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Ecology and Life History of an Amoebomastigote,
Paratetramitus jugosus, from a Microbial Mat:
New Evidence for Multiple Fission

MICHAEL ENZIEN, HEATHER I. MCKHANN', AND LYNN MARGULIS?
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Abstract. Five microbial habitats (gypsum crust, gyp-
sum photosynthetic community, Aficrocoleus mat,
Thiocapsa scum, and black mud) were sampled for the
presence of the euryhaline, rapidly growing amoebomas-
tigote, Paratetramitus jugosus. Field investigations of
microbial mats from Baja California Norte, Mexico, and
Salina Bido near Matanzas, Cuba, reveal that P. jugosus
is most frequently found in the Thiocapsalayer of micro-
bial mats.

Various stages of the life history were studied using
phase-contrast, differential-interference, and transmis-
sion electron microscopy. Mastigote stages were induced
and studied by electron microscopy: mastigotes that ac-
tively feed on bacteria bear two or more undulipodia*. A
three-dimensional drawing of the kinetid (**basal appara-
tus™’) based on electron micrographs is presented.

Although promitoses were occasionally observed, it is
unlikely that they can account for the rapid growth of P.
Jjugosus populations on culture media. Dense, relractile,
spherical, and irregular-shaped bodies were seen at all
times in all cultures along with small mononucleate (ap-
proximately 2-7 um diameter) amoebae. Cytochemical
studies employing two different fluorescent stains for
DNA (DAPI, mithramycin) verified the presence of
DNA in these small bodies. Chromatin-like material
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seen in electron micrographs within the cytoplasm and
blebbing oft nuclei were interpreted to be chromatin
bodies. Our interpretation, consistent with the data but
not proven, is that propagation by multiple fission of re-
leased chromatin bodies that become small amoebae
may occur in Paratetramitus jugosus. These observa-
tions are consistent with descriptions of amoeba propa-
gules in the early literature (Hogue, 1914).

Introduction

We report here field and laboratory studies of a rapidly
growing, hardy. encysting, and desiccation-resistant
amoebomastigote, Paratetramitus jugosus. Responsive
to recent changes in systematics, we provide the classifi-
cation of P. jugosus (Page, 1983) in the Protoctista
(rather than animal) kingdom (Table 1) (Margulis, 1988:
Margulis et al., 1989). Our strain P. jugosus bajacalifor-
niensis (Read et al., 1983), 1solated from sediments of
a microbial mat in an evaporated marine salt pond, is
unusually euryhaline for the genus. All other isolates
were taken from freshwater and soil environments (Dar-
byshire et al., 1976).

Approximately once a year since a two-year episode of
flooding that began in 1979, P. j. bajacaliforniensis has
been taken from both submerged and re-emerged field
samples of the Microcoleus mats at North Pond and at
the south salinas area of Laguna Figueroa, Baja Califor-
ma Norte, Mexico (Fig. 1). P. jugosus amoebae were re-
covered in impressive numbers from nearly every mat
sample transferred onto permissive plates in the years
during and just after the floods (1979-80). Even after the
recession of the flood waters and the return of the region
to its more typical dry conditions, we have collected fresh
isolates of Paratetramitus jugosus at the same geographic



LIFE HISTORY OF P. JUGOSUS

S B e EJIDO
o on T ZARAREMLA
MOLINGS, Y 27

30-40—

LAGUNA

OCEAN

PENTAPUS
SALINA

s
ﬁﬁ) =
COMMERC AL N
SALINAS <58 LA
]

PACIFIC

30-25~

PUNTA
ENTRADA

=]

CABO AN
QUINTIN

3d-20= Iiee- 00

Figure 1.

stake
A

111

metate
surveyor's

115°- 5¢

DIRT mOAD>
AR STR\D ===
dEA LEVEL
ELEVATION IN METERY 240
DUNED

MICROBIAL MATS
5 KM

MAP E QTS OYER
CYNTHIA SATTLE

Map of field site in Baja California, Mexico. Samples were collected from both North Pond

and Pentapus Salinas. Insel map indicates specific sampling sites at Pentapus Salinas. Sites 1-5 correspond

to Figures 2A-E.

locations. A continuation of previous work (Read et al.,
1983), this study verifies the occurrence of P. jugosus in
similar microbial habitats, ¢.g., in Cuba and Mexico, and

presents effective methods of ecological sampling to
demonstrate its presence.
In live microscopic preparations of P. jugosus, every
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Table

Classification of Paratelramilus jugosus

Taxon references

KINGDOM  Protoctista Margulis et al., 1990

PHYLUM Zoomastigina Margulis et al., 1990

CLASS Amoebomastigota Margulis et al., 1990

ORDER Schizopyrenida Singh, 1952 in Page, 1983

FAMILY Vahlkamphidae Jollos, 1917; Zulueta, 1917
in Page, 1983

GENUS Paratetrarmitus Darbyshire et al., 1976

SPECIES jugosus Page, 1967

strains bajacaliforniensis, Cuba  Read et al., 1983 this paper

stage in the reproductive life history has been sought; yet,
in spite of continued attempts, the complete process of
standard vahlkampfid promitotic division has never
been observed. [Promitosis is defined as karyokinesis fol-
lowed by cytokinesis in which the nuclear membrane is
preserved throughout; i.e., closed nuclear division with
an intranuclear spindle (Page, 1983; Raikov, 1982).]

The presence of small spherical and irregular shaped
bodies (2-7 um diameter) always found in our cultures,
chromatin-like bodies, nuclear blebbing, and apparent
cytoplasmic “budding,” led us to hypothesize the exis-
tence of multiple fission in the reproduction of this small
eukaryote and thus to examine the localization of DNA
in actively growing and reproducing cultures. Electron
microscopic studies and cytochemical observations on
amoebae stained with fluorescent dyes specific for DNA
(DAPI1, mithramycin) coupled with DNase enzyme
treatments, led us to our interpretation of the life history
of this amoebomastigote.

“Chromidia,” i.e.,, chromatin bodies in large vahl-
kampfid amoebae parasitic on oysters, were described by

Hogue (1914) from live and fixed material using non-
specific nuclear stains; apparently ours is the first cyto-
chemical study since that time that employs DNA-spe-
cific stains of comparable structures.

Materials and Methods
Field studies

Sampling for most of the fieldwork reported here was
done at Pentapus Salina (inset, Fig. 1), a small member
of the south salina complex of Laguna Figueroa, Baja
California Norte, Mexico. Unlike the larger salinas to the
south, Pentapus is not used for commercial salt produc-
tion. Although more microbial community-dominated
surfaces could be distinguished than were studied, five
of those easiest to recognize were chosen as sources for
sampling. Each corresponds to major surface cover at the
five survey sites shown on the inset map of Pentapus.
Descriptively named for the appearance of the surface
sediment they are (Fig. 2): (1) gypsum crust (black-and-
white sediment only, no macroscopic evidence for green
or red phototrophic bacterial communities); (2) gypsum
photosynthetic mat (green-layered pink-underlain com-
munity of phototrophic bacteria beneath the white gyp-
sum crust); (3) Microcolens mat (cohesive microbial mat
community, often polygonal at surface, dominated by
the sheathed, green, filamentous cyanobacterium Micro-
coleus chthonoplastes), (4) Thiocapsa scum (purple-
pink, dense, gelatinous community dominated by the
purple phototroph Thiocapsa sp.), and (5) black mud
(sulfurous, homogeneous black mud sample taken sub-
aqueously from standing water in the channels or from
beneath the Aicrocoleits mat). Additional samples were
collected from sediment rich with sulfur-oxidizing bacte-
ria (Fig. 3A) and from microbial mats from a mangrove
area in Salina de Bido, Cuba (Fig. 3B, C).

Figure 2. Field sites in Pentapus Salina. A-E. Scenes. A. Gypsum crust, Pacific Ocean is at other side

of vegetation-covered dune. B. Gypsum mat develops where enough water seeps under the dune 1o support
it. C. Microcoleus chthonoplastes stratified microbial community tends to split into polygons covered with
evaporite minerals on the surface in tidal channels on the seaward side of the salina. D. Thiocapsa scum
community tends to have rumpled sediment cover and black coloration due to complex communities of
coccoid cyanobacteria and other microbes in the oxygenic surface layers. E. Black muds reside in many
places, but at site 5 where water is abundant, they approach the surface and can be seen without culting
into the sediment beneath the cyanobacterial community. F-J. Unaided-eye views of typical sediment
profiles from sites 1-5. F. Gypsum crust which grades directly from oxidized calcium sulfate to black
sulfide-rich mnd tends to be dry, lacking evidence of colored phototrophic bacterial communities indicat-
ing low populations of these organisms. G. Gypsum mat in which laminae of green cvanobacierial popula-
tions are underlain by a paper-thin layer of purple phototrophs. H. Fully developed Aficrocolens mat com-
munity (Stolz, 1983) 1. Thiocapsa scum, which contains several types of purple phototrophs including
the salmon-colored Thiocapsa pfennigii and the orange-colored microbe T. roseopercicina. J. Amorphous
sulfurous gelatinons mud, which underlies most mat communities, contains many heterotrophs and evi-
dence for degradation of the phototrophic community. K. Samples of each of the five community types
are placed in sterile Petri dishes for further study. L-P. Close-up of samples used as source inocula from
each of the five field sites: L. Gypsum crusl, M. Gypsum mat, N. Microcoleus mat, O. Thiocapsa scum, P,
Black mud. See Table 11 for results from each of the five sites.
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Figure 3.

A. Salt pond scum community dominated by sulfide oxidizing bacteria to the west of stake

marked 4 on inset of Figure 1. B. Salina Bido, Malanzas Cuba, site of collection of the Cuba strain of
Paratetramitus jugosus. Mangrove trees form the barrier belween the mats and the open ocean. C. Microco-

leus mat from Salina Bido, hand sample.

With the help of two Earthwatch teams (1983) the La-
guna Figueroa sites were extensively surveyed and
marked with a permanent stake (‘‘metal surveyor's
stake,” Fig. 1). Wooden stakes were placed as indicated
by the open circles, including three reference stakes
(“stakes A, B, C,” Fig. 1). Sediment samples from the five
sites were placed on petri plates to enrich for P. jugosus
in early May; the experiments were repeated six weeks
later in June 1983. Collections involving samples from
the five different sediment types at Pentapus were twice
made again in March and October 1988.

Agar plates were prepared with two kinds of thinly
poured sterile enrichment media: “‘modified-K” and
“manganese-acetate” (MnAc) (Margulis ef al., 1980;
Read et al., 1983). These plates were taken to the field
study site where a sample about 1 mm? of each of the five
sediment types was placed directly at the center of both
kinds of sterile plates.

Immediately after samples were in place, they were cov-
ered with approximately 1 ml of sterile distilled water to

suspend the organisms and initiate reproduction and per-
haps excystment. When vigorous growth was evident,
plates were monitored and scored for the presence of cysts
and amoebae. These were subcultured as needed onto fresh
medium by streaking with a sterile platinum loop.

The organisms were routinely grown at room temper-
ature on either modified K or MnAc media, both of
which contain half-concentrated seawater. The food
source for P. jugosusis a gram-positive, flagellated, facul-
tatively aerobic rod (designated ““B bacillus™) that grows
readily on both media. Because it is morphologically in-
distinguishable, the B bacillus is likely to be a strain of
the organism reported by Gong-Collins (1986).

Maintenance and storage of stock cultures is described
in Read et al. (1983).

Light microscopy

Culture slides. Hanging-drop culture slides were made
for observation of live P. jugosus. A very small drop of
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Table H
Paraletramitus jugosus on field plates
Observation scored on Day | Day 8 Day 10-11 Day 1618 Day 19 Day 28 Day 30
MEDIUM K MnAc K MnAc K MnAc K MnAc K MnAc K MnAc K  MnAc
Sites

1. Gypsum crus! = = + + + +
2. Gypsum mal = - - + - +
3. Microcoleus mat = = =TT ToveTV || Moo  woupw
4. Thiocapsa scum = = - +,+, - =,k +o4,+
1. Gypsum crust = = = = =% Tro T =T P TP = b = Lo = = +
2. Gypsum mal - - i + =, T || == +,+ = ++ = = = ++
3. Microcoleusmat | — = Sty * P= TN || TR o 1 ity + =R qx= || =0 Siatd
4. Thiocapsa scum - = ++ + TFp= o= || = +, + ++ + ++ + T +
5. black mud - — - = - = + = = = ++ ++ = =

Top: May-June 1983

Bottom: March 1988, except for day 28 which corresponds to August experiment

Key: —, no or very few cysts; +, cysls abundant; ++ at 25X magnification every field on plate has cysts; N, F nematodes, fungi obscure readings

Notes: Acanthamoeba sp. cysts (larger and more crenulated than those of Paratetramitus) also tend (o appear on plates where P. jugosus cysts
are abundant. Commas belween entries indicate entirely different sets of experiments; each entry represents the value on 1 to 4 plates.

MnAc medium was placed on a glass coverslip, inocu-
lated with amoeba cysts, and then covered with a depres-
sion slide. Petroleum jelly was used to adhere and seal
the coverslip to the slide. Fresh preparations were viewed
immediately with a Nikon Diaphot inverted microscope.
The excysting amoebae grew on the coverslips mounted
over the inverted glass depression slides. After amoebae
were detected with the inverted scope, the shides were
flipped upright and observed at higher magnification
with the Nikon Fluophot phase-fluorescence micro-
scope.

Amoebomastigote transforination. Monoprotist cul-
tures were grown from fresh microbial mat material col-
lected by the above method at Salina de Bido, Matanzas,
Cuba. The cultures, started within two weeks of collec-
tion, contained various types of bacteria, including food
bacteria, and were used to obtain amoebomastigote
transformation. Plates were flooded with distilled water
and allowed to stand for 10 min. The water was then
pipetted offand placed in a sterile test tube. Several drops
of this aqueous suspension were placed on a K plate, and
the plate was monitored for the presence of amoebae and
mastigotes by light microscopy over a 48-h period.

Nuclear fluorescent staining

Fixation. Cultures necessary for monitoring the repro-
ductive processes of P. jugosus had to contain growing
amoebae. Active trophic amoebae were acquired by the
following technique: five glass coverslips were aseptically
placed in a circle on a MnAc plate. The center of the
circle made by the coverslips was then inoculated with a
monoprotist culture ol P. jugosus and flooded with ster-

ile MnAc medium (lacking agar) up to the edge of the
coverslips. One to two drops K medium (lacking agar)
were added to the surface of the five coverslips. The
amoebae were incubated at room temperature for one to
four days, or until the growing edge of the culture could
be detected on the surface of the coverslips using an in-
verted microscope. The coverslips were removed and im-
mediately immersed in Columbia jars containing a mod-
ified Carnoy’s fixative (70% ethanol, glacial acetic acid,
in a 3:1 ratio). The coverslips containing the amoebae
were then rinsed twice in 70% ethanol and stored at 4°C
in 70% ethanol until they were stained.

Unlike the agar culture slides used previously (Read er
al., 1983) it was not necessary to coat the coverslips with
agar. No step in the staining procedure was needed to
insure the adherence of the amoebae to the coverslips.
Apparently enough adhesive substance from the K me-
dium and any proteinaceous substances secreted by or
from lysed bacteria caused excellent adhesion of fixed
amoebae. Eliminating the necessity of coating coverslips
with Parlodion® or other substances decreased the
amount of background debris including spurious fluo-
rescence in stained samples.

Staining. Two fluorescent DNA stains were used in this
study: 4-6-diamidino-2-phenylindole (DAPI) and mith-
ramycin (both purchased from Sigma Chemical Co., St.
Louis, Missouri). Staining procedures were those of Cole-
man ¢/ al. (1981). Stain concentrations were 0.5 ug/ml
DAPI in Mcllvaine's pH 4.4, or 50 ug/ml mithramycin in
Mcllvaine’s pH 7.0 with 10 mM MgSO,. Fixed coverslips
were rehydrated briefly through an ethanol series, washed
twice in dH,0, and then twice in the appropriate buffer.
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Figure 4. Photomicrographs of live Paratetramitus jugosus. A. Amoeba with visible nucleus and sev-
eral small spherical and irregular-shaped bodies. Cyst in bottom left corner. B,C. Small spherical bodies
frequently found in cultures. D-H. Sequential photos showing movement of small amoeba (arrow). The
small amocba closely resembles many other small irregular objects in our cultures. (Compare 4C wilth 4G)
Barscale = 10 gm.

Coverslips were placed on blotting paper, sample-side up,
and flooded with approximately 200 ul of stain solution.
A clean glass shide placed over the coverslip was turned
over and allowed to stand for one (o three hours in the
dark. The slide was then blotted dry and sealed around

the edges with clear nail polish. Some slide preparations
were treated with pancreatic RNase before staining to re-
move background binding of DAPI to RNA (Coleman et
al., 1981). Samples treated with bovine DNase 1 (Coleman
et al, 1981) allowed distinction of stained DNA from
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Figure 5. Phase/fluorescence micrographs of DAPI-stained amoebae. A,B. Amoeba with metaphase
nucleus. Phase micrograph shows nucleus clearly intact and under fluorcscence, DNA is seen condensed
in the center. C,D. Amoebae with telophase nucleus. D,F. Cytoplasmic DNA is faintly visible in the amoe-
bae. E,F. Arrow indicates a structure which may be a chromatin body extruded by the amoeba. Its size and
fluorescent properties differ from cytoplasmic fluorescence. Bar scale = 10 uym.

nonspecific brightly staining material in the preparations.
Unstained amoeba slide preparations were also used as
controls to detect and distinguish autofluorescence from
authentic DNA staining. Excitation filter sets on the Ni-
kon Fluophot in the UV and blue (approximately 365 nm
and 490 nm) were used for epifluorescence observations
of DAPI and mithramycin samples, respectively. Photo-
micrographs were made with a Nikon Microflex AFX

photomicrographic attachment. Films used for photomi-
croscopy were Scotch 640 ASA tungsten film and Kodak
Tri-X 400 ASA pushed to 1600.

Electron microscopy

Fixation and embedding of the Cuba strain of P. jugo-
sus. Amoebae inoculated into aqueous suspension (de-
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Figure 6. A B. Phase/fluorescence micrographs of DAPI-stained amocbae with nuclei in telophase. C-
H. Phase and fluorescence: Autofluorescence with blue filter (490nm) of small bodies, amoebae. and cysts.
Bar scales = 10 pm.

scribed above) were allowed to grow for two days. Several
milliliters of distilled water were added to the suspension
and 3 ml of this water were transferred to a centrifuge
tube to which 0.15 ml of glutaraldehyde was added to
make the final concentration of the fixative 5%. After
fixation overnight at room temperature and pelleting in
a clinical centrifuge, the samples were washed twice in
0.1 Af cacodylate bufter (10 min each wash). The pellet
was post-fixed for 10 min in 2% osmium tetroxide,
washed twice with distilled water, and then stained with
0.5% uranyl acetate for 30 min. Samples were then
washed with distilled water (10 min) and dehydrated
through an ethanol series as follows: 70% (5 min), 80%
(5 min), 90% (5 min), 95% (10 min), 100% 3x 10 min.
For embedding, the pelleted sample was placed in pro-

pylene oxide for 30 min, followed by 30 min in a I:1
mixture of propylene oxide: Spurr’s resin. Alter transfer-
ring to a beam capsule, it was recentrifuged and left in
Spurr’s for 5 h after which the spent Spurr’s was poured
off and fresh Spurr’s added: the resin was polymerized
for 16 h at 70°C.

Mat material from North Pond, Laguna Figueroa,
Baja California, was fixed at the site according to the
methods of Stolz (1983).

Sectioning and observations. The blocks were sec-
tioned by Floyd Craft (Boston University) on a Porter
Blum MT2B uliramicrotome, post-stained with 2% ura-
nyl acetate lor 15 min, lead citrate for 5 min, and then
observed on a Philips model 4]0 transmission electron
microscope at 20 kV.
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Figure 7. A-D. Phase and fluorescence; DNase treatment of amoebac stained with mithramycin.

Nuclear and cytoplasmic fluorescence is completely removed. E.F. Phase/fluorescence; DAPI stained
amoeba and associated small spherical body (arrow). Small body has stronger fluorescence than the amoeba
nucleus. G,H. Fluorescence and phase; Mithramycin staining clearly showing nucleus of amoeba and

possibly other DNA containing organelles inside cell. I-N. Phase and fluorescence; Mithramycin staining
of small spherically and irregularly shaped bodies. The fluorescence of these bodies is stronger than the
nuclei of the amoebae. Bar scale = [0 pm.

Isoenzyme analysis Type Culture Collection (ATCC, Rockville, Maryland).
Starch gel electrophoretic techniques for isoenzyme pat-

Slant cultures of the amoebomastigote isolate from terns were conducted by Tom Nerad (Nerad and Dag-
Cuba were sent for isoenzyme analysis to the American gett, 1979). The Cuban strain was tested for three isoen-
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Figure 8. A. Cysts of cultured Paratetranutus jugosus in many
ditferent stages: from completely desiccated 10 recently excysting. Ar-
row indicales a nucleolus in a nuclens (N). Small bodies (b) are also
seen which may represent released chromatin bodies or equivalent that
develops into small amoebae. Bar scale = 5 um. B. Cyst showing inner
and outer walls, mitochondria (m), storage granules (s), and chromatin
body (C) in division (arrow). Bar scale = 2.5 um. Transmission electron
micrograph (TEM) of material from Cuba strain of P. jugosus.

zyme systems: proprionyl esterase (PE), leucine amino-
peptidase (LLA), and acid phosphatase (AP) (Daggett and
Nerad, 1983).

Results and Discussion
Field studies

More than eight sets of field studies were undertaken
in 1979 and 1980 after the discovery of the extraordinary
abundance of small cysts on agar plates designed to de-
tect the presence of algae, cyanobacteria, manganese-ox-
idizing bacteria, and other organisms. In earlier studies.
lack of consistency among samples, presence of nema-
todes and contamination, especially by an unidentified
black manganesc-oxidizing fungus, precluded orderly
collection of data. The last four sets of observations (May

and June 1983; March and August 1988) led to repeat-
able results (Table I1). The appearance of cysts smaller
than those of Acanthamoeba was taken as putative evi-
dence tor P. jugosus. Three or four times (by high power
light and once by electron microscopy) we verified that
the cysts indeed were P. jugosus.

Here we summarize the general experience after the
eight sets of experiments in which each medium (K,
MnAc) was represented by two to four plates per site.
P. jugosus, or encysting small amoebae indistinguishable
morphologically from P. jugosus, are invariably present
in the laminated sediment when the Thiocapsa layer (the
red layer, Fig. 2I) is well-developed. P. jugosus is usually
recoverable from the laminated Aicrocolens mats such
as that depicted in Figures 2E and 2H. P. jugosus popula-
tions do develop but less frequently in the gypsum mat
and black mud samples. They are least frequent in the
white gypsum crust.

Our practice now is to collect mats with Thiocapsa
scums to insure recovery of large populations of healthy
P. jugosus cysts, amoebae, and in the case of the Cuba
samples, amoebae that readily transformed to mastigotes
(Fig. 3C).

In order to see abundant populations of P. jugosiis,
plates should be read several times, especially between
10 and 30 days after returning from the field. After this,
plates become overgrown with many kinds of bacteria
and some fungi as reported by Brown er al. (1985). Ex-
cept for the common presence of Acanthamoeba, no
other protists have been routinely seen on K plates. It
is important to control the quantities of added distilled
water, however; if water is too abundant a plethora of
encysting ciliates appear that have not been studied. Due
to the more limited nutrients on MnAc plates algae (for
example the tiny encysting chlorella-like Aychonastes
desiccatus BROWN, Margulis ef al., 1988) may appear
on plates incubated in the light.

We have always used two sets ol media because more
abundant growth of P. jugosus (and most other mi-
crobes) develops on K plates whereas these amoebae are
more easily recognized on the less permissive MnAc
plates. We score the presence of P. jugosus at a site (e.g.,
“+”"in Table II) only when the small cysts are present on
all of the plates of both media.

We assess P. jigosus to be a normal component of the
microbial mat community whose population develops
especially well in the layer dominated by Thiocapsa, be-
low Alicrocoleus. Our data are consistent with the inter-
pretation that during the spring rainy season, enormous
populations develop and during the hot dry summer
when halite and gypsum crystals dominate the mat sur-
face, P. jugosus survives by encysting. We have observed
excystment in 10-20 min. Upon desiccation, encyst-
ment apparently takes place rapidly as well (certainly
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Healthy trophic amoebae, TEMs. A. Highly vacuolated (v) amoebae 1n a dense population

of food bacteria. Small bodies (arrows) could be products of amoebae fission. Bar scale = 10 pm. B. Amoeba
with uroid (U), nucleus (N), vacuoles (v) and mitochondria (M); bacterial spores (S). Bar scale = 2.5 ym.

overnight). Because anaerobic bacteria abound in the
Thiocapsa mat layer, it is also likely that both cysts and
amoebae of P. jugosus tolerate low oxygen or even totally
anoxic conditions. To develop techniques to most reli-
ably detect the greatest number of small cysts on plates
by low power microscopic examinations, we compared
flooding the agar plates immediately upon collection of
the field samples to drying them out entirely before
flooding. Because early drying out selects for rapidly
growing fungi and spore forming bacteria which may
overgrow the amoebae, our best results were with sam-
ples flooded with 1 ml distilled water in the field and per-
mitted to dry for the weeks after collection. In conclu-
sion, the optimal collecting conditions for P. jugosits in-
volve recognition of small cysts from plated samples of
I-mm cubes of distilled water-flooded Thiocapsa layer
mat samples. The cysts should be recoverable on both K
and MnAc media from 20 to 30 days after return from
the field. For further purification to monoprotist cultures
see Read er al. (1983).

Light microscopy

Culture slides. Observations of live material never re-
vealed amoebae in division. Conditions for normal pro-
mitotic amoebic division may not have been favorable

under the growth conditions used, yet small bodies were
frequently observed (Fig. 4A-H). These bodies were also
seen frequently from cultures grown on agar plates with
both light and electron microscopy (Fig. 6C, D; 7I-N;
8A; 9A). Many of these small bodies may be pieces of
cytoplasm left behind by the amoeba or in EM sections
through a small portion of the amoeba, however, on one
occasion, a small body was observed budding off a parent
amoeba followed by changes in its shape and monopo-
dial movement (Fig. 4D-H) suggesting this body was a
small amoeba. We cannot rigorously preclude the possi-
bility that this small body was already present in the cul-
ture and that the larger amoeba passed over it, making it
look as if it were extruded.

Amoebomastigote transformation. Aqueous suspen-
sions examined 24 h after their preparation were ob-
served to contain both amoebac and cysts. When the dis-
tilled water suspension was plated, even six weeks after
its preparation, it gave rise to viable P. jugosus amoebae
and mastigotes; however, whether cysts, mastigotes, or
amoebae dominated the suspension was not determined.
Amoebae were dominant 24 h after plating, while masti-
gotes dominated after 48 h. Mastigotes were conspicuous
enough in these suspensions to warrant harvesting the
cultures for electron microscopic analysis of kinetid
structure.
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