

The quantitative shifts in ﬂ-glucosldase formation
varied from 180 speclflc activity with DMSO treatment to
250 with autoactivation. 1In all cases, except that of heat
activatlon, tﬁe spore; showed a basal level of ﬁ-
glucosidase specific actlvity In the ﬁre-emergent stages of
:germi‘natlon. . .

" The ﬁ-g]uéosldase enzyme seemed to be retained in the
myxamoebae once it was synthesized. As shown in Flgure 9,
. both the number of myxamoebae and {g-glucqsidase specific
activity remained constant for at least 2 hr. This was not
surprising since ﬁ-’-g‘iucosld;‘ase was rot normally released-
Into the medium during germination of D. discoldeum spores
(Jones et al.,, 1979; Tisa and Cotter, 1880). Also, If
myxamqebae were UV lrradlated to prevent RNA synthesls at
any gliven time, the level of /J-glucos;ldase that was

-

already present in the pre-irradlated myxamoebae remained
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constant over a long incubation period (Demsar, personalt
communication). This Indicated that ﬁ-glucosldase 1 which_
was synthesized during emergence, was well protecteﬂd Inslide
the myxamoebae

F. The role of f-rlucosidase during soore germlnation of
D. discoideum straln NCuH.

1. Trypsin treatment of dormant spores.

In order to test the requirement for [g-glucosldase 2
during germination of D. discoldeum, the enzyme was
inactivated by exposing dormant spores to trypsin
treatment. As shown in Table Il, no ﬁ-g]ucosldase 2
activity could be detected in dormant spores wl'ﬂch had been
treated with trypsin for 2 hours. When these spores were
then heat activated in the absence of trypsin, normal
germination occurred with more than 95% emergence at the
end of -5 hr (Data same as In Flgure 5). When the /5’-
glucosidase activity was measured at this time, the
enzymatic actlvlty of the newly-formed /S-glucosldase 1 was
found to be similar to that of non-trypsin treated
myxamoebae. However, the total protein in the trypsin

treated preparation was about 6 fold lower (Table I[1).

2, Expression of _m actlvity durlng heat-

[ndgcgd spore germination of D. discoideum §;rain‘s Gl and
When the ﬁ-g!uoosidase 1 minus mutant, Gl, was heat

shocked at 45 € for 30 min, emergence begpn at 5 hr and ™

reached a maximum of 803 at th_e'end of 10 hr (Flgure 11).
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FIGURE 11, SDéclflc actlivity of ﬁ -glucosidase
during germination of D. dls:cbldeum strain G1
spores. Spores of Gl were heat-aétlvited at 45 C .
for 30 min and Incubated at 23.5 C for 10 hr. ‘
O . perc.ent of swol‘len spores; . , percent of _
emer:ged myxamoebae; A, apparent‘/g-‘glucqsldase

2

specific activity.
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‘The germinatiop pattern in thls’ straln was very simltar to
. that of straln JAX3 which was the parenta! strain of the

. my tant (Flgure 12). However, only very low ~ﬁrgtluoosldas'e -

activity was found durlns germl natlon of this mutant when . .

\

’ compared to that. of A,{(S {Figures 11, 12), and most of the
, activity in G] might be acoounted for by the actlvlty of a
{g-salactlsldase enzyme whlch can hy;rrol,yze the /@-

gluooslde substfate (Dlamond‘ and Loom:is, 1976; Loomis, . g
1932).) " “ R ’\-‘ - -
3. Formation of spheroplasts. ~ , -~ ..

Spheroplasts could be fo'rlned in oyclohexlmide treate::l ,
spores by incubating swoﬂen spores witha mixture of. .
cellulase and Pr_;nase (Hemmi "ﬁt al., 1972!. The

production of spheroplasts Is be!leved to stimulate rellef *

from cyc’lohexlmld& lnh‘l tion b.y partial!y replac!nz’ .

~. mnmissing enzyme functions (Herrmé’s- g_; a_]., 1972) . A set of

'.*G -~¥
enzymes requlired for emergence are lnner ‘Wall _hydrolyzing

L]

' enzymes (Cotter et al., 1989 Hemmes et a_]., 1972) USing

’

‘a dlfferent comblnatlon of ce1'¥u!ase and’ pronase, maxlmum
Y, v

spherop}ast formatlon was found ‘to occu-r vwhen svwollen -

‘spores rere Incubated with 1 Mg/m‘l of r:ellulase fo-l]owed by

&sfm),‘of pronase at 23. 5 C (F%gune 13"). Howover,_

’ /

) ‘cornrnercfal cellulase usually conta[ned a hlgh concentratlon
of /i glucosidase (Data not shown),’ .ln order to ! . s

(

demonstrate the reou'i rement for . -glucoslda,se activity in

- . i, -

the, formatfon of spheropiasts, cellulase thot was free of

" any ﬁ-gluhosidase was used. The cellulase \Jas obtained by

)
2
*
ot
s
»,
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FIGURE 12. Specific activity of ﬁ-gluc‘os!dase during

germination of D, discoldeun stra!ﬁ AX3 spores. Spores
swere heat-shocked at &5 € ‘fo1'_30 min and incubated

-

O . percent swo-l"len. spores;

4

~ ‘. 13 ‘.“F

at 23:5 € for 10 ‘hr.
f - 4o ‘.' - L PO -

- ‘“., percent emerged myxamoebae; A; ﬁ-g]ucosidase
*“spetliffc activity. . ‘ A
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FIGURE 13. Spheroplast formation using commercial

cellutase and pronase. Time zero denotes the time - .
Immedlately after the additlon of pronase to heat-

attivated D. discoideum strain NC4H spores (see

Materfals and Methods for detail). A , 200 ug/mi

of cycloheximide without enzyme addition; [],

1 mg/ml of cellula;e apd 1 mg/m; of pronase In the

presence of 200 ug/ml of cycloheximide; C), 1 mg/ml

of cellulase and 5 mg/ml of pronase in the presence

of 200 ug/ml of cycloheximide.
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germinating spores (ﬁfzg;“;?zzzéfe of cyc]ohexlmlde.

Spores germinating under the above condition would swell
and release cellulase Into the extracellular medlium without
the formation of @-g]ucosldase (Jones et ai., 1979), The
release of spheroplasts in the absence of ﬁ-glucosldase
was thus evidence that spheroplast formation dld not
require ﬁ-glucosldase activity (Flgure 14). However, when
ﬁ-glucosldase 1 was added to the cellulase-pronase treated
spores, then spheroplasts were formed at a slightly higher
rate and reached a 70% maximum 2 hours after addition of
pronase (Figure 14).
G. The development of an Improved coupled assay far .
detecting glucose released by acid glucoslidases.

1. Sensitivity, stabllity and linearity of the coe

dlscontinuous assay. -

A linear relationship was ob;ajned between the
absorbance and the amount of glucose In the mixture up to
100 nmole per tube (Figure 15). This linear re‘étlonship
remalned for up to 200 nmole of glucose per tuée when they

" contents were diluted-with 2 ml of buffer (Figure 16).
With, proper dilution, the assaﬁ'can detect a glucose
concentration as high as 400 nmole per tube (Data not
showp). }he rate of oxidized chromogen formatlon In 2 10
nmole solutlén of glucose Is presented In Figure 17.. The
absorbance was moni tored at 1 min tntervals for the flrst'S
min and Fhén at 5 ﬁln iptervals for up.to a perlod of 1 hr:
As seen from the graph, the Eolqur development was

essentially c@@pleté ‘at 10 min and remained relatively’
AN . L . -,
# " ’ ' e

L. * .

“
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FIGURE 14, Spheroplast formation using spore celfu]ase
and‘commerclal pronase with addltion of {B-glucosldase 1.
The conditions of engymat}c tréatment of D. discoldeum
s§rain NC4H spores are as described In the Materlials and
Methods section. /\, 200 ug/m! of cycloheximide
without enzyme addition; [] + 1 mg/ml of cellulase and

5> mg/ml of pronase In the presence of’200 ué/ml‘of .
cycloheximide; C)‘, 1000 U/m) of fg-glucosldase 1, 1 mg/ml

of cellulase and 5 mg/m) of pronase In the presence of

200 ug/ml of cycloheximide. .
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FIGURE 15. Formation of oxldlzed chromogen upon addltion
of various amounts of glucose. A 1.0 mi volume of

glucose reagent was added Into tu?es contalning 1.05%1

of between 10 nmole to 100 nmole of glucose. The mixtures
were I[ncubated' at i3.5 C with shaking for 45 min,
Absorbances at 420 nm were taken as described in the

Materlals and Methods section. ¢
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FIGURE 16. Oxidized chromogen formation upon dilution

as a function of the amount of glucose added. A .
_ 1.0 ml vqlume of glucose wasiadded into tubes contalning
1.0 m1 of between 20 nmble to 200 nmole of glucose.

The mixture was allowed to Incubate at 23.5 C for 60

min. At the end of the Incubation perios, the mixture
in each tube was diluted with 2 ml of acetate buffer.
Absorbances at 420 nm were taken as described In

the Materfals and Methods section.,



ABSORBANCE

2.0

-76-

nMOLE OF GLUCOSE

_ cj//()
L /} //;)
T el
O P
O/
i o’
/
/}D
04
/}D
v .. ,
0 40 120 200



FIGURE 17. The effect of time on the formation of oxldized
chromogen., To 1 m! of buffer, 10 nmole of glucosg was
added together with 1 ml of reagent. Conditlions for assay
were as described in the Materfals and Method§=seat!on.
Absorbance at 420 nm was monltored at 1 min intervals

for the first 5 min and then at 5 min Intervals for

up to a period of 1 hr. : .
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stable for the rest of the hour.

2. Linearity of the contdnuous cgpp]ed assay.

. A linear relatbonshp was obtained between absorbance

and time when a conéfant amount of trehalase extract was
incubated with 0.5 ml of 50 umole/ml of trehalose (Figure
i8). This increase fn absorbance #as found to be 1linear
with time for, at least 100 min at 23.5 C. When dlfferent
volumes of pure enzymes or ehzyme extrpcts were added to
0.5 ml of their appropriate substrates, a linear
relationship was agaln observed for a}l enzymes tested
(Figure 19).

4

Comparison of continuous and discontinuous assays.

Both the continuous coupled and discontinuous assays
yielded a linear relationship between the absorbance after
60 min of Incubation and the volume of crude trehalase
extract addeerngure 20). The absorbance was found to be
higher in the discontinuous assay wlth the,sgme amount -0f
trehalase extract used, This is expected since ln’the
discontinuous assay, one Is measuring the amount of glucose
already present in the tube; whereas in the continuous

~

assay, one is measuring the glucose as It Is being released
. -

by the acld glucosidases. ¢

H. Activity of trehalase In matrix material and An dormant
_spores duging aging of D. dlscoldeum traln NCuH.

Y

Slmllar results as that observed for /g ~glucosidase
%ctlvlty, were found for trehalase activlty. A higher

speciflic activity of trehalase was found tn the matrix



A

FIGURE 18. The effect of time on thg formation of

oxldized cthmogenquIng the daontinuous assay.
A volume of 0.5~m1'9f crude trehalase extracts
from D. dlscoldeum\;bOQS? was introduced into
0.5 ml of 50 umole/ml of trehalose. The mixture

was allowed to incubate at 23.5 C. varlous

time Intervals, the absorbance was /ftaken as
described in the Materials and Mefﬁods sectlion.
The plotted values represent absorbances at
various times after subtracting the absorbances

of enzyme and substrate controls.

Q .

1
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F:EBQE 19, Oxidlzed chromogen'formatlon as a function

of the amount of added pure enzymes or enzyme extracts using
the contlnubus coupled assay. A 0.1 m! to 0.5 ml‘volume

of enzyme was added to 0.5 m! of the appropriate substrates.
All assays, except /S-glgéosldase on cellobliose, were
.Derformed with a total volume of 2 m) as described in the
Matertials and Methods section. With celloblose, the high
substrate background was corrected by diluting the final
produtt with 2 ml of buffer to make a total volume of

4 ml. The plotted valués represent absorbanées of

"sample tubes after substraction of enzyme and substrate
controls. (), crude yeast /3-1,6 hydrolases on amygdalin;
‘Zﬁ . 0.15 U/mt of cohmerclally pure invertase on sucrose;
[] , crude D, discolideum myxamoebae trehalase extract

on trehalose; () ,» 6.9 U/ml of commercially pure fg-
glucosidase ou=€%?lobiose.
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FIGURE 20, Oxidized chromogen formation as a function
of the amount of crude D. discoideum myxamoebae
trehalase extract. The experimental conditions for
both continuous coupled and discontinuous assays were as
described In the Materlals and Methods section. The
plotted values represent the absorbances of mixtures ‘
after correction for enzyme and substrate controls.

., corrected absorbance obtained in a contlnuous coupled

assay; () » corregted absorbance obtained in a discontinuous

assay. ‘
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material than In dormant spores (Table 111). Whedt the

2
enzyme activity was analyzed during aging of spores in the
sorocarps, trehalase in both dormant spores énd matrix

material was found to decrease (Figure 21). 3

a

I. Exoressiop ‘of crude trehalase specific activity during
= zermlnation of D. discoideum strain NCuH
spares.

The change in speciflic activity of trehalase during
i

germination is plotted In Figure 22. Dormant spores
contalned a low level of trehalase, this amount of enzyme
remained untik late swelling. ‘A; this time, about 30 min
before the first sign of emergence, the specific activity
of trehalase began to increase. This dragnlc increase in
speciflc gctivity reached a maximum at 5 hr which coincided
with the maximum emergebce of myxamoebae. The latter
increase in specific activlty could be bloqﬁed by both UV
irrSdlation (Demisar, personal communication) and addition
of protein synthesis inhlbitors (Cotter and Raper, 1970;
Cotter et al., 1979; Tisa and Cotter, 1979). After the
trehalase had reached a maximum level, the specific
activity of the enzyme Inside the amoebae began to
decrease, This decrease in aetivity could be due\to -
deﬁaturat[pq*or release of trehalase into the extracellular

[
med!lum.
When trehalase activity was studied in detail, It was
3
dlscovered that the enzyme was released Into the medium at

lat@ spore swelling, thls coincided with the time of Increase In
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’
FIGURE 21. The enzyme activity of trehalase In matrix

material and In dormant spo:g§ of D. discoldeum straln
NC4H. Log units of enzymatic activity are plotted
versus the days of aging In the Intact sorocarp. Units
of enzyme actL;lty are expressed as nmole of glucose
released per min at 2;‘5 C per 107 spores. [] , enzyme
activity In matrix materlial; 4I', enzyme activity

in dormant spores.
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o FLGURE-22. Speclflé actlvity of endogenous trehalase durlng
heat-induced spore germination of 0. discoldeum straln
NC4H. Spores were heat-activated at 45 C for 30 min,
Q , percent swollen spores; @ , percent emerged
myxamoebae; [}, specific activity of endogenous

trehalase.
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specific activity of endogendui;:rehaﬂase (Figure 23). The

rate‘of enzyme release appeared to decrease after one‘hour.

This might be due to denaturation of enzyme In the high pH

extraéellhlar mgdlum. When total (endogenous + exogegous)

enzymeé actlvlty,per 107 spores\was plotted agalnst time of
~ germination (Figure 23), trehalase was found to lhcrease

ln-enaymatlc activity from 2 ‘to 5 hr. At the end of 5 hr,

which was the time of ‘maximum emergence, total e€nzyme

. activity was found to decrease. This degfease was probablx

‘dhe to denaturation of trehalase enzyme outside the,

,star amoebae, ;
To further prove that trehalase enzyme was undergolng
both release and denaturation during germinatlon, spores

. were allowed to germinate In phosphate buffer., At 65%

¢ Y-

emergence, the population of myxamoebae and swollen‘spores

was UV lrradlated to prevent RNA synthesls with a fluence
of 1.7 ¥/m?/sec for Z:5 min (total fluence 250 J/mz) When

.the endogenous trehalaqe was monitored, lts enZyme actlvity

was found ‘to decrease. The exogenous trehalase, on thef
dther hand showed a sl1ight lncrease in activity a few
mlnutes after vy lrradlatign and then decreased (Figure

i

2h) These data Indicate that trehalase was perferentlaLly
reLeased lnto “the medium durlng germina;lon. Once the
enzyme was In the extracellular medium, the pH and/or

temperature outs)de ca&aed Its denaturation.

Eanzes&lnn of c:uds trehalase specific activity dunlnz
smnei:ana.ﬂ.anfn.dlaml.deums.tr.aLns.ﬁl

L}
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1GURE 23, Enzyme activity of endogenous and exogenous

~ trehalase during heat=-induced germlnatlon of D.

of endogenous trehalase-per 107 spores;gf& , enzymatic

;
,N\ .
hﬁx\\hg///} " discoidéum strain NCuUH spores. [] , enzymatic activity

activity of exogenous trehalase per ,io’ spores; () ’
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total enzymatic actlvity per 107 spores ¥
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FIGURE 24, Expression of trehalase after UV Irradiation.
Spores of D. discoldeum strain NC4H, at 65% emerkence,
were UV frradiated with a total fluence of 250 J/m2.
Endogenous and exogenous trehalase were monitored as
described In the Materials and, Methods section.

E], enzymatlc‘actlvlty of ﬂz;ogenous trehalase per
107spores; Zk, enzymatic actiylty of exogenous
trehalase per {02 spores; C), total actlvity)of 107

spores.
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The spontanteous germination mutant, SG1, was again
used to study the expression of trehalase during chemlcal
activation and autoactlivation of D. discoideum spores.
Simltlar patter?;\as oyserved for fa-gfucosldase activity
wére found for trehalase, except the temporal shift in
trehalase expression were more drastic (Flgures 25- 32).

Autoagtlvatlon was again found to be the treatment
which produced the most drastic temporal shift in enzyme
expression. The increase in trehalase shifted from leté ‘
swelling in heat-activated spores to early swelling in
autoactivated spores (Figure 275. In chemical activated
spores, the increase in trehalase activity occurred at mid
swelling (Flgures 29,31). '

The gquantitative sht%f tn trehalase expression was
also more drastic than the shift in ‘@-g1ucosidase
expression, Autoactivation, which resulted in the mo;t
drastic temporal shift, was found to vleld the lowest
maxImum specific activity. The actlvlty,ﬁas 5 %old less
than that In heat-activated spores. The specific actlvity.
of trehalase in DMSO and urea treated spores was ‘also
lowered. In all cases, the low speéific activity of
endogenous trehalase was not due to the over release of the
enzyme, since the tbtal enzyme activity was also lower
compared with that of hea;*. actlv*i spores (Figures -
26,28,30,32). ‘.

»

K. Trehalose utilization during germination of UV and

cycloheximide treated D. discoideum straln NC4H spores.
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FIGURE 25. Speclific activity of endogenous trehalase
during heat-induced germination of D.discoideum straln '

SG1 spores. Spores were heat~activated at hg C for

30 min. O , bercent swollen spores; . , percent’

emerged myxamoebae,; [:], specific activity of trehalase.
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FIGURE 26, Expression of exogenous trehalase in «
- D. discolideum strain SG1 spores after heat actlivatlon.
[] , enzymatlc activity of endogenous trehalaée per
107 spores;]ﬁ&, ehzymatlc actlvity of exogeﬁbus
trehalase per 107 spores; (:), total enzymatic activity

per 107 spores,
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FIGURE 27.. Specific activity of endogenous”trehalase.
during germination of autoactivated D, discoldeum strain
.561 spores. (O, percent swollen spores; . ., bercent

emerged myxamoebae; D ,speciflic activity of trehalase.
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FIGURE 28, Expression of exogenous trehalase In .
R. discoldeum straln SG1 spores after autoactivation.
D, enzymatic actlvity of endogenous trehalase per
107 spores; A, enzymatic activity of exogenous .
trehalase per 1’07 spores; O, total enzymatic activity

per llil7 spores, /
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FIGURE 29. Speclfic activity of endogenous . trehalase

dur'lng\ germination of DMSO-activated D. discoldeum

strain $G1 spores.O , percent swollen, spores; ~.. ’

[

perce'_nt emerged myxamoebae; D . speciflc actlvity

Ean Y

"of trehalase. y : .
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FIGURE 30. Expression of exogenous trehala;e In
D. discoideum strain SG1 spores after DMSO actlvation.
E], enzymatic activity of endogenous trehalase per
107 spores; [ﬁ&, enzymatic activity of exogenous trehalase
per 10’ spores; (:), total enzymatic activity per

107 spores., ’ ) .'
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FIGURE 31. Specific activlity of endogenous trehalase
during germination of urea-activated D, ﬁlﬁgglﬂgum
straln SG1 spores. (), percent swollen spores; @,
percent'emerged myxamoebae; E], speclflic activity of

trehatase,
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PIGURE 32. Expression of exogenous trehalase In P,

discoldeym straln SG1 spores after urea actlvation.
E], enzymatic activity of endogenous trehala;e

per 107 spores; ?ﬁ\, enzymatic acti&lty of exogenous

trehalase per 107 spores; O,- total enzymatic

actlivity per 107 spores.
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The carbohydrate, trehalose, was utilized before
maximum swelling (Jackson, personal communication). Since
the trehalase specific activity did not Increase before
late sﬁelling (Figure 22), the enzyme that hydrolyzes the
carbohydrate substrate must be that of the pre-formed
trehalase. To prove the above hypothesis, spores weré
either UV lrradiated to prévent RNA synthesis or germinated
in the presence of cycloheximide to bléck protein
synthesis, Spore§ under. the above condl tions would not
syntheslze the new trehalase (Tisa and Cotter, 1980). |If
trehalose utilization was monitored under these cohditions,
the pattern was found to be the same as Iin the normal
germinating spores (Figures 33, 34). Thus, the trehalase
which was synthesized during germination was not required

for utilization of trehalose present In the spores.

L.wﬁmmmmmwsﬁ
D. discoldeum NCLH scores.

When the extracellular medium wai‘monitored for
carbohydrates, glucose was found to Increase during the
germination period (Figure 35). This Increase might be due
to the release of’the carbohyd}ate from the spores or the
breakdown of spore cell walls: The outer wall of [J.
discoideum was mainly composed of celliulose (Hemmes et aJl.,
1972). This carbcohydrate could ne broken down to
celloblose which eventually might be hydrolyzed to glucose,

When spores were germinated in the presence of

cycloheximide to prevent the breakage of the Innermost cell



o
FIGURE 33, Trehalose utitization during germination

of UV irradiated D. dlgcéldeum strain NC4H spores.
Spores were UV irradiated at a fluence of 250 J/mz.
Aftev Irradlation, the spores were heat activated
at 45 C for 30 min. Spores were then germinated

as described in the Materials and Methods section.
Trehalose utilization were expressed as nmoles

of glucose released per min at 23,5 C when Incubated
with 95 U/ml of partlally purified trehalase.

(:), percent swollen spores; [] » nmoles of glucose

released (1 unit -/l/ga?le).

\ .
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F | GURE 34, Trehalose utllization during germinatlion

of cycloheximide treated D. discoideum strain NCuH

spores. -Spores were heat aetivate&iat 45 C for 30 min,

and were then germinated in 0.01 M phosphate
buffer (pH 6.5) containing 200 ug/ml of
cycloheximide. (:), percent swollen spores; [:],-

nmoles of glucose reteased (1 unit = 1 nmole).
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FIGURE 35. Amount@ef glucos; released Into the
extracellular medium durlng‘heat-lnduced germination
of D. discoldeup strain NC4H spores. Unlits are
xpressed as nmoles of glucose released per min per
10 spores under the assay conditlons. C), percent swollen
spores; @, percent emerged myxamoebae; A

amount of glucose per 106 spores, s
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wall Tayer. The glucose in the extracellulér medium was

found to decrease ﬁFigure 36).

-

"Thus the high glucose level
in the medium of the control germinating spores after the
third hour, might be due to the breakdown of the innermost

layer of the spore wall during germination. ’

-



FIGYRE 36. Amount of glucose released into the
extracellular medium in cycloheximige treated spores.
Units are expressed as nmoles of glucose released per
min per 106 spores under the assay conditions.

(), percent‘swollen spores; ZX, amount of glucose

per 106 spores,
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DISCUSSION

The enzymes, /g—glucosldase and trehalase, increase in
speciflc activity during spore germination of Dictyostelium
dlscolideum (Tisa and Cotter, 1979,1980). These increases
in speciflc activity occur concurrentiy or slightly before
emergence (Flgures 5,22) which strongly suggests to most
workers that these enzymes are required for spore
germination (Coston and Loomis, 1969; Cotter and Raper,
1970; Tisa and Cotter, 1980).

Biochemlcal and genetlc studies have shown that

”FB-;lucosldase.is a developmentally signlficant enzyme

throughout the 1ife cycle of D. discoideum (Coston and
Loomis, 1969; Ashworth and Quance, 1972; Jones et al.,
1979; Tisa and Cotter, 1979, 1980). Electrophoresis of
matrix material from the sori demonstrates the presence

of /Q-glucos!dase 2 with a trace amount of fg-glucosldase 1
(Figure 4), The enzyme activity of these /g-glucosidases
}s found to be much higher in the matrix than in the
dormant spores (Table |). This may Indicate that these
enzymes aré ;Ither residual enzymes derived from pre-stalk
cells during frulting body construction or that they aré
enzymes derived from spores entering dormancy. Oohaté and
Takeuch!l (1977) have shown that a higher /@-glucosidase
activity Is present in the pre-stalk cells than in the

pre-spore cells of D. mucoroides.

fg-glucosldase 2 is also found in dormant spores
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(Figure 6). Hamilton and Chia (1975) have shown that the
mutant P4, which is unable to form spores, synthesizes a
reduced /g-glucosldase activity during culmination. Coston
and Loomls (1969) previously found that /g-glucosldase 2
activity is decreased when strain KY-19 culminates; this
strain is a mutant which forms frulting bodies containing
normal spores but few stalk cells. Apparently, this form
of/g-glucosldase is both a2 pre-spore and pre-stalk enzyme.
Therefore, further work Is necessary to establish the ’
actual ratios of this enzyme in the two cell types.

The specific activity of /g—glucos!dase decreases
during heat activation; however, upon emergence of
myxamoebae, the specific activity of this enzyme increases
rapidly (Figure 5). Unlike Polysphondylium pallidum
microcysts which release their /?-glucosldase activity
during germination (0'Day and Paterno,1979), D. discoldeum
spores seem to retain the enzyme during germination (Jones
et al., 1979; Tisa and Cotter, 1980). This Is shown by the
lack of /?-glucosldase activity In the extracellular medium
(Data not shown); and the consistency In th?/ﬁxpresslon of
[g-glucosldése specific activity Inside the myxamoebae
after maximum emergence (Figure 9). ‘ .

Different forms of Ig-glucosldase are found tn the
spores and In the myxamoebae, as indicated by
polyacrylamide gel electrophoresis (Flgure 6). The
"predominant form of /?-glucosldase In the dormant spore fis

/g-glucosldase 2. Upon heat activation, this enzyme

N o
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decreases to an undetectable amount in the crude
preparations but only decreases by 75% In the enrichment
samples. The difference in observations may be due to one
or both of the following reasons: (i) the renaturation of
the enzyme during gel electrophoresis or (i1) the
protection of the enzyme when spores are heat-shocked at
very high concentration which may result from lowered water ;J
activity. During emergence of myxamoebae, a new form of
fs-glhcosldase Is synthesized. The gxpress!on of this
newly-formed enzyme, /g-glucosldase 1, requires both RNA
and proteln syntheses since UV Irradlation (Demsar, N\
personal communication) a; well as cycloheximide (TiIsa and
Cotter, 1980) will block the Increase in‘ specific activity
of thls new enzyme. The fact Ehat denaturation of
/3-glucosldase 2 occurs during heat-lnduced activation does
not support the assumption that this enzyme is required for
splitting of the spore wall during germination (Coston and
Loomls, 1969). When dormant spores are trypsin-treated to
destroy all /g-glucosldase 2 activity (Table 1), the
spores germinate normally without any change In the rate of
swelling or emergence (Data same as In Figure 5). It
should also be remembered that heat activated spores can be
deactivated and later reactivated with normal germination
occurring (Tisa and Cotter, .1980); such seéondarlly
germinating spores would have very 1ittle /s-glucosidase 2
activity and thus we conclude that this enzyme has no

apparent Involvement in spore germination. Furthermore,
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the activity of /?-glucosldase 2 in the matrix is much
higher than that In the dormant spore iTable 1}, If spores
are allowed to age In the intact sorocarps, the enzyme
activity of /g-glucosldase in both matrix and dormant
spores Is found to decrease by day 13 (Figure 3), at thls
time the spores will normally undergo autoactivation
(Dahlberg and Cotter, 1978). Thus, It is probable that the
enzyme Is not requlred in the dormant spores for
germination but is merely the \trapped reslidue which Is
normally released during terminal development of pre-spore
and/or pre-stélk cells. This may also be true for a number
of other enzymes, such as alkalline phosphatase, o -
glucosidase and o{-mannosldase, which also show a decrease
in specific activity during heat activation and upon aging
(Chan gt al., 1981b). These enzymes, along with /QL
glucosldase, are found mainly in the pre-stalk cells during
the developmental cycle of D. d'SCOIdEET (MacWilliams and
Bonner, 1979).

The normal germinatlion of the /S-glucosidase 1 minus
mutant (Figure 11) and the formation of spheroptlasts
without the presence of ﬁ&glucosldase (Flgure 14) suggest
that the enzyme is not critical for the emergence of
myxamoebae. However, the presence of this form of jg'
glucosidase dods accelerate the splitting of the third
spore layer. Thus, unlike cellulase and protease(s),/g -
glucosldase 1 may only play a mlnor but dispensable role

during spore germination. The retentlon of the enzyme
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wlithin myxamoebae during germination (Flgure 9) suggests
thattg-glu§osldase 1 may be used for degradation of ingested
bacteria during the vegetative growth of Dictvostelium
discoldeum,

The other enzyme, trehalase, Increases in sﬂeclflc
activity before emergence (Figure 22). This enzyme, unlike
{3-gldcosidase 2, is not.lnactlvated upon heat actlivation
(Cotter et al., 1979). Trehalase retains a basal level of
enzyme actlivity. in the early stages of germination and by

late swelling the enzyme activity begins to inérease
(Figuré 22). The latter increase In trehdlase activity
requires both RNA and protein syntheses (Cotter et al.,
1979; Tisa and Cotter, 1979; Demsar, personal
communication). ) .

When the utlillization of trehalose is studied, the
disaccharide Is found to hydrolyze into glucose’before
maxImum swelling (Jackson, personal communication). This.
_Indicates that the newly-formed trehalase is not required
for the hydrolysis of the storage carbohydrate. To further
show the non-requlrement of the enzyme, spores were elther
UV Irradiated or germlna;;a-in the presence of
cycloheximide to btock RNA and protein syntheses. Spores
germinated ugger these pondltions will not synthesize new
trehalase, When the trehalose utilization is monitored,
the pattern is found to be slm[lar to that of normal

germinating spores (Fligure 33, 34)., Thus, we conclude
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that the newly-formed trehalase enzyme has no apparent
Involvement in spore germination since the substrate will
have been completely hydrolyzed befére the synthesis of the
enzyme begins (Figures 33, 34), However, further
experimentation is needed to establish the relationship
between the function of the pre-e;isting trehalase and
spore swelling. )

* Unltke newly-syﬁthesized figlucosidase 1 which Is
retained Inside the cells during germ!natiop,'trehalase is
released into the extracellular medium during germination
(Figures 23, 25, 27, 29). The release of the enzyme occurs «
when the newly-formed trehalase is being synthesized. This
further supports the idea that the newly~formed enzyme is
not critical for spore germination. The reason~for the
reteasesof the enzyme during spore germination is still
unknown. However, the enzyme Is also found to undergo
preferentially release Into the extracellular medium durlng
aggregation (Ceccarinl. i966 1967).

The dispensable Involvement of ﬂ ~glucosidase 1 and
non-Involvement of the de novo trehalase suggest that
enzymes which are formed late during spore germination are *
not.critical for the process. In other Qonds, not all
enzymes synthesized within a particular time period will be
Important for the morphogenic event(s) occurring at that
time. This is espégially so for enzymes that are formed
late in the terminal development of eukaryotes. Newell

(1971) has also previously polnted out that not all enzymes
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syntheslzed-during multicellular development of D,
discoldeuny are necessarily produced for the formation of

the frulting bodies. Besldes Dictyvostellum, - there Is

abﬁndant evidence for increases in specific activities of
various enzymes during spore germination in other organisms
(Lovett, 1976). Some of these, such as glutamate
dehydrogenase (Tuveson et al., 1967), and a post-conidal
amino acld transport system (Tisa and DeBusk, 1970) in
Neurospora crassa also fail to Increase If cells are
exposed to cycloheximide. Ohmor! and Gottlieb (1965) have
shown that a number of metabolic gnzymes increase in both
"specific activity and total amount during germination in

specles of Trichoderma, Aspergillius, and Pencililum.

However, none of thése Increased enzyme activities have
been shown to be necessary for the success of éermination.
The cell wall layers of D. discoideum are very
complex., They are made up of polysaccharides as well as
glycoproteins, Thus, it must be a group of enzymes, and
not a particular enzyme, that Is responslﬁle for the
breakage of the cell wall layers during germlnation.
Enzymes that may be required for the process are the
followlings: (i) cellulase, thch has been shoyn by Rosness
(1968) and Jones et al. (I1979) to be a pre-formed enzyme In
the dormant spores. This enzyme is released into the °
extracellular medium during spore germination; (I1})

protease(s) which are requlred to degrade the polypeptide

linkages in the cell wall layers (Hemmes et al., 1972);-and



=131~

(i1i) glycosidases which may facilltate the breakage of
carbohydrate linkage In the cell wall layers. These
enzymes, however, have to be el ther pre-formed or
syntheslzed early In the spore éérmlnatlon process.
Enzymes such as fg -galactosidase, which increase during
early swelling might be good candldates.

The complexity of the problem Is even more apparent
when the numbers of newly-synthesized proteins are examined
by one and two dimensional gel electrophoresis (Girl and
Ennls, 1978; Dowbenko and Ennis, 1980). The large variety
of proteins assembled at very early times in spore
germination sugéested that the probability of finding a
single essential protein may be low. So instead of looklng
for a slnglé enzyme that is required for spore germlination,
future work should be concentrated on eliminating those
enzyﬁes that are non-essentlal for the process.

Both /g-glucosldase and trehalase are found to have a
higher enzyme activity In the matrix than in the dormant
spores (Figures 3, 21), The above observatlons are also
true for other enzymes .such as acld phosphatage, alkaline
phosphatase and ol~mannoslidase (Cha;‘g; al., lgélb). These
enzymes are considered as belng mainly pre-stalk enzymes
which accumutate durling the’deve1opmenbal cycle
(Mac;}lllams and Bonner, 1979), ther hydrolases such as,
N-acetyl-/g-n-glucosamlntdase, are found to have a higher

enzymatic activity In tha dormant spores than In the matrix

(Chan et al., 1981b). ,This hydrolase, In turn, is
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considered by most workers as a pre-spore enzyme. Thus,
these results strong]y-gyggest that the enzymes In the
matrix are actually pre-stalk enzymes that are.trapped in
the extracellular space during the formation of the .
sorocarps. However,‘further work u§lng mutants or vital
dyes are necessary to confirm the above hypothesls. The
low total protein concentration and hlgh /g-glucosfﬁasé and
trehalase, enzyme a;tivltles in the'métr!x provide a good
starting material for the purificdation of these enzymes,

Interesting results are gbserved when spores of $G1
are subjected to different type; of activation. Temporal
as well as a quantitative shifts are observed [In the
expression of the two‘enzymes which are dependent on the
method of activation. Using the expression of enzyme
activity in heat shocked §noreq as a standard, chemical
actlvation as well as autoactlvation results In early
synthesis of /g-glucosidase and trehala;e, with a more
pronounced effect on the latter enzyﬁe (Figures 7, 8, 9,
10, 25, 27, 29, 31). The quantitative shift in trehalase
Is also more cibvlous than that In ﬂ-g]ucosldase. Again,
using different methods of activation, both enzymes exhibit
changes In the maximum amount of syntheslzed enzyme
(Figures 7-10, 25, 27, 29, 3I).

The actual reason(s) for the change in the temporal
and qujntitative expression of the enzymes is stitl
unknown. It has been shown that chemicals, such as DMSO,

can Induce the formation of huge microfilament bundles
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(actins) In the lnFerphase nucleus of D, mucoroides (Fukul
and Katsumaru, 1978). Such nuclear actins mléht function
in the regulation of gene replication and/or transcription
through their contractile?nature, thus directly modulating
gen? expression (Fukul, 1979). This observation Is
supported by the.lntérestI;;HTact that DMSO can stimulate
Friend leukemic mouse cells and rat kangaroo myoblast cells
to synthesize hemoglobin (Friend et al., 1971) and collagen
(Mirarda é; al., 1978) respectively. Slince sporeé of D.
discoldeum are permeable to DMSO, the temporal and
quantitative shifts in enzyme expréssion may be due to the
early Induction of genes coding for these enzymes. This
m;y atso be true for urea and autoactivator(s). In
Tetrahymena, an increased rate of RNA synthesis is observed
in cells recovering from an exposurF.to DMSO. (Ntlsson, .
1976). However, further work at the transcriptional tlevel
s necessary to support the above hypothesis.

The above data suggest:that one must be cautlous in
interpreting proteln patterns observed by enzyme qnalysis
or two dimensional gel elec;rophoresfs (Glfj and Ennls, .
1978; Dowbenko and Ennfis, 1980). This !s because the
temporal and quantitative pattern of protelns syntheslzed
during D. discoldeum germination ma§ not comp]etély refleqt
the actual_requlrements.for spore swelling or myxamoebae
emergence, but may pSrtlally result from the method of
v

activation, Flnally, It is expected that the methods

developed in this study will allow an Indepth analysls of

v
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