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INTRODUCT ION



Introduction

The Myxomycetes, because of thelr naked,
moblle mass of protoplaém have served blologists
and chemists as material for the study of the char-
acteristics of protoplasm. The typical life his-
tory of such an organism may be summarized as fol-
lows: The vegetative phase in the life history
consists of a naked mass of protoplasm, to which
Cienkowskl (9) applied the name "plasmodium". This
plasmodium éreeps by reversible étreaming over and
throughout the substratum, deriving its food from
various constituents of decaying vegetable matter
which serve as 1ts normal substrate. Upon reaching
a state of maturify and under certain environmental
conditions, the plasmodium 1ls converted into frult-
ing bodles of varlous types such as sporangla,
aethalla and plasmodlocarps. Within these fruiting
bodles, typically uninucleate spores ére formed.
These spores are freed by a breaking down of the
fructification wall and are dlsseminated by wind,
raln, insects and other vectors.

Under favourable conditions of suffilclent warmth

and ample molsture the spore germinates as described



by Gilbert (13), Smart (35, 35A) and others, to
form uniflagellated swarm cells. These swarm cells
swin through the water for a time, during which
they may feed by engulfing bacteria, spores and
other particuiate foods. Eventually two compati-
ble swarm cells, upon coming in contact with one
another, fuse, withdraw their flagella and form an
amoebold zygote. Jahn (18) was the first to sug-
gest sexual fusion of thése swvarmers, followed by
such investigators as Skupienski (34), Wilson and
Cadman (40), Cayley (8), Howard (15), Abe (1),
Smart (36); and others, The zygote thus formed,
feeds, increases in slize through assimilation .and
becomes multi-nucleated by repeated‘division of
the zygotlic nucleus, and gives rise to the plas-
mod ium, |

When certaln conditions unfavourable for further
activity overtake the plasmodium the protoplasm
withdraws from its expanded strands and véins, loses
water and forms a protective dormant stage to which
De Bary (2, 3, 4) applied the term "sclerotium",

Tt is generally agreed that the sclerotium of

Myxomycetes 1s formed from the plasmodlium when the



humidity of the organism's environment is decreas-
ed to such an extent that irreparable damage to the
plasmodium would resulﬁ if certain protective meas- -
ures were not taken. Numerous multinucleated cellu-
lar structures, spherical to polyhedral, probably
approaching the minimal tetrakaidecahedron (6), are
bound together., Thése cellular structures,'called
spherules by Brendza (5), constitute the sclerotium.

It has been shown by several students, i.e.,
Schinz (29), L&veilld (32), A. Lister (21), and
others,'that sclerotia_may be retained in dry con-
dition for several months to several &ears and upon
returning them io fayoufable conditions of ample
moisture and warmth they will glve rise to active
plasmodia, Thus the sclerotium, its sﬁructure and
the conditions relative to its formation and reacti-
vation, is worthy of careful study since the sclero-
tlum provides a convenlient means of malntaining ex-
perimental plasmodia in an inactive state.

The factors involved in 1ndﬁc1ng the sclerotiza-
tion of plasmodia and the reaetivatioﬁ'of sclerotia
to active plasmodia have been studled by Smart (36)

and the literature relative to such factors has been
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carefully reviewed,by him,

Smart's review of the literature and the re-
sults of hils experiments reveal the fact that
there is general agreement among the students of
the Myxomycetes relative to conditions for sclero-
tization of plasmodia and for the reactivation of
thege sclerotia. On the other hand, a review of'
the llterature reveals the fact that no such gener--
al agreement exlsts relative to the structure of
the sclerotium and the behavliour of the nuclel dur-
ing the time of reactivation.

De Bary (2) described the sclerotium as beéing
made up of small protoplasts contained within a:
more or less definite membrane and taking on a shape
which might be spherical, ovoid or polygonal, but
he did not refer to the presence or condition of
nuclei. in the sclerotium, Van Tieghem (39) on the
other hand regarded the sclerotium as a multicellu-
lar cyst and believed that there were as many spher-
ules in the sclerotium as there were nuélei in the
plasmodium from which the selerotium had been deriv-
ed.

Strasburger (38) after reviewing the literature

e



relative to the sclerotium came to the con-
cluslon that the spherule membrane surrounding‘
each protoplast may or may not be present depend-
ing upon the clircumstances involved in the forma-
tion of the sclerotlium. |

A, Lister (21, 23) working with Badhamia utricu-
laris Berk., found that each protoplast contained
from ten to twenty nuclel, was surrounded by a .menm-
braneous wall and each cyst assumed an irregular
shape énd'eventually dried to a horny mass.
" M.C.A., Jorgensen (20) demonstrated by photo-
graphs the reactivation of a sclerotium to form a
macroscopic plasmodium and the formation of the
sclerotium from a plasmodium, He describes some
details of the cysi, how . the pfotoplasts.abandon”
the protective membrane of the cyst and how the -
crystallization of calcium on the surface of the
sclerotium of calcareous myxomycetes 1s effected.,

Brandza (5) described the spherules of Badhamla

macrocarpg Rost., Fuligo septica Gmel, var candida
R. E, Frieg F., Badhamia capsulifera Berk,, Phys-
arum pulcherrimum Berk, and Rav., 2. contextum Pers.,
P. carneum List. and Sturg., P. psittacinum Dittm.,

~5=



Clenkowskia reticulata Rost., Craterium minu-

tum Fries, Leocarpus fragilis Rost., Didymium

difforme Duby., and Didymium complanatum Rost.

In all descriptions, with the exception of
Didymium difforme Duby., Brandza figured individ-
ual spherules.‘ In this specles he demonstrated by
drawings that the spherules which have concentric
membranes and give the characteristic cellulose
reaction with chloro-iodide of zinec, are widely
separated'from‘each other by delicate filamentous
trabeculae, These trabeculae were not ldentified
as to detalled structure nor as to function. He
showed by figures that spherules of Fuligo_segtioa
Gmel., Badhamia,capéuliferatBerk., B. macrocarpa
Rost., ZEhysarum pulcherrimum Berk, and Rav., 2.
contexfum;Pers., Leocarpus fragilis Rost., Didy-

mium complanatum Rost., and D. difforme Duby., may
contain nuclei which stained intensely wilth hematoxy-
lin and also contained "amoebulae". The outer dia-
meter of these amoebulae, Brandza found to be two

or three times that of the nuclei. He described

the center of the amosebule as belng occupled by a
body which apparently stains with aporoximately the
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same intensity as do the nuclei, and are ldenti-
fied by him as such. According to Brandza there
are included occasionally as many as two "petite
noyaux" per amoebule.

Brandza found fhat spherulization or scleroti-
zatlon may be, complete or partial, In order to
completely sclerotize, the sclerotium must be de-
rived from a young plasmodium, i.,e., one not in
the process of maturation, and, as was expected,
would retain calcium granules within the protect-
ive mémbrane of each spherule. Partial sclerotiza-
tion may occur at the time a plasmodium has complet-
ed 1ts trophozoitic activity and is in the process
of sporanglal formation,

From the above review of the literature relative
to the structure of the sclerotlium 1t 1is evident
that there 1ls yet a need for further study of this:
resting.stage in the life history of the Myxomycetes.
especially since observations on the nuclel have not
been reported by the above students. Accordingly, a
series of experiments were devlised to determine the
structure of the sclerotium and the behaviour of the

protoplasm and the nuclel of each spherule upon the
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reactlivation of the sclerotium, The results of

these experiments are embodied in thls paper.
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MATERIALS AND METHODS



BOLEROTIUM REACTIVATION

Text Figure 1

TINE DATE BMEAR # | REAGTIVATION TIME (min)|
1730 hours | 3/5/50 1 0
1755 hours 1 3/5/50 2 2] ——
1825 howrs | 3/5/50 3 55
1910 hours | 3/5/50 4 100
2000 hours | 3/5/50 5 150
2015 hours | 3/5/50 6 165 o
2030 hours | 3/5/50 7 189
2050 hours | 3/5/50 B <00
2125 hours | 3/5/50 9 275
2200_hours | 3/5/50 10 <70
2215 houra | 3/6/ 11 20
2300 hours | 3/5/650° 12 250
2325 hours | 3/5/50 13 0D
2350 hours 14 260
0010 hours Jfg 15 400
0030 hours | 3/6 16 A20
0125 hours | 3/6/50 17 475
0155 hours | 3/6/50 18 505
0240 hours t 3/6/50 19 550
0320 hours | 3/6/50 ] - 20 290
0405 hours | 3/6/50 535
0435 houra | 3/6/50 F (131
0510 hours ] 3/6/50 2 00
0545 hours /50 24 135
0655 hours | 3/6/50 25 cSUs
1055 hours | 3/6/50 26 1035
1055 hours /50 27 104>

TABIE I
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Materials andeethods

An excellent sclerotium of Physarella oblonga

Morgan was collected at Gayton coal mine in Henri-
co County in February, 1950, under the bark of a
large fallen ocak. Thils material was brought into
the laboratory and kept for a perlod of ten days
at a temperature of five degrees centigrade in a
tight container.

A portlon of thls sclerotium was broken into
very small fragments and sowed in a petri dish
containing sufficient water to wet the material,
Smears of this material were made at intervals of
time as set forth in text figure 1, were flxed
using the smear technique suggested by Johansen
(19) with Taylor's modified Karpechenko fluid (19).
The constituents of this fixative were kept in sep-
arate tight bottles and were mixed (in appropriate
proportions) as required, |

Allen's modification (P.F.A3) of Bouin's solu-
tion (28) was also tried but did not give as good
results as did theKarpechenko fluild.

After fixation for four to six hours, sllides
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were washed thoroughly 1in slowly rumning tap
water, rinsed in distilled water, mordanted in
four per cent lron alum for about one hour and
stained in hematoxylin'for‘one to twenty-four hours.
Sllides were removed from the hematoxylin and washed
in running tap water for about ten minutes, passed
through distilled water and destained with two per-
cent iron alum until the nuclel were easily disting-
uishable, After destaining slides were washed in
running tap water for twenty minutes, rinsed in dis-
tilled water, transferred to a graded series’of al-
cohol and water, then through an alcohol-xylene serles
to absolute xylene and mounted in neutral balsam,
Delafield's hematoxylin (19) was also used and
proved satisfactory as far as facllity of counting
nuclel is concerned but does not give the niceties“
of nuclear stain equivalent to the Heidenhain method.,
Another portion of this sclerotium collected at
Gayton coal mine in Henrico county, was diﬁided in-
to sixty-five approximately equal portions and each
was placed in the center of a petrl dish contalning
sterile three percent agar medium. It may be noted

here that numerous reactivations were induced on

10~



SCLEROTIUM REACTIVATION

—T BT T T F A TIVATION T0E (nin) ]
1700 hours_| 3/5/50 [¢) 0
1710 houra | 3/5/50 A 10
750 hours | 3/5/50 2
¥25 hours | 3/5/50 85
515 hours | 3/5/5 122
3000 hours | 3/5/50 180
5015 hours | 3/5/50 19>
5030 _hours | 3/5/50 7 210
5050 hours 1 3/5/50 g 250
3155 hours | 5/5/50 ] 265
2140 hours | 3/5/50 10 280
=200 hours | 3/5/50 il 200
2210 hours | 575750 1z 210
5535 hours | 3/5/50 T 922
2305 hours | 3/5/50 14 203
2325 hours | 3/5/50 15 355
3350 hours |_3/5/50 [6 410
0010 hours | 3/6/50 L{ 450
0035 hours | 3/6/50 18 555
0105 hours |_3/6/50 19 485
0110 hours | 3/6/50 20 490
0130 hours | 3/6/50 ! 230
0230 _hours |_3/6/50 2 (<X
0245 hours | 3/6/50 2 >
0320 _hours | 3/6/50 24 ©20_
0340 hours | 3/6/50 2 640
0355 hours 3/6/50 20 6b5
04C5 hours | 3/6/50 2(_ 665
04%Z0 hours | /6750 20 090
5 29 (25
0 120
T 760
32 o5
E3) BI0
= 835
35 Discard
36 690
37 925
38 930
39 970
10 1000
L1144 Dlscard
15 10
46 1055
I7 1610
A3 1650
pxe) 1710
50 1810
51 1810
52 1535
5% 2415
2520
gg 2535
23325
2030 houre | 3/5/50 o7 4530




filter paper substratum but secfioning of the
material waé'iﬁpossible because of the many cellu-
lose fibres permeating the fixed material. Agar
did not afford thils difficulty.

Petrl dishes were flooded with Taylor's modified
Karpechenko fluid ét intervals of time during the
reactivation cycle as set forth in text figure 2.

Time of fixation was about six hours. Filxative

was made up fresh at the beginning of this experi—‘
ment and a new batch was made at the time specimen
#21, text figure 2, was killed.

At the end of fixation time, fixative was poured
from the petrl dish and tap water was added and
changed several tlimes during a half hour perilod.

From water all specimens were run up to xylene through
graded alcohol-water and alcohol-xylene seriles and in-
filtrated with a mixture of 89% paraffin, 10% beeswax
and 1% lanolin (14);

| For reasons of economy and efflcilency, after the
fixative had been removed from the petrl dishes, specl-
mens were transferred along with a portion of the agar
substratum to small flat bottomed 2 ml vials, Liquids

were transferred using caplllary pipettes,
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Preliminary infiltration of paraffin was accom-
plished in a petri dish filled with the paraffin-
beeswax-lanolin mixture, in which as many as fif-
teen specimens §buld be handled at one time. Iden-
tity’of specimeh was easily handled by marking its
numerical designation on the outside of the petri
dish. In order to get a sufficlent number of specl-
mens to preliminary infiltration at the same time it
was necessary to have them pile up in seventy per
cent alcohol. This infiltration time was approx-
imately one hour under an ordinary goose neck lamp.
The melting point of the paraffin used was 52° C.

Final infiltration was done in paper boats in a
DeKhotinsky oven at 60° C for several hours, The
paraffin mixture was changed four times, Infiltra-
tion in bond paper boats 1s very satisfactory since
the mixture diffuses out thrdugh the paper into a
container and fresh paraffin is added as required.

Sectioning of material was done at five microns
using'a Spencer rotary microtome whose calibration
was determined to be within 0.7 micron; These
sections were affixed with Mayer's adhesive (19) on

clean slides using the alcohol bﬁrner method,

-12-



Completed sectlons were mounted in balsam or
Euparal. The latter intensifies hematoxylin stains
and renders the nucleus clearer than does balsam.

The lodine, potassium-iodide-sulphuﬁic aéid
method (19) was used to test for cellulose.

Sudan IV (19) in 70% alcohol was employed;to
ascertain the presence or absence of fatty sub-
stancés.

The remaining portions of the sclerotium collect-
ed in Februafy, 1950, were placed upon filter paper
in gtandard petrl dishes which contained portions |
of thé organism's natural substratum, wetted.with
tap water and fed pulverized rolled oats as requif-
ed. Sevéral of these plasmodia, which had reactivat-
ed from the original sclerotium, were put in paper
lined battery Jars containing bark or wood of oak
and fed rolled oats,

The Feulgen nucleal reaction (19) was carried out
in coplin Jars which had been washed thoroughly with
tap water and detergent, rinsed and cleaned with po-
tagsium dichromate,sulphuric écid soiution, rinsed
in tap wa ter and fiﬁélly rinsed in several changes
of distilled water. After:cleaning, these jérs were

-1%-



Inverted over absorbent paper towels until dry.

All volumetric and filtering apparatus was cleaned
in potassium dichromate cleaning solution aﬁd rins-
ed in distilled water.

The Feulgen method (19) is as follows: .Five
hundred milligrams of.95% basic fuchsin, ceftified
for use as a Feulgen stain, was dilssolved by pour-
ing over it one hundred ml of boliling distilled water
and agitating conéiderably. After cooling this solu-
tion to fifty‘degrees centigrade and filtering, five
hundred milligrams of potassgium metabisulphite and
ten ml of 1/N HCl were added. The stain was then
agltated vigorously, placed in a dark bottle for
twenty-four hoﬁrs to allow reduction of the basic
fuchsin to leuco-fuchsin,

Slides, containing specimens embedded in paraffin,
were brought down thfough the xylene-alcohol serles
- and the alcohol-water series to distilled water. From
distilled water they were taken to 1/N HC1l for a quick
rinse, then placed in fresh 60° G 1/N HC1l for fourteen
minutes which seems to give the'bést results for this
material, °

Slides were transferred from the sixty degree cen-

“1hm



tigrade 1/N HCL to cold 1/N HCL, to distilled .
water, and then into the Feulgen stain. Time of
staining was eight hours. They were removed from
the staining solution and passed through three:
solutions, each containing 100 ml of water, 5 ml
of 10% potassium metabisulphite and 5 ml of 1/N
HCl., Time of exposure to each of these three
solutions was ten minutes. After staining,slides
were taken back to xylene and mounted in balsam
Experimentatlon was carried out in a laboratory
in which the temperature fluctuated from 21 to 240
centigrade during the period February to June 1950,
Measurements were made with a 97X, N.,A, of 1.25
or a 100X, N,A., of 1,3 oll immersion lens and a
10X occular., The precision here is 0.7 microns.
Photographs were taken with Panatomic-X or Contrast
Process Panchromatic film. The latter is undoubted-
1y superior as shown by comparative photomlicrographs,
" The method of dissolving calcium granules by us-
ing acetic acid as suggested by Brandza (5) was not
successful for the sclerotium of Physarella oblonga.

Potassium dichromate sulphuric acid solution removed

these granules in one or two minutes, depending upon

-15-



the stage of reactivation of the sclerotium.
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OBSERVATIONS



Obsgervations

The sclerotium of Physarella oblonga Morgan

. consists of numerous spherical to polyhedral
spherules, méasuring from seventeen to twenty-one
microns in diameter which are bound together by a
cement substance which is continubus with the cor-
tex of the sclerotium (Plates 1 and 2). The cor-
tex is occasionally reticulated (Plate 3). This
reticulation is similar to the reticulation fre-
quently encountered between spherules within the
sclerotium (Plate 4) of this species, and 1s some-
what comparable to the filamentous trabeculae fig-
ured by Brandza (5) for Didymium difforme. In D. .
difforme however the spherules are widely separsated
and the cement substance 1s outstandling whereas in

Physarella oblonga the spherules are closely bound

together and a reticulation of the cement substance
does not exist between all spherules,
Spherule walls are about one micron thick and do
not glve any detectable reaction to the lodine, po-
tagsium-iodide-sulphuric acld test for cellulose
but remain clear and transparent., They frequently

stain with Delafield's hematoxylin however and are
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assumed to be some form of cellulose mainly be-
cause geveral investlgators have found thils region
to be some form of cellulose while studying other
specles, |

Often there are observed at the Jjunction of
several spherules, masses of lrregularly shaped to
spherical granules which measure one micron in dila-
meter and stain intensely with hematoxylin (Fig. 1,
Plate 5). In some casés these granules remain with-
in the empty spherule membranes after the spherules
have germlinated and the plasmodium is collecting to-
gether outside of the empty spherule containers (Figs.
2, Plate 5), whereas in other cases they are seen in-
corporated in the active macro-plasmodium, although
they are still embedded In a portion of the cement
substance and spherule wall of the original sclerotium,
In any case it is seen (Figs. 1 & 2, Plate 5) that the
dlameter of these granules does increése during the re-
activation cycle. They have not been observed to dis-
perse in the plasmodium and are consldered to be plas-
modic wastes. It is noted however that their size is
much like that of the mitochondria,

Spherules containing all of the constituents en-

=18~



countered in germinating spherules are often found
in the movihg plasmodium but reactivation of these
spherules has not been 6bserved. On the contrary,
there is evidence that they are used for food by
the reforming plasmodium. They give the appearance
of partially digested masses closely ressembling
disintegrating spherules.

Rarely; in the cortex of Physarella oblonga are
found cysts (Plate 3) measuring seven microns in dia-
meter as well as granules which stain”intensély with
hematoxylin. These granules are similar to those
found between spherules deep in the sblerotium.

Within the spherule wall is the multinucleated
protopiast which upon germination collects togéther
inside of the cortex with numerous other protoplasts
‘to form the plasmodium. The growth of a single pro-
toplast into such a plasmodium has not been observed
although numerous attempts were made to isolate single
spherules in hanging drops by dilution and to trans-
fer these isoiated protoplasts to a suitable medium
and watch for the germinatidn and development of a
1arge’plasmodium. Failure to accomplish this is attri-

buted to the technilques involved or possibly to the

=19~
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inability of this protoplast to compete with other
organisms since these cultures were not free from
bacteria,

Spherule and nuclear diameters were measured and
the number of nuclel per spherule was determined
from fourteen of the twenty-seven specimens listed
in text figure 1 (opposite page 9). This data is
contained in text figure 3. Examination of this
table brings out the following points of Interest,
namely that each spherule protoplast contains from
one to twenty nuclel although these extremes are
rare and & mean nuclear number count per spherule of
eilght.

Numerous yellow granules mask many asPecﬁs of the
spherule protoplast, such as mitochondria, fat globules
and ramiflcations of the reticulated cytoplasm but of-
fer little difficulty to general nuclear observations
because of the clear region which invariably surrounds
the nucleus, These granules measure azbout one micron
in dlameter and show cznsidéféble variation in size,
Thelr diameters have not been followed through the re-
activation cycle but they are belleved to Increase

sllightly with absorption of water and upon'germination.
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Upon removing all of the chromatic g?anules
with potassium dichromate-sulphuric acid solution
whidh takes only several minutes and does not inter-.
fere with the hematoxylin stain reaction, there is
easily seen in the majority of spherules, depending
updn the stage of germination, a great many.oval to
spherical bodies which absorb hematoxylin strongly
(Fig. 1, Plate 6)., They become outstanding only in
latter stages of reactivation.

- The above mentioned oval to spheriéal bodies are
apparently the mitochondria which were described by
Cowdry (11) for several genera of Myxomycetes. It
should be noted (Fig. 1, Plate 6) that these granules
are concentrated in large numbers at the periphery
-of the spherule and are scattered and few in number
in the interior. Thils organization is Invariably
found. Figure 2, plate 6 shows these granules in
the reorganizing plasmodium. It is not uncommon to
find wilde expanses of plasmodium entirely free of
these bodies, There is some evidence that they are
not free in the cytoplasm but are suspended by deli-

cate strands and give the appearance of being surround-



ed by a much lighter reglon than the adjoining
cytoplasm. It 1s difficult to ascertain whether

or not this phenomenon is due to shrinkage., The
lack of observations on living materlal and the
determination of relative coefficlents of expansion
and contraction of the cytosome with its plasma mem-
brane; the nucleus and its constituents, and other
portions of this material, by controlled flxation
conditions have been in demand throughout this ex-
perimentation.

Cowdry (11) found mitochondria more abundant
ebout the nuclel and around peripherel regions of
vacuoles, however such could not be verified in this
study. He did not belleve them to be bacteria be-
cause they were never encountered in vacuoles and
also were the first indication of impending spore
formation when the organism was to fruit,lin,that
they clumped together.,

Sudan IV gives an intense reaction to Indicate
fatty substances stored In the spherule in the form
of oval to spherical droplets, which vary in dla-
meter from the lower limit of visibllity to four or

five microns. These droplets do not occur in all
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spherules in quantlty but are generally present
throughout the sclerotium. Occasionally there are
found spheruleé which afe packed with apparently
nothing but these substances. However careful con-
sideration brings out aﬁ leagt one nucleus. These
are the spherules most frequently encountered in the
reorgenizing plasmodium,

It has been observed by Cowdry (11l) for the plas-
modium and by Brendza (5) for the sclerotium that
nuclel are lacking entirely in certain‘large regions
of the plasmodium and occaslonally in individual
spherules, Spherules of Phxsarellé,oblonga have nev-
er been observed which lack nuclel altogether, al-
though the variation of the nucleoplasmic ratio is
tremendous for both sclerotium (Text fig. 3) and macro-
scopic plasmodium. From table 3 it can be seen that
this variation in nucleoplasmic ratio exists from
spherule to spherule,

.The nucleus is the most interesting structure common
to the various phases in tﬁe life history of the Myxo-
mycetes becauée of 1ts obvious inconsistency. For
example, Jahn (17) found nuclear division of swarm

cells of Stemonitis flaccida Lister, to be intra-
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nuclear as far as he could determine. Furthermore
the point of the intranuclear spindle contained a
slngle granule, the centrosome, from which the fla-
gellum was destined to arise. However, A, Lister
(24) concluded that the nuclel of an active plas-~
modium multiplied by simple division after he had
examined slides prepared from a plasmodium of Bad-

hamia utricularis Berk,, whereas J.J. Lister (26)

found nuclei dividing by mitosis in the plasmodium of

Badhamia utricularis which had been reactivated from

a sclerotium. All stages were observed and record-
ed.

A, Lister (22) again, after numerous investiga-
tions with different species, put forth the bellef
that although nucleli in the plasmodium of B. utricu-
laris had been observed to divide by mitosis by J.
J. Lister in 1893, that when these nuclel are divid-
ing in large numbers they do so by amitosils.

J. J. Lister (26) in 1909 concluded that nuclei
in a macroécopic-plasmodium may divide by mitosis
but more often by amitosis,

- Jahn (18) reported nuclear division again in the

plasmodium of B, utricularis. Hils preparations were
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not conducive to exact description of the process,
however he found no indication of multiplication by
simple division,

G. Lister (25) reported division by mitosis in
sllides prepared by J. J, Lister and injected the
belief that probably the nuclel also divide by ami-
tosis,

Wilson and Cadman (40) in their work on the ey~
tology of the swarmers of Reticularia lycoperdon
Bull,, found typical mitotic division and referred
to the centrosome formerly described by Jahn as the
centroblepharoplast. ‘

Schunemann (31) found metaphase, anaphase and
telophase figures In a large plasmodium of Didymium
nigripes. Some of these flgures were surrounded by
nuclear membranes. .

_Cotner (10) demonstrated that instead of a single
centrosome or centroblepharoplast as believed by
Jahn, and Wilson and Cadman that this single body was
in reality a complex of granules.

Howard (15) searched fnf,nuclear divisions in the

plasmodium of Physarum polycephalum Schw., extensively

in 1930 and was unable to ascertain mitosis or simple
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division, although he took samples from a plas-~
modium every half hour for thirteen hours. He
observed that plasmodia of tais species lncreased
in sige from tiny fragments to areas covering as
much as two square feet with the number of nuclel
rer unit volume apparently remaining constant,
This same investigator (16), again working with

P. polycephalum, was able to work out mitosis in

great déiaii.}‘He was able to show that nuclear in-
crease in the macroscopic plasmodium was by "geo-
metrical progression." This division is compieted
within twenty to fort; minutes and is intrenuclear,
According to J, J. Lister (26) this fact helps to
establish the myxomycete relationship with the Pro-
tozoa. However because of the absence of asters
and centrosomes, Howard polnts out that the nucleus
of Myxomycetes "resembles in many respects the

type found in vascular plants.”
| Sinoto and Yuasa (33) and Yuasa (41) have showm
that there are two biepﬁarOplasts in uﬁiflagellated
and biflagellated swarmers of several species of
Myxomycetes.

Ellison (12) verified the presence of two blepharo-
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plasts 1n uni- and biflagellated swarmers of

Stemonitis ferruginee Ehrenb. and S. fusca Rost.,

althdugh oné df thém was not easily recognizable
in the latter,

In this study of Physarella oblonga the nuclel
were found to vary from 2.8 micfohs to 3.5 microns
in diaﬁeter in the sclerotium but may be smaller
in the plasmodium if mitosis has Just occurred.

The sclerotium of Physarella oblonga contalns

at ieast two types of'hﬁclei,'if sﬁaining reactions
and size are suitablé criteria for distingulshing
them (Plates 4 & 7). There is no correlation be-
tween size and difference in staining capacity, for
nuclel of all slizes may stain darkly or lightly
with hematoxylin and the faint positive Feulgen
nucleal reaction Indicates desoxyribose nucleic
aci& in nuclel of both types. |

Differentiation of the hematoxylin stain, in or-
,der'to bring out the metabollc nucleus of the spherule
invariably destalins metabolic nuclel of reactivating
spherules to such an extent that only the nucleoll
are clearly visible. There 1s a definite gradlent
in staining capacity from the dark and almost black
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nucleus of the intact spherule to the faint nu-
clei of the plasmodium. The nucleolus is well de-
fined in the latter but the nucleoplasm and nu-
clear membrane are too faint to be seen clearly.
Such a staining gradient with hematoxylin may be
indicative of the varying physilological activity
of the nucleus in these different stages during re-
activation,

The nucleus 1is suspended in a cell-like structure
by delicate strands (Plates 8 & 9). This organiza-
tlon 1is somewhat liké the syﬁcytiél arransements
found in higher organisms and was first suggested by
Camp (7) but he apparently did not recognize the
definité irregular cell-like structure which contain-
ed the nucleus,

Brandza (5) had observed in reactivating sclero-
tla of manyvsbecies such an organlization and had term-
ed these nuclei suspended by strands "amoebulae".

Hls figures show amoebules with a widé range ofﬂvaria—
tion in nuclear dlameter whereas in this work the nu-
cleus was found to be rarely outside the limits set
forth in text figure 3, namely from 2.8 to 3.5 microns,

Apparently Brandza considered amoebules as separate
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individuals within the spherule protoplast,

The nucleolus which may vary from one large
body to several smaller ones could be mistaken for
mitosis if hematocylin were used and especially. if
only a few apparent mitotic figures were foundi The
nucleolus assumes many shapes and sizes and often 1s
separated within a spindle—like region of the nucleus
indicative  of anaphase in mitosis (Fig. 1, Plate 10).
These phases are not rare but seem“£o~cover great ﬁ
areas of the reactivating sclerotium and all stages
simllar to mltosls up to late anaphase can be found,
Prophase gives the greatest difficulty since the nu-
cleolus may be 1iIn many tiny bodles which is simllar
to a thickening of the chromanemata and, without the
Feulgen technique, might be interpreted as prophase.

Howard (16) has worked out mitosis in Physarum
polxcephalﬁm thoroughly and found division-to bé in-

tﬁénﬁdlear and without asters but with a well develop-
ed spindle. He did not find nuclel with more than
five nucleoll for this species whereas eight to ten
are not uncommon for Physarells oblonga (Fig. 1, Plate
Tede S .
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The amoebule boundary, with few exceptions, is
closely applied against the nucleus in the quiescent(
spherule., This boundary 1s practically indistine
quishable from the nuclear membrane with which 1t is
Antimately bound by cytoplasmic processes which are
only observed when the amoebule swells with lmbibi-
tion of water and its boundary pulls away from the
nucleus (P1, 8; Pl, 9, Figs 1&2, and Pl., 10, Fig. 2).

It is indisputable that the individual spherules
swell to some extent by rounding out‘into almost
perfect spheres with water absorption (Plate 10,
Fig. 3) when isolated one from the other. This
smootnﬁess of perlipheral contour 1s not as obvious
when the sgpherules are undisturbed in the sclero-
tium because of mutual pressure from other spher-
ules. In general these structures are polyhedral In
the resﬁing sclerotium.

Upon germination the protoplast flows from one
Spherule through an opening in the connecting‘walls
and Joins with the protoplast of another spherule
(Plate 8) or several coalesced protoplasts. It is
hgt unusﬁal to see many prdtoplaats fused togéther

- while they are still in their indlvidual spherules
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(Plate 11),
- There is some evidence of pressure in the ger-
mination process (Plate 8; Plate 10, Fig. 4 and
Plate 12, Fig. 1) in that the spherule wall is fold-
ed back into thewspherule into which the protoplést
from another spherule is flowlng. Even though this
has been observed numerous times, such an apparent
violence of ge rmination could not be demonstrated
with single spherules germinating in hanging drops.
It is concelvable that because of pressure differ-
entlal variation as regards isolated spherules and
undistufbed sclerotial organizatlons the method is
quite different..

Shrinkage of material 1s indicated in a reacti-
veting sclerotium. Thils apparent distortion is due
to a.lack of protoplasm within the individual ger-
minating spherules brought about by their contfibu-
tion to the collecting plasmodium, which by this time
has reformed and 1is outside the sclerotium (Plate 11),
but stlll with numerous connections with individual |
spherules throughout the sclerotium. Reactivation
(Plate 11) is centripetal and as well as could be de-

riermined,Aall germinating spherules are connected to-
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gether. Germination 1s a smooth continuous pro-
cess,

The plasmodium may take the form of numerous
proéesses radiating from the sclerotium and might
seem to Indicete that more than one plasmodlum could
escape from a sclerotium, however, by following the
process through serial sections, it is seen that all
processes from the sclerotium merge.

The plasmodium, when fully formed, moves away
from the germlnating point and leaves Béhind the dls-
torted, torn and empty profoplast containers, the

spherule walle (Plate 13),
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Discussion and Conclusions

The amoebules of Brandza (5) are apparently not
individuals incorporated in £hé spherule but repre-
sent the metabollic nucleus and the substance in
which it is contained, a portion of cytosome. Num-
erous cytoplasmic processes are continuous with this
envelope and the nucleus, These processes are in.
the form of dellicate strands which may‘be the result
of fixation distortions. A study of living material
is required to determine whether these connections
are actually strands or reticulated cytoplasm,

In the majority of instances in the spherule a'
cytbplasmic envelope surrounding the nucleus is not
clearly seen because of shrinkage of the system dur-
ing sclerotium formation., It 1is reasonable to ex-
pect that one would find quite a variation in the
distance from the envelope to the nucleus, Such is
the case, wilth a variation from beyond the precision

of measuring devices used and outside the resolving

powers of the optical system, to a distance of approx-

imately one micron.

Spherules are bound together with a cement sub-
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stance which 1s believed to aid in water conduct-
lon throughout the sclerotium, which undoubtedly
already has a hilgh affinity for water. A rapid
conductlon of water through the cement substance
would facilitate control of reactivation to some
extent and thls is probably why the plasmodiqm does
not escape in individual waves, but does so in one
unit mass,

Prior to germination, mitochondria (Plate 6, figs.
1.& 2) collect in large numbers near the wall of the
spherﬁle. They apparently play an important part in
weakening the spherule wall to such an extent that
the protoplast which meanwhile has taken on consid-
erable quantities of water and has thereby increased
internal pressure is able to burst through with
some violence, folding back the spherule wall (Plate
10, fig. 4 and Plate 12, fig. 1). Each spherule has
to overcome twé spherule walls to germinate except
those at the periphery of the sclerotium, unless the
dissolution of the membrane in the region of break-
through is a mutual process with each spherule digest-
ing away its own wall and the one with the highest In-
- ternal pressure would be the first to move by rushing
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through the weakened contalner to Joln the proto-
plast on the lower side of the pressure differential.

Those spherules on the periphery of the sclero-
tium are restricted by only one such wall plus a
wide cortex, many times thicker than the protoplast
envelope (Plate 1). It is immediately suggested
that the cortex of a sclerotium would necessitate
germination and coalescence first within the re-
straining cortical substance. This is exactly what
takes place (Plate 14) and accounts inipart, for the
control of piasmodium‘escape. The cortex 1s the last
retéining wall to be punctured and then only in weak-
ened portions. This is difficult to establish with
unquestlionable cértainty because of the method of
beginning this work, i.e., using small bits of a large
sclerotium, which of course were lacking In cortex in
many reglons, It is believed that studlies of entire
sclerotia germihating would show formation of the
plasmodium within the cortex to be the general con-
dlition. Occasional reticulation of the cortex may
play an important part in sclerotial germination, by
facilitating escape through this boundary.

It is eagily seen that there 1s a significant
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‘physiological difference between the nuclel of
quiescent spherule protoplasts and those of ger-
minating ones, as mentioned previously. It is
suggested that this difference in staining capaci-
ty was due to the concentration of desoxyribose
nuclele acid in the nucleus which may.be expected
to be greater in the nuclel of the gulescent spher-
ule whose metabolic activitlies were greatly reduced
than in nuclel of the plasmodium which was prepar-
ing for extended activity and gréatly accelerated
metabolism. |

The concentration of desoxyrlbose nucleic acid
in the metabolic nucleus of Phygarellsa oblonga is
diffuse and gives only a faint rééctidnAwithrthe
Feulgen technic, It was not possible to estimate in
these small nucle;'a difference in the desoxyribose
nuclelc acld concentration of the metabolic nucleus
of the quiescent spherule and that of the interphase
nucleus of the active plasmodium. Hematoxylin, how-
ever, shows a clear difference. The possibiliiy that
these dark staining nuclel are pycnotic must not be
discarded. The "amoebulae" of Brandza might be dis-

~carded nuclel 1n‘vacuoles.\ If this were true then
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the number of nuclel would be quite small for the

plasmodium and spherule protoplasts., OSpore formaQ

tion does not support such a bellef since the mor-

tality rate of nuclel during this stage 1s low.
The questlon arose early in thls work as to

whether there were any nuclear divislions upon ger-

g

e

minatlion. The first attack upon this guestion was

to investigate the nﬁcleoplasmic ratio of the spher-
ule during gll stages of reactivation, If this ratio
increased considerably then mitosis might have occu-
rred. A curve, text figure 4, was plotted from the
data summarized in text figure 3 and indicates that
thékaryOplasmic ratio actually decreases slightly
during reactivation. This shows that the cytoplasm
of a spherule increases slightly in volume whereas.
the volume of the nucleus remains essentiélly'tﬁe
same., Another curve, text figure 5, was also plott-
ed from data éummarized in text fligure 3, and shows
that the spherule dlameter does increase slightly
with time of reactivation. The shift 1n these curves
is barely within precislon of measurement and could

" be contributed to error.

Howard (16), however, had found that division in
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the plasmodium covered wide expanses and was a
geometric division with daughter nuclei consider-
ably smaller than the original nucleus, Thls means
that new nuclei would be less than the established
range of diameter for the spherule, Detecting a
change In the karyoplasmic ratio would of course be
difficult, Furthermore, text figure 3 shows that

the number of nuclei per spherule, which may vary |
from one to twenty, does not change during reactiva-
tion but hés a. constant mean., This 1is interpreted

- to show that nuclear division during or immedlately
after reactivation is not the general case. It 1is
true of course that mltotic figures are found'durins
this activity but they are rare. Several stages of
mitosis are shown (Plate 12, figs. 2, 3, & 4), and
are not intranucleér but take place within tﬁe amoebule
envelope which 1s a cytoplasmic ground substance con-
tainlng the nucleus.

Howard, Lister and Schuneman agree that division
is Intranuclear, although the last investigator found
nuclear membranes surrounding only certain of the mi-
totic figures,

The Feulgen technique does not give a positive
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reaction from the nuclear membrane out to the amoe-
bule envelope.

From the above discussion it is evident that
there 1is still need for more careful and detalled
investigation of the nature and activity of the nu-

cleus of the Myxomycetes.



SUMMARY



1.

24

3.

4,

Summary

Germination of the sclerotium in Physarella
oblonga 1s centripetal. The cortex hinders es-
ééﬁéidf the protoplasts In most regions, so that
the plasmodium is well formed before it punctures
the wide cortical region. This alds in the con-

trol of escape of the plasmodium.

There is some indication of enzymatic action and
pressure factors combining to facilitate rupture

of the spherule wall,

Nuclear divisions are rare during sclerotial re-

activatioﬁ and are not intranuclear.

The terﬁ "amoebulae" as first suggested by Brand-
za should-be discarded gsince it is misleading.
These organizations are considered to be nucleil
embedded in cytoplasm with the cytoplasm giving

the appearance of another wall,
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Explanation for Plate 1:

Section (5 microns) through a resting sclerotium.

Note wide cortex at bottom of photograph, which is
continuous with cement substance that binds spher-
ules together.
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Explanation of Plate 2:

Restihg ‘sclerotium (section)

Cement substance is shown as dark black sub-
stance between spherules, (Middle of photograph)
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Explanation of Plate 3:

‘é.wﬁﬁidentified grénules in cortex,
b. Sclerotium cortical region.

c. Reticulation of cortex,

d. Protoplast nucleus,

e. Cyst in cortex.

f. Reticulation from which fat droplet more than
likely was removed.

g. Mitochondria.

h. Interior of sclerotium,
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Explanation of Plate 4:

Boundary of spherule wall and protoplast
membrane,

Mitochondria,

Nucleus.

Former fat droplet location.
Reticulatlion of cement substance.
Nucleus (note différence in staining).
Vacuole with inclusion. |
Cement substance.

Unidentified mass of granules between spher-
ules. ’ ‘
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Explanation of Plate 5@

'Fig. 1s

Fig. 2:

Mass of unidentified granules between
spherules. These granules enlarge with
water uptake. (See Fig. 2). They are
bellieved to be.plasmodlc wastes.

Same granules as in Fig. 1 which have
been left behind after reactivation.
Note matrix In which they are contained.
This matrix is apparently a part of the
cement substance
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Explanation of Plate 6

Fig. 2:

Early stage in reactivation. Notice -
ebsence of any apparent shrinkage and
concentration of mitochondria at peri-
phery of spherule., ZProtoplast is re-
ticulated from loss of fatty substances,
which were lost during the fixatlon pro-
cess, Chromatic granules have been re-
moved.,

A fully formed plasmodium showing scat-
tered mitochondria.






Explanation of Plate T

Fig. 1:

Fig. 2:

A nﬁéleus>w1thout & noticeable amoe-
bule envelope. Ten small nucleoll are
present in this nucleus. '

Barly stage of reasctivation., Note dif-
ference of nuclear staining capacity.
This is the same photograph as Fig. 1,
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Explanation of Plate 8:

Germinating spherules which together with many
others are forming the plasmodium. Spherule walls
are folded back into upper right spherule indicat-
ing some pressure is involved in germination. The
magnification of this photograph was lost. It was
taken with a 20X occular and a 9.7X, 1.5 N.A, oil
immersion lens,






Exnlanation of Plate 9:

Fig. 1.

Fig. 2:

This photomicrograph shows clearly the
connections of the nucleus to envelope.
Notlce area around nucleus which 1s free
from chromatic granules.

Four nuclei, sach of which is within a
cytoplasmic envelope., All of these photo-
graphs are from reactivating spherules.






Explanation of Plate 10:

Fig, 1t

Fig. 2t

Fig. 3:

Fig. 4:

Note nucleus in center of photograph.
There is the appearance of nuclear di-

" wision. These nucleoli are contained

within an elongated spindle, not sep-
arated in the middle. Feulgen shows
these bodies .to be nucleocll,

L 4
Two nuclel within cytoplasmic envelopes.
Note fusion of the envelopes., These
nuclel are metabolic.(to show this would
not brinzg out their amoebule envelope
connection).

‘A single spherule. This photograph was

taken well Into the germination cycle and
is swollen and spherical. Nuclel are

not shown c¢learly but can be made out
near the top (2 of them). Some oil drop-
lets can be observed which were not de-
stroyed by fixatlion. From a smear prepar-
ation.

Reactivation spherule (section). Note
bulge into empty spherule at top of
photograph., Thls expansion must be due
to pressure. Apparently thils protoplast
had germinated at another point before
this obvious bulge could rupture, however
this could not be ascertalned in serial
gections, BSee Fig., 1, Pl, 12,
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Explanation of Plate 1l:

Reactlvation of sclerotium is centripetal. Perl-
pheral reglon 1s lighter because of the loss of
protoplasm from individual spherules. This proto-
plasm has jolned the escaping plasmodlum shown at
left of picture.
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Explanation of Plate 12

Fig. 1:

Fig., 2%

Fig. 3

Fig. 4:

The bulge, as shown in Fig. 4, Plate

10, has broken out into an empty spher-
ule,. The two protoplasts in picture

are jolned. It 1s not unusual to find

a spherule has germinated in more than
one place, There 1s no reason that ger-
mination could not take place in two
portions of the container simultaneously.

Nucleus at bottom of photgraph is in
prophase. Amoebule envelope 1s not ob-
vious here but careful focusling shows

it to be present. Note large, eccentric
nycleolus, :

Nucleus at metaphase. Nuclear membrane is
not present. Apparent membrane is cyto-
plasmic.

- Indistinct anaphase, Numerous photo-

graphs would not bring out this nucleus
clearly, COCytoplasmic envelope is barely
vigible., Adjacent nuclel are in prophase.
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Explanation of Plate 13:

This is all thats left of a once very active

mass of germinatling spherules. Walls are twist-
ed and torn because of pressure and digestion dur-
ing reactivation. Two dark concentrations are

not identified. The plasmodium ls far away, l.e.,
several centimeters, from this germinatlon center
and 1s feeding.






Explanation of Plate 14:

Prasmodium is leaving sclerotium. Note that
cortex, upper right is still intact for some
distance, ©OSpherules germinate and their proto-
plasts fuse before escape from sclerotium,.
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Explanation of Plate 15:
(These photographs a re not mentioned in text)

Fig. 1: A single spherule. Photograph is much earlier
in the reactivation cycle than Fig. 3, Plate
10. Note six radiating portions from peri-
phery. These are comnnections with other
spherules. BSome shrinkage has occurred.
This is not a reactlivating spherule,

Fig, 2: This is belleved to be a dwarf nucleus
within a giant amoebule, A poslitive Feul-
gen was not obtained for this unsual type
nucleus,

Fig. 3: Large spherule in middle of photograph

. has burst through wall to jJoin smaller
protoplast at top left. These three photo-
graphs were obtained, using a 10X occular
and a 9.7X, N.A. 1.5, oll immersion lens,
Magnification was lost, but is approximate-
ly that of designation.
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