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Forward !

The Society of Protozoologists is very pleased to bring this
manual to fruition. We intend to issue supplements which update a
particular protocol or expand the series to cover additional topics. This
first volume has greater coverage of some aspects of the field than
others. In time we hope this will all even out. We invite all
Protozoologists to share their experiences with the rest of us. No special
invitation is needed; just contact one of the editors with your ideas. We,
in turn, will respond with instructions for preparation of a protocol. The
individual authors and the editors would appreciate knowing about any
particular difficulties following a particular protocol encountered by
readers. We will attempt to respond with an amended protocol in a future
supplement. In consonance with its aims, the society has attempted to
produce this book at the lowest possible price so that it is more
affordable for most students. This is the Society's first attempt at
desk-top publishing. The individual authors and/or the editors produced
laser printed copy for reproduction by Allen Press. Since all the labor was
donated to keep the costs as low as possible, we hope that users will
purchase copies of this book rather than make photocopies of it. It is the
only way the Society can recoup the funds that we have invested in its
production.

It is with great respect and fondness that we dedicate this first volume

to our late colleague, Dr William Balamuth. A manual of this type had long
been one of his dreams. Encouraged by Dr Seymour H. Hutner, former chair
of the Special Publications Committee, Dr Balamuth was working on this
project at the time of his passing. With the aid of some of his former
students and colleagues, some of the protocols he was working on will
appear in future supplements. The editors wish to thank the officers of

the Society for their suggestions and encouragement. We are particularly
grateful to our treasurer Dr Brower Burchill for his advice on many

aspects of this project. We are grateful to many members of the Special
Publications Committee who, over the years, gave generously of their time
and advice.

John J. Lee Anthony T. Soldo March 1992
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AXENIC ISOLATION OF DIATOMS AND CHLOROPHYTES AS
FOOD FOR PROTOZOA

JOHN J. LEE
Department of Biology , City College of C UN Y, Convent Ave at 138 st
New York, N. Y. 10031

Introduction

Although it is not widely known, it is very simple to isolate axenic cultures of diatoms and
chlorophytes by cloning them on agar. The medium for isolation can be as simple as an
agar-solidified sterile water from the collection site or as complicated as the series of
differential media employed by Lee and coworkers (2) in their classical paper on salt marsh
epiphytic diatom communities. They supplemented their media with nitrate, phosphate, vitamins
( e.g., biotin, thiamine, or B15 ),or simple substrates ( e.g., acetate, lactate, glycine, or

glycerol).

Protocol

1. Collect a sample of water from the pond, lake, or marine habitat from
which you intend to isolate your algae.

2. Filter the water through # 1 Filter paper.

3. Divide the water into two fractions: Medium A (unenriched) and Medium
B (enriched).

4. Add soil extract (5 ml/100ml), NaNOg, or NH4NO3 ( 10 mg/100 ml ), and

NaHoPO4.H20 (5mg/100 ml) to 85 ml of the water to make Medium B.

Adjust the pH of the water if it has changed (e.g. coastal sea water should be pH 8.1).

. Add a good quality agar (e.g. Noble; 15¢/1) to both media. If the agar is not of high quality, agar
flakes will make it difficult to see the algal clones on the medium.

. Boil to dissolve the agar.

. Autoclave for 15 minutes.

. Transter the medium from the autoclave to a water bath at 60° C.

. Just before pouring the petri plates, Aseptically add an antibiotic-antimycotic mixture ( 1
ml/100 ml; GIBCO Laboratories catalog #600-5240; contains: Penicillin 10,000
units,streptomycin 10,000ng, and Fungizone 25 pug/ ml). Mix thoroughly and pour the
plates.

10.Take a small sample(<1 cm?2 surface) of a seaweed or similar aquatic substrate and transfer

it to a 100 ml milk dilution bottle containing sterile water of the the same osmolarity (e.g.,
pond or sea water) as the sample. Shake vigorously to dislodge the epiphytes.

_Or_
Take a plankton sample and examine it by eye. If it is optically transparent it can be used
directly as an inoculum. If it is turbid it should be diluted so that the concentration of the
protists is approximately 1 X 102 to 1 X 10-3 per ml.

11.Pipet 0.1 ml of the sample onto the surface of one of the agar plates prepared above.

12.Using an alcohol-sterilized and flamed bent glass rod, spread the inoculum over the surface

of the plate.

[,
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11.Pipet 0.1 ml of the sample onto the surface of one of the agar plates prepared above.

12.Using an alcohol-sterilized and flamed bent glass rod, spread the inoculum over the surface
of the plate.

13.Place the inoculated plates into plastic sandwich bags and seal them or tape them closed.

14.Incubate the plates, agar side up, near an artificial or indirect natural light source
(30-50uE).

15.After the plates have been incubated for two weeks, remove them from the plastic bags and
examine them under a disscecting microscope. Chlorophytes, rhodophytes, dinoflagellates,
and some diatoms tend to form circular, entire, and raised colonies. Many other diatoms
for colonies with irregular boarders, rectilinear colonies, colonies in the form of long
chains, colonies with compact centers and motile diatoms at the edges, colonies with various
types of punctuated growth patterns. Keys to a variety of colonies and illustrations have been
published previously(2).

16.Choose well separated colonies and ring them with a wax pencil on the bottom of the dish.

17.Pick a colony with the aid of an alcohol-sterilized and flamed spatula(e.g.,Fisher Scientific
Co., catalog #21-401-10, tip hand ground to a width of 1 mm) and transfer it to a liquid
medium of the same type you used for the initial isolation.

18.Incubate in the light for 7-10 days.

19.Restreak on media without antibiotics fo test for contamination.

20.The organisms can be grown in test tubes or flasks as food for protozoa.

COMMENTS

Our group has used this technique to isolate food to feed foraminifera(1,4), ciliates(8),
nematodes (7,8), and copepods(5). In addition we have used axenic cultures of algae isolated
from a particular habitat in our "baited-bloom" approach to the isolation of ciliates for
mariculture(elsewhere in these Protocols).

LITERATURE CITED
1. Lee, JJ & Bock, W D. 1976 The importance of feeding in two species of soritid foraminifera with
algal symbionts. Bull. Mar. Sci. 26:530-537.
o , McErery, M E, Kennedy, E M, & Rubin, H. 1975. A nutritional analysis of a sublittoral
diatom assembage epiphytic on Enteromorpha from a Long Island salt marsh. J Phycol 11:14-43.
R R & Rubin, H A. 1969. Quantitative studies on the growth of Allogromia
laticollaris. J. Protozool. 15:377-395.
4 memmeae Sang, K, ter Kulle, B, Strauss, E, Lee, P J & Faber, W W. 1991 Nutritional and related
experiments on laboratory maintenance of three species of symbiont-bearing foraminitera. Mar. Biol.
109:417-425.
5.-mmemee- . Tietjen, J H & Garrison, J R. 1976 Seasonal switching in the nutritional requirements of
Nitocra typica, an harpaticoid copepod from salt marsh aufwuchs commumities. Trans Amer. Micros.
Soc.95: 628-637.
6. Rubin, H A and Lee J J 1976.Informational energy flow as an aspect of the ecological efficiency of
marine ciliates. J. Theor. Biol. 62: 69-31.
7.Tietjen, J H & Lee, J J. 1977. Feeding behavior of marine nematodes. /n: Biology of Marine
Benthos( Coull, B C ed.) Univ. South Carolina Press, Columbia, SC pp.21-35.
8 - & -------- 1973, Life history and {eeding habits of the marine nematode, Chromodorina
macrolaimoides Steiner. Oecologia (BERLIN)12: 303-314.
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A BAITED- BLOOM APPROACH TOWARD THE ISOLATION OF
MARINE CILIATES AS POTENTIAL FOOD FOR MARICULTURE

JOHN J. LEE, ANNETTE DOUGLAS, AND TRACY BARRY
Department of Biology , City College of CUN Y, Convent Ave at 138 st
New York, N. Y. 10031

Introduction

Many coastal and estuarineg marine fish have first-feeding larvae with very small and feeble

jaws. The parents breed in shallow embayments and salt marshes which teem with protists and
micrometazoa. Ciliates are about the right size to serve as food for the first-feeding fish larvae
and they swim slowly in the microhabitats where the larvae forage. When we were approached to
assist in a mariculture venture, the practical aspects and the magnitude of the problem of
supplying of culturing and harvesting >1X 109 ciliates/day seemed formatable. There seemed to
be two reasonable, but different, approaches toward growing this many ciliates relatively
inexpensively: 1)isolate from nature a ciliate of approximately the right size(we were looking

for one about 100um long) and which swam in the water column close to the surface and then
screen food organisms which would support its rapid growth ; or 2) select a food organism which
could be grown very densely and easily in large batch culture and use it as bait to select a ciliate
from a natural collection. Based on our previous nutritional experiments with ciliates(1) we
thought the latter might be the simplest and most direct approach. It worked the first time we
tried it and we have used when needed for maricultural experiments. Since we inoculated small
natural samples into very dense cultures we named the technique the "baited-bloom" approach.

Protocol

1. Select or isolate an alga (see Lee 1992, elsewhere in these Protocols) which will grow
very densely (>1 X 108 cells/ml) in culture. We have used successfully a culture of
Dunaliella salina which the senior author isolated from the Towd Point salt marsh,
Southampton, L.I., N.Y. It grows very well in a simple enriched seawater medium
(Erdschrieber: filtered natural sea water 95 mi%,NH4 NO3 10mg%, NaHo,PO4 5mg%, soil

extract 5mi%).

2. Inoculate and grow one or two racks (~80 test tubes,10 ml/tube) of dense cultures of the
alga. At the same time inoculate 250 and 500 ml screw- capped Erlenmeyer flasks of the
same alga. The cullures shouid be incubated in moderate light (~30-50 HE m-2)

3. Place the test tube cultures into an insulated cooler and transport them to the collection
vessel or field site.

4. With the aid of sterile pipettes, take aseptic samples of water from the upper cm of the
water column and transfer 0.5 ml to each test tube with a dense culture of algae.

5. Incubate in the laboratory the tubes for 3 days at environmental temperature(20-25°).

6.Some of the tubes will be cleared in 3 days. Actively dividing ciliates can be viewed through
the walls of the tubes under a good quality dissecting microscope.

7. Choose tubes with the appropriate sized ciliates and inoculate the ciliates into the 250 ml
flasks of algae inoculated above(step 2).

8. Maintenance of the cultures is a matter of choice. They can be maintained in log phase by
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transfer to dense algal cultures every three days. If neglected, the cultures will decline for
the next 3 weeks, but can be transfered reliably after a month.

Scaling up is really a function of the facilities available at the mariculture site. The following

was the proceedure we followed at the ILOR National Center For Mariculture, Elat Israel.

9.Inoculate several 10 liter carboys with the algal(Dunaliella salina ) culture. Incubate them
in the light.

10.When the algal cultures have grown, take one and inoculate it into two or more 30 liter
plastic bags. Incubate them before a bank of fluorescent lamps. Timing is everything, do not
do anything with the second carboy until the algae in the plastic bags are near maximum
density.

11.Inoculate the second carboy with ciliates. Inoculate fresh back-up carboys with algae.

12.When the algae in the plastic bags reach maximum density (>1 X 108/mi)take the culture
in one (or two) of them and inoculate the next sized vessel. In the National Center For
Mariculture in Elat this was an outdoor raceway. Inoculate back-up 30 liter plastic bags
with algae

13.When the algae in the raceways are about to reach maximum density, inoculate the ciliates
from the second carboy into several plastic bags with dense cultures of algae.

14.Several (2 or 3) days later transter the algae from the raceways and the ciliates to the next
largest vessel. In the IOLR NCM in Elat this was a 22,000 liter plastic tank.

COMMENTS

It really is practical to grow large numbers of ciliates for use in mariculture. When it comes to

mass cultures the trick is in the timing. The food always has to be in excess.Since such a large
amount labor, energy and other resources are commited to mass culture, back up cultures have

to be available in case of failure. Unknown factors enter into calculations of yields once cultures
are no longer axenic or synxenic. Ciliate yields and generation times which were completely
predictable in gnotobiotic culture fell to less than 25% of potential by the time we reached the
22,000 liter culture vessel. This meant that we needed to devote more space and effort into
growing food for the ciliates and more time and space was needed than was predicted at the onset.

LITERATURE CITED

1. Rubin, H A and Lee J J 1976.Informational energy flow as an aspect of the ecological efficiency of
marine ciliates. J. Theor. Biol. 62: 63-91.
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CLONING CILIATES AND OTHER PROTOZOA USING THE SILICONE
OIL PLATING PROCEDURE

A. T. SOLDO

Research Laboratories of the Veterans Administration Medical Center
and the Department of Biochemistry and Molecular Biology
University of Miami School of Medicine
Miami,Florida 33125 USA

Introduction

The standard procedure for cloning microorganisms by plating on nutrient agar or gelatin and
observing colony formation after a period of growth has had only limited success with protozoa
(1,2). Except for some flagellates {3-5}, a few small amoebae (6,7} and a slime mold {8), most
protozoa, ciliates in particular, do not readily form discrete colonies on solid surfaces. The method
described here is based on an entirely different principle than that used for these microorganisms.
In the Silicone Oil Plating Procedure (SOPP){3}, suspensions of ciliates (or other protozoa) in culture
medium are added to a volume of silicone oil and mixed vigorously to form an unstable emulsion.
The mixture is poured into a small plastic petri dish where microdroplets form between the
hydrophobic surface of the oil and the petri dish, some containing individual organisms. After a
suitable period of incubation, these individuals grow and divide to form a clone.

Protocol

Materials

1. Silicone oil (viscosity standard) - 9.6 centipoises, d = 0.94 g/cc, Brookfield Laboratories,
Inc., Stoughton, MA, USA.
2. Sterile plastic petri dishes {35 x 10 mm), Falcon, Inc.

Procedure

1. Prepare a suspension of ciliates {or other protozoa) in axenic or bacterized medium at a
concentration of about 500 per ml.

2. Add 200 ul (100 ciliates) to 3 ml sterile silicone oil in a screw-cap tube. Vortex vigorously
for 10 to 15 seconds and immediately pour the mixture into the petri dish.

3. Stand 15 to 30 minutes to allow the microdroplets to form and incubate at 20 -27°C for 5 to
seven days.

4. Examine the plate in a dissecting microscope at 10 - 30 X magnification. Microdroplets
containing ciliate {protozoan) populations may be transferred, by means of sterile micropipettes
("pulled” in a gas flame to a diameter of 100 to 200 ul), to larger volumes of culture medium and
maintained by serial transfer.
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Comments

1. An inverse relationship exists between the number and size {(volume)} of the microdroplets
and the volume plated. Thus, plating 100 ul results in the formation of about 3000 microdroplets
per plate; 200ul, 1000 microdroplets per plate; 300ul, 700 per plate; 400 ul, 300 per plate. From
these data it can be calculated that the average volume of a microdroplet is = 0.03 yl when 100 ul
is plated; plating 400 ul of the culture medium results in the formation of microdroplets with a
volume of = 1.22 yl. This information is important in determining the probability that a given
microdroplet containing a population of protozoa is derived from a single individual. This probability
may be calculated from the so-called Poisson distribution formula:

p, = s'e*/r!
where r = the actual number of protozoa per microdroplet (0, 1,=2).
s = the average number of protozoa per microdroplet.

Hence, after plating a sample containing an average of (s) protozoa, the probability (p}, of
microdroplets devoid of protozoa (r = O) is p, = €*; the frequency of microdroplets containing only
one protozoan per microdroplet {r = 1} is p’ = se™* and so forth. Therefore, if in our example, we
dilute a culture to 500 organisms per ml and plate 200 ul, s = 0.1 {since 200 ul produces 1000
microdroplets) we should expect 305 droplets {.905 x 1000) to lack protozoa, 91 droplets {.091 x
1000) to contain one organism each and the remainder to contain = 2 protozoa each. Under these
conditions, the probability that a population of protozoa in a microdroplet was derived from a single
organism is about 0.91. Higher probabilities may be achieved simply by plating fewer organisms
per plate.

2. The most significant advantage of SOPP is that the oil prevents loss of microdroplets
because of evaporation. Despite the extremely small volumes contained in the microdroplets,
plates may be routinely incubated for periods of up to 10 days without loss of microdroplets due to
evaporation.

3. Gas exchange across the interface between the hydrophilic aqueous microdroplet and the
hydrophobic silicone oil is significantly greater than that observed for water/air interfaces making
SOPP eminently suitable for cultivation of highly aerobic organisms.

4. A major drawback of the procedure is that an excess of lipids in the culture medium
interferes with the formation of microdroplets due to their surfactant properties. This difficultly
may be overcome by reducing the concentration of lipids in the culture medium or by plating the
organisms in smaller volumes of culture medium.

LITERATURE CITED
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from which they may be obtained and directions for their maintenance). J. Protazool.5,1-38.
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[SOLATION AND PURIFICATION OF BACTERIAL SYMBIONTS
(XENOSOMES) FROM AXENICALLY CULTIVATED
MARINE CILIATES

A.T. SOLDO

Research Laboratories of the Veterans Administration Medical Center
and the Department of Biochemistry and Molecular Biology
University of Miami School of Medicine
Miami, Florida, 33186 USA

Introduction

The method described here was designed specifically to isolate bacterial symbionts
{xenosomes) from Parauronema acutum, a marine hymenostome ciliate. It involves passing a
homogenate of axenically cultivated xenosome-bearing cells through a paper pulp column (1)
followed by final purification on a Percoll gradient {2}. With modifications, it may be used for the
isolation of symbionts from fresh water ciliates as well. We have successfully applied it to the
isolation of lambda, mu and pi symbionts of Paramecium, a fresh water ciliate.

Protocol

Materials and Supplies:

1. 3 cm dia. x 30 cm glass column equipped with a tightly-sealed rubber stopper at one end.
Push through the stopper a 19 gauge hypodermic needle so that the upper portion is flush with its
upper surface. This is best done by countersinking a hole in the stopper to accommodate the
flared portion of the needle. Attach a length of plastic tubing 0.034"in dia. to the needle.

2. Instant Sea Water {d = 1.015 g/cc) (ISW) prepared as follows: One pound Aquamarine
salts (Aquamarine, Inc) dissolved in about 8 liters of distilled water. Adjust to 1.030 g/cc with the
aid of a hydrometer, filter and store at 4°C. Before use dilute with an equal volume of distilled
water.

3. Percoll (Pharmacia, Inc.)

Preparation of paper pulp column:

1. Take four circles of Whatman #1 filter paper (15 c¢cm dia.- about 6.5 gms) and tear into
pieces. Place these in a Waring blendor. Add 200 ml ISW and blend for 5 seconds. Pour paper
pulp into a 600 ml beaker and rinse in 200 ml ISW. Combine for a total of 400 ml of paper pulp.

2. Place a 3 cm dia. nylon filter (80 mesh) on top of the rubber stopper, followed by a 3 cm
dia. plastic screen. Tear one coffee filter in small pieces, crumple and stuff lightly into the column
to form a support for the paper pulp. Add about 150 ml of the paper pulp to the column. Drain by
gravity to pack the pulp but do not allow the column to become dry. Wash with about 100 ml
ISW,
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Preparation of Percoll Gradients:

1. For each batch of 500 ml culture prepare 2 x 15 mi Corex tubes, each containing 4 ml
Percoll, 1 mt distilled water and 5 ml ISW (d = 1.030 g/cc). Mix by inversion.
2. Chill in an ice bath and store at 4°C until ready for use.

Isolation of Xenosomes

1. Harvest 500 ml of symbiont-bearing P. acutum cells. Wash twice with 100 ml volumes of
ISW and resuspend the pelleted cells in 50 ml ISW. Pour into a chilled Waring blendor and
homogenize (6 x 15-second bursts). (To reduce foaming, spray the insides of the Waring Blendor
with silicone-based anti-foam agent before blending). Check microscopically to insure that
breakage is complete.

2. Pour the blendate into the paper pulp column. Allow the first 30 ml (or so) of the eluate to
pass through the column. Use this to wash into the column the remainder of the blendate. Then
collect 4 x 45 ml volumes of the eluate in each of 4 x 50 capacity round-bottomed Nalgene tubes
in an ice bucket.

3. Centrifuge the eluates in the SS-34 head of the Sorvall refrigerated centrifuge at 8000 rpm
(7719 x g) for 15 minutes at 4°C. Decant the supernate and combine the pellets in a final volume
of 5.0 ml ISW. Layer 2.5 ml portions over each of the Percoll gradients and centrifuge in the SS-
34 head at 13,000 rpm (20,000 x g) for 30 minutes.

4, Each gradient will contain two bands. Aspirate to remove the upper band, and continue to a
point just above the lower, xenosome-containing band. Re-suspend xenosomes in both lower
bands and combine in a final volume of 25 ml ISW. Transfer to a 30 ml capacity Corex tube and
centrifuge at 16,000 rpm (30,000 x g) for 15 min at 4°C. The xenosomes deposit as a loosely
packed layer just above the densely packed, transparent Percoll pellet. Remove the xenosome-
containing band with washings to a 1.5 ml Eppendorf, dilute to 1.5 ml with ISW and microfuge
(14,000 x g) 5 minutes. Carefully remove the clear supernate and store the pellet at -80°C.

Comments

1. For each 500 ml of culture processed (3 -4 x108) cells the yield of xenosomes is about 5 x
10°.

2. Xenosomes obtained in step 4 may still contain a small Percoll pellet. For most uses, this is
not a problem. [f desired, the Percoll may be removed by re-suspending the xenosomes in 25 ml
ISW and centrifuging once again in the $SS-34 head of the Servall at 16,000 rpm (30,000 x g) for
15 minutes at 4°C.

3. When applying the method to the isotation of symbionts from fresh water ciliates, use
isotonic salt solution in place of ISW,

REFERENCES CITED

1. Preer, JR Jr. 1970. Isolation and purification {of symbionts in Paramecium). Methods Cell.
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2. Soldo, AT, Brickson, SA, & Castiglione, GA. 1987. inclusion bodies in xenosomes purified on Percoll
gradients as revealed by electron microscopy. J. Protozool.34:6-9.
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ISOLATION OF ENDOSYMBIOTIC ALGAE FROM LARGER
FORAMINIFERA

JOHN J. LEE
Department of Biology , City College of C UN Y, Convent Ave at 138 st
New York, N. Y. 10031

Introduction

Larger foraminifera are the hosts for a wide variety of different types of endosymbiotic algae
(reviewed in 2). Using the techniques outlined below, we have succeeded in isolating in axenic
culture the endosymbiotic chlorophytes, rhodophytes, and dinoflagellates from archaids,
soritids, peneroplids, and the endosymbiotic diatoms from calcarinids, numulitids,
amphisteginids, and alveolinids(1,3-8). The differences in surface texture and epibiotic
colonization among the various types of larger foraminifera present different challanges to the
investigator, but the basic technique is the same. The most difficult isolations were those of the
endosymbiotic dinoflagellates from soritids. The surfaces of these particular hosts are heavily
colonized by bacteria, diatoms, and chiorophytes. Surface crevices and the endolithic nature of
some of the chlorophytes compound the dificulty and make it very hard to dislodge the potential
contaminating epibionts from these these hosts.

Protocol

1. Collect the larger faraminifera from the marine habitat. SCUBA is most commonly used for
harvesting the foraminifera from the sea, but some species (e.g., Archaias, Sorites and
Cyclorbiculina) occur on sea grasses in very shallow water (<2m ).

2. After returning 1o the collection to the laboratory, sort the foraminifera with the aid of a
dissecting microscope. Sometimes it is convient to let the foraminifera sort themselves from
non-living matter by standing glass microscope slides in the containers with them. The
foraminifera will craw! up the slides over night. The slides can be removed and placed in
petri dishes. When the dishes with the slides are placed under a dissecting microscope, the
foraminifera are easily identified and picked with a sable brush. If the foraminifera have
been collected by harvesting substrates (e.g., Thalassia, Halophila, sediment, or stones)
on{or in) which they occur, the foraminifera first must be washed, or brushed, off the
substrate.

3. Transfer the foraminifera to the first well of a sterile 9-hole spot plate containing
aseptically added sterile seawater.

4. Place the spot plate under a dissecting microscope.

5. With the aid of a pair of sable artist brushes (00-0000), Carefully and vigorously brush the
external surfaces of the foraminifera. One brush is used to hold the foraminifer the other is
used to brush it. After the they have been used to perform the brushing in one well, the
brushes are placed in 70% ethy! alcohol for 5 minutes and placed aside to dry before being
used again. With a fresh brush transfer the foraminifera to the next well with sterile
seawater.

6. Repeat step 5 another 17 times.

7. With the aid of a fresh sable brush, transfer each foraminifer to its own well with sterile
seawater. Consistant with the experimental setup, examine each one at the highest
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6. Repeat step 5 another 17 times.

7. With the aid of a fresh sable brush, transter each foraminifer to its own well with sterile
seawater. Consistant with the experimental setup, examine each one at the highest
magpnification available. One can use a 40X water immersion lens in a compound microscope
if it is available. If the foraminifera appear free of external contamination, proceed to step
8; if not proceed to step 7a.

7a. It was not possible to remove all external algae from the surfaces of Amphisorous
hemprichii, Sorites marginalis, or Marginopora kudakajimensis by only brushing and
washing(4). The following additional steps were necessary for them. The seawater in each
well is withdrawn by pipette and replaced with seawater which contains either 0.01N acetic
acid, 10uM EDTA, or 0.01N HCI. Each of these decalcifying agents worked equally well.
Observe under a dissecting microscope. The foraminifer should have a normally extended
feeding web and the shell should be dissolving slowly(turning translucent, with no bubbles).
If the dissolution process slows down withdraw the decalcifying medium and replace it with a
fresh one. When the process is complete, wash each foraminifer in a well by removing the
medium by pipet and gently replacing it with fresh sterile media. this can be repeated until
no external algae are observed. After disrupting the foraminifer with a sterile pasteur
pipete, proceed to step 9.

8. Sterilize, with the aid of flaming alcohol, a pair of fine forcepts (e.g., Dumont #5). Use one to
tightly hold the foraminifer and the other to destroy and break open the test.

9. Aseptically pipete 0.1ml of the contents of each well into a test tube containing one of the
following agar solidified (15g/l) media: Seawater, Erdschreiber[ Add soil extract (5
ml/100ml), NaNOs, or NH4NO3 ( 10 mg/100 ml }, and NaHoPO4.H20 (5mg/100 ml) to

95 ml of the local seawater;Adjust the pH of the water if it has changed (e.g. coastal sea
water should be pH 8.1], or medium "S"(Appendix). Just before pouring the petri plates,
aseptically add an antibiotic-antimycotic mixture ( 1 ml/100 ml; GIBCO Laboratories

catalog #600-5240; contains: Penicillin 10,000 units,streptomycin 10,000u.g, and

Fungizone 25 pg/ ml). Mix thoroughly and pour the plates. Spread the inoculum over the
surface of the plates with the aid of a alcohol sterilized bent glass rod. Liquid media can also
be used. With the difficult dinoflagellate -bearing hosts we found it advantageous to add
GeOo(1-10mg/l) to the media to inhibit the growth of any remaining diatoms.

10.Place the inoculated plates into plastic sandwich bags and seal them or tape them closed.

11.Incubate the plates, agar side up, near an artificial or indirect natural light source
(30-50UE).

12. After the plates have been incubated for two weeks, remove them from the plastic bags and
examine them under a disscecting microscope. Chlorophytes, rhodophytes, dinoflagellates,
and some diatoms tend to form circular, entire, and raised colonies. Many other diatoms
for colonies with irregular boarders, rectilinear colonies, colonies in the form of long
chains, colonies with compact centers and motile diatoms at the edges, colonies with various
types of punctuated growth patterns. Keys to a variety of colonies and illustrations have been
published previously(1).

13.Choose well separated colonies and ring them with a wax pencil on the bottom of the dish.

14.Pick a colony with the aid of an alcohol-sterilized and flamed spatula(e.g.,Fisher Scientific
Co., catalog #21-401-10, tip hand ground to a width of 1 mm) and transfer it to a liquid
medium of the same type you used for the initial isolation.

15. Incubate in the light for 7-10 days.

16. Restreak on media without antibiotics to test for contamination.
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COMMENTS

As mentioned above this protocol has been sucessfully employed to isolate the algal

endosymbionts from a variety of larger foraminifera. The success rate for isolating the algae in
culture has been close to 100% in recent years, but it was as low as 20% in the beginning(3). If

one uses solid media one always gets axenic clones of the endosymbionts. One disadvantage is that
it is possible to miss a second, or minor, endosymbiont if the colony types are similar and the
number of colonies sampled is small. Transfer of the entire contents of the well to liquid media
makes it easier to recognize several symbionts in the same host because they will both grow in

the medium. It adds an extra step because if more than one species is present, the isolates may
have to be separated by cloning them on agar.
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APPENDIX

Synthetic medium "S" for the isolation and maintance of endosymbiotic

NaCl
MgS0Oy4.7H20
KCI

CaClp
NH4NO3

Na glycerol PO4
NaSiO3.9H20
P Il Metals *
Tris

Vitamin Byo
NTA
NaH2003

Vitamins 8A™
Na Acetate

“For source see (6)

Concentration

2.5%
0.9%
0.07%
0.03%
0.025%
0.005%
0.007%

3ml%
0.1%

0.1pm
0.0007%
0.01%
1ml%
1mM

algae from Foraminifera.
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A-6.1
CULTIVATION OF SELECTED
PHOTOSYNTHETIC CRYPTOMONADS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Most photosynthetic Cryptomonads are marine. Campylomonas and Komma appear to be
restricted to freshwater. Protocols for the axenic and xenic cultivation of selected genera are
presented below.

PROTOCOL

Freshwater, Xenic, Campylomonas, Komma

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

DY IV [1]
MgSO04.7H,0 . . .. .. ... ... .. ... I 50.0 mg
Kl e e 3.0 mg
NH, Cl . e e 2.7 mg
Na,NO, . . . . 20.0 mg
B-Na, glycerophosphate . . ... ... ..... ... ...... ... 2.2 mg
HiBO, . .. 0.8 mg
Na,EDTA . . e 8.0 mg
NaSiO,9H, 0 . . . . e 14.0 mg
FeCly, oo e 1.0 mg
CaCl, .. o e e e 75.0 mg
MES* (Sigma #M8250) . . . . .« . . e 200.0 mg
Vitamin Solution {(see below) . . . ... ... ... . .. . . L, 1.0 ml
Trace Metals Solution {see below) . ................... 1.0 ml
Glass distilled H,O . . ... ... ... 998.0 ml

*MES = (2-[N-Morpholino]ethanesulfonic acid)

Vitamin Solution
Vitamin By, ... ... 1.0 mg
Biotin . . ... .. e e 1.0 mg
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Thiamine HCI . . . . . . 0 i e e e e 200.0 mg
Glass distilled H,O . .. ...... ... .. .. oo 1.0L
Dissolve components in H,0O, dispense in 10.0 ml aliquots and store at -20° C until
needed.

Trace Metals Solution

MNCL, . . e e e e 200.0 mg
MnSO, . . . e 40.0 mg
CoCl, oo e 8.0 mg
Ma,MoO, . ... . e e 20.0 mg
Na,VO, . . 2.0mg
H,Se0, . . . o e 2.0 mg
Glass distilled H,O ... . ... ... . 1.0L

Add in order indicated, dissolving each component before the addition of the next.

. Combine components and adjust pH to 6.8 either with 1N NaOH or 1N HCI.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C.

. Inoculate medium with 0.1 ml of a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m?%/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. The light intensity, photoperiod, and
the incubation temperature will affect the transfer interval. Some strains can be maintained
for several weeks past peak density and can be transferred at less frequent intervals.

NOOTA~W

co

PROTOCOL
Marine, Xenic
Falcomonas, Plagioselmis, Proteromonas, Protochrysis,
Pyrenomonas, Rhinomonas, Rhodomonas, Teleaulax

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

f/2-si Medium [2]

NaNO, stock solution (see below) .. .................. 1.0 mi
NaH,PO,-H,0O stock solution {see below) ................ 1.0 ml
Trace metals solution .. .. ... ... ... .. ... ... o 1.0 ml
Vitamin Solution . . . . .. . ... . e e e 0.5 mi
Filtered seawater* .. .. ... . . . . . . i 1.0L

NaNO, . .. 75.0¢
Glass distilled HO ......... ... ... . . . ... . .. 1.0L
NaH,PO,-H,0 Stock Solution
NaH,PO,H,O ... ... .. . . e 50¢
Glass distilled HO . ........ ... .. ... ... . . . 1.0L
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Trace Metals Solution

Na,EDTA . . e 4.36 g
FeCl 6H,0 . . . 3.16 g
CuSO,5H,0 (0.98g/100ml) . ... ... .. .. i 1.0 mi
ZnS0,.7H,0 (2.2g/100ml) . . . .. ... e 1.0 ml
CoCl-6H,0 (1.0g/100mD) . .. .. ... .. e 1.0 mil
MnCL4H,0 (1.89/100mlD) . .. ... ... e 1.0 mi
NaMoO,.2H,0(0.63g/100ml) .. ... ...... ... ..., 1.0 mi
Glass distilled H,O . . . .. ... . i e 1.0 L
Vitamin Solution

Vitamin By, . v v o e 1.0 mg
Biotin . ......... ... ... ..., e e e 1.0 mg
Thiamine HCl . . . . . . . . .. 200.0 mg
Glass distilled H,0 . . . ... .. e 1.0L

Dissolve components in glass distilled H,O, dispense in 10 ml aliquots and store at
-20° C until needed.

*Natural seawater can be obtained from Marine Biological Laboratory in Woods Hole,
MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802. To each liter
of natural seawater add 5.0 g of activated carbon powder, shake and leave overnight.
Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon will
remove potentially toxic organic contaminants.

. Combine components and adjust pH to 6.8 either with TN NaOH or 1N HCI.

. Dispense in 5.0 ml aliauots to 16 x 125 mm screw-capped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C.

. Inoculate medium with 0.1 ml of a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 uEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. The light intensity, photoperiod, and
the incubation temperature will affect the transfer interval. Some strains can be maintained
for several weeks past peak density and can be transferred at less frequent intervals.

NOOoA~W

o0}

PROTOCOL

Marine, Axenic, Chroomonas, Hemiselmis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

DCM Medium [1]

TrS e e e e e N 50¢g
Na, acetate.3H,0 . ... ... ... . .. .. ... . 0.5¢g
Na glutamate . . . ... ... . . i e e 05¢g
DL-Glycine . . . . .. e e e e e 05¢g
SUCIOSE . v i i i i e e e e e 0b5g
B-Na, glycerophosphate . ... .. ..... ... .. .. .. ..., 0.4g
NaNQO, stock solution (7.5 g/100ml} . ................. 6.7 mi

Lactic acid . . . .. . . e e e e e 1.0 ml
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Glycerine {10.0 g/100ml} . ... .. ... .. .. .« .. .. 5.0 ml
Trace Metals solution (see below} .................... 1.0 ml
NH,CI (0.27 9/100 ml) . . .. .. .. . 1.0 mi
H,Se0,{0.13 mg/100 ml) .. ... ... .. . ... 1.0 ml
Vitamin solution . . .. ... .. ... . . ... e e e 1.0 ml
Natural seawater® . . . . . .. . . . . . i e e 800.0 ml
Double glass distiled H,0 . .. ... ... ... ... ... .. .. ..., 200.0 mi
Trace Metals Solution
Na,EDTA . . e 0.686 ¢
FeCL.BH,O0 . . .. . . . . 0.315 g
CuS0,.5H,0 (0.98 g/100mb) .. ... ... ... ... ... ..., 0.05 mi
ZnSO,7H,0 (2.2 g/100ml) ... ... ... 3.0 ml
CoClB6H,0 (1.0 g/100 ml) . ... .. .. 0.1 ml
MnClL.4H,0 (1.8 g/100ml) .. ........ .. .. ... .. .. .... 20 ml
NaMoQ,-2H,0 (0.63 g/100ml) .. ... ... ... ... ... 0.1 ml
Glass distiled H,0to . . .. ... ... ... .. . .. 100.0 mi
Vitamin Solution

Vitamin B,, .. .. ... 1.0 mg
Thiamine HCI . . . . . . . . . e e 2000.0 mg
Biotin . . .. e e e e e 1.0 mg
Folicacid . ... . ... i i e 2.0 mg
PABA . e e e 1.0 mg
Niacin . . . . o e e e e 100.0 mg
Inositol . . . . e e e e 1000.0 mg
Ca pantothenate . ... ... . . . i it e e 200.0 mg
Pyridoxing . . . . . . e e 100.0 mg
Glass distilled H,O . .. ....... .. .. .. . 1.0L

Store frozen at -20° C until needed.

*Natural seawater can be obtained from Marine Biological Laboratory in Woods Hole,
MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802. To each liter
of natural seawater add 5.0 g of activated carbon powder, shake and leave overnight.
Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon will
remove potentially toxic organic contaminants.

Combine components and adjust pH to 6.8 either with TN NaOH or 1N HCI.

Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

Loosen caps one half turn and autoclave for 15 min at 121° C,

. Inoculate medium with 0.1 ml of a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 #Ein/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

The transfer interval will vary with the strain cultivated. The light intensity, photoperiod and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

NOo AW

&

COMMENTS

Some strains of Rhodomonas can be cultivated axenically on f/2-si medium [1]. Artificial
seawater may be substituted for natural seawater. There are many sources for artificial seawater
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mixes. These mixes may vary in quality from lot to lot. Medium perpared with a new lot of
artificial seawater should be tested in parallel with a medium prepared with a currently used lot to
determine if it supports equivalent growth.

LITERATURE CITED
1. Anderson, RA, Jacobson, DM & Sexton, JP 1991. Provasoli-Guillard Center for Culture of Marine
Phytoplankton. Catalogue of Strains. Provasoli-Guillard Center for Culture of Marine Phytoplankton, West
Boothbay Harbor, MA 98 pp.
2. Guillard, RRL 1975. Culture of phytoplankton for feeding marine invertebrate animals using a new lot of
artificial seawater. Smith, WL & Chanley, MH, ed., Plenum Press, New York pp. 26-60.
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A-7.1
CULTIVATION OF SELECTED
COLORLESS CRYPTOMONADS

Thomas A. Nerad' and Pierre-Marc Daggett °

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

The most common genera of colorless Cryptomonads are readily cultivated as monoprotist
cultures with bacteria as a food source. There exist both freshwater and seawater strains of
Chilomonas and Goniomonas. Only strains of Chilomonas have been reported to be cultivable
under axenic conditions. Methods for cultivation of freshwater and seawater strains of both
genera and the axenic cultivation of freshwater strains of Chilomonas are provided [1,2].

PROTOCOL

Freshwater, Xenic, Chilomonas, Goniomonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . ... ... .. .. . ... 25g¢g
Na,HPO, . . . . o 0bg
Glass distilled H,O . ........ ... ... ... .. 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product {cat #C-7141} which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.
4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.
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5. Filter through Whatman #1 filter paper.
6. Add 0.5 g Na,HPO,.
7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.
8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
9. Medium formulation (Part 2):
Agar Medium for K/ebsiella pneumoniae
Yeast extract (Difco #0127) . ... ... ... . ... .. .. ... 4.0 g
GIUCOSE .« it it i e e e e e e 0.16 g
2 - 1 20.0 o]
Glass distiled H,O . .. ... . ... . . . e 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 256° C. Then place under refrigeration
(5-9° C). Subculture every 3-4 wk.

13.Inoculate Cereal Grass Infusion Medium with a loopful of bacteria from a stock slant and
incubate at 30° C overnight.

14 .Aseptically add 0.1 ml of a growing protist culture which is at or near peak density to a tube
of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly.

PROTOCOL

Marine, Xenic, Chilomonas, Goniomonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater® . . . . ... e e 500.0 ml
2x Cereal Modified Grass
Infusion Medium (see below) . ... ... ..... ... .. ..... 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves*™* .. ... ........ ... ... .. 5.
Glass distiled H,O . . .. ... ... ... ... ... 1

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophy!, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.0. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
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under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product (cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4, Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
glass distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.

5. Combine equal amounts of the solutions prepared in steps 3 and 4.

6. Aseptically distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes
and inoculate with K/ebsiella pneumoniae approximately 24 h prior to inoculation with ciliates.
Loosen caps one half turn and incubate at 25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

8. Incubate at 25° C for 7-14 d and repeat steps 6-8.

PROTOCOL

Freshwater, Axenic, Chilomonas

1. If the name of a company is listed with a specific component, the medium component should
be obtained from the company to assure growth.
2. Medium formulation:

CHM medium [2]
Sodium acetate-3H,0 . . .. ... ... 1
Lab Lemco Powder* (cat. #CM15) . ... ................ 1
Glass distilled H,O . . ... ... ... ... .. .. 1000.

*Distributed in the United States by Unipath Incorporated, Columbia, MD 21045

3. Combine the ingredients and distribute in 5.0 ml aliquots to 16 x 125 mm screw-capped test
tubes. Autoclave at 1212 C for 15 min with caps loosened one half turn.

4. When cooled inoculate fresh tube of medium with 0.1 ml of a peak culture.

5. Transfer at 7-14 d intervals.

COMMENTS

Members of the genera Chilomonas and Goniomonas have never been reported to form cysts.
They must, therefore, be passaged at regular intervals or the culture will be lost.

LITERATURE CITED
1. Nerad, TA 1991. Catalogue of Protists, 17th edition, American Type Culture Collection, Rockville, MD 88
pp.
2. Thompson, AS, Rhodes, JC & Pettman, | 1988. Culture Collection of Algae and Protozoa Catalogue of
Strains 1988. Culture Collection of Algae and Protozoa, Freshwater Biological Association, Cumbria, United
Kingdom. 164 pp.






Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-8.1
CULTIVATION OF PHOTOSYNTHETIC DINOFLAGELLATES

Thomas A. Nerad' and Pierre-Marc Daggett >

'Protistology Department, American Type Culture Collection,
12307 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Methods for the xenic cultivation of selected freshwater and marine photosynthetic dinoflagellates
are presented below. In addition a method for the axenic cultivation of selected marine
photosynthetic dinoflagellates is also included.

PROTOCOL

Marine, Xenic
Amphidinium, Glenodinium, Prorocentrum, Scrippsiella

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

ASW Medium [1)

Artificial seawater® . .. . ... . . ... .. e e 336 ¢
Tricine . . . o e 056 g
Extra salts Solution {see below)} . . ... . ................ 3.75 mi
Soil Extract Stock (see below) . ... ................... 25.0 ml
Vitamin Solution {see below) . .. .. ... ................ 4.0 ml
Glass distilled H,O . .. ..... .. .. . ... .. . . . 1.0 L
Extra Salts Solution
NaNO, . . . e 30.0¢g
Na,HPO, . . . . . e 1.2 g
KHPO, v oo e e e 1.0 g
Glass distilled H,O ... ...... ... .. . ... ... . . . .. .. ... 1.0L
Soil Extract Stock
Air-dried rich organic soil ... ... ....... .. .. ... ...... 333.0¢
Glass distilled H,O . . . ... ... .. .. 667.0 ml

Adjust to pH 8.0 with TN NaOH or 1N HCI and autoclave for 1 h at 121° C. Decant
and filter through Whatman #1 filter.

Vitamin Solution
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Calcium pantothenate . . ... . ... it i it e 20.0 mg
Vitamin B,, . ... .. ... .. e 40¢g
Folicacid . ... ... . i it i e e 0.4¢g
INOSItOl . v v e e e e e e 1000.0 mg
Nicotinic acid . . . . . v o v i i e e e e e 20.0g
Thiamine HCI . . . . . . e e e 100.0 g
ThymMinE . o o e e 600.0 mg
Glass distilled H,O . . . . . . .. . . e 1.0L

After mixing, filter sterilize using a 0.2um filter. Store in 10.0 ml aliquots at -30° C
until needed.

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.

. Add 25.0 ml soil extract stock and 3.75 ml extra salts solution to artificial seawater and

Tricine and make up to 1.0 L with glass distilled H,0. After dissolving, adjust pH to 7.6 - 7.8
with TN NaOH or 1N HCI.

. Autoclave for 15 min at 121° C.

. When cooled, aseptically add filter sterilized Vitamin Solution,

. Aseptically dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

. Aseptically inoculate a tube with a 0.1 ml aliquot of a growing culture at or near peak density.
. Loosen caps one half turn and incubate at the appropriate temperature under 50-100 pEin/m?/s

irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature wili affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL

Freshwater, Xenic, Woloszynskia

Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

Medium formulation:

DM Medium [1]

Ca(NQ,),-4H,0 (2.0 g/100.0ml) .. ...... ... ... ... ... 1.0 mi
H,PO, (1.24 g/100.0 ml) . . .. ... . . . . 1.0 ml
MgSO,7H,0 (2.5 g/100.0ml) . . .. ... ... ... .. ..... 1.0 mi
NaHCO, (1.59 g/100.0ml) . ... ... .. . . i 1.0 ml
EDTA Solution {(see below) . ... ... ... ... . . ..o, . 1.0 ml
Trace metals solution (see below) . ................... 1.0 ml
Vitamin solution {see below} . .. ... ... ... . . ..., 1.0 ml
Na,Si0, (1.22 g/100.0 ml} . .. ... . . e e 1.0 ml
Glass distilled H,O . .. .. ... ... .. . 1.0L
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EDTA Solution

FeNa EDTA . . . . . i i e e e e e 225.0 mg
Na, EDTA . . . e 225.0 mg
Glass distilled H,O ... ... ... .. . .. ... o 1.0L
Trace Metals Solution
HBO, . . oo 248.0 mg
MNCLAAH,0 . .. e 139.0 mg
{(NH,)6M0,0,,.4H,0 . . . . ... . . i 100.0 mg
Vitamin Solution

Vitamin By, ... .. e 4.0 mg
Vitamin B, . . .. ... 4.0 mg
Biotin . . . .. e e e 4.0 mg
Glass distiled H,O . ....... ... .. . . o 100.0 mi

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes, loosen cap one half turn

and autoclave for 15 min at 121° C.

. Allow to cool and aseptically inoculate a tube with a 0.1 ml aliquot of a growing culture at or

near peak density.

. Loosen caps one half turn and incubate at the appropriate temperature under 50-100 pEin/m?/s

irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL

Marine, Axenic, Amphidinium, Prorocentrum, Scrippsiella

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth,

. Medium formulation:

E26: ANT Medium [1]

E26 Medium (see below) . .. ... ... .. . . ., 500.0 mg
Antia’s Medium (see below) ... ... .. .. . .. . ..« .. .. ..., 500.0 mi
E26 Medium
Nutrient solution (see below) . . . . . . ... ... ... . ... ..... 500.0 mi

Artificial seawater® . . . . ... e 500.0 ml

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

Nutrient Solution

KNO; e e 100.0 mg
M@SO,7H, O . . e e e 100.0 mg
KHPO, o e e 10.0 mg
Vitamin By, . ... . e 0.1 mg
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Vitamin B, . . . . ... e 0.05 mg

Soil extract stock (seebelow) ... ... ... ... .. Lo L. 50.0 ml

Glass distilled H,O .. ... ... . . . i 450.0 L
Soil Extract Stock

Airdried soil . . .. ... e e 330.0 g

Glass distiled H,O . ... ... ... . . oo 670.0 ml

Adust pH to 8.0 with 1N NaOH or 1N HCI and autoclave for 1 h at 121° C. Allow soil
to settle and filter sterilize.

Antia’s Medium

LI 7S O 200.0 mg
KNO, « e 50.0 mg
NaH,PO,2H,0 . .. o e e 7.8 mg
Vitamin B, . . . . o o e e 500.0 mg
Na, EDTA . .. 8.1 mg
Glycine . . . e e e 300.0 mg
Trace Metals Solution (see below) . ... ................ 2.5 mg
Glass distilled HO . . ... . ... . e 1.0L
Trace Metals Solution

FeCl™ e 650.0 mg
Na,MoO,2H,0 . ... . . .. 97.0 mg
MnSO,4H, O .. . . . e e 450.0 mg
ZnSO,7H,O . . o e 230.0 mg
CuSO,BH, 0 .. . . e 10.0 mg
CaSO,7H,0 . . . . e 5.0 mg
Glass distilled H,O .. .. .. . .. ... 1.0t

*Dissolve FeCl, in 1.0 ml concentrated HCI.

. Autoclave E26 Medium and Antia’s Medium separately for 20 min at 121° C.

. When cooled, combine equal volumes of the two solutions.

Aseptically dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

Aseptically inoculate a tube with a 0.1 ml aliquot of a growing culture at or near peak density.
Loosen caps one half turn and incubate at the appropriate temperature under 50-100 yEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval. Some strains can be maintained for

several weeks past peak density and can be transferred at less frequent intervals.

NO oW

(o2}

COMMENTS

Dinoflagellates are often very difficult to cultivate in high densities.

LITERATURE CITED

1. Thompson, AS, Rhodes, JC & Pettman, | 1988. Culture Collection of Algae and Protozoa Catalogue of

Strains 1988. Culture Collection of Algae and Protozoa, Freshwater Bialogical Association, Cumbria, United
Kingdom. 164 pp.
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A-9.1
CULTIVATION OF COLORLESS
DINOFLAGELLATES

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Colorless dinoflagellates of the genera Crypthecodinium, Gyrodinium, Noctiluca, and Oxyrrhis have
been cultivated axenically in a number of empirical formulations [1,2,3,4]. The first colorless
dinoflagellate to be maintained axenically, Crypthecodinium cohnii, was cultivated on an empirical
formulation consisting of peptone, yeast autolysate and acetate [4]. A completely defined
medium for the growth of this species was reported in 1862 [5]. The cultivation protocol below
can be used for the maintenance of most of the sibling species of this marine dinoflagellate.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. H the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

ALE; Medium
NaCl . e e e e 23.48 g
MgCL-BH,O . . . . . . e 10.63 g
Na, S0, . e e e 3.92g¢
CaCl, {anhydrous) . . . . .. ... . . . . 1.11 ¢
K 0.66 g
NaHCO, . . . . 0.19¢g
KBr o e e e 0.1 g
HaBO, . . 0.03 g
SICLBH,O . . . e 0.04 g
Metal Mixture {see below) . ... ...... ... .. ... ....... 3.0 ml
FeClL.BH,O . . . . e 0.01g
Na, Glycerophosphate . .. ... ... ... .. ... .. .. ....... 0.156 g
(NH), 80, . . o e 0.05 g
Tris Buffer . ... ... e e e e e 30 g
Vitamin Solution (see below) . . ... ... ... ... .. ... ..... 1.0 ml
KHPO, o e 0.01g
GlUuCoSE . . . o e e 30 g
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Glass distilled H,O . . ...... ... .. .. 1.0L
Adjust pH to 6.4 - 6.6. Dispense 5 ml per 16 x 125 mm screw capped test tube and
autoclave.

. Adjust pH to 6.4-6.6 with 1N NaQH or 1N HCI.

. Distribute medium in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes, loosen caps
one half turn and autoclave for 15 min at 121° C. Allow medium to cool before inoculation.
. Inoculate a tube of medium prepared in step 4 with 0.1 ml from a culture at or near peak
density.

. Loosen the cap one half turn and incubate at 25° C.

. Repeat steps 5-6 at 10-14 d interval.

COMMENTS

Growth of most strains of Crypthecodinium cohnii is excellent using the A,E, medium. However,
a few strains can only be maintained by adding 0.2% (w/v) Casein Hydrolysate.

LITERATURE CITED

1. Droop, MR 13858b. Water-soluble factors in the nutrition of Oxyrrhis marina. J. Mar. Biol. Assoc.
38:605-620.

2. Lee, RE 1977. Saprophytic and phagocytic isolates of the colorless heterotrophic dinoflagellates
Gyrodinium lebouriae Herdman. J. Mar Biol. Ass. 57:303-315.

3. McGinn, MP & Gol!d, K 1969. Axenic cultivation of Noctiluca scintillans. J. Protozool. 16(suppl.}:33.
4. Pringsheim, EG 1956. Micro-organisms from decaying seaweed. Nature 178:480-481.

5. Provasoli, L & Gold, K 1962. Nutrition of the American strain of Gyrodinium cohnii. Arch. Mikrobiol.
42:196-203.
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A-101
CULTIVATION OF

PHOTOSYNTHETIC EUGLENIDS

Pierre-Marc Daggett' and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
*Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Many species of photosynthetic eugienids can easily be grown on an axenic liquid medium
developed by Dr. Seymour H. Hunter or on agar slants. For most strains cultivation at
temperatures of 22-25° C will result in excellent growth if an appropriate light intensity and
light/dark cycle are provided [11].

PROTOCOL
Liquid Medium

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

KH PO, 0.02 g
K-citrate-H,0 . . . ... . e 0.04 g
MgSO,3H, O L e 0.02 g
Trypticase (BBL} . . ... .. ... ... . e 0.6 g
Liver concentrate NF #XI| powder*

(ICN Biomedicals, Inc. #100377) . ... ... .. ... v ... 0.2 g
Glass distiled H,O . ... .. ... . 1.0 L

*Equivalent to Liver-extract concentrate {1:20). Yeast extract {0.4 g), thiamine HCI (0.4
mg) and vitamin B,, (0.5 yg) may be substituted for the liver component.

4., Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

5. Autoclave 15 min at 1212 C. Leave caps loosened about one half turn while autoclaving.
Tighten the caps immediately upon removing the tubes from the autoclave, Cool medium
before use.

6. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

7. Keep cap loosened a half turn and incubate at 20-25° C under 50-100 yEin/m?/s irradiance.
Maintain under a 14/10 h light-dark photoperiod.
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8. For routine maintenance subculture every 10-14 d. The light intensity, photoperiod and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL
Agar Medium

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the component should be obtained from the company to assure
growth.

2. Medium formulation:

Yeast eXtract . . . . . v v i e e e e e e e e e 1.0g
Beef extract . . . . . . v i i i e e e e e 10g¢g
TrYPLOSE . . v i o e e e e e e 20¢g
FESO, . . . o e Trace
GIUCOSE . . o e e e 10.0 g
o - T 50¢g
Glass distiled H,O . .. ... ... .. ... . .. 1.0L

. Adjust pH to 7.2 with 20% (w/v) NaOH.

. Autoclave 30 min at 121° C in a flask with the screw-cap loosened about one half turn.

. While still liquid dispense 5 ml of medium per 16 x 125 mm screw-capped test tube. Place
tubes on a horizontal slant and allow to cool until the agar has hardened.

6. Inoculate medium with a growing culture at or near peak density using an inoculating loop. The
inoculum should be spread from the base of the slant to within no more than one centimeter
of the top of the slant by a back and forth motion.

. Keep cap loosened one half turn and incubate at 20-25° C under 50-100 pEin/m?/s irradiance.
Maintain under a 14/10 h light-dark photoperiod.

8. For routine maintenance subculture every 1-4 wk. The light intensity, photoperiod and

incubation temperature will affect the transfer interval. Some strains can be maintained for

several weeks past peak density and can be transferred at less frequent intervals.

(G20 S V)

~

COMMENTS

The second medium can also be used as a liquid medium. Eliminate agar and reduce
concentration of the dry ingredients to '/, of those listed above.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook.
American Type Culture Collection, Rockville, MD, 98 pp.
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CULTIVATION OF

OSMOTROPHIC EUGLENIDS

Thomas A. Nerad® and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection
1230171 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

There are a number of genera of euglenids which lack chloroplasts and are osmotrophic. A single
protocol which supports the growth of members of six genera is presented below, as well as,
protocols for the axenic cultivation of Astasia and Khawkinea [1,2,3].

PROTOCOL
Xenic
Gyropaigne, Hyalophacus, Menoidium
Parmidium, Rhabdomonas, Rhabdospira

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Soil/H,0 Biphasic Medium [3]
Rich Organic Soil (Air-dried) . .. ..... ... .. ... ..., 125.0 g
Glass distiled H,O . .. .. .. .. .. . 875.0 ml

3. Place soil in the bottom of a flask and gently overlay with the glass distilled H,0, etc.

4, Autoclave at 121° C for 15 min. Allow to cool overnight.

b. Repeat step 4.

6. Gently remove the supernatant and filter sterilize.

7. Dispense in 10.0 ml aliquots to T-25 tissue culture flasks.

8. Inoculate flasks with 0.1 ml from a culture at or near peak density.

9. Incubate at 20-25° C with the cap screwed on tightly.

10.Transfer at 7-14 d intervals. Some strains can be maintained for days or weeks after they
have reached peak density without transfers. To avoid losing the cultures, transfer at regular
intervals.
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Axenic, Astasia

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Hutner's Medium for Euglena (11

KH PO, . o o e 0.02¢g
K-citrate-H,O . . . . .. . o 0.04 ¢
MgSO,.3H,0 . .. e 0.02g
Trypticase (BBL 1921) . . ... . .. . . . 06 g
Na @CETate . . . . v i i it e e e e e e e 01 g
Liver concentrate NF #XI| powder*

(ICN Biomedicals, Inc. #100377} . .. .. .. .. . ... .. .... 0.2 ¢
Glass distiled H,O . . . ... .. ... . . o 1.0 L

*Can be substituted with yeast extract (0.4g), thiamine HCI (0.4 mg} and Vitamin B12
(0.5 ug) may be substituted for the Liver L.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-caped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C.

. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

. Incubate at 20-25° C with the cap loosened one half turn.

. Transfer at 7-14 d intervals. Some strains can be maintained for days or weeks after they
have reached peak density without transfers. To avoid losing the cultures, transfer at regular
intervals.

NO O~ W

PROTOCOL
Axenic, Khawkinea

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

EG Medium (2]

Na acetate . . . . . . i e e e e 1.0 g
Beef extract . . . . . . i o i e e e e e 1.0 g
Tryptone (Difco #0123) . . . . . .. . . . . . . e 2.0 a
Yeast eXtract . . . v v v i e e e e e e e e 2.0 g
CaCl, . e 0.01 g
Glass distiled H,O . . ... .. . 1.0 L

3. Dispense in 5.0 ml aliquot to 16 x 125 mm screw-capped test tubes.

4. Loosen caps one half turn and autoclave for 15 min at 121° C.

5. Inoculate medium with 0.1 ml from a growing culture at or near peak density.
6. Incubate at 20-25° C with the cap loosened one half turn.
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7. Transfer at 7-14 d intervals. Some strains can be maintained for days or weeks after they
have reached peak density without transfers. To avoid losing the cultures, transfer at regular
intervals.

COMMENTS

Cysts have not been reported in any of these genera. Therefore, if the cultures are not passaged
regularly they will be lost from culture.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook.
American Type Culture Collection, Rockville, MD, 98 pp.
2. George, EA 1976. Culture Centre of Algae and Protozoa List of Strains 1976. (3rd ed.) Institute of
Terrestrial Ecology, Natural Environment Research Council, Cambridge, England. 120 pp.
3. Pringsheim, EG 1946. The biphasic or soil-water culture method for growing algae and flagellata. J. Ecol.
33:193-204.
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CULTIVATION OF /SONEMA
AND RELATED FLAGELLATES

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Isonema and related flagellates (Diplonema and Rhynchopus) can be cultivated as monoprotist
cultures with mixed bacteria as the food source or axenically. Most strains can be cultivated in
the axenic state.

PROTOCOL

Xenic

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater™ . . . . . . e e 500.0 mi
2x Cereal Modified Grass
Infusion Medium (see below) ... ......... ... .. ... .. 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves™*™ . .. ... ... .. . . . . .. 5.0
Glass distilled H,O . . . . ... 1.0

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward's Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
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ouis, MO 63178 sells Cereal Leaves Product (cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

. Add twice the recommended amount of sait/unit volume to prepare 2x artificial seatwer.

. Add 2.5 g rye cerophyl to 500 ml glass distilled H,0 and boil for 5 min. Add glass distilled
H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.

. Combine equal amounts of the solutions prepared in steps 3 and 4. Autoclave for 30 min at
121° C. Allow to cool.

. Aseptically distribute medium in 10 m! amounts to T-25 plastic tissue culture flasks and
inoculate with Klebsiella pneumoniae approximately 24 h prior to inoculation with the
flagellate.

. Aseptically inoculate the flask with a 0.1 ml aliquot of a growing culture at or near peak
density.

. Incubate at 25° C for 7-14 d and repeat steps 6-8.

PROTOCOL
Axenic
. Medium formulation:
Artificial seawater® . . . . . .. e e e 1.0L
Enrichment solution {see below) . . . . ... ... ... ... .. .... 10.0 m!
Vitamin solution (see below) ... ... ... ... . . ... .. ... 1.0 ml

Na,EDTA2H,O .. .. .. 0.553 g
NaNO, . . . e 4.667 g
Na,SiO;09H,0 . . . 3.000 g
Na,glycerol:PO, . . . . . . . . . 0.667 g
HoBO, 0.380 g
Fe(NH,),(SO,),6H,0 . ... ... ... .. ... . . . 0.234 ¢
FeClLBH,O . . . . . . e 0.016 g
MnSO4H,0 . . . . 0.054 g
ZnSO,7H,0 . oo e 7.3 mg
CoSO,7H, O . . . e 1.6 mg
Glass distilled H,O . .. .. ... . .. ... . . 1.0 L

Neutralize Na,SiO, with TN HCI.

Vitamin Solution

Thiamine . . . . . . e e e e e e e e e 0.1¢g
Vitamin B,, . ... ... . . e 2.0 mg
Biotin . . .. e e e e e 1.0 mg

Prepare artificial seawater according to the package directions. Filter sterilize in a 0.2
pum filter.

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
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carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.

2. Autoclave artificial seawater for 15 min at 121° C.

3. Combine ingredients of the enrichment solution in the order indicated and filter sterilize.

4, Combine ingredients of the vitamin solution in the order indicated and filter sterilize.

5. After the artificial seawater has cooled, aseptically combine the three solutions in the
proportions indicated.

6. Distribute 9.0 ml to a T-25 plastic tissue culture flask and aseptically add 1.0 ml (10% v/v) of

heat-inactivated {56° C for 30 min) horse serum.
7. Aseptically inoculate the flask with 0.1 ml aliquot of a growing culture.
8. Incubate at 25° C for 7-14 d and repeat step 7.

COMMENTS

Most species of Diplonema, Isonema, and Rhynchopus are marine. The only species reported
from freshwater, D. ambulator, was isolated from the tissues of Crytocoryne, a freshwater
aquarium plant. The axenic medium for the marine species was developed by Nerad [1]. The
medium for the axenic cultivation of the only freshwater species [2] is essentially the same as
that for the marine species except that the basal medium is Sonneborn’s Paramecium medium
(see Cultivation of Selected Cryptomonads). This medium was suggested by Nerad for the axenic
cultivation of the freshwater species. Bacterized cultivation is essentially identical to that for
other bactivorous marine protists. For larger volumes of culture increase inoculum, medium and
vessel size proportionally.

LITERATURE CITED
1. Nerad, TA 1990. The Life History, Cytology and Taxonomy of /sonema and /sonema-like Flagellates.
Ph.D. Thesis, University of Maryland, College Park, MD, 229 pp.
2. Triemer, RE & Ott, DW 1990. Ultrastructure of Diplonema ambulfator Larsen and Patterson (Euglenozoa)
and its relationship to /sonema. Europ. J. Protistol. 25:316-320.
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CULTIVATION OF SELECTED PHOTOSYNTHETIC

CHRYSOMONADS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many genera of photosynthetic chrysomonads can be cultivated under xenic
conditions. Protocols for the xenic cultivation of marine and freshwaters forms
are presented below. Protocols for the axenic cultivation of freshwater
representatives of Ochromonas and Poteriochromonas are also presented.

PROTOCOL
Xenic, Freshwater
Chromophyton, Chromulfina, Chrysochaete, Chrysocaccus,
Chrysosphaera, Epichrysis, Epipyxis, Hibberdia, Lagynion,
Lepochromulina, Mallomonas, Ochromonas, Phaeoplaea,
Phaeoschizochlamys, Phaethamnion, Poteriochromonas,
Stichogloea, Synura

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

DY Il Medium [3]

R-NA,-glycerophosphate . . ... ... ... ... .. ... ... 100.0 mg
NHNO, .o e 200.0 mg
CaClye2H,0 . oo 750.0 mg
NaSO,8H, 0 . . . .. 150.0 mg
M@SO,7H,O . . . 500.0 mg
KCl e e e 30.0 mg
Na,EDTA . . . e 80.0 mg
Felelectralytic)™ . .. . . . e e 7.0 mg
MnCl .. 2.0 mg
ZnSO,7H,O . . . o 0.4 mg
CoClsBH,0 . ... . . . e 0.08 mg
Na,MoO,.2H,0 .. ... ... .. . 0.2 mg

HoBO, o v v et e e 50.0 mg
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MES**(Sigma M8250) . . . . . . . . i i e 200.0 mg
Vitamin Solution (see below) . . .. ... .. ... ... ... ..., 1.0 ml
Glass distilled H,O . .. ... ... . . 1.0 L
Vitamin Solution

Thiamine HCI . . . . . . o . e e e e e e 0.02 mg
Vitamin B, ... ... e e 0.50 mg
Biotin . . ... e e e e e e e 0.50 mg
Glass distilled H,O . . ... . ... o o 1.0 L

*Dissolve 70 mg of iron wire in 10 ml of concentrated HCI.
**MES = (2-[N-Morhpolinelethanesulfonic acid)

. Adjust pH to 6.8 with 2N NaOH or 2N HCI.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C.

. Inoculate medium with 0.1 ml of a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 pEin/m?/s

irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL

Freshwater, Xenic, Ochromonas

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth.

. Medium formulation:

Fluid Thioglycollate Medium
Fluid Thioglycollate Powder
(BBL #11260) . . . . . .. e e 29.
Glass distilled H,O . ... .. ... . L 1

. Combine components and boil to dissolve. Allow to cool and adjust pH to 6.8 either with 1N

NaOH or 1N HCI.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C.

. Inoculate medium with 0.1 m! of a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 gEin/m’/s

irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval, Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.
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PROTOCOL

Freshwater, Axenic, Poteriochromonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Poteriochromonas Medium [1]

Bacto-Vitamin free casamino acids ... .. ... ... ... ...... 10.0 g
Bacto-DextroSe . . . . . . e e e 20.0 g
Diamnonium Hydrogen Citrate . . . .. ... ... . ... .. ..... 1.6 g
KH,PO, . . o 0.6 g
MgSO,-7H,0 . . . e e e 0.4 g
CaCly . . v 0.3 g
EDTA e e 0.1 g
MnSO,H,O .. . . . 0.123 g
ZnSO,-7TH,O . . o o e e 0.22 ¢
Thiamine:HCl . . . .. . ... . e 4.0 mg
Tween 80 . . .. i e e e e 2.0 ml
FeSO,7H,0 . . . .. e 20.0 mg
CoSO,.7H,O0 . . . . . e 6.0 mg
CuSO,BH,O .. . e 0.8 mg
HaBO, . o o 1.2 mg
KE e e 0.02 mg
Na,MoO,2H,0 . ... ... . . e 0.1 a
DL-Tryptophan . . . . . . . e 0.2 g
DL-Methionine . . . .. ... . . . 0.4 g
L-Cystine . . . . .. e e 0.2 g
Choline Chloride . . ... ... .. . . . . . iy 4.0 mg
Inositol . . . . L e e e 20.0 mg
PABA . . e e e 2.0 mg
Vitamin B,, ... ... . . . . 0.4 mg
Biotin . . . . e e e e e e 0.02 mg

.............................. 1.0 L

. Adjust final pH to 5.8. Heat medium to boiling for 2-3 min.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C.

. Inoculate medium with 0.1 m! of a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m’/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

8. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval. Some strains can be maintained for

several weeks past peak density and can be transferred at less frequent intervals.

NOOGh~ W
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PROTOCOL

Xenic, Marine
Chrysoderma, Chrysophaera, Girandyopsis,
Pelagococcus, Sarcinochrysis, Stichochrysis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

f/2-si Medium [2]

NaNO, stock solution (see below) . ................... 1.0 ml
NaH,P0O,.H,0O stock solution (see befow} . ............... 1.0 ml
Trace metals solution . . ... ...... ... ... o 1.0 ml
Vitamin Solution . . . . ... ... . e 0.5 ml
Filtered seawater* . . ... ... ... ... . . .. .. e 10L
NaNO, Stock Solution
NaNO, . . . e 75.0¢g
Glass distilled H,0 . . ... ... ... . . ... 1.0L
NaH,PO,-H,0 Stock Solution
NaH, PO, H, O . ... . . e 5.0g
Glass distilled H,O . . .. ... .. ... ... . 1.0L
Trace Metals Solution
Na, EDTA . . e e 436 g
FeCLBH,O . .. .. e 3.15 g
CuSO,-5H,0 (0.989/100ml) ... .... ... .. ..y 1.0 ml
ZnS0O,-7H,0 (2.2g/100ml} . . .. ... 1.0 ml
CoCl-6H,0 (1.0g/100mll . .. oo v it it i i 1.0 ml
MnCL-4H,0 (1.89/100ml) . . ... ... ... ... . . 1.0 mi
NaMo0O,.2H,0(0.63g/100ml) . . ... ... .. ... ... 1.0 ml
Glass distilled H,O . . ... .. .. ... . 1.0 L
Vitamin Solution
Vitamin B,, . .. .. .. . e 1.0 mg
Biotin . .. .. e e e e e 1.0 mg
Thiamine HCI . . . . . . ... . e e e 200.0 mg
Glass distiled H,O . . .. ... .. . 1.0L

*Natural seawater can be obtained from Marine Biological Laboratory in Woods Hole,
MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802. To each liter
of natural seawater add 5.0 g of activated carbon powder, shake and leave overnight.
Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon will
remove potentially toxic organic contaminants.

3. Combine components, adjust pH to 6.8 either with 1N NaOH or 1N HCI.

4. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

B. Loosen caps one half turn and autoclave for 15 min at 121° C.

6. Inoculate medium with 0.1 ml of a growing culture at or near peak density.
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7. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 uEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

8. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

COMMENTS

Artificial seawater may be substituted for natural seawater. There are many sources for artificial
seawater mixes. These mixes may vary in quality from lot to lot. Medium perpared with a new

lot of artificial seawater should be tested in parallel with medium prepared with a currently used
lot to determine if it supports equivalent growth.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook.
American Type Culture Collection, Rockville, MD, 98 pp.
2. Guillard, RRL 1975. Culture of phytoplankton for feeding marine invertebrate Animals. Smith, WL &
Chanley, MH, ed., Plenum Press, New York pp. 26-60.
3. Lehman, TL 19786. Ecological and nutritional studies on Dinobryon Ehrenb.: seasonal periodicity and the
phosphate toxicity problem. Limno/. Oceanogr. 21:646-658.
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CULTIVATION OF BICOSOECIDS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Both marine and freshwater bicosoecids can be readily cultivated as monoprotist cultures with
bacteria as a food source [1]. The genus Bicosoeca has both marine and freshwater members.
The genera Pseudobodo and Cafeteria appear to be restricted to the marine environment. There
have been no reports of axenic cultivation of bicosoecids.

PROTOCOL
Freshwater, Bicosoeca

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation {Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . . ... . ... .. ... ... ..... 25¢g
Na,HPO, . . . o e 0.5¢
Glass distilled H,O . . . ... ... . .. e 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sell Cereal Leaves Product {cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,O and boil for 5 min.
4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

5. Filter through Whatman #1 filter paper.

6. Add 0.5 g Na,HPO,.
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7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.
8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
9. Medium formulation {Part 2):

Agar Medium for K/ebsiella pneumoniae

Yeast extract (Difco #0127) . ... . . . i 40 g
GRICOSE & i i i e e e e e e e 0.16 g
Agar . e e e e e e 200 g
Glass distilled H,O0 ... ... ... .. ... .. ... e 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
(5-9° C). Subculture every 3-4 wk.

13.In6culate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

14.Aseptically add 0.1 ml of a growing protist culture which is at or near peak density to a tube
of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly.

PROTOCOL

Marine, Bicosoeca, Cafeteria, Pseudobodo

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater® . . . . .. ... e e e 500.0 mi
2x Modified Cereal Grass
Infusion Medium (see below) ... ... .. .. ... .. .. .. ... 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . ... ...... ... ... ...... 5.0
Glass distiled H,O .. ...... .. ... . 1.0

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophy!, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.0O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
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Louis, MO 63178 sell Cereal Leaves Product (cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
glass distilled H,O to compensate for evaporation. Filter through Whatman #1 filter paper.

5. Combine equal amounts of the solutions prepared in steps 3 and 4. Autolclave for 30 min at
121° C. Allow to cool.

6. Asepticallly distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes
and inoculate with K/ebsiella pneumoniae approximately 24 h prior to inoculation with protists.
Loosen caps one half turn and incubate at 25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

8. Incubate at 25° C for 7-14 d and repeat steps 6-8.

COMMENTS

The strain of Aerobacter aerogenes used by TM Sonneborn [2] for the cultivation of paramecia.
Recent changes in bacterial systematic have determined the strain to be an non-pathogenic strain
of K. pneumoniae. It is recommended that similar strains be used. For best results it is important
to use only K. pneumoniae as the added food source. Although the protists can be grown with
other bacterial species present, one should passage the cultures using aseptic techniques to avoid
the introduction of unfavorable bacterial species. Periodically the bacterial stock culture of
Klebsiella should be tested to assure its purity.

LITERATURE CITED
1. Nerad, TA 1991. Catalogue of Protists, 17th edition, American Type Culture Collection, Rockville, MD 88
pp.

2. Sonneborn, TM 1950. Methods in the general biology and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-148.
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A-15.1
CULTIVATION OF SELECTED

PRYMNESIIDS

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

All prymnesiids are marine. Several protocols for both the non-axenic and axenic cultivation are
presented.

PROTOCOL
Xenic
Chrysochromulfina, Coccaolithus, Cricosphaera, Diacronema,
Dicrateria, Emiliania, Hymenomonas, Imautonia, Isochrysis,
Monochrysis, Ochrosphaera, Paviova, Prymnesium, Pseudoisochrysis

<o

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

ASW Medium [2]

Artificial seawater® . . . . . .. . ... e e e e 336 g
I T 10O 05 g
Extra Salts Solution {see below) . . . ... .... .. ... .. ... ... 3.75 mi
Soil Extract Stock (see below) . ... ... ... ... ... ... . ... 25.0 mi
Vitamin Solution (see below) . . ... ... ... ... .. ... ..., 4.0 mi
Glass distilled H,O .. ........ .. ... ... .. 1.0 L
Extra Salts Solution
NaNO, . . .. e e 30.0g
Na,HPO, . . . . 1.2 g
KHPO, 1.0g
Glass distilled H,O . ... ... .. ... . . ... ... . 1.0L
Soil Extract Stock
Air-dried rich organic soil . ... ... ... ... ... .. . . .. ..., 333.0¢g

Glass distilled H,O . . .. ... ... . . 667.0 ml
Adjust to pH 8.0 with 1N NaOR or 1N HCI and autoclave for 1 h at 121° C. Decant
and filter through Whatman #1 filter.
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Vitamin Solution

Biotin . . . e e e e e e e 0.2 mg
Calcium pantothenate . . . .. .. ... . ... .. 20.0 mg
Vitamin By, . ..o o e 4.0
Folicacid . ... ... . . . . . e 04g¢g
Inositol . . . . .. e e 1000.0 mg
Nicotinic acid . . . . . . . . i e e e 20.0 ¢
Thiamine HCI . . . . . . . .. e e 100.0 g
Thymine . .. .o i e e e e e 600.0 mg
Glass distilled H,O . . ........ ... ... .. .. ... .. 1.0L

After mixing, filter sterilize using a 0.2um filter. Store in 10.0 ml aliquots at -30° C
until needed.

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.

w

. Add 25.0 ml soil extract stock and 3.75 ml extra salts solution to artificial seawater and
Tricine and make up to 1.0 L with glass distilled H,0. After dissolving, adjust pH to 7.6 - 7.8
with TN NaOH or 1N HCI.

. Autoclave for 15 min at 121° C.

. When cooled, aseptically add filter sterilized Vitamin Solution.

. Aseptically dispense in 5.0 ml aliquots to 16 x 1256 mm screw-capped test tubes.

. Aseptically inoculate a tube with a 0.1 ml aliquot of a growing culture at or near peak density.

. Loosen caps one half turn and incubate at the appropriate temperature under 50-100 yEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

o~NOO RN

o]

PROTOCOL
Axenic
Apistonema, Emiliania, Hymenomonas,
Isochrysis, Paviova, Prymnesium

1. Medium ingredients should be added in the sequence listed. |f the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

S$88 Medium [3]

NaCl . e e e 16.0 g
KCl e e e 0.4 ¢
MSO, 7H,0 . . . . . e e 25¢g
CaS0,2H,0 . . . . . e 05g¢

SICLBH,0 o v ot 6.5 mg
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AICILEBH,O . o e 0.25 mg
RbCl . . e e e e e e e 0.10 mg
LICIH, O . . .. 0.05 mg
Kl e e e e 0.025 mg
KBr e e e e e e e e 32.5 mg
Glyeylglycine . . . . . . . . e e 500.0 mg
Glycine . . . . . e e e e 250.0 mg
KNO, . e e 100.0 mg
KHPO, . . e e 10.0 mg
Na,HPO, . . . . . e 50.0 mg
FeSO,7H,0 . . . . . e 2.5 mg
ZnSO,7H,O o o o 22.0 mg
CuSO,.BH,0 . . . . e e 19.6 mg
CuSO,7H,0 . . . . e 2.38 mg
NaMoO,2H,O0 . .. .. . e e 1.26 mg
Vitamin Solution . . . . . ... . e e e e 1.0 ml
Glass distilled H,O .. .. ... . . . 1.0 L
Vitamin Solution

Vitamin B,, ... ... e 0.1 mg
Thiamine HCI . . . . . . . .. . e 50.0 mg

Glass distiled H,O . .. ... ... ... ... 1.0L
After mixing filter sterilize using a 0.2um filter. Dissolve vitamins and store solution in
10.0 ml aliquots at -20° C until needed.

3. Adjust pH to 8.0 with 1N NaOH or 1N HCI and dispense in 5.0 ml aliquots to 16 x 125 mm
screw-capped test tubes.

4. Loosen caps one half turn and autoclave for 15 min at 121° C.

5. Inoculate cooled medium with 0.1 ml of a growing culture at or near peak density.

6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 uEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL
Axenic
Coccolithus, Dicrateria, Emiliania,
Imantomia, Isochrysis, Ochrosphaera, Paviova,
Pleurochrysis, Pseudoisochrysis, Syracosphaera

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

f/2-si Medium [1]

NaNOj, stock solution (see below} . ................... 1.0 ml
NaH,PO,-H,O stock solution (see below} . ............... 1.0 ml
Trace metals solution . ........................... 1.0 ml

Vitamin Solution . . . . . . ... . . e e 0.5 ml
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Filtered seawater® . . . . . . i e e e e 1.0L

NaNO, . . . 75.0 ¢
Glass distilled H,O . .. ... ... .. 1.0L

NaH,PO,H,O . . .. 50¢g
Glass distilled H,O . . ... .. . 1.0L

Na EDTA .« e 436 g
FeCl:6H,O0 ...... e 3.15 g
CuSO,6H,0 {0.88g/100ml) ... ... .. . i 1.0 mil
ZnSO,7H,0 (2.2g/100ml) . ... ... e 1.0 ml
CoCl»6H,0 {1.0g/7100ml) . . ... ... ... i 1.0 mi
MnCL.4H,0 (1.8g/100mb) . . . . . . ... 1.0 ml
NaMo0O,-2H,0(0.63g/100mi} . ... ... . ... ... 1.0 mi
Glass distilled H,O . . ... ... .. .. e 1.0 L

*Natural seawater can be obtained from Marine Biological Laboratory in Woods Hole,
MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 80802. To each liter
of natural seawater add 5.0 g of activated carbon powder, shake and leave overnight.
Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon will
remove potentially toxic organic contaminants.

COMMENTS

Artificial seawater may be substituted for natural seawater, There are many sources for artificial
seawater mixes. These mixes may vary in quality from lot to lot. Medium perpared with a new
lot of artificial seawater should be tested in parallel with a medium prepared with a currently used
lot to determine if it supports equivalent growth,

LITERATURE CITED
1. Guillard, RRL 1975. Culture of phytoplankton for feeding marine invertebrates. In: Culture of marine
invertebrate animals. Smith, WL & Chanley, MH, ed., Plenum Press, New York pp. 26-60.
2. Thompson, AS, Rhodes, JC & Pettman, | 1988. Culture Collection of Algae and Protozoa Catalogue of
strains 1988. Culture Collection of Algae and Protozoa, Freshwater Biological Association, Cumbria, United
Kingdom. 164 pp.
3. Turner, MF 1979. Nutrition of some marine microalgae with special references to vitamin requirements
and utilization of nitrogen and carbon sources. J. Mar. Biol. Ass. 59:535-552.
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CULTIVATION OF SELECTED VOLVOCIDS

OTHER THAN CHLAMYDOMONAS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many genera of volvocids can be cultivated under xenic conditions. One protocol is presented
below for the xenic cultivation of eight freshwater genera. A number of protocols for the axenic
cultivation of selected genera are also provided.

PROTOCOL
Freshwater, Xenic
Chioragonium, Eudorina, Gonium, Haematococcus,
Lobomonas, Pandorina, Pteromonas, Volvox

1. Medium ingredients should be added in the sequence listed. |f the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

JM Medium [4]
Ca(NO,},-4H,0 Solution (2.0 gM100OmMl} .................
KH,PO, Solution (1.24 g/ 100 ml) ... .................
MgS0,-7H,0 Solution (5.0 g/100ml . . .. ... ............ .0 mi
NaHCO, Solution (1.59 g/100 ml) .. ..... ... .. .. ..... .0 mi

1.0 mi
1
1
1
EDTA Solution {(see below) . ... ... ... . ... ... ... .... 1.0 mi
1
1
1
1
1

0 mi

Trace Metals Solution (see below) .. ..... ... ... ....... .0 mi
Vitamin Solution {see below) . . . ... ... ... . .. ... ... ... .0Oml
NaNQ, solution (8.0 g/100mi) . ..................... .0 ml
Na,HPO,.12H,0 (3.6 g/100ml} .. ... . ... .. . .. ... .. ... O mi

Glass distiled H,O . .. ... ... ... .. .. . .. . . 991.0 ml
EDTA Solution

EDTA-Ferric sodium salt (Sigma E6760) . ............... 225.0 mg

Na EDTA . e 225.0 mg

Glass distilled H,O . . . . ... o i 100.0 ml

After mixing filter sterilize using a 0.2um filter.

Trace Metals Solution
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HBO, . o o ve vt
MnCl,-4H,0 . . ...

(NH,);Mo,0,,-4H,0
Glass distilled H,0
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.............................. 248.0 mg
.............................. 139.0 mg
.............................. 100.0 mg
.............................. 100.0 mi

After mixing filter sterilize using a 0.2uym filter.

Biotin . ........
Thiamine HCI . . ..
Vitamin B12 . . ..

Glass distilled H,0

Vitamin Solution

.................... 1.0L

After mixing filter sterilize using a 0.2um filter. Dissolve vitamins in glass distilled H,0
and store at -20° C until needed.

Combine components, adjust pH to 6.8 either with TN NaOH or 1N HCI.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.
. Loosen caps one half turn and autoclave for 15 min at 121° C. Allow to cool before

inoculating

. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 pEin/m®/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL
Freshwater, Axenic, Eudorina, Gonium

. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to

assure growth.

. Medium formulation:
VT Medium [2]
Ca{NO,),4H,0 . .. ... e 117.8 mg
R-Na, glycerophosphate . . ....... .. ... ... .. ...... 50.0 mg
MgSO,.7H, O . . .. . 40.0 mg
KCl e e 50.0 mg
Glyeylglycine . . . o v o i e e e e e 500.0 mg
Vitamin Solution (see below) . . . .. .. ... ... .. .. .. .. ... 1.0 ml
PIV Metals Solution (see below) . .. ... .. ... . ... ... ..., 3.0 mi
Glass distilled H,O . ... ... ... ... . . . . . 996.0 ml
Vitamin Solution
Biotin . . ... .. e 0.01 mg
Thiamine HCI . . . . ... . . . e e e e 1.0 mg
Vitamin B, ... ... 0.01 mg
Glass distilled H,O . . . ... ... . ... . ... 1.0 L

After mixing filter sterilize using a 0.2um filter. Dissolve vitamins in glass distilled H,0
and store at -20° C until needed.
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PIV Metals Solution

FeCl-6H,0 ... . e 196.0 mg
' MNCLAH,0 . .. e 36.0 mg
ZnSO,7H,O o e 22.0 mg
CoCleBH,0 . .. e 4.0 mg
Na,MoO,2H,0 .. .. ... .. . 2.5 mg

Na,EDTA-2ZH,0 . . . .. e 1.0g

Glass distilled H,O . . ... .. ... . ... i 1.0L

After mixing filter sterilize using a 0.2um filter.

. Adjust pH to 7.5 with 1N NaOH or 1N HCI.

. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

. Loosen caps one half turn and autoclave for 15 min at 121° C. Allow to cool before
inoculating.

6. Inoculate medium with 0.1 ml of a growing culture at or near peak density.

7. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m?/s

irradiance. Maintain under a 14/10 h light-dark photoperiod.

8. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval. Some strains can be maintained for

several weeks past peak density and can be transferred at less frequent intervals.

ol AW

PROTOCOL

Freshwater, Axenic, Haematococcus, Lobomonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Proteose Agar [3]

Proteose Peptone {Difco #0120} . ... ... ... .. .. ... 10¢g
N o -1 15.0 g
Bristol’s Solution {(see below) . .............. .. ...... 1.0L

Bristol’s Solution

NaNQ, Solution (2.6 g/100ml} . ........ .. ... ... . ..., 10.0 ml
CaCl, Solution (0.25 g/100 ml) ... ......... .. ... 10.0 ml
MgS0,.7H,0 Solution (0.75 g/100ml) . ... ............. 10.0 ml
K,HPO, Solution (0.75 g/100 ml} . . ..... ... ... ........ 10.0 ml
KH,PO, Solution {1.75 g/100ml) ... .................. 10.0 ml
NaCl Solution (0.25 g/100ml) . . . .. ... . i it 10.0 ml
FeCl, Solution (1.0 g/ 100 ml) . .. ... ... . 0.05 ml
Glass distilled H,O .. ... ... ... ... . ... ... . . 940.0 ml

After mixing filter sterilize using a 0.2um filter.

3. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

4. Loosen caps one half turn and autoclave for 15 min at 121° C. Allow to cool before
inoculting.

5. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.
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7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervais.

PROTOCOL

Carteria, Chlorogonium
Freshwater, Axenic

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

AF-6 Medium [5]

NaNO, . . .. e 140.0 mg
NHNO, ... e 22.0 mg
MgSO,7H,O0 . . . . e 30.0 mg
KH,PO, . o o e 10.0 mg
KoHPO, o 5.0 mg
CaCle2H,0 . . . 10.0 mg
Fe-citrate . .. . . . . . . . e 2.0 mg
Citric acid . . . . . . e e e e 2.0 mg
MES™ (Sigma M8250) . ... ... . . . 400.0 mg
Vitamin Solution . . . . . . . . . e e e 1.0 ml
PIV Metals Solution . . . . . . . .. . 3.0 ml
Glass distiled H,O . . ... ... ... ... . .. 996.0 ml

*MES = (2-IN-Morhpolinelethanesulfonic acid)

Vitamin Solution

Biotin . . . e e e e e 0.2 mg
Thiamine HCI . . . . . ... . o e 1.0 mg
Vitamin By . . . . .. e 0.1 mg
Vitamin By, . ... ... . . . 0.1 mg
Glass distiled H,O .. . ... ... . . 1.0L
PIV Metals Solution
FeCl:BH,O . . . . . . e 196.0 mg
MnCL-4H,0 . . . . e e 36.0 mg
ZnSO,7H,0 . o 22.0 mg
CoCleBH,0 .. v 4.0 mg
Na,MoO,2H,0 . . . . . 2.5 mg
Na,EDTA2ZH,O . . . . 109
Glass distiled H,O .. ....... .. ... .. . . 1.0L

3. Adjust pH to 6.6 with 1N HCI or 1N NaOH and dispense in 5.0 ml aliquots to 16 x 125 mm
screw-capped test tubes.

4. Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.

5. Inoculate medium with 0.1 ml from a growing culture at or near peak density.
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3 6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 pEin/m?%/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL

Freshwater, Axenic, Brachiomonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Trebouxia Agar [3]

Proteose Peptone {Difco #0120) . ........... ... ...... 10.0 g
GIUCOSE . . . v it e e e e 200¢g
72 o - 1 15.0 g
Soil extract (see below) . . ... ... .. e 140.0 ml
Bristol’s Solution . . . . . . . . . e 850.0 ml
Soil extract
African violet soil . . . . . . .. e 77.0g
Na,CO, o o e 0.2¢g
Glass distiled H,0 . .. . .. ... .. 200.0 ml

Autoclave for 1 h. Allow to cool and filter through Whatman #1 filter paper.

Bristol’s Solution

NaNQ, Solution (2.5 g/100ml) .. .................... 10.0 ml
CaCl, Solution {0.25 g/100ml) . ..................... 10.0 ml
MgS0,-7H,0 Solution (0.75 g/100ml) .. ............... 10.0 ml
K,HPO, Solution (0.75 g/100 ml} . ... ... ... ......... 10.0 ml
KH,PO, Solution (1.75 g/100 ml) . .. ... .. .. .. ... ...... 10.0 ml
NaCl Solution (0.25g/100ml) . . ... ... ............... 10.0 ml
FeCl, Solution (1.0 g/ 100 ml) . .. ... ... ... .. .. ... 0.05 ml
Glass distilled H,O .. ... ... . . ... . ... 940.0 ml

3. Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.

4. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

5. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 gEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

6. The transfer interval will vary with the strain cultivated. Intensity, photoperiod, and incubation
temperature will affect the transfer interval. Some strains can be maintained for several
weeks past peak density and can be transferred at less frequent intervals.
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PROTOCOL
Marine, Axenic, Dunaliella

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

DV Medium [1]

NaCl . e e e 180 g
KCl e e e e e e e e e 600.0 mg
M@SO,7H, 0 . . . e e 504¢
NaNQO, . ... 500.0 mg
CaCl, . e 100.0 mg
TS e e e e e e e e e e e 1.0g
Na,Si0,.9H,0 . . . . 200.0 mg
KGHPO, o o 30.0 mg
FeCl, . . 0.1 mg
NT A e e e e 100.0 mg
Trace metals solution (see below) ... ... .... ... ... .... 30.0 ml
Vitamin solution (see below} . . ... ... ... . . ..., 10.0 ml
Natural seawater* . . . . . . . .. .. e 1.0L

Na,EDTA . . 100.0 mg
FeCl, . vt e 1.0 mg
HoBO, . o 2.0 mg
MRCL, .. e 4.0 mg
ZnCly .o e 0.5 mg
CoCl, v v 0.1 mg
Glass distilled H,O . .. ... ... .. . . 100.0 ml
Vitamin Solution
Thiamine HCl . . . . . .. . o o e e e e e e e s e e 20.0 mg
BIOtin . . . e e e e e e e 0.05 mg
Vitamin By, . oo o e 30.0 mg
Folic Acid . . .. . .. . e 0.025 mg
p-Aminobenzoic Acid . . . . . . ... . e 1.0 mg
Nicotinic Acid . . . . . . . e 10.0 mg
Thymine . . . . . e e e e e 50.0 mg
INOSItOl . . . o e e 100.0 mg
Putrescine:2HCI . . . . . . . 4.0 mg
Riboflavin . . . .. . . . e e 0.5 mg
Pyridoxamine.2HCI . . . .. ... .. .. . .. .. e 2.0 mg
Orotic Acid . . . . . . . e e e 26.0 mg
Folinic Acid . . . . . .. . . .. e e e 0.02 mg
Ca pantothenate . . . . . . . v it i i e 10. mg
Pyridoxine-2HCI . . . . . . . . . .. 4.0 mg
Glass distilled H,O ... ... ... ... . .. .. 100.0 ml

Filter sterilize and store in 10.0 ml aliquots at -20° C until needed.

3. Combine all but the Vitamin Solution.
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4. Allow medium to cool and aseptically add the appropriate amount of the Vitamin Solution.

5. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m?%/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

COMMENTS

Some strains of Chloromonas can be cultivated axenically on EGM or PP Medium 4] or C Medium
{5]. Stephanosphaera and Pandorina can be cultivated axenically using S66:E5 [4] and CA
Medium [5] respectively.

LITERATURE CITED

1. Provasoli, L 1963. Growing Marine seaweeds. In: Proc. 4th Inter. Seaweed Symp., p. 9-17.

2. Provasoli, L & Pinter, | 1959. Artificial media for freshwater algae: Problems and suggestions. In: The
Ecology of Algae Tyron, CA & Hartman, RT, ed. pp.84-96.

3. Starr, RC 1978. The Culture Collection of Algae at the University of Texas at Austin. J. Phycol.
14{suppl.}:47-100.

4. Thompson, AS, Rhodes, JC & Pettman, | 1988. Culture Collection of Algae and Protozoa Catalogue of
strains 1988. Culture Collection of Algae and Protozoa, Freshwater Biological Association, Cumbria, United
Kingdom. 164 pp.

B. Watanabe, MM & Satake, KN 1991. NIES-Collection List of Strains. 3rd edition, Microalgae and
Protozoa. The National Institution Environmental Studies, Tsukuba, Japan 163 pp.
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- CULTIVATION OF SELECTED
j OSMOTROPHIC VOLVOCCIDS

Pierre-Marc Daggett' and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
’Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Polytoma and Polytomella species can be easily grown on an axenic liquid medium originally
developed by Dr. Seymour H. Hutner for Euglena. For most strains cultivation at temperatures of
22-25° C in a room without the use of an incubator to maintain a constant temperature will result
in excellent growth. For the best results, however, conditions should be controlled as much as
possible.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If a the name of a company is
listed with a specific component, the component should be obtained from the company to
assure growth.

2. Medium formulation:

Hutner's medium for Euglena [1]

KH,PO, . . 0.02 g
K-citrate.H,0 . .. ... o e 0.04 g
MgSO,3H,0 ... .. e 0.02 g
Trypticase (BBL) . . .. . .. . i e 0.6 g
Liver concentrate NF #XI powder*

(ICN Biomedicals, Inc. #100377) . ... ... . . .« ... 0.2 g
Glass distilled H,O . . .......... ... ... .. 1.0 L

*Yeast extract (0.4 g), thiamine HCI (0.4 mg) and vitamin B,, (0.5 ug) may be
substituted for the liver component.

4., Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

5. Autoclave 15 min at 121° C. Leave caps loosened about one half turn while autoclaving.
Tighten the caps immediately upon removing the tubes from the autoclave. Cool medium
before use.

6. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

7. Keep cap loosened one half turn and incubatz at 20-25° C under 50-100 gEin/m?/s irradiance.
Incubate under 14/10 h light-dark photoperiod.
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8. For routine maintenance subculture every 10-14 d. The light intensity, photoperiod and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook.
American Type Culture Collection, Rockville, MD, 98 pp.
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CULTIVATION OF CHLAMYDOMONAS

Pierre-Marc Daggett' and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
2Proz‘/‘sz‘ologvy Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Species of Chlamydomonas have proven to be widely distributed and extensively used as model
organisms. The genus is most readily cultured and maintained as a living culture when grown on
solidified medium. Protocols using several different approaches with solidified medium are
provided here.

PROTOCOL
Agar Medium [1]

1. Medium ingredients should be added in the sequence listed. If a the name of a company is
listed with a specific component, the medium component should be obtained from the
company to assure growth.

2. Medium formulation:

Yeast extraCt . . v v v v v i e e e e e e e 1.0¢g
Beef extract . . . . . . . . e 1.0g
TIYPtOSE . v . e e e e e e 20q
FeSO, . . . . . e e Trace
Glucose . . . . . . e 100g
AGar . e e e e e 150 ¢
Glass distiled H,O ... ... ... .. ... . .. .. . 1.0L

. Adjust pH to 7.2 with 20% {(w/v) NaOH.

. Autoclave 30 min at 121° C in a flask with the screw-cap loosened about one half turn.

. While still liquid dispense 5 ml of medium per 16 x 125 mm screw-capped test tube. Cool

each tube until hardened on a 15° to the horizon.

6. Inoculate medium with a growing culture at or near peak density using an inoculating loop.
The inoculum should be spread from the base of the slant to within no more than a cm of the
top of the slant by a back and forth motion.

7. Keep cap loosened one half turn and incubate at 20-25° C under 50-100 pEin/m’/s. Incubate
under a 14/10 h light-dark cycle.

8. For routine maintenance subculture every 1-4 wk. The light intensity, photoperiod and

incubation temperature will affect the transfer interval. Some strains can be maintained for

several weeks past peak density and can be transferred at less frequent intervals.

orh W
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PROTOCOL
Enriched Agar Medium [1]

. Medium ingredients should be added in the sequence listed. If a the name of a company is

listed with a specific component, the medium component should be obtain from the company
to assure growth.

. Medium formulation:
Na Acetate (anhydrous) . . . .. . ... .. . .. . . .. 20g
Tryptone (Difco #0123) .. . . . . .. i i it e e 20g
Yeast extract (Difco #0127) .. ... ... . .. .. . ... . . .. 20g¢g
Bacto-agar (Difco #0140} . . ... .. .. . . . 15.0 g
Glass distiled H,Oto . . ... ....... ... ... 1.0L

. Heat under low temperature to dissolve ingredients.

. Autoclave 30 min at 121° C in a flask with the screw-cap loosened about one half turn.

. While still liquid dispense 5 ml of medium per 16 x 125 mm screw-capped test tube. Place on
a 15° horizontal slant and cool until hardened.

. Inoculate medium from a growing culture at or near peak density using an inoculating loop.
The inoculum should be spread from the base of the slant to within no more than 1 cm of the
top of the slant by a back and forth motion.

. Keep cap loosened one half turn and incubate at 20-25° C under 50-100 pEin/m?/s. Incubate
under a 14/10 h light-dark cycle.

. For routine maintenance subculture every 1-4 wk. The light intensity, photoperiod and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL
Proteose Agar Medium [1]

. Medium ingredients should be added in the sequence listed. If a the name of a company is
listed with a specific component, the medium component should be obtained from the
company to assure growth.

. Medium formulation:

Proteose peptone (Difco #0120) .. ... .. ... ... . . ...... 1.0g
AGaT o e e 15.0 g
Bristol's Solution (see below) . .. .. ... ... .. . . o, 1.0L

Bristol’s Solution

NaNQ, stock solution (2.5g/100ml) . .................. 10.0 mi
CaCl, stock solution {0.25g/100ml . . ... ............... 10.0 ml
MgSO0,-7H,0 stock solution (0.75g/100ml) . . ... .......... 10.0 ml
K,HPO, stock solution {0.75g/100ml} . ... ... ........... 10.0 ml
KH,PO, stock solution (1.75¢/100ml) . ................. 10.0 ml
NaCl stock solution (0.25g/100ml) . . ... ... ... ... . . .... 10.0 ml
Glass distilled H,O . . . .. ... ... .. ... . . o 940.0 mi

Filter sterilize using a 0.2um filter.
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*All stock solutions are prepared in glass distilled H,0. Add a drop of 1.0% FeCl,
solution or 2.0 ml of minor element solution {see [2]).

Use low heat to dissolve ingredients.

Autoclave 30 min at 121° C in a flask with the screw-cap loosened about one half turn.

. While still liquid dispense 5 ml of medium per 16 x 125 mm screw-capped test tube. Place on

a 15° horizontal slant and cool until hardened.

6. Inoculate medium from a growing culture at or near peak density using an inoculating loop.
The inoculum should be spread from the base of the slant to within no more than a cm of the
top of the slant by a back and forth motion.

7. Keep cap loosened one half turn and incubate at 20-25° C under under 50-100 yEin/m?/s.
Incubate under a 14/10 h light-dark cycle.

8. For routine maintenance subculture every 1-4 wk. The light intensity, photoperiod and

incubation temperature will affect the transfer interval. Some strains can be maintained for

several weeks past peak density and can be transferred at less frequent intervals.

oW

COMMENTS

The agar slant should not reach the neck of the test tube. The length of the slant should be
between 6-8 cm for a 16 x 125 mm screw-capped test tube.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook.
American Type Culture Collection, Rockville, MD, 98 pp.
2. Trelease, SF & Trelease, H 1935. Changes in hydrogen-ion concentration of culture solutions containing
nitrate and ammonium nitrogen. Am. J. Bot. 22:520-542.
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CULTIVATION OF SELECTED
PRASINOMONADS

Thomas A. Nerad’ and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many genera of prasinomonads can be easily cultivated. The protocols for the axenic and non-
axenic cultivation of several marine and freshwater prasinomonads are provided below.

PROTOCOL

Freshwater, Xenic, Nephroselmis, Pedinomonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Bold's Basal Medium [1]

Solution 1 (see below) . . .. ... .. . .. . .. ... i 10.0 ml
Solution 2 (see below) . . . . . . . .. e 10.0 mi
Solution 3 (see below) . . . ... ... . . . ... . e 10.0 ml
Solution 4 (see below) . ... .. ... ... . .. ... .. 10.0 mi
Solution 5 (see below) . . . . ... ... .. . .. . . 1.0 mi
Solution 6 (see below) . .. ... ... ... ... . . .. ... 0, 7.0 ml
Solution 7 (see below) . . . . .. ... ... e 1.0 mi
Solution B (see below) . . . .. .. ... . . e 1.0 mi
Glass distilled H,O ... ... ... ... . . . . 956.0 ml
Solution 1
CaCl,2H,0 . .. e 25¢g
Glass distilled H,O0 .. . . ... ... . 1.0L

Filter sterilize using a 0.2um filter.

Solution 2

NaNO, . .. e 25049
Glass distilled H,O . . ... ... ... . ... ... 1.0L

Filter sterilize using a 0.2um filter.
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Solution 3
MgSO,7H, 0 . . . e 75¢
Glass distilled H,O .. ........ ... ... . o 1.0L
Filter sterilize using a 0.2um filter.

Solution 4
NaCl . . e e e 25¢
KoHPO, o e 754
KH,PO, . . e e 17.5 ¢
Glass distilled H,O . .. ... .. 1.0L
Filter sterilize using a 0.2um filter.

Solution 5
EDT A . e e 50.0¢g
KOH e e e e 31.0g
Glass distilled H,O . . ... ... . .. 1.0L
Filter sterilize using a 0.2um filter.

Solution 6
FeSO,. 7H,0 . . . . . 498 g
Acidified H,0* . . . ... .. 1.0 L
*1.0 ml of concentrated H,S0O, dissolved in 1.0 L distilled H,0

Solution 7
HoBO, o o 11.42 g
Glass distilled H,O . . . ... ... ... . 1.0 L
Filter sterilize using a 0.2um fiiter.

Solution 8
ZnSO,7H,O o 8.82g¢
MnClL-4H,0 . . . . 1.44 g
MoO, . o e e 0.71 ¢
CuSO,BH,O . . . . e 1.57 g
CoNOBH,O .. .. . e 0.49 g
Glass distiled H,O .. ...... ... .. . i 1.0 L

Filter sterilize using a 0.2um filter.

. Autoclave solution 8 for 15 min at 121° C to dissolve the components. Allow to cool.

. Add solutions in the order indicated to glass distilled H,0 while stirring.

. Filter sterilize using a 0.2um filter,

. Aseptically dispense 5.0 ml of medium per 16 x 125 mm screw-capped test tubes.

. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m?®/s

irradiance. Maintain under a 14/10 h light/dark photoperiod.

. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and

incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.
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PROTOCOL

Freshwater, Axenic, Monomastix, Pedinomonas, Tetraselmis

Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

Medium formulation:

C Medium [3]
CalNO, ) 4H, 0 . . .. 150.0 mg
KNO, . . e e 100.0 mg
B-Na, glycerophosphate . . .. .......... ... ... ...... 50.0 mg
MgSO,7H,0 . . o e e 40.0 mg
Vitamin Solution (see below) . . . . . ... ... ... ... ... ..., 1.0 mi
PIV Metals Solution (see below) . . . .. ...... ... ... ..... 3.0 ml
TS e e 500.0 mg
Glass distilled H,O ... ... ... e 996.0 ml
Vitamin Solution
Vitamin B,, . ... .. e 0.1 mg
Biotin . . . . . e e e 0.1 mg
Thiamine HCI . . . . . . . . e 10.0 mg
Glass distilled H,O . . . .. ... ... . 1.0L
PIV Metals Solution [4]

FeCl.-BH,O0 ... ... . 196.0 mg
MNClLe4H,0 . ... e 36.0 mg
ZnSO,7TH,O L o o 22.0 mg
CoClLBH,0 . ... . e e 4.0 mg
Na,MoO,2H,0 .. ... . .. . 2.5 mg
Na,EDTA2H,0 . . . . . . 1.0g

Glass distilled H,O . ... ... .. 1.0L

Filter sterilize using a 0.2um filter.

Adjust pH to 7.5 and dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.
Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.
Inoculate medium with 0.1 ml from a growing culture at or near peak density.

Loosen cap one half turn and incubate at the appropriate temperature under 50-100 pEin/m®/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

The transfer interval will vary with the strain cultivated. The light intensity, photoperiod and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.
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PROTOCOL
Marine, Axenic

Mantoniella, Micromonas,
Nephroselmis, Pyramimonas, Tetraselmis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

AF-6 Medium [6]

NaNO, . .. . e e e 140.0 mg
NHNO, . ... e 22.0 mg
MgSO,7H, O . .. . e 30.0 mg
KH,PO, . . o e 10.0 mg
KHPO, « o e 5.0 mg
CaCl2H,0 .. .. o e 10.0 mg
Fe-Citrate . . . . v e e e e e e e 2.0 mg
Citric acid . . . . . e 2.0 mg
MES* {Sigma M8250) . . ... . .. . i it 400.0 mg
Vitamin Solution . . . . . . . . e 1.0 m!
PIV Metals Solution . . . ..« . o i e e e e 3.0 ml
Glass distilled H,O . . .. ... .. ... . 996.0 ml

*MES = {2-[N-Morpholinolethanesulfonic acid)

Vitamin Solution

Biotin . . .. e e e e e e 2.0 mg
Thiamine HCI . . . . . . . . e e e e 10.0 mg
Vitamin By . . . . . . . e 1.0 mg
Vitamin By, ... ... 1.0 mg
Glass distiled H,O . . ... ... ... ... . . . . 1.0L
Dissolve vitamins in glass distilled H,0 and store in 10.0 ml aliquots at -20° C until
needed.

PIV Metals Solution [4]

FeCl6H,0 . . . . . . 196.0 mg
MNCLe4H,0 . . o e 36.0 mg
ZnSO,7H,0 Lo 22.0 mg
CoClLeBH, 0 .. ... 4.0 mg
Na,MoO,2H,0 .. .. ... . 2.5 mg
Na,EDTA2H,0 . . . .. . e 1.0g

Glass distilled H,O . .. ... ... . . .. . . . ... 1.0L

Filter sterilize using a 0.2um filter.

3. Adjust pH to 6.6 with 1N HCI or 1N NaOH and dispense in 5.0 ml aliquots to 16 x 125 mm
screw-capped test tubes.

4. Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.

5. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 uEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.
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7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL
Marine, Xenic
Mantoniella, Micromonas
Nephroselmis, Pyramimonas, Tetraselmis

1. Medium ingredients should be added in the sequence listed. [f the name of a company is listed
with a specific component, the medium component should be ohtained from the company to
assure growth.

2. Medium formulation:

HESNW Medium (2]

Vitamin Solution {see below} . . ... ... ... ... . . ... .. ... 1.0 ml
Enrichment Solution {(see below)} .. ... ... ... .... .. .... 10.0 mi
Natural seawater® . . . . . . . . . . . e e e 989.0 ml

Thiamine HCI . . . . . . . . . e 100.0 mg
Vitamin By, ... o e 2.0 mg
Biotin . ... e e e e 1.0 mg
Glass distiled H,O .. . ... ... . . e e 1.0L

Filter sterilize using a 0.2um filter. Dispense in 10.0 ml aliquots and store frozen at
-20° C until needed.

Enrichment Solution

Na,EDTA2H,O . . .. . 0.553 ¢
NaNO, o 4.667 g
Na,SiO-0H,0 . .. .. 3.000 g
3-Na, glycerophosphate . . ... ...................... 0.667 g
HBO, . . e 0.380 g
Fe(NH,),(SO,),6H,0 .. ... .. . . . i 0.234 g
FeClLeBH, O . .. . . e 0.016 g
MnSO,4H,0 . ... . e 0.054 g
ZnSO,7H,O . o 7.3 mg
CoSO,7H,O0 . . . . e 1.6 mg
Glass distilled H,O . .. ..., . ... .. . . . . 1.0 L
After addition of the Na,Si0,.9H20 neutralize the solution with TN HCI. Repeat filtration
phase.

*Natural seawater can be obtained from Marine Biological Laboratory in Woods Hole,
MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802. To each liter
of natural seawater add 5.0 g of activated carbon powder, shake and leave overnight.
Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon will
remove potentially toxic organic contaminants.

3. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.
4, Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.
5. Inoculate medium with 0.1 ml! from a growing culture at or near peak density.
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6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 pEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.

7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

PROTOCOL

Marine, Axenic, Tetraselmis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Tetraselmis Medium
(R Lewin, personal communication)

Na glutamate . . . . . . . . . e e e e 1.7 g
R-Na, glycerophosphate . . ... ........... ... ... ..... 0.1¢
Vitamin Solution (see below) . . . . .. . ... . .. . . o 10.0 mi
Trace Element Solution (see below) . .................. 1.0 ml
Natural seawater® . . . . . . . . . . . .. e 750.0 ml
Glass distilled H,O . ... ... ... ... ... .. ... L 239.0 ml
Vitamin Solution
Vitamin By, ... 1.0 mg
Thiamine HCI . . . . . . . . . o e s e e e 1.0g
Glass distilled H,O . .. ..., ... ... . e 100.0 mi

Filter sterilize. Dispense in 10.0 ml aliquots and store at -20° C until needed.

Trace Element Solution

Na,EDTA . . . e 400.0 mg
FeCl-6H,O0 . . . .. . . 19.6 mg
MnSO,4H,0 . . .. e 65.6 mg
HBO, . . e 456.0 mg
ZnSO,7H, 0 . . 8.8 mg
CoSO,-7H,0 . . . . 1.92 mg
Glass distilled H,O . . .. ... ... ... ... .. . 100.0 ml

*Natural seawater can be obtained from Marine Biological Laboratory in Woods Hole,
MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802. To each liter
of natural seawater add 5.0 g of activated carbon powder, shake and leave overnight.
Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon will
remove potentially toxic organic contaminants.

3. Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes.

4. Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.

5. Inoculate medium with 0.1 m| from a growing culture at or near peak density.

6. Loosen cap one half turn and incubate at the appropriate temperature under 50-100 yEin/m?/s
irradiance. Maintain under a 14/10 h light-dark photoperiod.
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7. The transfer interval will vary with the strain cultivated. Light intensity, photoperiod, and
incubation temperature will affect the transfer interval. Some strains can be maintained for
several weeks past peak density and can be transferred at less frequent intervals.

COMMENTS

Representatives of the genera Mantoniella [5] and Pterosperma [6] can be maintained axenically in
media not detailed here. Artificial seawater may be substituted for natural seawater. There are
many sources for artificial seawater mixes. These mixes may vary in quality from lot to lot.
Medium perpared with a new lot of artificial seawater should be tested in parallel with a medium
prepared with a currently used lot to determine if it supports equivalent growth.

LITERATURE CITED
1. Bischoff, HW & Bold, HC 1963. Phycological Studies. IV. Some algae from Enchanted Rock and related
algal species. The Univ. of Texas Pub. No. 6318. 95 pp.
2. Harrison, PJ, Waters, RE & Taylor, FJR 1980. A broad spectrum artificial seawater medium for coastal
and open ocean phytoplankton. J. Phycol. 16:28-35.
3. Ichimura, T 197 1. Sexual cell division and conjugation-papitla formulation in sexual reproduction of
Closterium strigosum. In: Proc. 7th Inter. Seaweed Symp., pp. 208-214.
4. Provasoli, L & Pinter, IJ 1959. Artificial media for fresh-water algae: Problems and suggestions. In: The
Ecology of Algae, Tryon, CA & Hartmann, RT, ed., pp. 84-96.
5. Thompson, AS, Rhodes, JC & Pettman, | 1988. Culture Collection of Algae and Protozoa Catalogue of
strains 1988. Culture Collection of Algae and Protozoa, Freshwater Biological Association, Cumbria, United
Kingdom. 164 pp.
6. Watanabe, MM & Satake, KN 1991. NIES-Collection List of Strains. 3rd edition. Microalgae and Protozoa.
The National Institution of Environmental Studies, Tsukuba, Japan 163 pp.
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A-20.1
CULTIVATION OF CHOANOFLAGELLATES

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

There are both freshwater and marine representatives of choanoflagellates. Some species are
planktonic and others are found in shallow waters. The planktonic forms do best when cultivated
in medium that supports low densities of bacteria while other forms do best when cultivated with
high densities of bacteria. There have been reports of axenic cultivation of choanoflagellates [1]
but only protocols for bacterized cultivation are given below.

PROTOCOL

Marine, Planktonic, Acanthoecopsis, Diaphanoeca

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component shouid be obtained from the company to
assure growth.

2. Medium formulation:

Marine Flagellate Medium [2]

Filter sterilized artificial seawater® . ... ... .. .. ... ...... 15.0 ml
Autoclaved rice grains (Uncle Ben’s
Natural Whole Grain Rice**) .. ........ ... . ... ..... 20g¢g

*Can be obtained from a grocery store.

**There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.

3. Fill a 20 x 150 mm screw-capped test tube approximately '/, full with rice grains. Autoclave at
121° C for 20 min. Loosen cap one half turn prior to autoclaving.

4. Prepare artificial seawater according to package directions. Filter sterilize.

5. Add 15.0 ml aliquots of seawater to T-25 tissue culture flasks and then aseptically add two
rice grains.
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6. Vigorously agitate the culture to be transferred and aseptically transfer 0.1 ml to a fresh flask
of medium. Screw caps on tightly. The incubation temperature will vary with the strain.
Incubate at 4-10° C for Acanthoecopsis, or 4-18° C for Diaphanoeca.

7. Transfer at 14-28 d intervals,

PROTOCOL

Marine, Monosiga

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater® . . . ... e e 500.0 ml
2x Cereal modified grass
infusion medium ({see below) . .. ... ... ... ... . ..., 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves™* . . ... ... . ... ... 5.0
Glass distiled H,O . . . . ... ... ... . . 1.0

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sell Cereal Leaves Product (cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.

5. Combine equal amounts of the solution prepared in steps 3 and 4. Autoclave for 15 min at
121° C. Allow to cool.

6. Aseptically distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes
and inoculate with Klebsiella pneumoniae approximately 24 h prior to inoculation with protists.
Loosen caps one half turn and incubate at 25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

8. Incubate at 25° C for 7-14 d and repeat steps 6-8.
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PROTOCOL
Freshwater, Monosiga, Salpingoeca

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves® . ... ... ... . ... .. ... 25¢g
Na,HPO, .. .. . e 05g
Glass distilled H,O . . . ... ... . . 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sell Cereal Leaves Product {(cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

5. Filter through Whatman #1 filter paper.

6. Add 0.5 g Na,HPO,.

7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.

9. Medium formulation (Part 2):

Agar Medium for Klebsiella pneumoniae

Yeast extract (Difco #0127) . ... . . . i i 40 g
GlUCOSE . . . o e e e 0.16g
AQar e e 200 g
Glass distilled H,O . . . .. ... .. .. 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
(5-9° C). Subculture every 3-4 wk.

13.Inoculate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

14.Aseptically add 0.1 ml of a growing protist culture which is at or near peak density to a tube
of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly.
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COMMENTS

The strain of Aerobacter aerogenes used by TM Sonneborn [3] for the cultivation of paramecia.
Recent changes in bacterial systematics have determined it to be a non-pathogenic strain of
Klebsiella pneumonijae. For best results it is important to use only an equivalent X. pneumoniae
strain as the added food source. Although the protists can be grown with other bacterial species
present, one should passage the cultures using aseptic techniques to avoid the introduction of
unfavorable bacterial species. Periodically the bacterial stock culture of K/ebsiella should be tested
to assure its purity.

LITERATURE CITED
1. Gold, K, Pfister, RM & Liguori, R 1970. Axenic cultivation and electron microscopy of two species of
Choanoflagellida. J. Protozool. 17:210-212
2. Nerad, TA ed. 1991. American Type Culture Collection Catalogue of Protists, 17th edition, American Type
Culture Collection, Rackville, MD 88 pp.
3. Sonneborn, TM 1850. Methods in the general biology and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-148.
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CULTIVATION OF PROTEROMONAS

Pierre-Marc Daggett' and Thomas A. Nerad *

5907 Montrose Road C402, Rockville, MD 20852 and
’Protistology Department, American Type Culture Collection,
123017 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Only a single species of proteromonad is reported to have been isolated and cultured,
Proteromonas lacertae [1). The species living in the cloaca of lizards was adapted to grow on a
medium developed by Louis S. Diamond for the axenic cultivation of trichomonads. Whether the
same medium will support the growth of other species is unknown, but Jaroslav Kulda details the
approach used for both isolation and axenization of the lizard species [1]. The approach could be
used in attempts to culture other species.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company for
the best or even to obtain any growth.

2. Medium formulation:

Trypticase (BBL #11921) . .. ... . . i i i i 200 g
Yeast exXtract . . . . v v i i e e e e e e e 10.0 g
Maltose . . ... . i e e e e e 50¢g
L-Cysteine hydrochloride . ............. ... ........ 1.0g
L-Ascorbic acid . . . . . . . . . e e 0.2g¢g
KoHPO, . o e e 0.8¢g
KH, PO, . . e 0.8g
Noble Agar (Difco #0142) . . . . . @ . . i it it 05q¢g
Glass distilled H,O . ... ... ... ... . . . 900.0 ml

. Add all the dry materials except the agar to the glass distilled H,0.

. Adjust to pH 7.0 with 20% NaOH.

. Add the agar and heat to dissolve.

. Dispense 9.0 ml of medium per 16 x 125 mm screw-capped test tube.

. Autoclave 15 min at 121° C. Leave caps loosened about one half turn while autoclaving.
Tighten the caps immediately upon removing the tubes from the autoclave. Cool medium
before use.

NO Ol W
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8. Just prior to use add 0.5 ml of heat-inactivated horse serum. To heat inactivate the horse
serum aseptically dispense 50.0 ml into a 125 ml screw-capped bottle. Immerse the bottle to
a level just above the serum in a water bath set at 56° C for 30 min.

9. Inoculate medium with 0.1 m! from a growing culture at the end of logarithmic growth or just
beginning stationary phase.

10.Tighten cap and incubate at 20-22° C.

11.For routine maintenance subculture every 10-14 d.

COMMENTS

Kulda reports an equal amount of Tryptone L 42 {Oxoid) can be substituted for Trypticase. The
substitution has not been tested by the authors of the protocol. The medium can be stored for
10 d at 4° C, Celis grow poorly or not at all in medium older than 10 d. Keep tubes tightly
capped at all times.

LITERATURE CITED

1. Kulda, J 1973. Axenic cultivation of Proteromonas lacertae-viridis. J. Protozoo!. 20:536.
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CULTIVATION OF TRICHOMONADS

Pierre-Marc Daggett' and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
*Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

There are several media for the axenic cultivation of trichomonads. Two of the more commonly
used are detailed here. Among the best have been those developed by Louis S. Diamond [1].
The cultivation methods for Dientamoeba and Trichomonas tenax are similar to those for
Entamoeba and are detailed with these amebae. [n fact, these amebal media will support the
growth of many trichomonads, but will not be repeated here.

PROTOCOL
TYM Medium

1. Medium ingredients should be added in the sequence listed. If a the name of a company is
listed with a specific component, the medium component should be obtain from the company
for the best or even to obtain any growth.

2. Medium formulation:

Basal Medium

Trypticase (BBL #11921) . .. ... . . i i i 20.0 g
Yeast €XtraCt . . . . o v it e e e e e 10.0 g
Maltose .. .. .. . e 5.0 g
L-Cysteine hydrochloride . ........... ... ... .. ..... 1.0 ¢
L-Ascorbic acid . ... ... . . . ... e 0.2 ¢
KOHPO, .« o 0.8 g
KH, PO, . . . e e 0.8 g
Noble Agar (Difco #0142) . .. ... . . .. i, 0.5 g
Glass distilled H,O . . .. .. ... . . 900.0 ml

. Add all the dry materials except the agar to the glass distilled H,0.

. Adjust pH with 20% NaOH. See Table 1 for pH used.

. Add the agar and heat to dissolve.

. Dispense 9.0 ml of medium per 16 x 125 mm screw-capped test tube.

. Autoclave 15 min at 121° C. Leave caps loosened about one half turn while autoclaving.
Tighten the caps immediately upon removing the tubes from the autoclave. Coo! medium
before use.

8. Just prior to use add 0.5 m! of heat-inactivated serum required for the species/strain. See

Table 1 for the serum to be used. To heat-inactivate serum, aseptically dispense 50.0 ml into

NOoO O & W
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a 125 ml screw-capped bottle. Immerse covering the serum volume in a water bath set at
56° C for 30 min.

9. Inoculate medium with 0.1 ml from growing stock culture at end of logarithmic growth or just
entering stationary phase.

10.Tighten cap and incubate at 35° C.

11.For routine maintenance subculture every 48-96 h depending upon the species and strain.

TABLE 1

The pH of the medium and the serum used influence optimum growth of strains. Usually pH is
more important. Possible combinations which are known to support certain strains are listed in
this table.

pH Serum Genus

6.0 Horse Trichomonas

6.0-6.5 Lamb + Pentatrichomonas, Trichomonas,
0.1 ml Dubos Tritrichomonas

Serum (Difco #0292)

7.0 Horse Pentatrichomonas, Trichomonas, Tritrichomonas
Lamb Hypotrichomonas

7.2 Horse Trichomonas, Tritrichomonas
Lamb Hypotrichomonas, Tetratrichomonas, Trichomitus,

Trichomonas, Tritrichomonas

PROTOCOL
CTLM Medium [2]
(Monocercomonas, Tetratrichomonas, Trichomonas, Tritrichomonas)

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company for
the best or even to obtain any growth.

2. Medium formulation:

Basal Medium

Liver Infusion Broth (Difco #0269) .................... 250.000 ml
10x Ringer Salt Solution {see below} .................. 75.000 ml
Tryptose (Difco #0124) . . . . . . . . . . e 25.000 g
L-Cysteine HCI . . . . .. ... . . i e e 1.750 g
Maltose . . ... . e e e e 1.250 ¢g
L-Ascorbic Acid . . . ... .. . . . e 0.250 g
NaHCO, . ... .. e e e e e 0.075 ¢g
AQAr . e e 1.150 g

Glass distiled H,0 ... .. ... ... ... . . . .. ... .. 675.000 ml
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10x Ringers Salt Solution

NaCl .. e e e e 8.00 g
O 0.42 g
CaCl, ... e e e 0.24
Glass distilled H,O . ........ ... . i 100.00 mi

3. Add all the dry materials except the agar to the glass distilled H,0.

4. Adjust pH with 20% NaOH to 6.0 for Tetratrichomonas gallinarum and Trichomonas vaginalis,
7.0 for Monocermonas, 7.3 for Trichomonas gallinae, 7.5 for Tritrichomonas foetus.

. Add the agar and heat to dissolve.

. Dispense 9.0 ml of medium per 16 x 125 mm screw-capped test tube.

. Autoclave 15 min at 121° C. Leave caps loosened about one half turn while autoclaving.
Tighten the caps immediately upon removing the tubes from the autoclave. Cool medium
before use.

8. Just prior to use add 0.5 ml of heat-inactivated horse serum. To prepare heat-inactivated
serum, aseptically dispense 50.0 ml into a 125 ml screw-capped bottle. Immerse to a level
sufficient to cover the serum in a water bath set at 56° C for 30 min.

9. Inoculate medium with 0.1 ml from growing culture at or near peak density.

10.Tighten cap and incubate vertically at 35° C.

11.For routine maintenance subculture every 48-96 h depending upon the species and strain,

~N O ol

COMMENTS

The medium can be stored for about 7-10 d under refrigeration at 5-9° C without the serum
component. Cells grow poorly or not at all in older medium. Keep tubes tightly capped at all
times.

LITERATURE CITED
1. Diamond, LS 1957. The axenic cultivation of various trichomonads of animals and man. J. Parasitol.
43:488-490.

2. McEntegart, MG 1954. The maintenance of stock strains of trichomonads by freezing. J. Hyg. 52:545-
550.
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A-23.1
CULTIVATION OF FREE-LIVING
DIPLOMONADS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Two free-living diplomonads, Trepomonas agilis and Hexamita inflata, can be cultivated in
monoprotist culture in media with starch and mixed bacteria as food sources. Only one
diplomonad other than Giardia has been axenically cultivated [1,2].

PROTOCOL

Axenic, Hexamita inflata

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Peptone . . .. e e e e 5.0g
Yeast eXtraCt . . . . . i e e e e e e e e 1.0g
GIUCOSE . i . e e e 20g¢g
Cysteine-HCl . . . . . .. . e e 0.2 ¢
Artificial seawater . . . . . .. ... e 900.0 ml

g
O 06 g
CaCl,2H,0 oo e 1.0 g
MaCL:2H,0 . .. . e 29 g
Na,SO, . .« oo e e 20 g
MgSO,7H, 0 . .. e 20 g
Na,HPO, . . . .o 0.1 g
KH,PO, . o e 0.005 g
NaHCO,; .. .. e 0.03 g
Glass distilled H,O ... ....... ... ... ... ... .. 1.0 L

3. Adjust pH to 7.5.
4. Dispense 9.0 ml of medium per 16 x 125 mm screw-capped test tube.
5. Autoclave 30 min at 121° C.
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6. Allow medium to cool and add 1.0 ml heat-inactivated bovine serum {(56° C for 30 min) to
each tube.

7. Aseptically inoculate a 0.1 ml aliquot of a growing culture into a fresh tube of medium.

8. Incubate at 15-20° C for 2-3 d and repeat step 7.

PROTOCOL
Xenic, Trepomonas agilis

1. Media ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

{TYGM-9 Medium)

KHPO, . . o 28¢g
KH,PO, ... ... .. S 049
Casein Digest (BBL #97023) . .. . ...« ... . . i 20g
Yeast Extract (BBL #11928}) .. ... ... ... .. ... 1.0 g
NaCl . . e e e e e e e 759
Gastric Mucin {USB #16030) . ... .. ... ... ..., 20g
Glass distiled H,O . ...... ... . ... . .. . 970.0 ml

3. Autoclave for 15 min and allow to cool.

4. Add 30 ml heat-inactivated {56° C for 30 min) bovine serum and 0.5 ml sterile Tween 80
solution {(10% v/v in absolute ethanol, filter-sterilize with a nucleopore filter).

5. Aseptically dispense 8.0 ml per 16 x 125 mm screw-capped test tube.

6. Aseptically add 0.5 ml per tube of rice starch suspension prepared as follows: Heat sterilize
0.5 g rice starch {BDH chemicals Ltd.{#30263)-available from Gaillard Schlesinger Inc., Carle
Place, Long Island, NY) at 150° C for 2 h. After sterilization aseptically add 9.5 ml of sterile
phosphate buffered saline (PBS) solution (see below) at pH 7.4. PBS should be added just
prior t0 use and extra rice starch suspension should not be kept.

PBS
NaCl .. e 0.85 g
KH,PO, . . . e 0.53 g
KHPO, o 1.06 g
Glass distiled H,O . . ... ... ... . .. . . . .. 100.0 ml

Autoclave at 121° C for 15 min.

7. Inoculate tube medium aseptically with 0.1 ml from growing stock culture.
8. Tighten cap and incubate on a 15° horizontal slant at 25° C.
9. For routine maintenance subculture weekly.
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Xenic, Hexamita inflata

1. Medium ingredients should be added in the sequence listed. |f the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation (Part 1):

TYGM-9 Medium (see previous protocol) . ... ............ 3.0 mi
Cereal grass infusion medium . . . ... ... ... .. . ..., 3.0 ml

Cereal Grass Infusion Medium
Powdered cereal grass leaves™* .. ... ... ... . .. ... ...
Na,HPO, .. ... .. o
Glass distilled H,0 . . .. ... .. .

—2opn
owm
ro o

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sell Cereal Leaves Product (cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

. Prepare TYGM-9 as in the protocol above for Trepomonas agilis.

. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

. Filter through Whatman #1 filter paper.

. Add 0.5 g Na,HPO,.

. Autoclave for 30 min at 121° C. Allow to cool.

. Thoroughly suspend the starch in TYGM-9 medium and combine 3.0 ml with 9.0 ml| bacterized
cereal grass infusion medium in a 16 x 125 mm screw-cap test tube.

10.Medium formulation (Part 2):

LCoNOMOL AW

Agar Medium for Klebsiella pneumoniae

Yeast Extract (Difco #0127) . .. .. .. . ... . . .. . o 40 ¢
GIUCOSE . . . . e 0.16 g
Agar . e e 200 g
Glass distiled H,O . ... ... ... ... ... ... . . . .. ..., 800.0 ml

11.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

12.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

13.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

14.Inoculate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

15.Inoculate tube of medium aseptically with 0.1 ml from a growing stock culture.



Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-23.4

16.Tighten the cap and incubate on a 15° horizontal slant at 25° C.
17.For routine maintenance subculture at 3-4 d intervals.

COMMENTS

The medium for the axenic cultivation of Hexamita can be used for initial establishment of an
axenic culture. Once established a simpler medium reported by Khouw and McCurdy, Jr. [1] can
be used. Details of the temperature range, pH tolerance and salinity tolerance of Hexamita inflata
are reported in Khouw and McCurdy, Jr. [1].

LITERATURE CITED
1. Khouw, BT & McCurdy, HD, Jr 1968. Nutritional studies of a flagellated protozoan Hexamita inflata from
the Canadian oyster, Crassostrea virginica. Can. Microbiol. 14:817-82.
2. Khouw, BT, McCurdy, HD, & Drinnan, RE 1968. The axenic cultivation of Hexamita inflata from
Crassostrea virginica. Can. J. Microbiol. 14:184-185.
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CULTIVATION OF FREE-LIVING

BODONIDS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many bodonids can be readily cultivated as monoprotist cultures with bacteria as the food source.
Members of the genera Bodo, Cryptobia and Rhynchomonas are encountered in both freshwater
and seawater environments. Cruzefla and Dimastigella have only been reported from seawater
and freshwater respectively. Only members of the genus Bodo have been established in axenic
culture [11.

PROTOCOL

Freshwater, Xenic
Bodo, Cryptobia, Dimastigella, Rhynchomonas

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . ... .. ... ... . .. .. ..., 2.5¢
Na,HPO, . . . . 0bg
Glass distilled H,O . . . . .. .. e 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophy! Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, *Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.0O. Box 14508, St.
Louis, MO 63178 sell Cereal Leaves Product {cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.
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4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

5. Filter through Whatman #1 filter paper.

6. Add 0.5 g Na,HPO,.

7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.

9. Medium formulation (Part 2):

Agar Medium for K/ebsiella pneumoniae

Yeast Extract (Difco #0127} . . . . . . . . i i e 40 g
GlUCOoSE . . . e e 0.16 g
/o =Y 20.0 ¢
Glass distitled H,O . .. ... .. 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. [ncubate 48 h at 25°% C. Then place under refrigeration
(5-9° C}. Subculture every 3-4 wk.

13.Inoculate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

14.Aseptically add 0.1 ml of a growing protist culture which is in late log or early stationary
phase to a tube of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly. -

PROTOCOL
Marine, Xenic, Cryptobia

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

Marine Flagellate Medium {2]

Filter sterilized artificial seawater* ... ... ... ... ... ..... 15.0 ml
Autoclaved rice grains {Uncle Ben’s
Natural Whole Grain Rice*™) . ... ... . ... 2049

*Can be obtained from a grocery store.

**There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.

3. Fill a 20 x 150 mm screw-capped test tube approximately '/, full with rice grains. Autoclave at
121° C for 20 min. Loosen cap one half turn prior to autoclaving.
4. Prepare artificial seawater according to package directions. Filter sterilize.
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. Add 15.0 ml aliquots of seawater to T-25 tissue culture flasks and then aseptically add two
rice grains.

. Vigorously agitate the culture to be transferred and aseptically transfer 0.1 ml to a fresh flask
of medium. Screw caps on tightly. The incubation temperature will vary with the strain.

. Transfer at 14-28 d intervals.

PROTOCOL
Marine, Xenic, Bodo, Cruzella, Rhynchomonas

. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater® . . . . . e 500.0 ml
2x Cereal Modified Grass
Infusion Medium (see below) . ... ... ... ... . ... .. ... 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves™™ . .. ... . . . ... ... 5.
Glass distilled H,O . . ... .. . 1

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
paraliel with a currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyi Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophy! is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.0O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product {cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
glass distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.

. Combine equal amounts of the solutions prepared in steps 3 and 4.

. Aseptically distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes
and inoculate with Klebsiella pneumoniae approximately 24 h prior to inoculation with ciliates.
Loosen caps one half turn and incubate at 25° C.

. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

. Incubate at 25° C for 7-14 d and repeat steps 6-8.
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Freshwater, Axenic, Bodo

. Prepare heat-killed Kl/ebsiella pneumoniae.
. Inoculate a loopful of Klebsiella pneumoniae into 5 ml of Nutrient Broth (Difco #0001).
Incubate at 35° C overnight.

3. Add 0.5 ml of bacterized broth prepared in step 2 to each of ten 1 L Erlenmeyer flasks each
containing 250 ml of Nutrient Broth. Incubate cultures at 35° C for 24 h.

4., Aseptically transfer bacterial suspensions to 500 ml screw-capped centrifuge bottles. Fill
bottles with a maximum of 400 ml. Centrifuge in a refrigerated Sorvall Centrifuge at 5000
RPM for 10 min.

5. Decant supernatant and resuspend pellets in Page’s Balanced Salt Solution (see below). Pool

all suspensions in a single bottle and centrifuge as in step 4.

N —

Page's Balanced Salt Solution

Solution 1 {seebelow) . ... .. .. . . .. . e 500.0 mi
Solution 2 {see below) . .. ... ... ... . . .. i 500.0 ml
Solution 1
Na,HPO, . . . . e 2.84 g
KH,PO, . . . 2.72 g
Glass distilled H,O . ... ... .. . . e 500.0 ml
Autoclave for 20 min at 121° C. Loosen cap one half turn prior to autoclaving.
Solution 2
M@SO,7H,O0 . . . 8.0 mg
CaCl,2H,0 . . . o e 8.0 mg
NaCl . e e e e e 0.24 ¢
Glass distilled H,O . ... .. ... . . 500.0 mg

Autoclave for 20 min at 121° C. Loosen cap one half turn prior to autoclaving.
When both solutions have cooled mix 1:1.

6. Discard supernatant and resuspend pellet in Page’s Balanced Salt Solution (final volume of cell
suspension should be equal to approximately 400 ml)

7. Repeat step 6 twice more.

8. Resuspend the final pellet in less than 100 ml of Page’s Balanced Salt Solution. Make sure
cells are thoroughly suspended.

9. Transfer to a 125 ml screw-capped serum bottle and dilute to a final volume of 100 ml with
Page’s Balanced Salt Solution.

10.Do a serial dilution of the suspension prepared in step 9. Carry dilution out to 107 dilution.
Plate 0.1 ml aliquots in triplicate from the 107 -10° dilution tubes. Place the aliquots in the
center of 100 mm petri plates and spread evenly over the surfaces with a spread bar.
Incubate plates at 35° C overnight.

11.Place bottle prepared in step 9 in a 60° C water bath to a level such that the liquid level of
the water bath is above that of the suspension in the bottle. At 10 min intervals swirl the
bottle. Incubate for a total of 30 min Allow the bottle to cool to room temperature. This
treatment should kill all bacterial cells.

12.As a check for viable cells, add 3 drops of the cell suspension prepared in step 11 to the edge
of a 100 mm petri plate. Place the plate vertically to allow the drops to move to the opposite
edge. Incubate plate at 35° C for 48 h.

13.Determine bacterial cell concentration from plates prepared in step 10.



Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-24.5

14.Medium ingredients should be added in the sequence listed. If the name of a company is
listed with a specific component, the medium component should be obtained from the
company to assure growth.

15.Medium formulation:

Cereal Grass {nfusion Medium and Vitamins
Cereal grass infusion
medium {see below) ... .. ... .. . ... . ... . 990.0 ml
Vitamin solution {see below} . . ... ... . ... ... ... .. ... 10.0 mi

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . .. ... .. .... ... ... . ... 2.5¢g
Na,HPO, . . . . o 05¢g
Glass distilled H,O . . . ... .. . ... .. ... 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sell Cereal Leaves Product {cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

Vitamin Solution

Calcium pantothenate . ... .. ... . i 0.05 g
Nicotinamide . . . .. . i it it it e e e e e 005 g
PyridoxalsHCIl . . . . . . . e e e 0.05 g
PyridoxamineHCl . . . .. . . . i i i e 0.025 g
Riboflavin . . . . . . . e e e 0.05 g
Folicacid ... ... . . . . . e 0.025 g
Thiamine:HCI . . . . .. . e e 0.15 g
BIOtin . e e e e e e 0.0125 mg
DL-Thioctic acid . . .. . .. o it e e e e e e e 0.5 ml
Glass distiled H,O . ... ... . i 100.0 ml

16.Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

17.Add glass distilled H,0 to compensate for H,0 lost by evaporation.

18.Filter through Whatman #1 filter paper.

19.Add 0.5 g Na,HPO,.

20.Add 10.0 ml of Vitamin Solution to 980.0 m! of grass infusion medium.

21.Dispense 5.0 ml of medium per 16 x 125 mm screw-capped test tube.

22.Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.

23.Add volume of the heat-killed bacteria to cereal grass infusion medium to bring the final
concentration to 10° bacteria/ml.

24.Inoculate 0.1 ml of a culture of Bodo at peak density.

25.Incubate tube with cap loosened one half turn on a 15° horizontal slant.

26.Transfer every 7-10 d by repeating steps 23-25.
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COMMENTS

The strain of Aerobacter aerogenes used by T.M. Sonneborn [3] for the cultivation of paramecia.
Recent changes in bacterial systematics have determined it to be a non-pathogenic strain of
Klebsiella pneurnoniae. It is recommended a similar strain be used. For best results it is important
to use only K. pneumoniae as the added food source. Although the protists can be grown with
other bacterial species present, one should passage the cultures using aseptic techniques to avoid
the introduction of unfavorable bacterial species. Periodically the bacterial stock culture of
Klebsfella should be tested to assure its purity. Despite numerous attempts the heat-killed
bacteria used for the axenic cultivation of Bodo could not be replaced with liquid components [1].

LITERATURE CITED

1. Daggett, P-M & Nerad, TA 1982. Axenic cultivation of Bodo edax and Bodo ucinatus and some
observations on feeding rate in monoxenic cultures. J. Protozool. 29:290.

2. Nerad, TA ed. 1991. American Type Culture Collection Catalogue of Protists, 17th edition, American Type
Cutture Collection, Rockville, MD 88 pp.

3."Sonneborn, TM 1350. Methods in the general biology and genetics of Paramecium aurelia. J. Exp. 2ool.
113:87-148.
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AXENIC CULTIVATION OF CRYPTOBIA

Pierre-Marc Daggett ' and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
*Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Of the parasitic bodonids only Cryptobia species have been cultured. Those isolated from fish are
cultured similar to trypanosomatid species on blood based media. Although blood from a variety
of mammals, including humans, can be used, for practical purposes rabbit blood is used.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtain from the company to
the best or even to obtain any growth.

2. Medium formulation:

Diphasic Blood Agar Medium [1]

Beef broth powder (Difco #0131} . . ... .. v v o 250 4¢g
Neopeptone {Difco #0119) . . . . . . . . . . . i 10.0 g
NaCl . e 25¢g
AGar . e e 10.0g¢g
Glass distilled H,O . .. . .. ... 250.0 ml

3. Add 25.0 g of beef broth powder to the glass distilled H,0 and infuse by bringing to a rapid
boil for 3-5 min, stirring constantly.

4. Filter through Whatman #2V filter paper.

5. Add the remaining components and heat to boiling.

6. Once the preparation reaches boiling remove from heat and filter through Whatman #2V filter
paper.

7. Adjust to pH 7.2-7.4 with 1t N NaOH.

8. Autoclave 20 min at 121° C,

9. Cool in a 50° C water bath for 30 min and aseptically add 30% (v/v) sterile, defibrinated rabbit
blood.

10.Dispense 5 ml per 16 x 125 mm screw-capped test tube, slant and cool. This step must be
done rapidly or the preparation will begin to gel before being dispensed.

11.Aseptically add 3.0 ml per tube of sterile Locke’s Solution {see below) as an overlay.

Locke’s Solution
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O ]
KH PO, . o
GlUCoSe . . . e e e e e
Glass distilled H,O . .. .. ... ..

-NOO

CUTWN
—oea

13.Inoculate with 0.1 ml from growing stock culture.
14.Tighten cap and incubate vertically at 25° C.
15.For routine maintenance subculture weekly.

COMMENTS

If poor or no growth is obtained reduce the Locke’s Solution overlay to 1.0 ml. For larger
volumes of culture increase inoculum, medium and vessel size proportionally. The medium is
stable for approximately one month at refrigerated temperatures (5-9° C). As the medium ages
the color will change from a bright red to purple. Growth will decrease as the color changes.
The rabbit blood is defibrinated by aseptically adding sterile glass beads to a flask containing the
whole blood. The flask is then swirled gently for 10 min. The fibrin will adhere to the beads and
thereby be removed from the serum. Defibrinated rabbit blood can be obtained from Granite
Diagnostics Inc., Box 908, 1308 Rainey Street, Burlington, NC.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook.
American Type Culture Collection, Rockville, MD, 98 pp.
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A-26.1
AXENIC CULTIVATION OF INSECT
AND PLANT TRYPANOSOMATIDS

Pierre-Marc Daggett ' and Thomas A. Nerad *

'5907 Montrose Road C402, Rockville, MD 20852 and
*Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Trypanosomatid species isolated from insects or plants belonging to the genera, Blastocrithidia,
Crithidia, Herpetomonas, Leptomonas, and Phytomonas can often easily be grown on an axenic
medium developed by Hunter and coworkers [1]. For most strains cultivation at temperatures at
22-25° C will result in excellent growth. Some strains my require the supplementing of the basic
medium with heat-inactivated serum in concentrations of 5-15% (v/v). Inactivated fetal calf
serum is usually the best serum to use as a supplement. The serum should not be added to the
medium unless there is poor growth. Most species can also be grown on a blood based medium.
Blood from a variety of mamnals, including human, can be used but for practical purposes rabbit
blood is generally employed. There are many media which have been developed for the
cultivation of this group of flagellates. The media detailed in the protocols below provide good
yields for many of the genera.

PROTOCOL
Hutner’'s Medium

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Trypticase (BBL #11921) . . . . .. .. .. .. ... . . . ... 6.0g
Yeast eXtract . . . . v i e e e 1.0g
Liver concentrate NF #X! powder

(ICN Biomedicals, Inc. #100377) ... .. ... ... .. ... 0
SUCTOSE & v i e e e e e 15.
Hemin solution (see below) . .. ... ... ... ... ... ... .... 5
Glass distilled H,O .. .. ... .. ... ... ... ... 1

*Equivalent to Liver-extract concentrate (1:20).
Hemin Solution

Triethanolamine (TEA) . ... ... .. .. . .. . . . . i, 2.5 ml
Hemin . .. e e e e e e e e 25.0 mg
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Glass distiled H,O . ........ .. ... . . . .. 2.5 mi

. Adjust to pH 7.8 with 20% (w/v) NaOH.

. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

. Autoclave 30 min at 121° C. Cool medium before use.

. Inoculate a 0.1 ml aliquot from a growing stock culture at or near peak density into 5 ml of

medium.

. Tighten cap and incubate vertically at 25° C.
. For routine maintenance subculture weekly.

PROTOCOL

Mansour’'s Medium

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth,

. Medium formulation:
Beef broth powder {Difco #0131) ... ... e e e e 5.0 o]
Neopeptone (Difco #0119) ... . ... . . . . .. . ... 4.0 g
NaCl .. e e e e e e 1.60 g
O e e e e 0.04 ¢
CaCl, . . e 0.06 ¢
GlUCOSE . . i i it it i s e e e e e e e 050 g
KH,PO, . . o e e e 0.06 g
Glass distiled H,O .. ....... ... .. ... 200.0 mi

Add the beef broth powder to the glass distilled H,0 and infuse by bringing to a rapid boil for
3-5 min, stirring constantly.

4. Filter through Whatman #2V filter paper.

5. Add the remaining ingredients while stirring.

6. Heat to boiling and restore volume to 200.0 ml with glass distilled H,0.
7.
8
9
1

Adjust to pH 7.2 with 1 N NaOH.

. Filter through Whatman #2V filter paper.

Autoclave 30 min at 121° C.

0.Cool and aseptically add lysed rabbit blood solution that is prepared as follows: Mix 10 ml of

whole rabbit blood with 10 ml of glass distilled H,0 and freeze and thaw twice. By alternately
plunging into liquid nitrogen and thawing in a 35° C water bath.

11.Mix thoroughly by stirring and dispense in 5 ml aliquots to 16 x 125 mm screw-capped test

tubes.

12.Inoculate 0.1 ml from a growing stock culture into 5 ml of medium.
13.Tighten cap and incubate vertically at 25° C,
14.For routine maintenance subculture weekly.

1.

PROTOCOL
Diphasic Blood Agar Medium

Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, it should be obtained from the company to assure growth.
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2. Medium formulation:

Beef Broth Powder (Difco #0131} ... ... .. v v v i .. 25.0¢
Neopeptone {Difco #0119) . .. . ... .. . . .« ... 10.0 g
NaCl . e e e e e e e 25¢
72 o - 1 S 10.0¢g
Glass distiled H,O .. ... ... .. . ... . . i 250.0 ml

3. Add 25.0 g of beef broth powder to the glass distilled H,0 and infuse by bringing to a rapid
boil for 3-5 min, stirring constantly.

4. Filter through Whatman #2V filter paper 4.

Add the remaining components and heat to boiling.

Once the preparation reaches boiling remove from heat and filter through Whatman #2V filter

paper.

7. Adjust to pH 7.2-7.4 with 1N NaOH.

8. Autoclave 20 min at 121° C.

9. Allow to cool until the preparation may be held comfortably in the hand.

10.Aseptically add 30% sterile, defibrinated rabbit blood.

11.Dispense 5 ml per 16 x 125 mm screw-capped test tube, slant and cool. This step must be
done rapidly or the preparation will begin to gel before dispensed.

12.Add aseptically 3.0 ml sterile Locke’s Solution (see below) after cooling as an overlay.

o o

Locke’s Solution

NaCl . . e 80g
O 0.2¢g
CaCl, .. 0.2g
KH,PO, ..o e 03¢
GlUCOSE .. . . e e e e 25¢g
Glass distilled H,O . .. ... ... . . 1.0L

13.Inoculate 0.1 ml growing stock culture into 5 m! of medium,
14.Tighten cap and incubate at 25° C
15.For routine maintenance subculture weekly.

COMMENTS

A slight hemin precipitate is normal following autoclaving of Hutner's medium. In vigorous
cultures the masses of cells will be observed as a white ring at the miniscus in the culture vessel.
A film of cells will form up the sides of the vessel. If good growth is not obtained in Biphasic
Blood Agar Medium reduce the Locke’s Solution overlay to 1.0 ml. For larger volumes of culture
increase inoculum, medium and vessel size proportionally. The blood based media are stable for
approximately one month at refrigerated temperatures {5-9° C). As the medium ages the color
will change from a bright red to purple. Growth will decrease as the color changes. The rabbit
blood is defibrinated by aseptically adding sterile glass beads to a flask containing the whole
blood. The flask is then swirled gently for 10 min. The fibrin will adhere to the beads and
thereby be removed from the serum. Defibrinated rabbit blood can be obtained from Granite
Diagnostics Inc., Box 908, 1308 Rainey Street, Burlington, NC.
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A-27.1
CULTIVATION OF BACTERIVOROUS
FLAGELLATES

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
72301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many heterotrophic flagellates can be cultivated as monoprotist cultures with bacteria as a food
source [1]. Members of the genera Metopion and Massisteria have to date only been reported
from marine environments, Amphimonas and Apusomonas only from freshwaters and
Amastigomonas, Cercomonas, Heteromita, Jakoba, Paraphysomonas, Percolomonas and Spumella
from both environments.

PROTOCOL

Freshwater
Amastigomonas, Apusomonas, Cercomonas, Heteromita,
Jakoba, Paraphysomonas, Reclinomonas, Percolomonas, Spumella

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . .. ... . . .. i 2.5¢g
Na,HPO, . . . . 0b5¢g
Glass distilted H,O . . .. . . . . 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
stilt available under the name Cerophyll from Ward’'s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.0O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product {cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.
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. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

. Add glass distilled H,0 to compensate for H,O lost by evaporation.

. Filter through Whatman #1 filter paper.

. Add 0.5 g Na,HPO,.

. Dispense 5 m! of medium per 16 x 125 mm screw-capped test tube.

. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
. Medium formulation (Part 2):

OCoONOOVh~ W

Agar Medium for Klebsiella pneumoniae

Yeast €XIraCT . v v v v i i e e e e e e e e e e 4.0 g
GlUCOSE . o e e e 0.16 g
AGar . 20.0 g
Glass distilled H,O . . . . .. .. . e 800.0 mi

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen caps one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk,

13.Inoculate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

14.Aseptically add 0.1 ml] of a growing protist culture which is at or near peak density to a tube
of fresh medium. [ncubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance subculture weekly.

PROTOCOL
Marine
Amastigamoeba, Cercomonas, Heteromita, Jakoba
Metopion, Paraphysomonas, Percolomonas, Massisteria, Spumella

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater® . . . . ... 500.0 mi
2x Cereal grass infusion
medium {see below) . . . . . . . e 500.0 ml

2x Cereal Grass Infusion Medium
Powdered cereal grass leaves** . ... ... ... ... .. ... .. b.
Glass distilled H,0 . ... ... . . 1
*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
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carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.
**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’'s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product {cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
glass distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.
Autoclave for 15 min at 121° C.

5. Allow solution prepared in step 4 to cool and combine equal amounts of this solution and the
solution prepared in step 3.

6. Distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes and inoculate
with Klebsiella pneumoniae approximately 24 h prior to inoculation with ciliates. Loosen caps
one half turn and incubate at 25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

8. Incubate at 25° C for 7-14 d and repeat steps 6-8.

COMMENTS

Only certain members of Cercomonas, Heteromita, Jakoba, Percolomonas and Spumella have been
reported to form resistant stages in their life cycles. These strains may not need to be passaged
as frequently as those strains not forming cysts. However, not all cysts are stable for long
periods of time. Each strain should be studied on a case by case basis to determine the
appropriate transfer interval.

LITERATURE CITED

1. Nerad, TA ed. 1991. American Type Culture Collection Catalogue of Protists, 17th edition, American Type
Culture Collection, Rockville, MD 88 pp.
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A-28.1
CULTIVATION OF THERATROMYXA

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Theratromyxa weberi is a nematophagous ameba. It can be maintained on a number of different
genera of nematodes [1]. The cultivation protocol of Sayre and Nerad [2] is detailed here.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation {Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves* ... ......... ... ... ..... 25¢g
Na HPO, . . . . e 0.5¢g
Glass distilled H,O . .. ... ... . . . . . 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692, A product equivalent to Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product {(cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

Filter through Whatman #1 filter paper,

Add 0.5 g Na,HPO,.

Dispense 10.0 ml in T-25 flask.

Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
. Medium formulation (Part 2):

©EN® O AW
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Agar Medium for K/ebsiella pneumoniae

Yeast eXtract . . . . . . i i e e e e e e 4.0 g
GIUCOSE . . . . i i e e e e 0.16 g
N 7 | 20.0 g
Glass distiled H,O .. ... ... i 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{(5-9° C). Subculture every 3-4 wk.

13.Inoculate Cereal Grass Infusion Medium with a loopful of bacteria from a stock slant and
incubate at 30° C.

14.Aseptically add 0.1 ml of a growing nematode culture which is at or near peak density into
two T-25 flask containing 10 ml of fresh medium. Incubate at 25° C.

15.Detach cysts of Theratromyxa by rubbing sterile cotton swab over the bottom of a flask
culture. Agitate vigorously and transfer 0.1 ml to one of the flasks set up in step 14.

16.When the amebae have almost completely eliminated the nematode, either transfer to a freshly
inoculated culture of the nematode as in step 15 or store flask refrigerated (5-9° C) for up to
2 months. Nematode cultures may also be maintained refrigerated for up to 2 mo.

17.Before re-activating a refrigerated culture of the ameba first re-activate a refrigerated nematode
culture (see step 14).

18.Repeat steps 15-18.

COMMENTS

The resting cysts of Theratromyxa are stable at refrigerated temperatures for many vyears (R
Sayre, personal communication). The cysts, however, do not tolerate drying.

LITERATURE CITED
1. Sayre, RM 1973. Theratromya weberi, an amoeba predatory on plant parasitic nematodes. J. Nematol.
5:258-264.
2. Sayre, RM & Nerad, TA 1990. A nematode-destroying amoeba. In: Plant Nematology Labaoratory
Handbook, Zuckerman, BM, Ma, WF & Krusberg, LR ed. University of Massachusetts Press pp. 238-241.
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A-29.1
CULTIVATION OF BACTERIVOROUS

FRESHWATER AMEBAE

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many genera of amebae can be easily maintained as monoprotist cultures with bacteria as the
food source [1]. Strains of the following genera can be maintained in this manner: Echinamoeba,
Filamoeba, Glaeseria, Mayorella, Nuclearia, Paraflabellula, Platyamoeba, Rosculus, Saccamoeba,
Stachyamoeba, Vannella, Vexillifera. Many strains can be cultivated on agar but some do best in
liquid culture. Only strains of one the above genera, Nuclearia, have been reported to be
cultivable in the axenic state.

PROTOCOL

Agar Plate Cultivation
Non-nutrient Agar

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Non-nutrient Agar
AQar . . e e e e e 15.0
Glass distilled H,O . .. ... .. ... . . 1.0

3. Autoclave at 121° C for 15 min.

4. Allow to cool in a 50° C water bath.

5. Aseptically dispense in 40.0 m! aliquots to 15 x 100 mm petri plates. Allow to harden.

6. Streak plate prepared in step 5 with Klebsiella pneumoniae or other suitable bacterium.
Incubate at 35° C overnight.

7. Remove an agar block {(~5 mm? with trophozoites or cysts from the edge of an agar plate and
invert the block onto the plate prepared in step 6.

8. Wrap the entire edge of the plate with parafilm and incubate at the appropriate temperature.

9. Repeat steps 6-8 on a 14-21 d interval.
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PROTOCOL
Freshwater Ameba Agar, Agar Plate Cultivation

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth.

. Medium formulation:

Freshwater Amoeba Medium
Malt extract . . . . . . v e e 0
YEaST EXIraCt . . v v v i i i it i e e e e e e e e e 0.
Bacto-agar (Difco #0140) . . . . .. . . . ittt e 10
Glass distilled H,O .. ... ... .. e 1

Dissolve first two components in glass distilled H,0, add agar and autoclave at 121° C for 20
min.

. Allow to cool in a 50° C water bath.
. Aseptically dispense in 40.0 ml aliquots to 15 x 100 mm petri plates. Allow to harden.
. Streak plate prepared in step b with Klebsiella pneumoniae or other suitable bacterium.

Incubate at 35° C overnight.

. Remove an agar block {~5 mm? with trophozoites or cysts from the edge of an agar plate and

invert the block onto the plate prepared in step 6.

. Wrap the entire edge of the plate with parafilm and incubate at the appropriate temperature.
. Repeat steps 6-8 on a 14-21 d interval.

PROTOCOL

Agar Plate Cultivation
PYb medium

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth,

. Medium formulation:

PYb Agar
Proteose peptone . . . . . . . e e e e 1.0g
Yeast exXtract . . . o e e e 1.0g
AQar e e e e e 200g
Glass distiled H,O . .. ..... . ... ... . .. . .. . 900.0 ml

. Dissolve first two components in glass distilled H,0 while stirring and then add agar.

. Autoclave at 121° C for 20 min.

. Allow to cool in a 50° C water bath.

. Aseptically add the following autoclaved solutions (autoclave solutions separately) to the

medium prepared in step 5.

0.05 M CaCl, {0.560/100ml} . . .. ..o\ vn e 4.0 ml
0.4 M MgSo,7H,0 (9.860/100ml) . .. . ..., .. 2.5 ml
0.25 M Na,HPO, (3.55g/100ml) ... .................. 8.0 ml

0.25 M KH,PO, (3.65g/100ml) . .. ............ ... ... 32.0 mi
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7. Mix thoroughly by swirling the flask after each solution is introduced.
8. Increase the final volume to 1.0 L with sterile glass distilled H,0. Mix by swirling.
9. Aseptically dispense in 40.0 ml aliquots to 15 x 100 mm petri plates. Allow to harden.
10.Streak plate prepared in step 5 with K/ebsiella pneumoniae or other suitable bacterium.
Incubate at 35° C overnight.
11.Remove an agar block {~5 mm? with trophozoites or cysts from the edge of an agar plate
and invert the block onto the plate prepared in step 6.
12.Wrap the entire edge of the plate with parafilm and incubate at the appropriate temperature.
13.Repeat steps 10-12 on a 14-21 d interval.

PROTOCOL

Liquid cultivation

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves® ... ... ....... . ... ..., 25¢g
Na,HPO, . . .. 05g¢g
Glass distiled H,O .. .... ... ... ... ... o 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward’s Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product (cat #C-7141)} which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,O and boil for 5 min.
4. Add glass distilled H,0 to compensate for H,O lost by evaporation.
5. Filter through Whatman #1 filter paper.
6. Add 0.5 g Na,HPO,.
7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.
8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
9. Medium formulation (Part 2):
Agar Medium for Klebsiella pneumoniae
Yeast Extract (Difco #0127) . . ... ... . .. . . . ..., 4.0 a
GlUCOSE . . v o 0.16 g
Agar . e e 20.0 g

Glass distilled H,0

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.
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11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

13.Inoculate cereal grass infusion medium with a loopful of bacteria from a stock slant and
incubate at 30° C overnight.

14.Aseptically add 0.1 ml of a growing protist culture which is at or near peak density to a tube
of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly.

PROTOCOL

Axenic, Nuclearia

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

M7 Medium [1]

L-Methionine solution {1.5g/L) . ... ... ... . . .. .. 30.0 ml
Glucose solution {270.0g/L) . . . . . v i e e 20.0 mi
Buffer solution (see below) . ... .... ... .. ... .. ....... 20.0 ml
Yeast extract solution (25.0g/L) . . ... . .. ... . oo . 200.0 mi
Heat-inactivated lamb serum . . ... ... ... ... .. ... . .... 200.0 ml
Glass distiled H,O . ... ... .. ... ... ... . i, 530.0 ml
Buffer Solution
KH PO, . o e e e 18.1g
Na,HPO, . . .. 25.0¢g
Glass distilled H,O0 . ... .. ... .. . . .. 1.0L

. Sterilize the first four solutions separately and combine aseptically.

. Aseptically distribute in 4.0 m! aliquots to 16 x 125 mm plastic screw-capped test tubes.

. Add 1.0 ml of heat-inactivated lamb serum to a tube of medium prepared in step 4 just before
use.

8. Vigorously agitate an actively growing culture of the protist and transfer a 0.1 ml aliquot to a
fresh tube of medium prepared in step 5.

. Screw the cap on tightly and incubate on a 15° slant at 25° C.

. The amebae will form an almost continuous sheet of cells on the bottom surface of the test
tube.

9. Repeat steps 6 & 7 at 10-14 d intervals.

AW

[ec IR N |

COMMENTS

The bacterial density will be a function of the agar medium used. The bacterial density will
increase as one goes from non-nutrient agar to Freshwater Ameba Agar to PYb Agar. Not all
strains of a given genus can tolerate the high bacterial densities encountered on PYb agar. If
amebae are to be harvested from agar plates use 2.0 g/L of agar. This will make the surface very
firm and will diminish the likelihood of gouging of the plates during harvesting when using a
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spread bar. If growth is poor on agar, transfer to liquid medium. Although only one of the
amebae listed above has been cultivated axenically, many more are probably cultivable in this
state. As of yet, axenization of most genera have not been attempted.

LITERATURE CITED

1. Nerad, TA ed. 1991. American Type Culture Collection Catalogue of Protists, 17th edition, American Type
Culture Collection, Rockville, MD 88 pp.
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CULTIVATION OF BACTERIVOROUS

MARINE AMEBAE

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Strains of marine amebae of the following genera: Flabellula, Heteramoeba, Lingulamoeba,
Mayorella, Nolandella, Paraflabellula, Paramoeba, Platyamoeba, Pseudoparamoeba, Rhizamoeba,
Vannella, Vexillifera, can be maintained as monoprotist cultures with bacteria as a food source
[1]. Most can be maintained on agar surfaces while others do best in liquid media. No strains
have been reported to be cultivable in the axenic state.

PROTOCOL

Agar Medium
Marine Ameba Agar

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

Malt extract . . . . . . . . . . e e e 0.1g
Yeast eXtract . . . . v vt v e e e e e e e e e 0.1g¢
AQar . e e e e 100 g
Artificial seawater® . . . ... . .. e e 1.0L

*There are many sources of artificial seawater. Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

3. Add the first two components to artificial seawater and dissolve.

4. Add agar and autoclave for 20 min at 121° C,

5. Allow to cool in a 50° C water bath.

6. Aseptically dispense in 40.0 ml aliquots to 15 x 100 mm petri plates. Allow to cool.

7. Remove an agar block {~5mm? with trophozoites or cysts from the edge of an agar plate
culture and invert onto a plate prepared in step 6.

8. Wrap the entire circumference of the plate with parafiim and incubate at the appropriate

temperature.
9. Repeat steps 6-8 on a 7-14 d interval.
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PROTOCOL
Liquid Cultivation

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium
2x Artificial seawater® . . . . . . . e e e e e 500.0 ml
2x Modified cereal grass infusion medium (see below) .. ... .. 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves*™ . ... ...... ... .. .. ..., 50¢g
Glass distilled H,O . . ... ... ... 1.0L

*There are many sources of artificial seawater, Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas
City, MO marketed a product with the same name that consisted of powdered rye grass
leaves only. Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is
still available under the name Cerophyll from Ward's Natural Science Establishment, Inc.,
P.O. Box 92912, Rochester, NY 14692. A product equivalent to the Cerophyl is still
produced by Dairy Goat Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold
under the name Grass Media Culture. Sigma Chemical Company, P.O. Box 14508, St.
Louis, MO 63178 sells Cereal Leaves Product (cat #C-7141) which is similar but is
composed of powdered wheat leaves rather than rye leaves.

3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
distilled H,O to compensate for evaporation. Filter through Whatman #1 filter paper.

5. Combine equal amounts of the solutions prepared in steps 3 and 4.

6. Aseptically distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes
and inoculate with K/ebsiella pneumoniae approximately 24 h prior to inoculation with ciliates.
Loosen caps one half turn and incubate at 25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture, Keep the
cap loosened one half turn after inoculation.

8. Incubate at 25° C for 7-14 d and repeat steps 6-8.

COMMENTS

The bacterial density will be a function of the concentration of the malt extract and the yeast
extract in the agar medium. The concentration of each component may be increased to 1.0 g/i.
Not all strains of amebae can tolerate bacteria at high densities. High bacterial densities will
result in higher yields of amebae. If amebae are to be harvested from agar plates use 2.0 g/L of
agar. This will make the surface very firm and will diminish the likelihood of gouging of the plates
during harvesting when using a spread bar.
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Prepare artificial seawater according to the package directions. Filter sterilize in a 0.2
um filter.

*There are many sources of artificial seawater, Formulations from the same
manufacturer vary from lot to lot. A new lot of artificial seawater should be tested in
parallel with a currently used lot to determine if it supports equivalent growth. As an
alternative to artificial seawater, natural seawater can be obtained from the Marine
Biological Laboratory in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street,
Long Beach, CA 90802. To each liter of natural seawater add 5.0 g of activated
carbon powder, shake and leave overnight. Filter through Whatman 934-HA glass fiber
filter. Treatment with the carbon will remove potentially toxic organic contaminants.

. Autoclave artificial seawater for 15 min at 121° C.

. Combine ingredients of the enrichment solution in the order indicated and filter sterilize.

. Combine ingredients of the vitamin solution in the order indicated and filter sterilize.

. After the artificial seawater has cooled, aseptically combine the three solutions in the
proportions indicated.

. Distribute 9.0 ml to a T-25 plastic tissue culture flask and aseptically add 1. O ml (10% v/v) of
heat-inactivated {66° C for 30 min) horse serum.

. Aseptically inoculate the flask with 0.1 ml aliquot of a growing culture.

. Incubate at 25° C for 7-14 d and repeat step 7.

~ NOohW

© o

COMMENTS

The taxonomic position of this organism is uncertain. It forms a highly reticulate plasmodium
while actively growing and as the cultures ages parts of the plasmodium separate and detach
from the surface of the vessel, round up and become free-floating. These are not true cyst
stages but appear to aid as a dispersed stage for this organism.

LITERATURE CITED

1. Kumar, SR 1980. Morphology and taxonomy of the protist Gymnophrydium marinum Dangeard from the
North Sea. Bot. Mar. 23:353-360.
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CULTURE AND MAINTENANCE OF BENTHIC FORAMINIFERA

JOHN J. LEE and WALTER W. FABER JR.
Department of Biology , City College of CUN 'Y, Convent Ave at 138 st
New York, N. Y. 10031

Introduction

If a few relatively simple procedures are followed, benthic foraminifera are relatively easy to
maintain or culture in the laboratory (reviewed 1-3, 5). A distinction has been made between
the two. Maintenance being the ability to keep the foraminifera alive in the laboratory for
sustained periods(days-years); they usually feed and grow, but rarely reproduce. Cultured
foraminifera grow and reproduce to produce successive generations in the laboratory. Although
fewer than 1% of modern foraminiferal species have been maintained in the laboratory to date
(1), no researcher should be discouraged from the attempt.

Protocol

1. Collect the larger faraminifera from the marine habitat. SCUBA is most commonly used for
harvesting larger foraminifera from the sea, but some larger species (e.g., Archaias,

Sorites and Cyclorbiculina) and many ordinary sized foraminifera occur on sea grasses and
sea weeds in very shallow water (<2m ). Some foraminifera are abundant in the upper cm of
sediment. These can be harvested by using an ordinary kitchen spatula.

. If the foraminifera have been collected by harvesting substrates (e.g.,Ulva, Enteromorpha,
Thalassia, Halophila, sediment or stones) on(or in} which they occur, the foraminifera
first must be washed, or brushed, off the substrate. This can be acomplished in the field by
placing the sea grasses or sea weeds into plastic buckets filled with seawater and rubbing
them together to dislodge the epiphytic communities and the foraminifera within them.

. Remove the seaweeds and sea grasses from the bucket after they have been thoroughly rubbed.

. Decant the contents of the bucket through a coarse sieve(3mm). If standard laboratory sieves
are not available an ordinary plastic kitchen colander can be used. If ordinary sized
foraminifera are being collected, a smaller sized sieve may also be used.

5. Let the bucket stand stlill for several minutes so that the foraminifera will settle to the
bottom.

. Avoiding agitation, decant the bucket carefully so that only the foraminifera and sediment
remain. If crude fortuitous agnotobiotic cultures will be set up (step 12) save some of the
water with its epiphytes for later use.

. Add sea water to the bucket, mix well, and repeat steps 5 and 6.

. With the aid of a wide-necked funnel, pour some of the sediment into the bottom of a wide-
necked bottle. Overlay with sea water. Care should be taken not to place too much sediment
(<£30% total volume)into any sample bottle.

9. Place bottles into an insulated container for protection from heat when being transported to

the laboratory.

10. After returning to the collection to the laboratory, the investigator has a number of choices:

1) inoculate the sample into a circulating marine aquarium or chemostat(8); 2) set up
fortuitous agnotobiotic cultures; 3) set up partially gnotobiotic cultures. Each of these
methods has advantages and disadvantages with respect to effort and reliability. A number of
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species are easily maintained in circulating marine aquaria. The aquarium must get 8 h
moderate indirect light. The aquarium can be inoculated with the raw mixed collection, or
with species selected under a dissecting microscope from it(see below).The epiphytic algae
saved from step 6 may be added to the aquarium at this time. Aquaria fed with flowing
seawater at many marine stations can also be used to maintain and culture foraminifera.

11.While it is practical to sort the foraminifera with the aid of a dissecting microscope upon
arrival at the laboratory, it is more convient to let the foraminifera sort themselves from
non-living matter. The collection is placed into stacking culture dishes (Carolina Supply Co.
[Wheaton]cat, no. 41684) or deep petri dishes (Corning cat nos. 3160-152, 324 or
3140). Then glass microscope slides are stood in the sediment or leaned against the sides of
the containers. The foraminifera will craw! up the slides over night. The slides can be
removed and placed in petri dishes containing a thin layer of sea water. When the dishes with
the slides are placed under a dissecting microscope, the foraminifera are easily identified
and picked with a sable brush.

12.1f agnotobiotic fortuitous cultures are being set up, the epiphytes saved in step 6 can be
inoculated into stacking culture dishes or deep dishes. Cover the dishes with another
dish, a glass cover or plastic wrap.

13.1f gnotobiotic cultures are to be set up,transfer the foraminifera to the first well of a
sterile S-hole spot plate containing aseptically added sterile seawater.

14.Place the spot plate under a dissecting microscope. Add sterile sea water or erdschrieber
medium [soil extract (5 ml/100ml), NaNOg, or NH4NO3 ( 10 mg/100 ml ), and

NaH,PO4.H,O (5mg/100 mi) to 95 ml of the sea water; Adjust the pH of the water if it has

changed (e.g. coastal sea water should be pH 8.1)] to all the other wells.

15.With the aid of a pair of sable artist brushes (00-0000), Carefully and vigorously brush
the external surfaces of the foraminifera. One brush is used to hold the foraminifer the
other is used to brush it. After the they have been used to perform the brushing in one well,
the brushes are placed in 70% ethyl alcohol for 5 minutes and placed aside to dry before
being used again. With a fresh brush transfer the foraminifera to the next well with sterile
seawater.

16.Repeat step 15 another 17 times.

17.The foraminifera can then be aseptically inoculated into test tubes, tissue culture flasks, or
glass petri dishes containing sterile media. If the later are used, the petri dishes should be
incubated inside a larger petri dish with a piece of moist filter paper on the bottom to retard

evaporation. Sea water or erdschrieber can be used as the medium. The latter encourages the

growth of the algae in the culture vessel.

18. Two approaches to food have been used successfully. The food can be either alive or freshly
killed(4). Heat killing is easily accomplished by placing test tubes with the algae into a hot
(50°) water bath for 10-30 minutes before inoculating them. Inoculate food organisms.
These can be isolated previously from the same community(See elsewhere in these
Protocols). A mixture of some of the following algae may also be good food: Cylindrotheca
closterium; Nitzschia acicularis; Nitzschia spp.; Fragilaria construens; Achnanthes
hauckiana, Navicula spp.; Chlorella sp.; Dunaliella salina. These are available from the
American Type Culture Collection, 12301 Parklawn Drive, Rocklawn, MD 20852 or
Provasoli-Guillard Center for the Culture of Marine Phytoplankton, Bigelow Laboratory for
Ocean Sciences, West Boothbay Harbor, ME 04575. An antibiotic-antimycotic mixture ( 1
ml/100 ml; GIBCO Laboratories catalog #600-5240; contains: Penicillin 10,000
units,streptomycin 10,000ug, and Fungizone 25 pg/ ml) can be added aseptically to the
cultures to retard bacterial growth.

19. The culture dishes should be incubated in moderate indirect light near a window, or in front
of a light bank. Incubation temperature should be close to the temperature of the sea where
the foraminifera were collected.

20.The cultures must be examined weekly. At that time the medium should be changed and the
culture fed.
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COMMENTS

It is fairly well known that resource partitioning is an important aspect of the niches of
foraminifera(9). Food quality seems very important in setting up cultures of these protozoa
(5-8).Foraminifera can be grown in agnotobiotic cultures for many years. After a while the food
organisms in the culture seem balanced with the foraminifera or the culture fails. Although
foraminifera can grow for many years in chemostats and in aquaria with recirculating sea water,
aquaria with running sea water are less reliable. Organisms which are recruited to the aquaria
from the sea may compete, and eventually replace, the foraminifera. On the other hand,
gnotobiotic cultures of some species of foraminifera have been maintained in the laboratory for
decades.
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CULTIVATION OF MYXOMYCOTANS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
256901 Montrose Road €402, Rockville, MD 20852

INTRODUCTION

Many genera of acellular slime molds have been established in culture with bacteria or yeast as food
organisms using the protocols described herein. Protocols for the axenic cultivation cultivation of
Physarum and Dictyostelium are also provided.

PROTOCOL

Acytostelium, Badhamia, Dictyostelium,
Didymium, Physarum, Polysphondylium, Stemonitis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Cornmeal Agar
Cornmeal Agar (Difco #0386) . ... ........ ... ....... 17.0
Glass distilled H,O . ... ...... .. .. .. 1.0

3. Add powder to glass distilled H,0 and autoclave for 15 min at 121° C. (For some strains use
only 8.5 g Cornmeal Agar per L of distilled H,0). Allow medium to cool in a 50° C water bath
for 30 min and distribute aseptically in 20.0 ml aliquots to 15 x 100 mm petri piates.

4. Allow plates to cool and add 0.1 ml of a suspension of the food organism.

5. Evenly distribute the suspension over the plate using a spread bar {a spread bar can be made
from a Pasteur pipette using the following technique: Heat the pipette at an area about 4-5 cm
from the tip. Allow the pipette tip to drop at a 90° angle to the horizonta] axis and then seal the
end of the pipette in the flame).

6. Remove an agar block {~5 mm?) containing sporocarps and invert it at the edge of the plate
prepared in step 5.

7. Seal the plate shut with parafilm or adhesive tape by wrapping the complete circumference of
the plate edge.

8. Invert the plate and incubate at 18-20° C.

9. Repeat steps 6-8 monthly.
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PROTOCOL

Echinostelium

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth.

. Medium formulation:

GPY/10 Medium [4]

—_
o1

rocooo o aao @

GIUCOSE . . o i e e e e
Peptone . . . . e e e e e e e e
Yeast exXtract . . . . . . i i e e e e e e e e e
MgSO,-7H,0 . . ..
AQar . e e e
Glass distilled H,O ... ... ... ... ... .. . .

Y

OO —-=_00wWO0o

. Adjust pH to 6.6-6.8 with TN HCI or 1N NaOH and autoclave for 15 min at 121° C. Allow

medium to cool in a 50° C water bath for 30 min and distribute aseptically in 20.0 ml aliquots
to 15 x 100 mm petri plates.

. Allow plates to cool and add 0.1 ml of a suspension of the food organism.
. Evenly distribute the suspension over the plate using a spread bar (a spread bar can be made

from a Pasteur pipette using the following technique: Heat the pipette at an area about 4-5 cm
from the tip. Allow the pipette tip to drop at a 90° angle to the horizontal axis and then seal the
end of the pipette in the flame).

. Remove an agar block {~5 mm? containing sporocarps and invert it at the edge of the plate

prepared in step 5.

. Seal the plate shut with parafilm or adhesive tape by wrapping the complete circumference of

the plate edge.

. Invert the plate and incubate at 18-20° C.
. Repeat steps 6-8 monthly.

PROTOCOL

Axenic, Dictyostelium

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth.

. Medium formulation:

Dictyostelium Medium [4]

Peptone {Oxoid L-37) . . . . . .. . i e 143 g
Yeast Extract (Oxoid L-21) .. .. ... .. . . i 7.15 g
GluCoSE . . . . e e e e 15.4 ¢
Na,HPO,12H,0 . . . .. . . e 1.28 g
KH, PO, . . o e e e 0.49 g
Glass distiled H,O . . ...... ... ... .. ... .. . .. . ... 1.0 L

. Autoclave for 15 min at 121° C.
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Allow to cool and dispense in 1.0 ml aliquots to T-25 tissue culture flasks.
. Inoculate with 0.1 ml from a culture at or near peak density.

. Incubate at 25° C with the cap screwed on tightly.

. Transfer every 14 d.

No U~

PROTOCOL
Axenic, Physarum

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (part 1):

N plus C Medium [4]

Citric acid-H,O . . .. . ... . . . 40 g
FeCL-4H,0 . . . . . e 0.06 ¢
MaSOL7H,O .o e 06 g
CaCl,2H,0 . . . . e e 06 ¢
ZnSOTH,O L e 0.034 g
Bacto Tryptone (Difco #0123) .. . . .. .. . . . . . i 100 ¢
Dextrose . . . . . . . i e e 10.0 ¢
Yeast Extract (Difco #0127) . . . . . . . . . . . . .. e 1.5 g
KHPO, . . e 20 g
Glass distilled H,O . . . ... ... ... . . ... 1.0 L

3. Adjust pH to 4.6 with 1N KOH and autoclave for 15 min at 121° C.

4. Allow to cool and distribute 10.0 mi/T-25 tissue culture flask.

5. Medium formulation (part 2):

Hemin Solution

Hemin ... . e e 25.0 mg
NaOH . .. e e 0.1 g
Glass distiled H,O . . . .. .. ... 100.0 ml

6. Autoclave for 15 min at 121° C.
7. Allow to cool and aseptically add 0.1 ml of hemin solution to flask of medium prepared in
step 4.
8. Inoculate flask prepared in step 7 with 0.1 ml of a culture at or near peak density.
3. Incubate at 25° C with the cap screwed on tightly for 14 d.
10.Agitate the culture vigorously and transfer 0.1 m! to a fresh flask of medium at each subculturing.

COMMENTS

In addition to species of Physarum and Dictyostelium, species of Polysphondylium [3] have been
cultivated on empirical axenic media. Some species of both genera have been cultivated in
completely defined axenic media: Dictyostelium discoideum (1], Physarum flaviconum and P. rigidum
[2], and P. polycephalum [5].
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INTRODUCTION

Most protostelids can be cultivated with bacteria or yeast as food organisms. The only known
exception are species of Ceratiomyxa, which have not yet been established in culture. The choice
of a suitable food organism, pH, and agar concentration may be critical to establish growth. It
may also be necessary to make an infusion from the material from which the protostelid was
isolated to obtain growth and sporocarp formation [1]. No protostelid has yet been grown
axenically.

PROTOCOL

Cavostelium, Protostelium, Schizoplasmodiopsis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Cornmeal Agar
Cornmeal Agar (Difco #0386) . .. .. ... ... ... 17.
Glass distiled H,O . ... ... ... . e 1

3. Add powder to glass distilled H,0 and autoclave for 15 min at 121° C. (For some strains use
only 8.5 g Cornmeal Agar per L of distilled H,0). Allow medium to cool in a 50° C water
bath for 30 min and distribute aseptically in 24.0 ml aliquots to 15 x 100 mm petri plates.

4. Allow plates to cool and add 0.1 ml of a suspension of the food organism.

5. Evenly distribute the suspension over the plate using a spread bar (a spread bar can be made
from a Pasteur pipette using the following technique: Heat the pipette at an area about 4-5
cm from the tip. Allow the pipette tip to drop at a 80° angle to the horizontal axis and then
seal the end of the pipette in the flame).

6. Remove an agar block {~5 mm?® containing sporocarps and invert it at the edge of the plate
prepared in step 5.

7. Seal the plate shut with parafilm or adhesive tape by wrapping the complete circumference of
the plate edge.

8. Invert the plate and incubate at 18-20° C.

9. Repeat steps 6-8 monthly.
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PROTOCOL

Cavostelium, Ceratiomyxella, Nematostelium,
Protostelium, Schizoplasmodium, Schizoplasmodiopsis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

wMY Medium [1]

Malt extract . . . . . . o i e e e e e e 0.02 ¢
Yeast eXtract . . . . . . . . e e e e e 0.02 g
KHPO, . o o e e e 0.7 ¢
AGar . . e e e e e e e e 15.0 a
Glass distilled H,O . ..... ... .. . .. i 1.0 L

3. Adjust pH as desired with 5% (v/v) lactic acid or TN NaOH and autoclave for 15 min at
121° C.

4. Allow medium to cool in a 50° C water bath for 30 min and distribute aseptically in 24.0 ml
aliquots to 15 x 100 mm petri plates.

5. Allow plates to cool and add 0.1 ml of a suspension of the food organism.

6. Evenly distribute the suspension over the plate using a spread bar (a spread bar can be made
from a Pasteur pipette using the following technique: Heat the pipette at an area about 4-5
cm from the tip. Allow the pipette tip to drop at a 90° angle to the horizontal axis and then
seal the end of the pipette in the flame).

7. Remove an agar block {~5 mm? containing sporocarps and invert it at the edge of the plate

prepared in step 5.

. Seal the plate shut with parafilm or adhesive tape by wrapping the complete circumference of

the plate edge.

9. Invert the plate and incubate at 18-20° C.

10.Repeat steps 6-8 monthly,

[o0]

PROTOCOL

Cavostelium, Ceratiomyxella, Nematostelium,
Protostelium, Schizoplasmodium, Schizoplasmodiopsis

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Hay™ . e 25¢g
Glass distiled H,O . .. ......... .. .. ... ... . . .. ..., 1.0L
N« - 1 15.0 g

*In place of hay it may be necessary to use ground bark or leaves. Grind in a mortar
and pestle.

3. Boil for 5 min and filter through a Whatman #1 filter.
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4, Adjust pH as desired with 5% (v/v) lactic acid or TN NaOH; add agar and autoclave for 15
min at 121° C.

5. Allow medium to cool in a 50° C water bath for 30 min and distribute aseptically in 20.0 ml
aliquots to 15 x 100 mm petri plates.

6. Allow plates to cool and add 0.1 ml of a suspension of the food organism.

7. Remove an agar block {~5 mm? containing sporocarps and invert it at the edge of the plate
prepared in step 5.

8. Seal the plate shut with parafilm or adhesive tape by wrapping the complete circumference of
the plate edge.

9. Invert the plate and incubate at 18-20° C.

10.Repeat steps 6-8 monthly.

COMMENTS

At the Culture Collection of Algae and Protozoa {(CCAP) in England Planoprotostelium and
Protostelium are cultivated on a variant of Cornmeal Agar which contains 2.0 g of glucose per
liter [2]. f growth is not achieved with either Cornmeal Agar or supplemented Cornmeal Agar,
then it nay be necessary to try the second or third protocol.
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LABORATORY MAINTENANCE CULTURES OF
PLANKTONIC FORAMINIFERA AND RADIOLARIA

O. Roger Anderson

Columbia University, Biological Oceanography,
Lamont-Doherty Geological Observatory,
Palisades, New York 10964

INTRODUCTION

Planktonic foraminifera (Fig. 1) and radiolaria (Fig. 2) are exclusively open-ocean,
floating sarcodines occurring in the major oceans of the world. They undoubtedly have
adapted to the very uniform and pure conditions of open-ocean environments over long
evolutionary time periods. Hence. they require special care in culture to ensure that the
' water is of the purist quality and freshly collected from open-ocean sources. At present
it is not possible to culture planktonic foraminifera or radiolaria for more than one
generation in the laboratory, but small individuals collected from the ocean can be grown
to maturity in maintenance cultures.

The planktonic foraminifera (Class: Granuloreticulosea) secrete shells of calcium
carbonate forming whorled chambers that are broadly classified into two groups (1)
non-spinose species (lacking surface spines) and typically forming somewhat flattened,
spiral shells, and (2) spinose species with more globose chambers ornamented usually
with many radiating spines anchored within the outer layers of the shell wall. There are
about 45 commonly occurring extant species. Some species of planktonic foraminifera
(especially spinose ones) harbor algal symbionts and dwell for most of their life span in
near-surface water where there is sufficient illumination to support symbiont
photosynthesis. The symbionts are typically dinoflagellates, but yellow-brown
pigmented symbionts categorized as chrysophycophytes are also found in some species.
During the day, symbionts of spinose species are distributed within strands of
cytoplasm along the spines, but at night are withdrawn near to or into the shell. Most
non-spinose species lack symbionts. These are often deeper dwelling at low latitudes, or
occur in surface water during the cooler seasons of the year in subtropical locations.

Feeding occurs by snaring protists or small crustacea within the feeding rhizopodia that
radiate outward from the shell surface and tips of the spines. At regular intervals
(approximately monthly for some species) reproduction occurs by release of hundreds
of thousands of flagellated gametes. Preceding gamete release, the planktonic
foraminifera retracts its rhizopodia and sheds its spines,if present, and begins sinking
in the water column. These events occur within a period of 1 to 2 days. Subsequently,
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small juvenile individuals can usually be found in the surface water within a period of
about one week. Information on the biology, distribution, and paleoecology of planktonic
foraminifera has been summarized in major reviews [e.g., 2, 3, 5-9].

Radiolaria (Classes: Polycystinea and Phaeodarea) secrete siliceous skeletons, or some
larger species lack skeletons. There are at least 200 commonly occurring extant
species. The organization of the cell cytoplasm and surrounding skeleton varies from
spherical to flattened spheroidal, discoidal, quadrangular, or conical. Skeletal
structures occur as simple needle-like deposits in the cytoplasm, or form elaborate
latticed or porous skeletons of the most exquisite and delicate geometry enclosing the
central cell mass. The major cell mass is concentrated into a central capsule surrounded
by a capsular wall. Cytoplasmic strands emerge through pores in the capsular wall and
form a radiating mass of axopodia. The localization of the pores, their pattern in the
capsular wall, and arrangement of emergent axopodia varies among major taxonomic
groups. Siliceous skeletons are secreted within the peripheral cytoplasm and are
frequently ensheathed by a layer of cytoplasm that is connected to the axopodia. Many
species contain algal symbionts (dinoflagellates, prasinomonads, and prymnesiads)
usually located within the axopodial array. The symbionts are distributed toward the
periphery of the axopodial array during the day and withdrawn inward at night.

Protists and small crustacean prey are captured on the surface of the axopodia. Smaller
protists are engulfed into food vacuoles, whereas larger prey are invaded by specialized
rhizopodia that extract soft tissue and enclose it within food vacuoles. Reproduction
occurs by release of numerous flagellated swarmers after retraction of the external
cytoplasm and sinking in the water column as occurs with planktonic foraminifera. The
swarmers contain a crystal of strontium sulfate within a cytoplasmic vacuole.
Information on biology and distribution can be found in Anderson [1].

Small and intermediate-size planktonic foraminifera and radiolaria, collected from the
environment with plankion nets or captured in glass jars held in the hand of a SCUBA
diver, can be grown to maturity in laboratory culture in sufficient nhumbers to allow
observational and experimental studies. The techniques for collection, sorting, and
placing of the individuals in culture are similar for planktonic foraminifera and
radiolaria. They will be described together. Where appropriate, special treatment
required by one of the groups will be noted.

PROTOCOLS

1. Collection of planktonic foraminifera and radiolaria.

The choice of a sampling site is critical. Since these are open-ocean protists, they must
be collected in deep water of sufficient high quality but sufficiently close to the culturing
laboratory to permit timely processing of the sample. It is possible to maintain cultures
aboard an ocean vessel if it is sufficiently stable, or preferably, the work is done at an
island laboratory near open ocean sites. Marine biological laboratories at Barbados,
Bermuda, Curagao, Jamaica, and other coastal locations near deep ocean water are
usually good sites. Some species may be obtained within a reasonable distance from south
Florida and southern California. The oceanic deep water must be within approximately 1
to 2 miles from the coast to allow sufficiently rapid transportation. It is not possible to
collect samples from most continental coastal locations due to the wide continental shelf.
The planktonic foraminifera and radiolaria do not survive in shelf water. It is usually



Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-35.3

wise to make a trial collection at a prospective site, or ask someone there to obtain a
fixed plankton sample to be sent to you for examination.  Species available at a given
site may vary substantially from one season to the next or over a period of days or weeks
depending on current patterns and surface hydrological conditions. If you cannot visit a
site, it is useful to request that several preserved plankton samples taken at intervals of
several days be sent to you for examination. In general, equatorial and low latitude open
ocean locations are highly productive and fairly predictable sources of some species of
planktonic foraminifera and/or radiolaria. Higher latitude locations tend to be richer in
smaller radiolaria and less rich in plankitonic foraminifera. A zoogeographic review of
planktonic foraminiferal abundances by Bé [6] is useful in predicting good collection
sites at a given time of year. Further information on radiolarian abundances and
collection sites can be found in Anderson [1]. Nigrini and Moore [11] and Lombari and
Boden [10] provide additional data on taxonomic descriptions and distribution of modern
radiolaria.

Many species of planktonic foraminifera and radiolaria are sufficiently robust that they
can be collected by plankton nets (75 pum mesh for larger individuals, or 35 um mesh
for smaller individuals). To prevent injury as much as possible, the nets should be
deployed from a drifting boat, not from a boat under power. The current is usually
sufficient to accumulate a good catch within 3 to 5 minutes. By examining the
suspension in the cod-end of the net, it is possible to judge how dense the catch is. The
suspension should be lightly turbid, but not so dense that it looks optically dark. The
cod-end sample is immediately decanted into a one gallon plastic jar and filled with
seawater from the collection site. The plastic jar must be non-toxic. A Nalgene™ jar is
satisfactory. The added seawater dilutes the sample and prevents excessive clumping
during transportation to the laboratory. Place the samples in an insulated case to
protect them against excessive heat. Use as many plankton tows as necessary to obtain
sufficient individuals for your proposed culturing work.

Due to the fragileness of some species, it is preferable to collect individuals in small
pint-sized glass jars while held in the hand of SCUBA divers. Only experienced and fully
certified SCUBA divers should be permitted to collect samples. Planktonic foraminifera
and radiolaria that are sufficiently large to be visualized while floating in the water
column can be collected by SCUBA methods. This limits the method somewhat. The
method is presented in summary. More detailed accounts are presented elsewhere [5,
8]. Divers work in pairs for safety and to improve collection efficiency. A nylon mesh
bag containing glass pint jars for collecting individuals is attached to a nylon rope
tethered to the boat. The collecting jars should have plastic tops without liners. The
liners may have toxic substances. The jars should be filled with water to reduce
buoyancy. Each jar is opened underwater prior to use and cleansed by swirling in some
seawater using the fingers. A second empty nylon mesh bag is attached lower on the rope
and is used to hold jars containing collected individuals. The SCUBA divers take a
position in the water where they can look up against the dark surface of the hull of the
boat. The light rays penetrating the water cause the floating planktonic foraminifera or
radiolaria to scintillate, and they can be identified more easily. When an organism floats
past the diver, the lid of the jar is gently tilted open and the turbulence causes the
plankter to be swept into the jar. The lid is immediately secured and the jar placed in
the receiving bag. It is absolutely essential to tighten the lid securely to prevent leakage
during the return journey to the laboratory. Upon completion of the collecting trip, the
samples are placed in an insulated container to protect them from excessive heat. If the
boat tends to drift away too rapidly from the divers, one or more plankton nets can be
deployed to act as sea-anchors and slow the rate of drift. All collecting jars must be kept
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scrupulously clean and not used for other purposes. They can be washed with tap water
between uses, but cleaning with detergent is not recommended.

2. Preparing Collected Samples for Culture

Samples collected by plankton nets must be immediately examined on return to the
laboratory to separate the planktionic foraminifera and/or radiolaria from other matter
in the sample jar. The jars are allowed to stand sufficiently long for most of the
particles to settle. The major part of the water is poured off and the sample
resuspended. Approximately 100 ml is poured into a 200 ml container (a pyrex
crystallization dish is appropriate) and examined using a dissecting microscope with
oblique illumination. Planktonic foraminifera and/ or radiolaria that are sufficiently
free from other particles can be identified to species level if necessary. They are drawn
up into a large bore pasteur pipette fitted with a rubber bulb and transferred to another
dish containing approximately 100 ml of seawater collected at the sampling site.

During the next several hours, the healthy planktonic foraminifera or radiolaria will
gradually purge themselves of adhering debris by cytoplasmic streaming. The debris
particles are expelled at the tip of the rhizopodia. For exact taxonomic identification, it
may be necessary to examine the separated individuals using a compound microscope. An
inverted microscope is particularly useful since the pyrex dish can be placed on the
stage, and sufficient detail observed through the bottom of the glass to identify taxonomic
features. Clean, robust individuals are removed by drawing them into a large bore
pasteur pipette and transferred individually into culture containers as described in
section 3. If the individuals are very large, the tip of a pasteur pipette is scored with a
file and broken off, a rubber bulb is attached to the truncated tip, and the individual
organism is drawn up into the broad opposite end of the pipette.

SCUBA-collected individuals can be examined within the glass jars using a dissecting
microscope and identified to species level. lf necessary, they can be transferred to a
smaller container using a large-bore pasteur pipette and observed with an inverted
compound microscope as described above. Healthy individuals are transferred to culture
containers.

3. Culture Containers

Optically clear glass vials (30 mm diameter x 90 mm height), containing c. 30 ml of
seawater from the open ocean sampling site, are preferred for culturing individual
organisms. Do not place more than one individual per vial since they become entangled
and eventually cannibalize one another. Each vial is closed with a plastic cap or with a
piece of cling-type plastic film to prevent evaporation. The seawater should be freshly
collected or if necessary filtered through 0.45 um pore-size Millipore filter and stored
for short periods of time in the refrigerator. The filter should be rinsed several
times with freshwater before use to remove any residual chemicals that
may be present from the manufacturing process. Also, any filtered
seawater must be allowed to equilibrate with the atmosphere before use to
replace oxygen that is excluded during the filtering process. Some species
will die rapidly if placed in Millipore-filtered seawater that has not been re-
oxygenated. Success of the culture program depends to a great extent on the quality of the
seawater. Contaminated seawater will cause premature death or physiological
abnormalities. Carefully monitor the treatment of the seawater sample to prevent
contamination. As a general rule, the less done to the water after collection, the better.
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4. Culture Apparatus

The temperature of the culture vials must be carefully controlled. Algal symbiont-
bearing planktonic foraminifera and radiolaria require adequate illumination to sustain
symbiont photosynthesis. Most symbiont-bearing planktonic foraminifera will not
survive without adequate illumination and will reproduce prematurely if kept for a day
or more without light. The culture apparatus used in our work [4] is shown in Fig. 3.
The culture vials are partially immersed in temperature controlled baths to a depth
equivalent to the level of the seawater in the vial. Each bath contains a thermostated
circulator heater that can be set to a desired constant temperature. A cold water supply
serves as a heat sink for each bath. For maintenance culture, the temperature is set
equivalent to the seawater temperature at the collecting site or a few degrees Celsius
cooler. Slightly cooler water reduces metabolic stress and may extend the vigor and
longevity of the cultures. Fluorescent illumination can be supplied from below as shown
in the figure, or suspended above the baths. In the latter case, it is preferable to use a
clear plastic cap or a clear cling-type plastic film to close the vial to allow sufficient
light penetration into the vial.

It is also possible to simply stack the vials in wire racks in front of a vertical bank of
fluorescent lights. But, this does not allow exact control of the temperature and the
room must be well air-conditioned, and the air circulated with a fan to prevent
overheating. This is inadequate, however, for experimental work.

The fluorescent lights in the culture apparatus are set for a 12 h light/ 12 h dark cycle
or to a different regime if variations in diel light cycle are part of an experiment. Light
intensity can be varied by enclosing the container with the vials in a neutral density
nylon mesh with sufficient layers to produce the desired reduction in light intensity.

For normal growth conditions, light intensity of approximately 150 to 350 pE/m?2/s is
adequate. A blue filter of appropriate color quality can be interposed between the lights
and the culture containers to produce shorter wavelength illumination characteristic of
greater depths in the ocean. In general, it is important to carefully monitor the constant
temperature apparatus to be certain that the system is functioning properly. The
longevity of some planktonic foraminifera and radiolaria can be several weeks in
culture, and it is very disconcerting to lose an experimental treatment after several
weeks because of a failure of the constant temperature apparatus.

In general, it is wise to monitor the health and growth of the cultured organism each day
by observing it with an inverted compound microscope. The organism can be examined
through the bottom of the vial. If it is floating too high in the culture vial, a genile
squirt of culture water from the tip of a pasteur pipette will drive the individual toward
the base of the vial. An ocular micrometer permits measurements within 2 to 3 um
accuracy for recording growth. Planktonic foraminifera grow by adding new chambers
at regular intervals when well fed and healthy. The chambers are large and clearly
visible. Many radiolaria grow by increments, but the silica is added more gradually
through accretion. So, the geometry of the growing skeleton does not change so
dramatically at each step as occurs with the plankionic foraminifera. A record is kept of
the length of rhizopodia, axopodia, and condition and density of symbionts (when
present), color, evidence of cytoplasmic motility, skeletal size, and general appearance
of the central cytoplasmic mass.

It is essential to regularly open the vials to allow gas exchange with the atmosphere,
This is typically done each day when the individuals are observed with the inverted
microscope to determine their vitality and size as described above.
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5. Sources of Food

Planktonic foraminifera vary widely in their natural food sources. In general, juvenile
stages consume protists and will grow well if offered a mixture of laboratory cultured
diatoms, coccolithophorida, or other small flagellates. Mature spinose species are
largely omnivorous to carnivorous. Hastigerina pelagica is largely or exclusively
carnivorous consuming small crustacea (e.g., copepods or even crab zoea). Other
spinose planktonic foraminifera (e.g., Globigerinoides sacculifer and Orbulina universa)
are omnivorous, but will survive well in culture on a carnivorous diet.

Artemia (brine shrimp) nauplii grown in the laboratory from dried cysts that can be
purchased in most pet supply stores is a very good food source for many spinose species.
One-day-old nauplii can be collected by shining light in one side of the culture dish
containing seawater. The nauplii are phototactic and congregate near the light source
where they can be drawn into a pasteur pipette. They are rinsed in seawater obtained at
the open-ocean collecting site, individually drawn up into a pasteur pipette and gently
expelled near the periphery of the rhizopodia of the planktonic foraminifera. The
nauplius will be snared in the rhizopodia and gradually consumed over a period of an
hour or more depending on the nutritional state of the foraminifera. In general, feeding
one nauplius per day is sufficient to maintain good growth of most planktonic
foraminifera. If the planktonic foraminifera is not large enough to snare a living
nauplius, the nauplii are cut into smaller pieces. Several nauplii are transferred in a
drop of water on the surface of a glass slide and rapidly cut into smaller pieces using a
fine razor blade, with a chopping action. The small pieces of the nauplius are pipetted
into the vicinity of the rhizopodial halo of the planktonic foraminifera. Non-spinose
planktonic foraminifera will accept small nauplii or pieces of nauplii placed near the
rhizopodial periphery. In general, non-spinose species do not float in laboratory
culture, but become attached to the botton of the culture vessel. They still protrude
feeding rhizopodia and will consume prey and grow by new chamber addition. Typically,
spinose and non-spinose species will add new chambers nearly daily under good growth
conditions with daily feeding. Overfeeding should be avoided as this leads to excessive
buildup of detrital matter in the cytoplasm.

Radiolarian species vary markedly in size, and thus require different food sources
depending on their natural prey type and capacity to snare prey. The larger
spumellaridan species such as Thalassicolla nucleala, Physematium muelleri, and
spongiose skeletal spongodrymid-lype species will accept Artemia nauplii or pieces of
nauplii. ~ For smaller species, it is preferable to maintain a mixture of algal species in
the laboratory for food as recommended above for juvenile planktonic foraminifera. Or,
if the culture system is illuminated, simply using unfiltered seawater from the
sampling site will provide sufficient natural prey to maintain good growth of many
smaller species of radiolaria (e.g., Spongaster tetras, Dictyocoryne spp., Euchitonia
elegans and Didymocyrtis tetrathalamus). In some cases bacterial prey has been found
in digestive vacuoles of smaller radiolaria, and the unfiltered seawater is a good source
of these monera, including possibly cyanobacteria. It is wise to examine the cultures
daily and transfer the radiolarian to new unfiltered seawater if an excessive growth of
diatoms or other protists occurs. A moderate quantity of protists in the culture vial is
desirable to maintain good nutrition of the radiolarian. As needed, the radiolarian is
transferred by drawing it up into the large end of a pasteur pipette. In general, the
smaller species are more delicate and do better with the least handling. Transfer them
only as required, preferably about once every two weeks if necessary.
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COMMENTS

It is difficult to predict in advance which species found at a particular collecting site
will grow best in laboratory maintenance cultures. If you have not identified a
particular species for culture work, it is advisable to try culturing several individuals
of each of the major species obtained at a collecting site to assess their vitality in
culture. Sometimes it is necessary to repeat the trial cultures for several days or weeks
since natural variations in some populations of planktonic foraminifera and radiolaria
affect vitality of a sample collected at a particular site and at a given time. In general,
however, work at our laboratory suggests the following guidelines. Among the
planktonic foraminifera, the following species are particularly suitable for |laboratory
maintenance culture and experimental work: spinose species, Globigerinoides
sacculifer, Orbulina universa, Globigerinella aequilateralis, and Hastigerina pelagica;
and the non-spinose species, Globorotalia truncatulinoides, and Globorotalia hirsuta.
Globigerinoides ruber, though widely distributed in the natural environment, is not
easily managed in laboratory culture. The individuals tend to shed their spines
repeatedly, require more illumination than other species to maintain a robust
appearance, and often die earlier.

Among the radiolaria, larger spumellaridan species are often most robust in culture
including the skeletonless species Thalassicolla nucleata, Physematium muelleri
(containing only skeletal spicules), Thalassolampe margarodes, and larger spongiose
spheroidal skeletal spongodrymid-type species. Smaller spumellaridans that survive
well in culture include Spongaster tetras, Euchitonia elegans, Didymocyrtis
tetrathalamus, and Spongodiscus spp. Most Nassellarida are small and often more
difficult to observe in culture vials. The large gelatinous colonial radiolaria, abundant
in subtropical latitudes in summer, especially in the Sargasso Sea, are usually readily
maintained in culture in pyrex culture dishes (containing 100 to 200 ml seawater).

They should be illuminated and kept moderately cool (20° to 25° C). Occasional Artemia
nauplii (about twice weekly or more often) can be supplied as food.

Larger individuals of planktonic foraminifera and many radiolarian species can be
expected to begin reproduction relatively soon after collection, especially if well fed.

Be alert to the signs of reproduction, including withdrawal of peripheral cytoplasm, a
gradual loss of color of the remaining, usually abundant, central cytoplasm, formation
of a whitish mass of developing reproductive cells in the central cytoplasm, and eventual
release of reproductive cells that rapidly swim outward and away from the gradually
emptied test. If the organisms seem to suddenly sink to the bottom of the culture vessel,
this may be early stages of reproduction. Dying individuals can often be distinguished
from contracted reproductive ones by the appearance of the remaining cytoplasm which
often is heavily granular, sometimes remains pigmented even in later moribund stages,
and usually is attacked by numerous scavenger flagellates that swarm near or around the
surface.

When working with a new species in culture, one of the major requirements is finding
an appropriate source of food. If natural prey in the seawater obtained at the collection
site does not provide good growth, try establishing a mixed culture of microzoa liberated
from the cytoplasm of very freshly collected individuals of the planktonic foraminifera
or radiolaria you are trying to culture. Crush several of the freshly collected
individuals and add them to the culture media in test tubes that are illuminated.
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Sometimes, the mixture of microbiota that bloom in such a tube may serve as food if
offered sparingly to the planktonic foraminifera and radiolaria in your culture vessels.
If you find that a particular mixture of food organisms works well, transfer the cultures
to new media at regular and frequent intervals to ensure a vigorous and healthy source of
food organisms. Otherwise, one or more of the more rapidly growing individuals will
completely overtake the food supply. It is often difficult to maintain such mixed cultures
for very long, and it may be necessary to begin again if your food supply becomes less
effective with time.

Radiolaria require a source of silicate for growth. Usually enough silicate is available in
the original seawater, or dissolved from the glass vial, to sustain growth. It is
important, therefore, to use glass culture containers. It may be advisable to experiment
with adding a clean sand grain for additional silicate, if growth is not adequate.
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CULTIVATION OF LABYRINTHULA

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’6901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Labyrinthula is best cultivated monoxenically with bacteria or yeast as a food source [1]. One
protocol is presented below.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Agar with 1% Serum [1]

Heat-inactivated horse serum . . . . .. ... ... . . ... ... 10.0 ml
AgQar e e e 120g
Artificial seawater® . . . ... e e e 990.0 ml

*There are many sources of artificial seawater. Formulations from the same manufacturer
vary from lot to lot. A new lot of artificial seawater should be tested in parallel with a
currently used lot to determine if it supports equivalent growth.

. Autoclave medium without horse serum at 121° C for 20 min.

. Allow to cool to 50° C in a water bath.

. Aseptically add the heat-inactivated horse serum and swirl to distribute evenly.

. Aseptically dispense in 40.0 ml aliquots to 15 x 100 mm petri dishes. Allow to solidify.

. Distribute food organisms over the surface of the plate. Incubate at 25° C overnight.

. Aseptically remove an agar block (~5 mm? from the edge of a plate culture with active cells.
. Invert the agar block at the edge of a plate prepared in step 7.

0 Repeat steps 7-9 at 14-28 d intervals.

= OO N®DO AW

COMMENTS

Some strains will be lost after protonged cultivation. It is best to cryopreserve strains soon after
isolation.
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INTRODUCTION

Human malarial species can be maintained in primates or by /in vitro methods [2]. Since /n vitro
methods are probably the most practicable for most laboratories the simplest /n vitro method is
detailed here. The /n vitro cultivation has been semi-automated and there are methods to produce
"large" quantities. The reader is referred to literature for the latter [1,3]. The maintenance of rodent
Plasmodium is also provided in vivo.

PROTOCOL
In vitro Cultivation
Candle Jar Method
Plasmodium falciparum

1. Obtain one pint of human A + blood as freshly drawn as possible from a local blood bank. If the
blood can be obtained already separated into a cell pack and plasma, (it usually is no more
expensive to obtain in this configuration than as whole blood) it will save several preparative
steps.

2. If the blood is obtained as whole blood aseptically distribute in 100 ml aliquots to 125 ml screw-
capped bottles and allow bottles to remain undistributed refrigerated (5-9° C) for 1-2 d. The red
blood cells will settle and the serum can be removed with a pipette.

3. To 100 ml of serum add 1.0 ml of 10% {w/v) CaCl, prepared in glass distilled H,0. Aseptically
add an autoclaved stirring bar and stir at room temperature for 30 min. A clot will form over
the stirring bar. Do not stir too rapidly or this will inhibit clot formation. Stir at medium setting.
Serum allowed to warm to room temperature prior to addition of CaCl, will clot faster than cold
serum.

4. With a pipette distribute serum (less the clot) in 10.0 ml aliquots to plastic screw-capped 16 x
125 mm and store at -20° C until needed.

5. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

6. Medium formulation:

RP medium
Solution T (see below) . ... .. .. . i 960.0 mi
Solution 2 (see below) . . . ........ ... .. .. .. 40.0 ml
Solution 3 {seebelow) . . ... .. ... ... . .. ... 1.0 ml
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Solution 1
RPMI - 1640 powder {(GIBCO 430-1800EB) .............. 104 ¢
HEPES (Research Organics Inc. 6003H) . ... ............. 594 g
Glass redistilled H,O . . . ... .. ... .. .. 960.0 ml
Filter sterilize using a 0.2um filter.

Solution 2
NaHCO, . . . . 5009
Glass redistiled H,O . . . .. ... .. ... . 100.0 ml
Filter sterilize using a 0.2um filter.

Solution 3
Hypoxanthine . . . . . . . . . . . . . e 1.5 mg
Glass redistilled H,O . ... ... ... .. o i o 100.0 ml

Filter sterilize using a 0.2um filter.

7. To prepare Solution 1 first dissolve the RPMI - 1640 powder in 900.0 ml of glass redistilled H,0.
Then dissolve the HEPES and dilute to 960 ml with glass redistilled H,O. Filter sterilize. Can be
stored refrigerated (5-9° C) for up to one month.

8. To prepare Solution 2 dissolve 5.0 g of NaHCO, in 100.0 ml of glass redistilled H,0 and filter
sterilize. Can be stored refrigerated (5-3° C) for up to one month.

9. To prepare Solution 3 dissolve 15.0 mg of hypoxanthine in 100 ml of glass redistilled H,0 at 80°
C. Mix thoroughly and transfer 10 ml of this solution to 90 ml of glass redistilled H,0 at 80° C.

10.Before use add 4.2 mi of solution 2 and 0.1 ml of solution 3 to 100 m of solution 1 and mix
thoroughly. This solution can be stored refrigerated (5-9° C) for up to a week.

11.To 8.5 ml of the solution prepared in step 8 add 1.5 ml of declotted human serum prepared in
step 4. This constitutes the complete liquid medium used for the cultivation of the parasite.

12.Wash red blood cells as follows: Transfer 5.0 ml of red cell pack to a 15.0 ml centrifuge tube
and add ~10 ml of medium (less serum) prepared in step 8. Centrifuge at 850 g for 5 min.

13.Decant supernatant and repeat step 10.

14.Decant supernatant and repeat step 10.

15.Decant supernatant and add a volume of complete medium (see Step 9) equal to the volume of
the cell pack. This constitutes a 50% uninfected blood suspension.

16./n vitro strains of Plasmodium falciparum can be cultivated in a 250 mm (D) desiccator equipped
with a 230 mm diameter desiccator plate with a ’/;" center hole. Four to five candles of various
heights are spaced about the surface of the plate and one is positioned beneath the plate under
the center hole.

17.0n the fourth day after inoculation swirl each petri dish to suspend the red blood cells and using
an inoculating loop steak a loopful on a microscope slide. Allow slide to air dry and then Giemsa
stain. Count the number of infected red blood cells versus uninfected red blood cells. A
minimum of 500 red blood cells should be counted. A red blood cell may be multiply infected,
but it is counted as a single infected cell.

18.If the average parasitemia is 5-10% the culture can be passaged.

19.Resuspend the red blood cells from all petri dishes and pool. Centrifuge at 850 g for 7 min.

20.Remove as much of the supernatant as possible using a pipette and resuspend the cells with a
volume of complete medium equal to the volume of the cell pack. This represents a 50% infected
blood suspension.

21.The desired parasitemia {0.1-0.2%) is obtained by diluting the 50% infected blood suspension
with the 50% uninfected suspension (prepared in step 13 of previous protocol). For example if
the parasitemia of the 50% infected blood suspension is 10% then if 0.1 ml of this suspension
is diluted with 9.9 of 50% uninfected blood, a final parasitemia of 0.1% would be achieved.

22.To prepare 4 cultures of an 8.0% blood suspension, dilute 1.0 ml of the 50% blood suspension
with the adjusted parasitemia with 5.0 ml of the complete medium. Dispense 1.5 ml of this
preparation into 3.5 cm petri dishes. Place petri dishes on the desiccator plate.



Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-37.3

23.Place a layer of high vacuum silicone grease (Dow Corning) along the rim of the desiccator.

24 light all candles.

25.Turn sleeve of desiccator lid such that the vent is open and securely place the lid on the
desiccator. Make sure the layer of high vacuum silicone grease {Dow Corning) is even and there
are no air spaces to the outside.

26.Allow the candles to burn until the last one is almost extinguished. Then turn the sleeve of the
desiccator lid to close the vent.

27.Tape the lid of the desiccator with masking tape. This will prevent the lid from sliding while
incubating.

28.Place the desiccator at 37° C.

29.Feed the cultures daily as follows: Gently remove the desiccator from the incubator taking care
not to agitate the cultures. Remove the masking tape and gently slide off the desiccator lid and
with as little agitation as possible place the petri plates in a laminar flow hood.

30.Gently remove the lid, tilt the plates, and aspirate the medium covering the red blood cells using
a Pasteur pipette. Avoid sucking the blood cells into the pipette.

31.After the medium has been removed add 1.5 ml of fresh complete medium to each 35 mm plate
or 12.0 ml of medium if 100 mm plates are used.

32.When parasitemia is between 10-15%, subculture (usually every 4 d).

PROTOCOL

In vivo cultivation in mice
Plasmodium berghei berghei, Plasmodium vinckei vinckei

—

. Inoculate 0.1 ml of a infected blood suspension obtained either from cryopreserved stock or an
infected animal (see below) intraperitoneally into a 6-9 wk old mouse using a 1.0 ml syringe
equipped with a 27 gauge % inch needle.

. Monitor the mouse daily. Normal healthy mice have well groomed fur. The fur of infected mice
appears progressively ruffled. Eventually the mouse will become sluggish and will adopt a
hunched posture,

3. Do tail clips to determine the level of the parasitemia when mice begin to appear ill. Grip a mouse
by the tail and allow it to hang downward with its head inside a cage. Place the wire lid on top
of the cage to secure the tail against the top of the cage. Hold the tail with index finger and
thumb of one hand near the base of the tail. With the fore finger and thumb of the other hand
securely grip the tail and run these fingers back and forth along the tail several times. This will
cause the tail to become engorged with blood.

4. With a sterile pair of scissors clip the very tip of the tail and force a drop of blood to the tip of
the tail by running a thumb and fore finger from the base of the tail toward the tip.

5. Place the drop of blood at the edge of a microscope previously cleaned with 70% ethanol slide
and make a blood smear. Allow to air dry.

6. Stain with Giemsa and count the number of infected red blood cells versus the uninfected cells.
A minimum of 500 red blood cells should be counted. A red blood cell may be multiply infected,
but it is counted as a single infected cell.

. The level of parasitemia before the mouse will succumb will vary with the strain used. Monitoring
on a daily basis will alert the experimenter as to when the strain should be passage.

. To passage the strain remove blood from the infected mouse using cardiac puncture. In a laminar
flow hood ventilated to the outside add one capful of the Metofane (Pitman-Moore, Inc.,
Washington Cross, NJ, cat. #55685) to a wad of cotton at the bottom of a 1 galion jar. Place
a wire mesh screen over the top of the cotton and tightly secure the lid. Allow the jar to remain
undisturbed for 10 min. Remove lid of jar and add infected mouse. When mouse is thoroughly
anaesthetized, tie it down firmly with its stomach upward. Thoroughly alcohol the chest with
70% denatured alcohol.

N

~N

[e]
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9. Puncture the heart using a 1.0 ml syringe equipped with a 27 gauge % inch needle. Prior to
using add 0.4 ml of Yaeger’s anticoagulant solution (see below) to the syringe. Move the plunger
of the syringe back and forth several times to distribute the anticoagulant. Adjust the final
volume of the anticoagulant to 0.1 ml.

Yaeger’'s Anticoagulant

Sodium Citrate . . . v v v o o e e e e e e e e e e 1.33 g
Citric acid . . . o v i e e e e e e 0.47 g
DEXIrOSE & v v v v i i e e e e e e e e e e e 3.00¢g
Sodium heparin . . . ... . e e e e 02 g

Glass distilled H,O0 .. .. ... ... .. 100.0 ml

10.Draw blood into the syringe by gently pulling the plunger outward. When blood is no longer
obtainable or the mouse has died remove needle and invert the syringe several times to mix the
anticoagulant evenly with the blood.

11.Remove air bubbles from the syringe. Place the syringe in a vertical position with the needle
pointing upward. Place the tip of the needle on the surface of a cotton ball previously thoroughly
alcoholed (squeeze the cotton ball so that it is moist but not dripping wet). With the index finger
flick the top of the syringe several times to allow the air bubbles to coalesce and move to the top
of the syringe body. Gently push in the plunger to remove the air pocket. It may be necessary
to repeat this procedure several times to remove most air bubbles. When a steady stream of
blood exits the needle, the blood is ready for injection.

12.Inject 0.1 ml of the infected blood suspension into each uninfected mouse.

13.Subculture as needed.

COMMENTS

Plasmodium falciparum can be cultivated without the addition of hypoxanthine but yields will be
much lower (5-8% vs. 15-20%). Morakuta and Charuchinda report a salt solution which allows
storage of red blood cells for up to 2 months [4]. Plasmodium berghei can be cultured in vitro for
extended periods [5]. Red blood cells from the hamster, quinea pig and mouse supported optimal
growth of P. berghei [6].
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INTRODUCTION

Strains of Toxoplasma gondii can be cultivated either in vitro in a cell line [1,4] or /n vivo in mice.
Protocols for both cultivation methods are provided.

PROTOCOL

In vitro
Cultivation in a cell fine

1. A foreskin fibroblast cell live is one of several cell lines that can serve as a host for Toxoplasma
gondii. The cell line can be maintained in the medium listed in step 2.
2, Medium formulation:

Toxoplasma Medium
L-Amino Acids

ArginiNg . . .. e e e e e e 0.105 g
CYStiNg . . . . i e e e e e e 0.024 g
Glutamine . . ..o i e e e e 0.292
Histiding . . . . .. . . . . . . e 0.031
Isoleucine . ... ... e e e 0.052 g
Leucine . . . . ... e e e e 0.052 ¢
LYSINg . . e e e 0.058 g
Methionine . . .. . .. .. . . e 0.01b g
Phenylalanine . . . . . . . . .. e e 0.032 ¢
Threonine . . . . . . v i i e e e e e 0.048 g
Tryptophase . .. ... . . . . e 0.010 ¢
TYr0SINe . . . e e e e e 0.036 g
Valine . . . . .. e e e e 0.046 g
Vitamins
Choline . . . . . . e e 1.0 mg
Folic acid . . ... . . . e e 1.0 mg
Inositol . . . .. e e e 2.0 mg
Nicotinamide . ... ... ... . . @ i e 1.0 mg
Pantothenic acid . . . . ... . . . . . e e 1.0 mg
Pyridoxal.HCE . . . . . .. e 1.0 mg
Riboflavin . . . . . . . e 0.1 mg
Thiamine-HCl . . . . . .. . e 1.0 mg
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Earle’s Salts

NaCl . . e e e e e 6.8 g
O 0.4 g
NaH,PO,H,O . .. .. e 0.125 g
CaCl, o o 02 g
MgSO, .. e e 0.1 g
NaHCO,; . ... . e 22 g
GIUGOSE . v v o it e e e e e e e 1.0
Phenolred . . . ... . . . . . e 0.05 g

The medium ingredients should be added to 1.0 L of glass distilled H,0O in the order indicated.

Adjust pH to 7.2-7.4.

. Filter sterilize using a 0.2uym filter.

To 900 ml of medium add 100 mi of heat-inactivated fetal calf serum (HIFCS) before use. To
inactivate serum, place 100 ml in a 125 ml screw-capped bottle and transfer to a 56° C water
bath for 30 min.

Add 10 ml of complete medium to T-25 flasks.

. When the cell line has formed a contiguous monolayer, remove the overlying medium with a

pipette. Add 2.0 ml of 0.25% (w/v} Trypsin Solution dissolved in Hanks’ Balanced Salt Solution

(see below). Gently distribute the Trypsin Solution over the monolayer, remove the Trypsin

Solution and place the flask at 35° C for 10 min.

o mpw

o N

Hanks’ Balanced Salt Solution

NaCl . e e 8000.0 mg
O 400.0 mg
Na,HPO,2H,0 . . .. . . . 60.0 mg
KH,PO, . . o 140.0 mg
CaCl, . .o o e e 200.0 mg
MgSO,7H,0 . .. e 350.0 mg
NaHCO, . . . e 20.0 mg
Phenolred . . ... ... . . i i i e e 20.0 mg
GlUCOSE . . . o it e 1000.0 mg
Glass distiled H,O . ........... .. .. ... ... . ... . ... 1000.0 ml

9. Add 2.0 ml of fresh complete medium and detach any cells still adherent by alternately aspirating
the medium into a pipette and discharging the contents rapidly over the monolayer.

10.Distribute the cell suspension in 0.5 ml aliquots to T-25 flasks prepared in Step 7.

11.0utgas flasks with 95% air, 5% CO, gas mixture for 10 seconds and immediately screw caps
on tightly.

12.Incubate flasks at 35° C and change medium twice a week.

13.When the monolayer of the cell line is complete remove the medium and replace with 10 ml of
Toxoplasma Medium prepared in the above protocol but use 3% (v/v) HIFCS rather than 10%
(v/iv).

14.A culture of Toxoplasma that has almost completely destroyed the cell line is ready for subculture.

15.Vigorously agitate the culture and aseptically transfer 0.1 ml and 0.25 ml aliquots to fresh
confluent cell monolayers prepared in step 13.

16.0utgas with 95% air, 5% CO, gas mixture and immediately tightly close cap. Incubate at
35° C.

17.Subculture at 7-14 d intervals from time of inoculation of the monolayer.
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PROTOCOL

In vivo cultivation in mice

1. Inoculate 0.1 ml of a tachyzoite suspension obtained either from a cryopreserved stock or an
infected animal (see below) at a concentration of 10° cells/ml intraperitoneally into a 6-9 wk old
mouse using a 1.0 m! syringe equipped with a 27 gauge % inch needle.

2. Monitor the mouse daily. Normal healthy mice have well groomed fur. The fur of infected mice
appears progressively ruffled. Eventually the mouse will become more sluggish and will adopt a
hunched appearance. The abdomen will also become progressively distended. The infection will
ultimately result in death of the mouse.

3. Kill the mouse using cervical dislocation. Hold the tail of the mouse with one hand and place the
mouse on the wire lid of a cage. The mouse will normally grip the lid with its fore paws. Pull the
tail gently and with the thumb and fore finger of the opposite hand firmly press the neck of the
mouse against the cage. Pull the tail until the skull has been completely separated from the spinal
column.

4. Inject 2.0 ml of Tyrodes Salt Solution aseptically into the peritoneum using a 27 gauge, % inch
needle attached to a 5 ml syringe, Massage the abdomen and aseptically remove as much fluid
as possible with a 20 gauge 1% inch needle attached to a 5 ml syringe.

Tyrodes Salt Solution

NaCl . e 80 g
KCl 0.2 g
CaCl, 0.2 ¢
MgCL-H,O . . . . e e 0.1 g
NaH,PO,H,O . . .. . .. 0.05¢
NaHCO, . . .. . 1.0 g
Glucose . . ... . e 1.0 g
Glass distiled H,O . . ...... ... ... . . . 1.0 L

5. Inoculate 0.2 ml of the recovered peritoneal fluid per mouse to subculture.

COMMENTS

Toxoplasma gondii can be cultivated in a non-adherent cell line [3] and this would reduce the number
of steps in the protocol and avoid the use of Trypsin. The serum component can be replaced with
various proteins [2].
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INTRODUCTION

Various species of Babesia can be cultivated /n vivo in the appropriate host species. One species
B. bigemina, has been adapted to /n vitro cultivation [1]. The method presented below will focus
on the in vivo cultivation of B. microtia in mice. Since some species are infective to humans, safety
should be a primary concern. Careful planning before a protocol is essential to exercising the required
caution.

PROTOCOL

In vivo cultivation
Babesia

1. Inoculate 0.1 ml of an infected blood suspension obtained either from cryopreserved stock or an
infected animal (see below) intraperitoneally into a 6-9 wk old mouse using a 1.0 ml syringe
equipped with a 27 gauge % inch needie.

2. Monitor the mouse daily. Normal healthy mice have well groomed fur. The fur of infected mice
appears progressively ruffled. Eventually the mouse will become sluggish and will adopt a
hunched posture.

3. Do tail clips to determine the level of the parasitemia when mice begin to appear ill. Grip a mouse
by the tail and allow it to hang downward with its head inside a cage. Place the wire lid on top
of the cage to secure the tail against the top of the cage. Hold the tail with index finger and
thumb of one hand near the base of the tail. With the fore finger and thumb of the other hand
securely grip the tail and run these fingers back and forth along the tail several times. This will
cause the tail to become engorged with blood.

4. With a sterile pair of scissors clip the very tip of the tail and force a drop of blood to the tip of
the tail by running a thumb and fore finger from the base of the tail toward the tip.

5. Place the drop of blood at the edge of a microscope slide previously cleaned with 70% ethanol
and make a blood smear. Allow to air dry.

6. Stain with Giemsa and count the number of infected red blood cells versus the uninfected cells.
A minimum of 500 red blood cells should be counted. A red blood cell may be multiply infected,
but it is counted as a single infected cell.

7. The level of parasitemia before the mouse will succumb will vary with the strain used. Monitoring
on a daily basis will alert the experimenter as to when the strain should be passage.

8. To passage the strain remove blood from the infected mouse using cardiac puncture. In a laminar
flood hood ventilated to the outside add one capful of the Metofane (Pitman-Moore, Inc.,
Washington Cross, NJ, cat. #55685) to a wad of cotton at the bottom of a 1 gallon jar. Place
a wire mesh screen over the top of the cotton and tightly secure the lid. Allow the jar to remain
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undisturbed for 10 min. Remove lid of jar and add infected mouse. When mouse is thoroughly
anaesthetized, tie it down firmly with its stomach upward. Thoroughly alcohol the chest with
70% denatured alcohol.

9. Puncture the heart using a 1.0 ml syringe equipped with a 27 gauge % inch needle. Prior to
using add 0.4 ml of Yaeger’'s anticoagulant solution (see below) to the syringe. Move the plunger
of the syringe back and forth several times to distribute the anticoagulant. Adjust the final
volume of the anticoagulant to 0.1 mi.

Yaeger’'s Anticoagulant

Sodium Citrate . . . . . . i e e e 1.33 g
Citric acid . . . . . . . e e e e 0.47 g
DEXtrOSe . v v v i e e e e e e e e 3.00 ¢
Sodium heparin (NBCo)* ... .. ... . . i 0.2 g

Glass distiled H,O . . . .. ... e 100.0 ml

*Nutritional Biochemical Corporation

10.Draw blood into the syringe by gently pulling the plunger outward. When blood is no longer
obtainable or the mouse has died remove needle and invert the syringe several times to mix the
anticoagulant evenly with the blood.

11.Remove air bubbles from the syringe. Place the syringe in a vertical position with the needle

pointing upward. Place the tip of the needle on the surface of a cotton ball previously thoroughly

alcoholed (squeeze the cotton ball so that it is moist but not dripping wet). With the index finger

flick the top of the syringe several times to allow the air bubbles to coalesce and move to the top

of the syringe body. Gently push in the plunger to remove the air pocket. It may be necessary to

repeat this procedure several times to remove most air bubbles. When a steady stream of blood exits

the needle, the blood is ready for injection.

12.With safety precautions in mind, inject 0.1 ml of the infected blood suspension into each
uninfected mouse.

13.Subculture as needed.

COMMENTS
Parasitemias can reach levels of greater than 60%.

LITERATURE CITED
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Vet. Res. 46:446-420.
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INTRODUCTION

Lipscomb and Corliss reported successful cultivation of Stephanopogon apogon for months using
filtered seawater, split peas and unidentified bacteria [1]. The species can be cultivated to high
densities using the method detailed below.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater . .. . . . ... e e 500.0 mi
2x Cereal grass infusion
medium {see below) . . . . .. . . . . .. e e 500.0 mi

2x Cereal Grass Infusion Medium
Powdered cereal grass leaves® ... ................... 5.0g
Glass distilled H,0 . . .. ... ... . . 1.0L

*There are many sources of artificial seawater. Formulations from the same manufacturer
vary from lot to lot. A new lot of artificial seawater should be tested in parallel with a
currently used lot to determine if it supports equivalent growth,

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat
and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO
marketed a product with the same name that consisted of powdered rye grass leaves only.
Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under
the name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to Cerophyl is still produced by Dairy Goat
Nutrition P.0O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Ceresl
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat
leaves rather than rye leaves.
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3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add

distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper. Autoclave for

15 min at 121° C.

5. Allow solution prepared in step 4 to cool and combine equal amounts of this solution and the
solution prepared in step 3.

6. Distribute medium in 10.0 m! amounts in a T-25 flask and inoculate with Klebsiella pneumoniae
approximately 24 h prior to inoculation with ciliates. Loosen caps one half turn and incubate at
25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

8. incubate at 25° C for 7-14 d and repeat steps 6-8.

9. Vigorously agitate a flask of a culture of Rhynchomonas nasuta at peak density and transfer to
a 15.0 ml centrifuge tube. Centrifuge at 850 g for 5 min. Discard supernatant and resuspend
pellet with artificial seawater to a final volume of approximately 14.0 ml. Centrifuge as above.

10.Discard supernatant and resuspend pellet with artificial seawater. Centrifuge as in step 9.

11.Discard supernatant. Resuspend pellet with supernatant to a final volume of approximately 1.0
ml.

12.Medium formulation:

Marine Flagellate Medium [2]

Filter sterilized artificial seawater . . . ... .. ... . . .. ... ... 15.0 mi
Autoclaved rice grains (Uncle Ben's
Natural Whole Grain Rice™*) . ... ... .. . .. 2.0

*Can be obtained from grocery store.

13.Fill a 20 x 150 mm screw-capped test tube approximately '/, full with rice grains. Autoclave at
121° C for 20 min. Loosen cap one half turn prior to autoclaving.

14.Prepare artificial seawater according to package directions. Filter sterilize.

15.Add 15.0 mi aliquots of seawater to T-25 tissue culture flasks and then aseptically add two rice
grains.

16.Add 1.0 ml of concentrated suspension of Rhynchomonas nasuta prepared in step 11.

17.Vigorously agitate the culture of Stephanopogon to be transferred and aseptically transfer 0.1
ml to a flask prepared in step 186.

18.Incubate flask at 25° C with cap on tight.

19.Transfer when most prey have been eliminated.

COMMENTS

For routine maintenance of small populations cultivate Rhynchomonas in Marine Flagellate Medium
rather than in Seawater Cereal Leaf Medium. Yields of Stephanopogon are proportional to densities
of Rhynchomonas offered as a food source.

LITERATURE CITED

1. Lipscomb, DL & Corliss, JO 1982. Stephanopogon, a phylogenetically important "ciliate”, shown by
ultrastructural studies to be a flagellate. Science 215:303-304.

2. Nerad, TA ed. 1991. American Type Culture Collection Catalogue of Protists, 17th edition, American Type
Culture Collection, Rockville, MD 88 pp.
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CULTIVATION OF SELECTED
KARYORELICTEANS

Thomas A. Nerad', Pierre-Marc Daggett’ and Eugene B. Small’

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852;
’5901 Montrose Road C402, Rockville, MD 20852 and
*Department of Zoology, University of Maryland,
College Park, MD 20742

INTRODUCTION

Most Karyorelicteans are sand-dwelling. 7racheloraphis spp. from both estuarine and marine
sediments have been cultured [1]. Of non-sand dwelling Karyorelicteans strains belonging to the
genus Protocruzia have been successfully cultivated (A Soldo, personal communication).

N —

PROTOCOL
Tracheloraphis

. Filter sterilize water from the collection site.
. Medium formulation:

Filter sterilized site H,O ... ... ... ... . . .. ... .. .. ..., 100.0 ml
Streptomycin-SO, . . . . . ... 10.0 mg

. Aseptically distribute in 3.0 ml aliquots into 3.5 cm sterile plastic petri dishes.
. Add crumbled freshly boiled egg yolk. The pieces of eqg should be no larger than 1 mm and there

should be no more than 6 pieces per dish.

. Inoculate dish with 5-6 ciliates and incubate at a temperature equivalent to the temperature of

the collection site water from which the isolation was made.

. Every 5-7 d add a few pieces of freshly boiled egg vyolk.
. Every 2-4 wk subculture into fresh medium. The organisms are transferred by picking individuals

with the aid of a mouth pipette and a dissecting microscope.

. Repeat steps 5-7.

PROTOCOL

Protocruzia

. Medium ingredients should be added in the sequence listed. If the name of a company is listed

with a specific component, the medium component should be obtained from the company to
assure growth.
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2. Medium formulation:

Seawater Cereal Grass Infusion Medium
2x Artificial seawater* . . .. . . e e e 500.0 ml
2x Cereal grass infusion medium (see below) . ............ 500.0 ml

2X Cereal Grass Infusion Medium
Powdered cereal grass leaves™** .. ... ... . ... . ..., 5.0
Glass distiled H,O . ... ... ... ... .. .. . 1.0

*There are many sources of artificial seawater. Formulations from the same manufacturer
vary from lot to lot. A new lot of artificial seawater should be tested in parallel with a
currently used lot to determine if it supports equivalent growth.

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye,
oat and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City,
MO marketed a product with the same name consisted of powdered rye grass leaves only.
Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under
the name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture, Sigma Chemical Company, P.0O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

3. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 ml distilled H,0 and boil for 5 min. Add distilled
water to compensate for evaporation. Filter through Whatman #1 filter paper. Autoclave for 15
min at 121° C.

5. Allow solution prepared in step 4 to cool and combine equal amounts of this solution and the
solution prepared in step 3.

6. Distribute medium in 5.0 ml amounts into 16 x 125 mm screw-capped test tubes and inoculate
with Klebsiella pneumoniae approximately 24 h prior to inoculation with ciliates. Loosen caps
one half turn and incubate at 25° C.

7. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

8. Incubate at 25° C for 7-14 d and repeat steps 6-8.

COMMENTS

Protocruzia does not form a resistant stage in its life cycle and must therefore be passaged regularly.
One strain of Protocruzia originally isolated from the bottom of a 10 gallon aquarium containing very
old, mostly evaporated, mesosaline (~15 °/ ) Chesapeake Bay water (E Small, unpublished
observation), has been maintained for several years (A Soldo, personal communications) using the
protocol listed above. Other strains isolated from the Atlantic Ocean off the coast of Connecticut
and Mexico have been maintained as monoprotist cultures using the same protocol, The K.
pneumoniae strain used is the same strain originally used by TM Sonneborn for the cultivation of
paramecia and was known as Aerobacter aeorgenes [2]. With changes in bacterial systematics it has
been identified as a nonpathogenic strain of K. pneumoniae. It is recommended that an equivalent
strain be used.
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- CULTIVATION OF SELECTED HETEROTRICHS

Pierre-Marc Daggett' and Thomas A. Nerad’
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INTRODUCTION

Many of the heterotrichs are very large and are therefore ideal for study in the classroom. Several
of these genera are pigmented. Blepharisma is pink and some species of Stentor have a bluish tint.
Some members of these genera are colorless. Other colorless genera are Spirostomum and Fabrea.
These organisms can be maintained as monoprotist cultures with bacteria as a food source. Fabrea
is found in seawater and the other genera are common in freshwater.

PROTOCOL

Blepharisma

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves® .. ..... ... .. ... .. ..... 2549
Na,HPO, . ... . .. 0.54¢g
Glass distiled H,O . . . . ... ... ... L 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl! is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product {cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,0 and boif for 5 min.
4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

5. Filter through Whatman #1 filter paper.

6. Add 0.5 g Na,HPO,.
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7. Autoclave for 20 min at 121° C.

8. In advance place wheat kernels in a 20 x 125 mm screw-capped test tube to a depth of
approximately 5 cm. Add a few drops of glass distilled H,0 and with the cap loosened one half
turn, autoclave for 30 min at 121° C. Place the tube in a 70° C incubator overnight to remove
any moisture. Allow the tube to cool to room temperature, screw the cap on tight and store
refrigerated (5-9° C) until needed. Wheat kernels may be obtained from a grocery store.

9. Place 200 m! of medium prepared in step 7 into an 11 cm biological finger bowl containing
approximately 200 ml of medium. Add one wheat kernel.

10.Medium formulation (Part 2):

Agar Medium for Klebsiella pneumoniae

Yeast extract {Difco #0127) ... ... ... . . . 40 g
GIUCOSE . . . i i e e e e e 0.16 g
AQar e e e e e e 200 g
Glass distiled H,O . ... .. ... . e 800.0 ml

11.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

12.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal slant.

13.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
(5-9° C). Subculture every 3-4 wk.

14.Inoculate finger bowl prepared in step 9 with a loopful of bacteria from a stock slant and incubate
at 30° C overnight.

16.Inoculate 1 mi of a growing or encysted culture into medium prepared in step 14.

16.Place another empty finger bowl on top of the culture to reduce moisture loss and incubate in the
dark at 25° C.

17.Repeat steps 14-16 at monthly intervals.

PROTOCOL
Spirostomum, Stentor

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Soil/H,0 Biphasic Medium [1]
Rich Organic Soil {Air-dried) . . ... ... ... .. ... 125.0 g
Glass distilled H,O . . . . ... .. . 875.0 ml

Place soil in the bottom of a flask and gently overlay with the glass distilled H,O, etc.

. Autoclave at 121° C for 15 min. Allow to cool overnight.

. Repeat step 4.

In advance place wheat kernels in a 20 x 125 mm screw-capped test tube to a depth of

approximately 5 cm. Add a few drops of glass distilled H20O and with the cap loosened one half

turn, autoclave for 30 min at 121° C. Place the tube in a 70 C incubator overnight to remove

any moisture. Allow the tube to cool to room temperature, screw the cap on tight and store

refrigerated (5-9° C) until needed. Wheat kernels may be obtained from a grocery store.

7. Allow the flask prepared in step 5 to cool, swirl vigorously and transfer 200 ml to an 11 cm
diameter biological finger bowl. Add one autoclaved wheat kernel.

8. Inoculate 1 ml of a growing culture into medium prepared in step 8.

o osw
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9. Place another empty finger bowl on top of the culture to reduce moisture loss and incubate at
25° C.
10.Repeat steps 8-10 at monthly intervals.

PROTOCOL

Fabrea

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Fabrea Medium [A Repak, personal communication]
Artificial seawater® . . ... . .. . e e 750.0 g
Glass distiled H,O .. ... ... . .. i 250.0 ml

*There are many sources of artificial seawater. Formulations from the same manufacturer
vary from lot to lot. A new lot of artificial seawater should be tested in parallel with a
currently used lot to determine if it supports equivalent growth. As an alternative to
artificial seawater, natural seawater can be obtained from the Marine Biological Laboratory
in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802.
To each liter of natural seawater add 2.0 g of activated carbon powder, shake and leave
overnight. Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon
will remove potentially toxic organic contaminants.

3. Adjust pH to between 7.5-8.0 with 0.1N NaOH or 0.1TN HCL.

4. Autoclave for 20 min at 121° C,

5. In advance place barley kernels in a 20 x 125 mm screw-capped test tube to a depth of
approximately 5 cm. Add a few drops of glass distilled H,0 and with the cap loosened one half
turn, autoclave for 30 min at 121° C. Place the tube in a 70° C incubator overnight to remove
any moisture. Allow the tube to cool to room temperature, screw the cap on tight and store
refrigerated (5-9° C) until needed. Wheat kernels may be obtained from a grocery store.

6. Place 200 ml of medium prepared in step 3 in an 11 cm biological finger bowl. Add ten sterilized
barley kernels.

7. Medium formulation (Part 2):

Agar Medium for Escherichia coli* or Bacillus subtilis

Yeast extract {Difco #0127) . ... ... .. . . . ... . oo, 40 g
Glucose . . . .. e e 0.16 g
Agd0.0 ¢

Artificial seawater . . . . .. . ... 800.0 ml

*Use a non-mucoid forming strain.

8. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

9. Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal slant.

10.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

11.Inoculate finger bowl prepared in step 9 with a loopful of bacteria from a stock slant and incubate
at 30° C overnight.

12.Inoculate 1 ml of a growing or encysted culture into medium prepared in step 4.
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13.Place another empty finger bowl on top of the culture to reduce moisture loss and incubate at
25° C.
14.Repeat steps 11-13 at monthly intervals.

COMMENTS

Species of Spirostomum and Stentor do not encyst and therefore must be transferred at regular
intervals or they will be lost from culture. Not all species of Blepharisma and Fabrea encyst and even
those strains that do form cysts when initially isolated from nature may lose that ability after repeated
transfers. Not all species of Stentor can be maintained with bacteria as the sole food source. The
addition of other small ciliates (e.g. Cyclidium and Tetrahymena), non-photosynthetic flagellates (e.g.
Chilomonas), and photosynthetic flagellates (e.g. Chlamydomonas) may stimulate growth. While
Fabrea salina grows very well with Dunaliella tertiolecta and Rhodomonas lens as food sources, it
loses its ability to encyst (A Repak, personal communication).

LITERATURE CITED
1. Thompson, AS, Rhodes, JC & Pettman, | 1988. Culture Collection of Algae and Protozoa Catalogue of
Strains. Culture Collection of Algae and Protozoa, Freshwater Biological Assaciation, Cumbria, United Kingdom.
164 pp.
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CULTIVATION OF SOROGENA

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Sorogena is colpodid ciliate which preys upon Colpoda. It is the only colpodid known to form
sorocarps. The methods used for cultivation were developed by Olive and Blanton [1].

PROTOCOL

1. Medium ingredients should be added in the sequence listed. !f the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

AGAr . . e e e e e e e e e 1
Hay Infusion Broth {see below) . .. ... ... ... ... .. .....

-0,
[eNe)
o

Hay Infusion Broth
Dried hay . . . . e e e 2.
1.

g9
Glass distilled H,O .. ... ... ... ... L

o wm

3. Add dried hay to a flask and add 1.0 L glass distilled H,0. Place the flask in a boiling water bath
for 30 min. Filter through #1 Whatman filter paper. Return volume to 1.0 L with glass distilled
H,0.

. Add 15.0 g of agar to the broth prepared in step 3. Heat to dissolve, adjust pH to 7.0 with
either 5% (v/v} lactic acid or TN NaOH prepared in glass distilled H,0, and autoclave for 20 min
at 121° C.

fN

5. Cool agar to 45° C and distribute 15.0 ml aliquots to 20 x 100 mm petri plates. Allow to solidify.
6. Medium formulation (Part 2):
HI/LY Broth
LaCtose . . . v o e e 0.2¢g
Yeast eXtract . . . . . v i it e e e e 0.1¢g
Hay Infusion Broth (seestep 3) ... ... ... .. . ... . .. .... 1.0L

. Add lactose and yeast extract to Hay Infusion Broth.
. Adjust pH to 6.0 with 5% (v/v) lactic acid and autoclave 20 min at 121° C.

[s BN
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9. When solution prepared in step 8 is cooled aseptically add 15.0 ml aliquots as an overlay to plates
prepared in step 5.

10.Rub the bottom and sides of a culture with encysted Co/poda and sorocarps of Sorogena with
a spread bar. Sorocarps of Sorogena will be evident at the air-liquid interface and attached to
the surface film after 7-14 d. Transfer 0.1 ml aliquots to the plates prepared in step 9. Repeat
step 10.

COMMENTS

The cysts of both Co/lpoda and Sorogena can be dried. For long term storage, the cultures can be
allowed to air dry. To revive a dried culture add HI broth and resume normal transfer procedures
after the culture has been established.

LITERATURE CITED

1. Olive, LS & Blanton, RL 1980. Aecrial sorocarp development by the aggregative ciliate, Sorogena
stoianovitchae. J. Protozool. 27:293-299.
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CULTIVATION OF CILIATES PREDATORY

ON OTHER PROTOZOA

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’6901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

A number of genera of ciliates have members that are predatory on other protozoans. These genera
are dispersed amongst various classes within the Phylum Ciliophora. Cultivation protocols for some
of the most common genera encountered in nature, namely, Coleps, Didinium, Dileptus, Euplotes,
Platyophora, Spathidium and Protospathidium are presented below.

PROTOCOL
Coleps

1. Filter sterilize spring or pond water.
2. Place 10.0 ml of filtered medium in a T-25 tissue culture flask.
3. Prepare the following medium for the cultivation of Tetrahymena:

Proteose Peptone (Difco #0120} ... ... ... ... ......... 1.0g
GlUCOSE . . v i i i e e e e e 1.0g
Glass distilled H,O .. ..... ... . . . 100.0 ml

4. Apply low heat and dissolve the ingredients.

5. Dispense 5.0 ml of medium per 16 x 125 mm screw-capped test tube.

6. Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.

7. Inoculate medium with 0.1 ml from a growing culture at or near peak density.

8. Incubate at 20-25° C for 7-10 d.

9. Aseptically transfer 1.0 ml of a culture of Tetrahymena prepared in step 8 to a 15 ml plastic
screw-capped centrifuge tube.

10.Add 13.0 ml of filter sterilized pond water prepared in step 1, mix by inverting several times and
centrifuge at 300 g for 3 min.

11.Remove all but 1.0 ml of the supernatant.

12.Repeat steps 9-11 twice.

13.Resuspend the cell pellet in the remaining supernatant and add to the flask prepared in step 2.

14.Add 0.1 ml of a growing culture of Coleps.

15.Incubate the flask at 25° C.

16.Repeat steps 9-15 at 10-14 day intervals.
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Didinium, Dileptus, Euplotes, Platyophrya, Spathidium, Protospathidium

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation {Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . ... .. ... ... . ... .. ... 25¢g
Na,HPO, . . . . e 0.5¢
Glass distilled H,O . .. ... ... ... . . ... . 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophy! is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophy! is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.
. Add glass distilled H,0 to compensate for H,0O lost by evaporation.

. Filter through Whatman #1 filter paper.

. Add 0.5 g Na,HPO,.

. Autoclave for 20 min at 121° C,

. Medium formulation (Part 2);

ONOOLA~W

Agar Medium for Klebsiella pneumoniae
Yeast extract (Difco #0127) . . ... ... ... . . . ... 40 ¢
GlUCOSE . v o e e e 0.16 g
AQAr L e e e e 200 g
Glass distilled H,O . .. ... ... ... . 800.0 ml

9. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

10.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal siant.

11.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

12.lnoculate T-25 flask with 10.0 ml of fresh medium prepared in step 7 with a loopful of the
bacteria from a slant prepared in step 11 and incubate at 30° C overnight.

13.Inoculate 0.1 ml of a growing culture of the appropriate protozoan into medium prepared in step

13.Bodo serves as a food source for smaller strains of Platyophrya, Protospathidium and, Spathidium,
Paramecium serves as a food source for Didinium, and Tetrahymena serves as a food source for
Dileptus and larger species of Euplotes, Platyophrya and Spathidium.

14.Allow the food source to clear the bacterial suspension. The time will vary with the strain of
protozoan used.

15.Inoculate the cleared flask with 0.1 ml of a growing or encysted culture of the predator.
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16.Repeat steps 12-15 every 14-21 d.

COMMENTS

The cysts of Didinium, Dileptus, and Platyophrya can be dried. For long term storage, the cultures
can be allowed to air dry. To revive a dried culture add a cleared culture of the appropriate food
source and resume normal transfer procedures after the culture has been established. Some species
of Euplotes form a temporary cyst but this does not withstand drying.
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CULTIVATION OF SUCTORIANS

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Many suctorians can be maintained in xenic culture with the appropriate food source added at
intervals. One species of Tokophrya, T. infusionum, has been successfully established in monoxenic
bacteria-free culture with Tetrahymena as the only added food source {1]. Protocols for monoxenic
cultivation of Tokophrya and the xenic cultivation of Heliophrya and Tokophrya are
provided.

PROTOCOL

Paramecium as a food source,
Xenic, Heliophrya, Tokophrya

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Non-nutrient Agar
o - | 15.0
Glass distilled H,O . ... ... . it e 1.0

3. Autoclave at 121° C for 15 min.

4. Allow 1o cool in a 50° C water bath.

5. Aseptically dispense in 40.0 ml aliquots to 20 x 100 mm petri plates. Allow to harden.

6. Aseptically add 20.0 ml of filter sterilized spring water {spring water may be obtained from most
biological supply houses) to the surface of an agar plate prepared in step 5.

7. Medium formulation (Part 2):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™* . . .. ... ... . ... .. ..., 25¢g
Na,HPO, . . . . e e 05¢g
Glass distilled H,O ... ... ... . .. .. . .. 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophy! Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
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a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’'s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.0. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

8. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.
9. Add glass distilled H,0 to compensate for H,0 lost by evaporation.
10.Filter through Whatman #1 filter paper.

11.Add 0.5 g Na,HPO,.

12.Autoclave for 20 min at 121° C. Allow to cool.

13.Medium formulation {Part 3):

Agar Medium for Kl/ebsiella pneumoniae

Yeast extract {Difco #0127) .. ... ... . ... .. .. . ... .. .. 40 g
Glucose . . ... e e e e 0.16 g
AQar . e e e e 20.0 g
Glass distiled H,O . ... ... ... .. .. .. 800.0 ml

14.Dispense 5 mi of medium per 16 x 125 mm screw-capped test tube.

15.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal slant.

16.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

17.Inoculate T-25 flask with 10.0 ml of fresh medium prepared in step 12 and add a loopfui of the
bacteria from a stock slant prepared in step 11 and incubate at 30° C overnight.

18.Inoculate 0.1 ml of a growing culture of Paramecium.

19.Allow Paramecium to clear the bacterial suspension. The time will vary with the strain of used.

20.Aseptically transfer the contents of a cleared Paramecium culture to a 15 ml plastic screw-capped
centrifuge tube.

21.Add filter sterilized spring water prepared in step 6 to fill the tube, mix by inverting several times
and centrifuge at 300 g for 3 min.

22.Remove all but 1.0 ml of the supernatant.

23.Repeat steps 20-22 twice.

24 .Resuspend the cell pellet in the remaining supernatant and add to the plate prepared in step 7.

25.Add 0.1 ml of a growing culture of Tokophrya or Heliophrya. The suctorians will be attached to
the agar surface and will be suspended in the surface film, Alternately aspirate the culture fluid
into a pipette and expell it onto the surface of the agar to obtain a uniform suspension of cells.

26.Incubate the plates at 25° C.

27.Repeat steps 17-26 at 10-14 day intervals.

PROTOCOL

Tetrahymena as a food source,
Monoxenic, Tokophrya

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.
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2. Medium formutation:

Proteose Peptone (Difco #0120) . . ... .. .............. 1.0g
GIUCOSE . . v i e e e e e e 1.0g
Glass distilled H,O . . ... ... .. . i 100.0 ml

. Apply low heat and dissolve the ingredients.

. Dispense 10.0 m| of medium per 20 x 125 mm screw-capped test tube.

. Loosen caps one half turn and autoclave for 15 min at 121° C. Cool medium before use.

. Inoculate medium with 0.1 ml from a growing culture of Tetrahymena at or near peak density.

. Incubate at 20-25° C for 7-10 d.

. Aseptically transfer 1.0 ml of the suspension of Tetrahymena to a culture of Tokophrya that has
eliminated prey organisms. Do not add excessive numbers of Tetrahymena. Do not exceed a
ratio of 2-3 Tetrahymena: Tokophrya.

9. Feed every 2-3 days or when prey organisms have been largely eliminated.

10.Every 10-14 days transfer the Tokophrya as follows: Scrape the curface of glass with a cotton

swab near the air/medium interface to detach the Tokophrya cells. Aseptically transfer 0.1 ml
to a fresh tube of medium.

11.Add 1.0 ml of a culture of Tetrahymena at or near peak density.

12.Repeat steps 9-11.

oONOOTA W

COMMENTS

Overfeeding of Heliophrye or Tokophrya may result in monster formation. Attempt to maintain a ratio
of 2-3 prey organisms per each suctorian. If the number of abnormal suctorian is high reduce the
feeding interval.

LITERATURE CITED

1. Rudzinska, MA 1972, Ultrastructural localization of acid phosphatase in feeding Tokophra infusionum. J.
Protozool. 19:618-629.
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INTRODUCTION

Most strains of Pararnecium can be cultivated as monoprotist cultures with bacteria as a food source.
It is also possible to cultivate most strains axenically in an empirical formulation {7] and some in a
completely defined axenic medium [4]. Thiele, et al. [6) report the cultivation of axenic strains in
mass quantities [6]. Only methods for bacterized cultivation and axenic cultivation in an empirical
medium are described.

PROTOCOL

Xenic

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . ... ... ... ... . .. .. ..., 2.54g
Na,HPO, . . . 0.5¢
Glass distiled H,0 . . ... ... ... .. .. .. 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 146982. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.0Q. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.
4. Add glass distilled H,0 to compensate for H,O lost by evaporation.

5. Filter through Whatman #1 filter paper.

6. Add 0.5 g Na,HPO,.
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7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.
8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
9. Medium formulation (Part 2):

Agar Medium for Klebsiefla pneumoniae

Yeast Extract (Difco #0127) .. .. .. .. . .. .. ... 4.0 g
Glucose . . .. . . e e e e 0.16 g
AGQar . e e e e e e e 20.0 g
Glass distilled H,O . .. ... . ... . e 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9¢ C). Subculture every 3-4 wk.

13.lnoculate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

14.Aseptically add 0.1 mi of a growing protist culture which is in late log or early stationary phase
to a tube of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly.

PROTOCOL

Axenic

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

Proteose Peptone (Difco #012-01) .. ... ... .. .. ... 100 g
Trypticase (BBL #11921) . . .. .. . . . . it ii i v 50g¢
Yeast RNA (Sigma R6625) . . . .. .. . . i it 1.0¢
MgSO4.7H20 . . . . e e e 05g¢g
Stigmasterol Solution {see below) ... ................. 2.5 mi
Emcol Solution {see below) . .. . .... .. ... ... ... .. ... 5.0 ml
Vitamin Solution {see below) . . . . .. . ... . . i i 10.0 mi
Glass redistiled H,O . ... ... . ... . ... .. .. 10L

Stigmasterol Solution

Stigmasterol {Sigma S6126) . . ... ... . .. e 200.0 mg
Absolute ethanol . . .. ... ... . . . ... e, 100.0 ml
TEM-4T Solution
TEM-AT e e 20g
Absolute ethanol . . . .. ... .. .. e 100.0 mi

Calcium pantothenate . .. ... ... .. ... .. .o 0.05¢g
Nicotinamide . . .. .. .. . i e 0.05¢g
PyridoxalsHCY . . . . . . . oo e e 0.05¢g
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Pyridoxamine-HCl . . . .. .. ... . .. .. . . . . 0.025 g
Riboflavin . . . . . .. . e e 0.05 ¢
Folic acid . . . . . ot e e e e e 0.025 g
Thiamine-HCl . . . . . . .. e e 0.15 g
Biotin .................. e e e e e e e 0.0125mg
DL-Thioctic acid . . . . . .. ... it i et e it e 0.5 ml
Glass distilled H,O0 . . .. .. ... . . 100.0 ml

Filter sterilize using a 0.2um filter.

*TEM-4T was produced by Hachmeister Inc., Pittsburgh, PA. Hachmeister discontinued
production of TEM-4T and replaced it with Emcol. The company no longer exists. Please
see comments for possible substitution if neither TEM-4T or Emcol is on hand.

3. Adjust pH to 7.0 with TN NaOH dispense in 5.0 m! aliquots per 16 x 125 mm screw-capped test
tube and autoclave at 121° C for 15 min.

4. When cool add 0.1 ml of a peak culture to a fresh tube of medium. Incubate at 25° C with caps
loosened one half turn.

5. Transfer at intervals of 7-14 d. After reaching peak density the culture will abruptly die off. The
transfer interval may vary with the strain and the medium component used [6].

COMMENTS

The strain of Aerobacter aerogenes used by TM Sonneborn [5] for the cultivation of paramecia, has
been found to be an non-pathogenic strain of K/ebsiella pneumoniae. 1t is recommended an equivalent
strain be used. For best results it is important to use only K. pneumoniae as the added food source.
Although the protists can be grown with other bacterial species present, one should passage the
cultures using aseptic techniques to avoid the introduction of unfavorable bacterial species.
Periodically the bacterial stock culture of K/ebsiella should be tested to assure its purity. TEM-4T was
replaced with phosphatidylethanolamines (PE) {Sigma) by Fok and Allen [1)} for the axenic cultivation
of Paramecium caudatum. The ratio of phosphatidylethanolamine: stigmasterol was found to be
important for optimization of growth. The importance of the ratio of TEM-4T: stigmasterol for the
growth of P. aurelia was reported by Soldo and van Wagtendonk [3]. If phosphatidylethanolamine
is substituted for TEM-4T it may be necessary to adjust the ratio of PE: stigmasterol to optimize
growth of P. aurelia. Skoczylas and van Wagtendonk [2] were able to replace the TEM-4T
component with an ethyl ether extract from linseeds. Although the yield was reduced in medium with
linseed extract, the cells could be maintained for longer periods between subcultures than in media
with TEM-4T,

LITERATURE CITED
1. Fox, AF & Allen, RD 1979. Axenic Paramecium caudatum. 1. Mass culture and structure. J. Protozool. 26:
463-470.
2. Skoczylas, B & Wagtendonk, WJ Van 1975. A maintenance medium for the axenic culture of Paramecium
aurelia. Acta Protozoologica 14:379-383.
3. Soldo, AT & Wagtendonk, WJ Van 1968. Lipid interrelationships in the growth of Paramecium aurelia, stock
297. J. Gen. Microbiol. 53:341-348.
4. Soldo, AT & Wagtendonk, WJ Van 1969. The nutrition of Paramecium aurelia, stock 299. J. Protozool.
16:500-506.
5. Sonneborn, TM 1950. Methods in the general biology and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-148.
6. Thiele, J, Honer-Schmid, O, Wahl, J, Klerfeld, G & Schultz, J 1980. A new method for axenic mass cultivation
of Paramecium tetraurelia. J. Protozool. 27:118-121.
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In: Methods in Cell Physiology, Prescott, DM ed., Vol. 4, Academic Press, New York, pp. 117-130.
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CULTIVATION OF PARAMECIUM IN CHEMICALLY DEFINED MEDIUM

A. T. SOLDO

Research Laboratories of the Veterans Administration Medical Center
and the Department of Biochemistry and Molecular Biology
University of Miami School of Medicine
Miami, Florida 33125 USA

Introduction

The medium described here was specifically designed for the cultivation of symbiont lambda-
bearing and lambda-free strains of Paramecium octaurelia (1). It will also support the growth of
several other symbiont-bearing and symbiont-free strains of Paramecium , and a large number of
fresh water ciliates including Tetrahymena, Colpoda and related strains. It should prove useful as a
base medium for studies of the comparative nutrition of these and related organisms,

Protocol

Stock mixes and solutions:

1. Amino acid mix {(gms): L-alanine, 6.0; L-arginine,6.0; L-asparagine, 1.8, L-aspartic acid, 2.0;
L-glutamic acid, 8.0; glycine,1.5; L-histidine,2.0; L-isoleucine, 2.5; L-leucine, 2.5; L-lysine HCI,
5.0; L-methionine, 3.0; L-phenylalanine, 2.5; L-proline, 1.5; DL-serine, 6.0; DL-threonine, 7.0;
L-tryptophan, 1.5; L-tyrosine, 1.5 and DL-valine.

2. Nucleic acid mix (gms): Adenosine, 1.5; guanosine-2’,3’ phosphate, 2.5; cytidine, 1.5;
uridine, and thymidine, 1.375.
Weigh appropriate amounts of each compound, place in a dry wide-mouth plastic bottles
equipped with a tight-fitting cap. Place each mix on a mechanical shaker and agitate for 2 to 3
hours at room temperature. Store (cap-removed) in a desiccator at room temperature in the dark.

3. Vitamin mix {mg): Biotin, 0.01*; folic acid, 50; nicotinamide, 50; d-pantothenate, Ca, 100;
pyridoxal-HCl, 50; riboflavin, 50; thiamine HCI, 150 and DL-6-thioctic acid, 1.0.
(* from a more concentrated stock).
Suspend the vitamins in 100 ml distilled water while under constant stirring (some are not
soluble at these concentrations) and dispense in small volumes in screw-cap tubes. Flush with
nitrogen, store at -20°C, thaw only once.

4. Fatty acids mix (mg): Oleic acid, 200; stearic acid, 100; palmitic acid, 150; linoleic acid, 10,
and linolenic acid, 2.5.
Disperse the fatty acids in distilled water under constant stirring and adjust to Ph 10 with
diethylamine to dissolve. Flush with nitrogen, dispense in small volumes, store at -20°¢ and thaw
only once.

5. Metal mix {mg): Fe(NH,},(S0O,},.6H,0, 140; ZnS0O,.H,0, 44.3; MnCl,.H,0, 14.4 and
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CuCl,.H,0, 2.1.
Dissolve in 100 mli distilled water and store at 4°C.

6. Salt solutions (gms):
CaCl,.2H,0, 1.84
MgCl,.6H,0, 1.69
{NH,},S0,, 0.20
K,PO, 1.125
Weigh each salt individually and dilute tc 100 ml. Store at 4°C. Do not prepare as a single
mixture.

7. Stigmasterol: Dissolve 40 mg in 100 ml absolute ethanol. Store in a tightly-fitting cap and
store at 4°C.

8. Cephalin: Disperse 0.5 gms (with the aid of a mortar and pestle) in 100 ml distilled and store
in small portions, dispense in small portions. Store at -20°C and use only once.

9. Na Acetate: Dissolve 0.5 gms in 100 ml distilled water. Store at 4°C.
To prepare 100 ml| of medium:

1. Dissolve 643 mg of the amino acid mix and 125 mg of the nucleic acid mix in 50 ml distilled
water.
2. Add, under constant stirring, in the order given the following stock solutions:
10 m! Na acetate
5 ml Cephalin
1 ml Vitamins
ml Fatty Acids
mlt CaCl,.H,0
ml MgCl,.6H,0
ml (NH,),SO,
ml Metals
ml K,PO,
0.5 ml Stigmasterol
3. Adjust the pH to 7.2 and dilute to volume. Dispense 5 ml per tube 16 x 150, cap and
sterilize and 121,C for 15 minutes.

[ N N S S N Y

4. When cool, inoculate with Paramecium (or other ciliates) and maintain stocks by weekly
transfer at 27°C in the dark.

Comments

1. The medium will support the growth of P. octaurelia at populations ranging from 15,000 to
20,000 per ml. In the absence of cephalin, transplantable growth is possible, but only at
populations not exceeding about 3,000 per mi.

2. A number of phopholipids including phosphatidyl serine, phosphatidyl inositol and
phosphatidyl ethanolamine can replace cephalin for growth.

3. Serine will replace glycine for growth provided thymidine is present in the medium.

4., In the absence of thymidine, comparatively high levels of folic acid are required for optimal
growth.

5. In the absence of the non-essential amino acids (alanine, asparagine, aspartic and glutamic
acids) growth may be be restored to optimal levels by the addition of higher amounts of acetate.
Pyruvate is about as effective as acetate in this respect. Glucose and certain other carbohydrates
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are not.

LITERATURE CITED

1. Soldo, AT, & Van Wagtendonk, WJ. 1869. The nutrition of Paramecium aurelia stock 299. J.
Protozool.16:500-5086.
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INTRODUCTION

There are a number of media which have been developed for the cultivation of Tetrahymena. Many
species are relatively easy to cultivate as monoxenic cultures on the same cereal grass infusion
medium used to culture Paramecium or as axenic cultures. Among the axenic media several have
been selected either for simplicity or a specialized use which has broad application.

PROTOCOL

Xenic

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Cereal Grass Infusion Medium

Powdered cereal grass leaves™ ... ... ... ... ... . ... .. 25¢
Na,HPO, (seestep B) . . ... ... . . i 0549
Glass distilled H,O . . ... .. ... . .. e 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered cereal grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.0O. Box 14508, St. Louis, MO 63178 selis Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered cereal grass
leaves rather than rye leaves.

. Add 2.5 g of powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.
. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

. Filter through Whatman #1 filter paper.

. Add 0.5 g Na,HPO,.

. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

No ok w
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8. Loosen cap half a turn and autoclave for 15 min at 121° C. Cool medium before use.
9. Medium formulation:

Agar Medium for K/ebsiella pneumoniae

YEast @XIrACT . & v o vt v it e e e e e e 40 g
GIUCOSE . v o i e e e e 0.16 g
AGar . e e e e 20.0 g
Glass distilled H,O . ... ... .. .. . .. .. .. 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal slant.

12.Streak slant with an inoculating loop. incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

13.Inoculate Cereal Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate
at 30° C.

14.Aseptically add 0.1 m! of a growing protist culture which is in late log or early stationary phase
to a tube of fresh medium. Incubate at 25° C. Keep caps loosened a half a turn.

15.For routine maintenance of a population subculture weekly.

PROTOCOL
Axenic, Proteose Peptone & Glucose

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Proteose Peptone {Difco #0120) .. ......... .. ... . .... 1.0g
GIlUCOSE . o o e e e 1.0g
Glass distilled H,O . . .. ... ... ... . 100.0 ml

3. Apply low heat and dissolve the ingredients.

4. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

5. Autoclave for 15 min at 121° C. Loosen cap half a turn prior to autoclaving. Cool medium
before use.

6. Inoculate medium with 0.1 ml from a growing culture at the end of logarithmic growth or just
beginning stationary phase.

7. Incubate at 20-25° C with cap loosened half a turn.

8. For routine maintenance subculture every 10-14 d.

PROTOCOL

Axenic, Proteose Peptone & Tryptone

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,
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2. Medium formulation:

Proteose Peptone (Difco #0120) .. ................... 50g¢g
Tryptone (Difco #0123} . . . . . . . i i e 504g
KHPO, . . . e e e 0.2g¢g
Glass distiled H,O . .. ... ... . . i e 1.0L

. Apply low heat and dissolve.

. The pH is adjusted to 7.2 with 20% (w/v) NaOH.

. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
. Inoculate medium with 0.1 m! from a culture at or near peak density.

. Incubate at 20-25° C with cap loosened half a turn.

. For routine maintenance subculture every 10-14 d.

CoNODO,~,W

PROTOCOL
Axenic, Haskins Agar Medium [1]

1. Medium ingredients should be added in the sequence listed. |f the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth

2. Medium formulation:

DEeXtrin . . . e e e 80g¢
Na-acetate . . . . . . i vt e e e e 06g¢g
Yeast €Xtract . . . . v v v v i e e e e e e e e 5.0g
Liver extract . . . . v v i v i e e e e 06g
Tryptone (Difco #0123) . . . .. . . v it i e 50g¢g
AQar 16.0 g
Glass distiled H,O . . .. ... . . ... . . . . . 1.0L
3. Apply low heat and dissolve ingredients.
4. The pH is adjusted to 7.2-7.4 with 20% NaOH.
5. Dispense aseptically while stili warm 2 ml of medium per 16 x 125 mm screw-capped test tube.
6. Autoclave for 15 min at 121° C. Loosen cap half a turn prior to autoclaving. Place on a 15°
horizontal slant and cool.
7. After setting, aseptically dispense 2 ml sterile glass distilled H,O as overlay to cover slants almost

completely.
8. Inoculate medium with 0.1 ml from a growing culture.
9. Incubate at 25° C with cap loosened half a turn for 1 d. Then place at 18° C.
10.For routine maintenance subculture every 3-6 wk.

COMMENTS

The bacterial species originally used by TM Sonneborn was known as Aerobacter aerogenes [2]. With
changes in bacterial systematics it has been identified as a nonpathogenic strain of Klebsiella
pneumoniae. It is recommended an equivalent strain be used. For best results it is also important
to maintain monoxenic conditions for bacterized cultivation, thus all cultures should be handled with
complete aseptic techniques. Periodically both bacterial stock and protist stock cuitures should be
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tested to assure the presence of only the single strain of bacteria. For medium with agar, the slant
should not extend all the way to the top of the test tube. It should be at least 2-3 cm from the top.

LITERATURE CITED
1. Cote, R, Daggett, P-M, Gantt, MJ, Hay, R, Jong, S-C & Pienta, P 1984. ATCC Media Handbook. American
Type Culture Collection, Rockville, MD, 98 pp.
2. Sonneborn, TM 1950. Methods in the general biclogy and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-147.
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A-49.1
CULTIVATION OF SELECTED HYMENOSTOMES

Thomas A. Nerad ' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
123071 Parklawn Drive, Rockville, MD 20852 and
*5801 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Members of the genera Colpidium and Glaucoma can be grown as monoprotist cultures with bacteria
as the food source. Both can be cultivated axenically in simple empirical formulations [1,2].

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . . ... .. ... ... .. .. ... 25¢g
Na,HPO, . .. .. 05¢g
Glass distilled H,O .. ......... ... ... ... 0 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophy! Laboratories,
inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14632. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

. Filter through Whatman #1 filter paper.

. Add 0.5 g Na,HPO,.

. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.
. Medium formulation (Part 2):

CONOO ~W
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Agar Medium for Klebsiella pneumoniae

Yeast extract {Difco #0127} ... ... ... .. .« .. .. .. .. ... 40 ¢
Glucose . . ... e e e e e 0.16 g
AQar L L. e e e e e e 200 g
Glass distilled H,O . ... ..., .. . . . .. 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen caps one half turn and autoclave for 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
(56-9° C). Subculture every 3-4 wk.

13.Inoculate Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate at
30° C.

14.Aseptically add 0.1 ml of a growing protist culture which is in late log or early stationary phase
to a tube of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance subculture weekly.

COMMENTS

The strain of Aerobacter aerogenes used by TM Sonneborn {3] for the cultivation of paramecia.
Recent bacterial systematics have determined it to be non-pathogenic strain of K/ebsiella pneumoniae.
It is recommended an euquivalent strains be used. For best results it is important to use only K.
pneumoniae as the added food source. Although the protists can be grown with other bacterial
species present, one should passage the cultures using aseptic techniques to avoid the introduction

of unfavorable bacterial species. Periodically the bacterial stock culture of Klebsiella should be tested
to assure its purity.

LITERATURE CITED

1. Kidder, GW, Dewey, VC & Fuller, RC 1954. Nitrogen requirements of Glaucoma scintillans and Colpidiurm
campylum. Proc. Soc. Exp. Biol. Med. 86:685-689.

2. Peterson, RE 1942. Essential factors for the growth of the ciliate Colpidium campylum. J. Biol. Chem.
146:537-545.

3. Sonneborn, TM 1950. Methods in the general biclogy and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-147.



Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-50.1
CULTIVATION OF SCUTICOCILIATES

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
’5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Strains of freshwater scuticociliates belonging to the genera Cinetochilum, Cyclidium, Homalogastra,
Sphenostomella, the brackish water scuticocilate Potomacus, and marine scuticociliates belonging to
the genera Anophryoides, Metanophrys, Miamiensis, Parauronema, Paranophrys, Pseudocohnilembus,
and Uronema can be readily maintained as monoprotist cultures with bacteria as the food source.
In addition, strains of Potomacus and all of the marine genera mentioned above except Glauconema
can be maintained in the axenic state in media developed by Soldo and Merlin [2] or modifications
of these media {A Soldo, personal communication}. An axenic medium defined except for the lipid
components was developed by Soldo and Merlin [3] for the cultivation of Parauronema acutum and
a completely defined medium has been developed for the cultivation of Uronema marinum [1).
Protocol for bacterized and axenic cultivation using empirical formulations are detailed below.

PROTOCOL

Freshwater, Xenic
Cinetochilum, Cyclidium, Homalogastra, Sphenostomella

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation {Part 1):

Cereal Grass Infusion Medium
Powdered cereal grass leaves* .. ... ... ... .. . ... ..., 25g
Na,HPO, . . . e 0.5¢g
Glass distiled H,O . . . .. .. o 1.0L

*This component was originally Cerophyl!, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
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Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

3. Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

5. Filter through Whatman #1 filter paper.

6. Add 0.5 g Na,HPO,.

7. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

8. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.

9. Medium formulation {Part 2}:

Agar Medium for Klebsiella pneumoniae

Yeast extract {Difco #0127) ... ... ...« ... . .. ... 4.0 g
GIUCOSE . . . i i e e e e e e e 0.16 g
AQar . e e e e 200 ¢
Glass distilled H,O . ... ... ... ... o 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Allow medium to cool and solidify
at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration

{(5-9° C). Subculture every 3-4 wk.

13.Inoculate Cereal Grass Infusion Medium with a loopful of bacteria from a stock sfant and incubate
at 30° C.

14.Aseptically add 0.1 ml of a growing protist culture which is in late log or early stationary phase
to a tube of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance subculture weekly.

PROTOCOL
Brackish water, Xenic, Potomacus

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

2. Medium formulation:

Half-Strength Seawater Cereal Grass Infusion Medium

Artificial seawater® . . . . . ... e 500.0 ml
2x Modified Cereal Grass
Infusion Medium . . . . ... .. e e 500.0 mi
2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves™** . ... ... ... ... . ... ... 50¢g
Glass distiled H,O . .. . ... ... . . . . e 1.0L

*There are many sources of artificial seawater. Formulations from the same manufacturer
vary from lot to lot. A new lot of artificial seawater should be tested in parallel with a
currently used lot to determine if it supports equivalent growth. As an alternative to
artificial seawater, natural seawater can be obtained from the Marine Biological Laboratory
in Woods Hole, MA or from Real Ocean Inc., 1605 Water Street, Long Beach, CA 90802.
To each liter of natural seawater add 5.0 g of activated carbon powder, shake and leave
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overnight. Filter through Whatman 934-HA glass fiber filter. Treatment with the carbon
will remove potentially toxic organic contaminants.

**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat
and barley leaves. When Cerophyl! Laboratories, Inc. closed, Agri-tech of Kansas City, MO
marketed a product with the same name that consisted of powdered rye grass leaves only.
Agri-tech also no longer exists. Howeuver, a lot of Agri-tech Cerophyl is still available under
the name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 83178 sell Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

3. Add recommended amount of salt/unit volume to prepare artificial seawater.

4. Add 2.5 g powdered cereal grass leaves to 500 mi glass distilled H,O and boil for 5 min. Add
glass distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.
Autoclave for 15 min at 121° C.

5. Allow solution prepared in step 4 to cool and combine equal amounts of this solution and the
solution prepared in step 3.

6. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube. Loosen cap one half turn
and autoclave for 15 min at 121° C. Cool medium before use.

7. Distribute medium in 5.0 m! amounts into 16 x 125 mm screw-capped test tubes and inoculate
with Klebsielfa pneumoniae approximately 24 h prior to inoculation with ciliates. Loosen caps
one half turn and incubate at 25° C.

8. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

9. Incubate at 25° C for 7-14 d and repeat steps 6-8.

PROTOCOL
Marine, Xenic
Anophryoides, Glauconema, Metanophrys, Miamiensis
Paranophrys, Parauronema, Pseudocohnilembus

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Seawater Cereal Grass Infusion Medium

2x Artificial seawater® . . . . ... e e 500.0 ml
2x Modified cereal grass
infusion medium {see below) . .. .. ... ... ... . . ... ... 500.0 ml

2x Modified Cereal Grass Infusion Medium
Powdered cereal grass leaves™** . ... .. .. ... .. .. ...... 504
Glass distilled H,O . ........ .. . ... . . . ... . ... 1.0L

*There are many sources of artificial seawater. Formulations from the same manufacturer
vary from lot to lot. A new lot of artificial seawater should be tested in parallel with a
currently used lot to determine if it supports equivalent growth,
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**This component was originally Cerophyl, a product manufactured by Cerophyl
Laboratories, Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat
and barley leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO
marketed a product with the same name that consisted of powdered rye grass leaves only.
Agri-tech also no longer exists. However, a lot of Agri-tech Cerophyt is still available under
the name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sell Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

. Add twice the recommended amount of salt/unit volume to prepare 2x artificial seawater.

. Add 2.5 g powdered cereal grass leaves to 500 ml glass distilled H,0 and boil for 5 min. Add
glass distilled H,0 to compensate for evaporation. Filter through Whatman #1 filter paper.
Autoclave for 15 min at 121° C.

. Allow solution prepared in step 4 to cool and combine equal amounts of this solution and the
solution prepared in step 3.

. Distribute medium in 5.0 m{ amounts into 16 x 125 mm screw-capped test tubes and inoculate
with K/ebsiella pneumoniae approximately 24 h prior to inoculation with ciliates. Loosen caps
one half turn and incubate at 25° C.

. Aseptically inoculate bacterized medium with a 0.1 ml aliquot of a growing culture. Keep the
cap loosened one half turn after inoculation.

. Incubate at 256° C for 7-14 d and repeat steps 6-8.

PROTOCOL
Brackish water, Axenic, Potomacus

. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth,

. Medium formulation:

PP Medium
10x Concentrated Stock Solution
(see previous protocol} . .. . ... ... 100.0 ml
Glass distilled H,O . .. .. ... .. .. . .. . . 733.0 mi
Artificial Seawater (Aqua-Marin*)}
{see previous protocol) . ... . ... ... e 167.0 ml

. Follow steps 3-8 of previous protocol

. Combine 100.0 m! of the 10x Concentrated Stock Solution with 733.0 mi of glass distilled H,0.
Mix thoroughly.

. Prepare Aqua-Marin artificial seawater using glass distilled H,0 according to package directions.
The specific gravity should be 1.030. Use a hydrometer to determine the specific gravity. If the
specific gravity is greater than 1.030 add glass distilled H,0 to adjust. If the specific gravity is
less the 1.030 add salts.

. Add 167 ml of the artificial seawater to solution prepared in step 4. Mix thoroughly.

. Follow steps 12-14 of the previous protocol but note that the final specific gravity of the growth
medium should be 1.005 rather than 1.015. Use a hydrometer to determine the specific gravity.
If the specific gravity is greater than 1.005 add glass distilied H,0 to adjust. If the specific
gravity is less the 1.005 add salts.
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PROTOCOL
Marine, Axenic
Anophryoides, Metanophrys,
Miamiensis, Paranophrys, Parauronema, Uronema

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

MA Medium

10x Concentrated Stock Solution® . ... ... .. ... ... ..... 100.0 ml
Glass distilled H,O . . . ... ... . . 400.0 ml
Artificial Seawater (Aqua-Marin*)

(specific gravity 1.030) . . . .. . . it i e 500.0 ml

10x Concentrated Stock Solution
Asolectin Emulsion (see below} .. ....... P 100.0 m!
Vitamin Solution (see below} . . . . ... .. ... ... . ... .. ... 200 m!
Proteose Peptone (Difco #0120) .. ... .. ... ...« ....... 100.0 g
Trypticase (BBL #11921) . .. ... . . . . .. . . i 1000 g
Yeast RNA (Sigma R6625) . . . .. . .. v e 10.0g
Glass distilled H,O . . ... ... ... . . ... .. 1.0L
Asolectin Emulsion
AsOleCtin™ * . e e e e 20¢g
Glass distilled H,O . . ... . ... . . 100.0 ml
Vitamin Solution

Biotin (dissolve in ethanol, 1.0 yg/ml} ... ... ... ... . ..... 10.0 mi
Folic Acid (Sigma F7876) . . . . . . . . . i i i G 50.0 mg
Nicotinamide . .. . . ... . . i i e 50.0 mg
Calcium D-Pantothenate {Sigma T2250) . ............... 100.0 mg
PyridoxalHCl . . . . . .. o e e e 50.0 mg
Riboflavin {Sigma R4500) . . . .. ... . . i e i 50.0 mg
Thiamine-HCI {Sigma T4625) . . ... ... ...« .. 150.0 mg
DL-6 Thioctic acid . . . . . . . . v i i e i e e e 1.0 mg
Glass distiled H,0 . . ... ... ... . 100.0 ml

*Aqua-Marin can be obtained from: Aquatrol, Inc., 237-H North Euclid Street, Anaheim,
CA.

**The company which manufactured Asolectin, Associated Concentrates of Woodside,
NY, is no longer in business. A product which may support equivalent growth, soybean
L-alpha-Lecithin {cat. #429415) is available from Calbiochem, Inc.

3. Prepare the Vitamin Solution by mixing components under constant stirring. For long-term storage
of this component dispense in 2.0 ml aliquots in 16 x 125 mm screw-capped test tubes, flush
with nitrogen, and store at -20° C.

4. Prepare the Asolectin Emulsion by dissolving the asolectin in glass distilled H,0 at 80° C.

5. Next prepare the 10x Concentrated Stock Solution by dissclving the Proteose Peptone, Trypticase,
and Yeast RNA in 100.0 ml of glass distilled at 80° C.

6. Add 100.0 ml of the Asolectin solution prepared in step 4 with constant stirring to the solution
prepared in step 5.
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7. Add 20.0 ml of the Vitamin Solution with constant stirring to solution prepared in step 6.

8. Adjust pH of solution prepared in step 7 to 7.2 and bring final volume to 1.0 liter with glass
distilled H,0 to complete the 10x Concentrated Stock Solution. This component may be stored
long term in 100.0 mi aliquots at -20° C.

9. Combine 100.0 ml of the 10x Concentrated Stock Solution with 400.0 ml of glass distilled H,0.
Mix thoroughly.

10.Prepare Aqua-Marin artificial seawater using glass distilled H,0 according to package directions.
The specific gravity should be 1.030. Use a hydrometer to determine the specific gravity. If the
specific gravity is greater than 1.030 add glass distilled H,0 to adjust. If the specific gravity is
less the 1.030 add salts.

11.Add 500.0 ml of the artificial seawater to solution prepared in step 9. Mix thoroughly.

12.Dispense in 5.0 ml aliquots to 16 x 125 mm screw-capped test tubes and autoclave at 121° C
for 15 min with the caps loosened one half turn, The final specific gravity should be 1.015. Use
a hydrometer to determine the specific gravity. If the specific gravity is greater than 1.015 add
glass distilled H,O to adjust. If the specific gravity is less the 1.015 add salts.

13.Aseptically transfer 0.1 ml of a growing culture to a fresh tube of medium and incubate at 25°
C with caps loosened one half turn. Incubate in the vertical position for 14 d,

14.Transfer as above at biweekly intervals.

PROTOCOL

Marine, Axenic, Pseudocohnilembus

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation:

Stock extract (see below) . . . . . . . . e e 500.0 ml
2x concentrated MA Medium . ... ... ... .. . ... ..., 500.0 mi

Powdered cereal grass leaves™ . .. .. .. ... .. . ... ... 50g¢
Brown rice {Uncle Ben's

Natural Whole Grain Rice}** .. ... .. ... .. ... ... 50¢g
Yeast extract (Difco #0127) . .. . .. . . i i i 50¢
Dried seaweed (Wel-Pac Musubi Nori}** . ... ... ......... 504g
Glass distiled H,O . ... ... ... . 500.0 ml

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophy! is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.0O. Box 14508, St. Louis, MO 63178 sell Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

**Can be obtained from grocery or health food stores.
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3. Grind the brown rice and dried seaweed components in a mortar and pestle before weighing.

4. Add all components of the stock extract to 500.0 mi of glass distilled H,0. Boil for 5 min, filter
three times through Whatman #1 filter paper while hot. Cool, adjust pH to 7.2 and bring volume
back to 500.0 ml with glass distilled H,0.

5. Prepare 500.0 ml of 2x concentrated MA medium. See first protocol for axenic cultivation for
the formulation and preparation of MA medium. Increase the concentration of all components
two times.

6. Follow steps 12-14 of the first protocol for axenic cultivation.

COMMENTS

The strain of Aerobacter aerogenes used by TM Sonneborn [4] for the cultivation of paramecia.
Recent bacterial systematics have determined it to be non-pathogenic strain of Klebsiella pneumoniae.
It is recommended a similar strain be used. For best results it is important to use only Klebsiella
pneumoniae as the added food source. Although the protists can be grown with other bacterial
species present, one should passage the cultures using aseptic techniques to avoid the introduction
of unfavorable bacterial species. Periodically the bacterial stock culture of K/ebsiella should be tested
to assure its purity.

LITERATURE CITED
1. Hanna, BA & Lilly, DM 1974. Growth of Uronema marinum in chemically defined medium . Marine Biology
26:153-160.
2. Soldo, AT & Merlin, EJ 1372, The cultivation of symbiote-free marine ciliates in axenic medium. J. Protozool.
19:519-525.
3. Soldo, AT & Merlin, EJ 1977. The nutrition of Parauronema acutum. J. Protozool. 24:556-562.

4. Sonneborn, TM 1950. Methods in the general biology and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-147.
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CULTIVATION OF SELECTED
COLPODID CILIATES

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road €402, Rockville, MD 20852

INTRODUCTION

It is relatively easy to cultivate strains of Colpoda, Cyrtolophosis, and Tillina as monoprotist cultures
on the same cereal grass infusion medium used to culture Paramecium. Sorogena and Platyophrya
can be easily maintained as diprotist cultures with Colpoda and Bodo as food sources, respectively.

PROTOCOL
Colpoda, Cyrtolophosis, Tillina

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation (Part 1}):

Cereal Grass Infusion Medium
Powdered cereal grass leaves™ . . . . .. . .. o0 i oo, 2.5¢g
Na,HPO, {see step 6.) .. ... ... . ... 05¢g
Glass distilled H,O . . . ... ... .. o 1.0L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Woard's Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692, A product equivalent to Cerophyl! is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sells Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

3. Add powdered cereal rye grass to glass distilled H,0 and boil for 5 min.
4. Add glass distilled H,0 to compensate for H,0 lost by evaporation.
5. Filter through Whatman #1 filter paper.
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6. Add 0.5 g Na,HPO,.
7. Dispense medium in 500 ml screw-capped bottles.

8. Loosen cap half a turn and autoclave for 15 min at 121° C. Cool medium before use.
9. Medium formulation (Part 2):

Agar for Klebsiella pneumoniae

Yeast @Xtract . . . . . o v o e e e e e e e 40 g
GlUCOSE . . i e e e e e e 0.16 g
AT . . e e e e 200 g
Glass distilled H,O . . . . .. e 800.0 mi

10.Dispense 5 mi of medium per 16 x 125 mm screw-capped test tube.

11.Loosen cap one half turn and autoclave for 15 min at 121° C. Slant at 15° angle to the horizon.
Cool medium before use.

12.Solution 2 is used to grow the bacterial food source. Inoculate slant aseptically with the aid of
a loop. Incubate 48 h at 25° C. Then place at 4° C. Subculture every 3-4 wk.

13.With the aid of a loop inoculate solution 1 from a stock bacterial culture 24 h prior to inoculation
with protists and incubate at 30° C.

14.To medium previously inoculated with bacteria inoculate aseptically with 0.1 ml of a growing
protist culture which is in late log or early stationary phase. Incubate at 25° C. Keep cap
loosened one half turn.

15.For routine maintenance of a trophozoite population subculture weekly.

COMMENTS

The bacterial species originally used by TM Sonneborn was known as Aerobacter aerogenes [1]1. With
changes in bacterial systematics it has been identified as a nonpathogenic strain of Klebsiella
pneumoniae. It is recommended that an equivalent strain be used. Although there are other species
of bacteria present in the colpodid cultures it is important that only K. pneumoniae be added routinely
as a food source. For best results it is important that cultures be handled using aseptic techniques.
Periodically the bacterial stock culture should be tested for purity. The methods described here are
for maintenance as actively growing trophozoite cultures. Cultures will encyst if not routinely
subcultured and will remain viable for variable periods dependent upon the strain. The cysts may be
stored at refrigerated temperature (5-9° C) to prolong viability. Establishment of an actively growing
culture from cysts can be accomplished by simply decanting the culture fluid and replacing with fresh
medium bacterized with Klebsiella.

LITERATURE CITED

1. Sonneborn, TM 1950. Methods in the general biology and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-147.
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CULTIVATION OF SELECTED PERITRICHS

Pierre-Marc Daggett® and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852

INTRODUCTION

Opisthonecta { = Telotrochidium), Rhabdostyla, and Vorticella strains can be cultivated as monoprotist
cultures with bacteria as the food source. Members of the genera Opisthonecta and Opercularia have
been successfully cultivated in soluble axenic media [1,2]. Only the protocol for bacterized cultivation
is presented below.

PROTOCOL

1. Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

2. Medium formulation {Part 1}:

Cereal Grass Infusion Medium

Powdered cereal grass leaves™ . ... .. ... ... 25¢g
NaHPO, . o i 05¢
Glass distilled H,O . . . ... ... ... .. 10.0 L

*This component was originally Cerophyl, a product manufactured by Cerophyl Laboratories,
Inc. Kansas City, MO and consisted of a mixture of powdered wheat, rye, oat and barley
leaves. When Cerophyl Laboratories, Inc. closed, Agri-tech of Kansas City, MO marketed
a product with the same name that consisted of powdered rye grass leaves only. Agri-
tech also no longer exists. However, a lot of Agri-tech Cerophyl is still available under the
name Cerophyll from Ward’s Natural Science Establishment, Inc., P.O. Box 92912,
Rochester, NY 14692. A product equivalent to the Cerophyl is still produced by Dairy Goat
Nutrition P.O. Box 22363, Kansas City, MO 64113 and is sold under the name Grass Media
Culture. Sigma Chemical Company, P.O. Box 14508, St. Louis, MO 63178 sell Cereal
Leaves Product (cat #C-7141) which is similar but is composed of powdered wheat leaves
rather than rye leaves.

Add powdered cereal grass leaves to glass distilled H,0 and boil for 5 min.

. Add glass distilled H,0 to compensate for H,0 lost by evaporation.

Filter through Whatman #1 filter paper.

. Add 0.5 g Na,HPO,.

. Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

. Loosen cap one half turn and autoclave for 15 min at 121° C. Cool medium before use.

®NOO AW
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9. Medium farmulation (Part 2):

Agar Medium for K/ebsiella pneumoniae

Yeast extract (Difco #0127) . . . ... .. . . .. . . e 40 ¢
GlUCOSE . . v e s e e e e e e e e 0.16 g
AQBE o e e e e e e e e e e e 20.0 ¢
Glass distiled H,O ... . ... .. . 800.0 ml

10.Dispense 5 ml of medium per 16 x 125 mm screw-capped test tube.

11.Loosen caps one half turn and autoclave far 15 min at 121° C. Allow medium to cool and
solidify at a 15° horizontal slant.

12.Streak slant with an inoculating loop. Incubate 48 h at 25° C. Then place under refrigeration
{5-9° C). Subculture every 3-4 wk.

13.Inoculate Cereal Grass Infusion Medium with a loopful of bacteria from a stock slant and incubate
at 30° C.

14,Aseptically add 0.1 ml of a growing protist culture which is in late log or early stationary phase
to a tube of fresh medium. Incubate at 25° C. Keep caps loosened one half turn.

15.For routine maintenance of a population subculture weekly.

COMMENTS

The strain of Aerobacter aerogenes used by TM Sonneborn [3] for the cultivation of paramecia, has
been found to be a nonpathogenic strain of Klebsiella pneumoniae. It is recommended that a similar
strain be used. For best results it is important to use only K. pneumoniae as the added food source.
Although the protists can be grown with other bacterial species present, one should passage the
cultures using aseptic techniques to avoid the introduction of unfavorable bacterial species.
Periodically the bacterial stock culture of K/ebsiella should be tested to assure its purity.

LITERATURE CITED
1. Finley, HE & McLaughlin, D 1965. Cultivation of the peritrich Telotrochidium henneguyi in axenic and non-
axenic media. J. Protozool. 12:41-47.
2. McLaughlin, D, Johnson, GR & Bradley, CJ 1974. Growth of the peritrich Opercularia coarctata in axenic
culture. J. Protozool. 21: 561-564,
3. Sonneborn, TM 1950. Methods in the general bioclogy and genetics of Paramecium aurelia. J. Exp. Zool.
113:87-147.
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COLLECTION AND CULTIVATION
OF HISTOPHAGOUS CILIATES

D. Wayne Coats

Smithsonian Environmental Research Center, P.O. Box 28,
Edgewater, MD, 21037

INTRODUCTION

Histophagous ciliates, primarily hymenostome and scuticociliate taxa, can be collected from marine
and freshwater environments by using baited traps {e.g., a perforated 35mm plastic film canister
containing small pieces of animal tissues). Best results are usually obtained if the trap is suspended
near the bottom of relatively calm water and retrieved in 1-6 hrs. Many histophagous ciliates can
be maintained in culture if furnished an appropriate diet of metazoan tissue. Most species appear to
prefer tissues of aguatic or edaphic invertebrates, but some histophages have been successfully
reared on vertebrate tissue. Culture procedures are relatively simple; however, histophages should
be fed regularly and care must be taken to avoid fouling of the culture medium.

PROTOCOL

1. Histophages removed from tissue traps may be free swimming or embedded in the bait. In either
case, they will likely be well fed trophonts and appear as robust, slowly swimming cells that are
darkly pigmented due to a large amount of ingested tissue.

2. To initiate cultures, place one or more well fed trophonts in a covered 80 x 40 mm crystallizing
dish containing 50-75 ml autoclaved culture fluid (freshwater or seawater as appropriate}.

3. Feed cultures when trophonts have completely digested their food vacuoles (1-3 d depending on
species and amount of food ingested) and divide to produce theronts. Theronts are slender,
rapidly swimming cells that lack digestive vacuoles and are transparent.

4, Feeding is accomplished by adding one or two small pieces (greater or equal to 1 mm® of fresh
or frozen (preferably stored under liquid nitrogen) metazoan tissue to the culture dish. Behavior
of the theronts should be monitored to assure that they accumulate around the food and begin
feeding.

5. When the ciliates have finished eating (one to several hours) they will migrate away from their
food. Any remaining tissue should then be carefully removed from the culture dish to avoid
bacterial contamination.

6. Feed cultures whenever theronts become common {1-3 d intervals). Subculture monthly, or sooner
if the culture fluid becomes cloudy from bacterial contamination, by following steps 2-5.
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COMMENTS

Histophagous ciliates tend to be non-selective feeders as indicated by the large variety of animal
tissue that has been used for their collection and cultivation [1,2,4,]. Animal tissues that have been
used include annelids (Glycera sp.; Tubifex sp.}, amphibians (Rana catesbeiana), chironomid larvae
{Chironomus sp.), echinoderms (Asterias glacialis), fish (Lebistes reticulatus}, mammal liver (Bos bos),
mollusc (Crassostrea virginica), and sponges (Ficulina ficus). Obligate histophages are usually grown
in bacterized cultures; however, Mugard and Rouyer successfully maintained Ophryoglena mucifera
in axenic culture by feeding the ciliates sterilized rat brain [3]. Facultatively histophagous species of
Tetrahymena spp. have also been cultured axenically [5].

LITERATURE CITED
1. Lynn, DH 1975. The life cycle of the histophagous ciliate Tetrahymena corlissi Thompson, 1955. J. Protozool.
22:188-195.
2. Mugard, H 1949. Contribution 4 I'étude des infusoires hyménostomes histophagous. Ann. Sci. Nat. Zool. (sér.
11) 10:171-268.
3. Mugard, H & Rouyer, M 1966. Cultures axeniques D’'Ophryoglena mucifera, infusoire, hymenstome histophage.
Protistolgica 2:53-55.
4. Savioe, A 1968. Les ciliés histophages en biologie cellulaire. Ann. Univ. Ferrara {N.S., Sect lll} 3:65-71.
5. Thompson, JC Jr. 1958. Experimental infections of various animals with strains of the genus Tetrahymena.
J. Protozool. 5:203-205.
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CULTIVATION OF BLASTOCYSTIS

Thomas A. Nerad' and Pierre-Marc Daggett *

'Protistology Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
25901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

Blastocystis hominis can be readily cultivated in vitro [1].

1.

2.

PROTOCOL

Medium ingredients should be added in the sequence listed. If the name of a company is listed
with a specific component, the medium component should be obtained from the company to
assure growth.

Medium formulation:

Blastocystis Egg Medium

Whole emulsified egg* . . . . . . . o e e 783.0 mli
Stone’'s Modification of Locke's
Solution {see below} . . . ... . . . e 217.0 mi

Stone Modification of Locke’s Solution

KOl et
MECLBHLO ottt e
NapHPO, © o et e e e e e
NGHCO, .+ ottt e e e e e e
KHPO, o o e e e e e e e
Glass distilled H,0 . ..o\ v i

~ooNOOO®

OW&OSMMO
roooggooo

*Use only fresh fertile eggs (One source for such eggs is Truslow Farms, Inc., Chestertown,
Maryland, USA.)

Filter lightly beaten eggs (emulsified) through gauze into a filtration flask.

Place under vacuum to draw out air bubbles.

Dispense in 4.0 ml amounts to 16 x 125 mm screw-capped test tubes. Inspissate (place in an
80° C incubator for 10 min) at a 30° slant. Allow to cool.

Add a 4.5 ml overlay of Stone’s Madification of Locke’s Solution. Rubber stopper (size 000} the
tubes and autoclave in a press at 121° C for 5 min.

. Remove the rubber stoppers after the medium is cool and replace aseptically with screw caps.
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8. Add approximately 1.5 ml of heat inactivated {66° C for 30 min) horse serum (the final
concentration will be 25% (v/v)) to each tube.

9. Loosen caps one full turn and place tubes in an anaerobic jar. Add a BBL GasPak {one anaerabic
system GasPak per BBL GasPak 100 anaerobic culture jar}. Close the vessel securely and
incubate at 35° C for at least 48 h. The palladium catalyst in the GasPak jar should be replaced
biweekly with fresh catalyst.

10.Remove growing cultures and uninoculated tubes of reduced medium immediately from the
anaerobic jar and screw caps down tightly.

11.The cells are concentrated at the bottom of the liquid overlay. Carefully introduce a sterile
Pasteur pipette aseptically through the air-liquid interface. Expel air from the pipette bulb prior
to passage into the liquid and move the tip of the pipette to the cell mass and aspirate
approximately one third of the mass into the pipette. Tighten the cap immediately unless the
culture is to be promptly transferred to an anaerobic jar.

12.Loosen cap one full turn and place freshly inoculated culture, as well as, uninoculated tubes of
medium (these tubes will be needed for subsequent transfers) into the anaerobic jar. Prepare a
GasPak and quickly seal and incubate at 35° C.

COMMENTS

Avoid expulsion of air bubbles into the medium during transfers. These organisms are very sensitive
to oxygen. Work quickly when transferring culture to avoid prolonged exposure to air.

LITERATURE CITED

1. Molet, B, Werler, C & Kremer, M 1981. Blastocystis hominis improved axenic cultivation. Trans. Roy. Soc.
Trop. Med. Hyg. 75:752-753.
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CULTIVATION OF ANAEROBIC RUMEN FUNGI

Nigel Yarlett * and Seymour H. Hutner *

'Haskins Laboratories and Biology Department, Pace University, and
41 Park Row, New York, NY 10038

INTRODUCTION

Anaerobic phycomycetes have been isolated from the rumen of sheep, cattle, goats, musk oxen,
reindeer, camel and the kangaroo [1]. They have also been found in the cecum of the horse,
rhinoceros and elephant. |t therefore appears that they are an indiginous part of the microbial
flora of herbivores on a highly fibrous diet [1]. Biochemically the rumen fungi have many features
in common with the anaerobic hydrogenosome containing protozoa [2]. No ribosomal analysis is
available for the rumen phycomycetes to indicate if a common lineage exists between these two
genera. However, it has recently been reported that based on ribosomal RNA homologies the
oomycetes are closely related to the chrysomonad line [3].

PROTOCOL

A medium based upon that of Diamond [4] is used to isolate the fungi from rumen fluid [5].

1. Medium formulation:

Basal Medium

TrYPtONE . . o i e e e e 200 ¢
Yeast eXtraCt . . . v o i i e e e e e 10.0 g
Maltose .. . . . o i e e e e 2.0g¢
L-cysteine HCI . . . . . .o i i e e e 1.0g
L-ascorbic acid . . . .. .. . . .. ... e e 0.2¢
Y - 1 1.0g
Centrifuged rumen fluid . . ... ... ... . ... . .. .. 100.0 mi
Glass distilled H,O0 . . ... ... . . . e 730.0 m!
Antibiotic Solution

Na benzylpenicillin . . . . . o v v e 10.0 x 10° U
Streptomycin sulfate . . . . . .. L. e 1.0g
Glass distilled H,O . . ... .. ... . . . .. 10.0 ml

2. Autoclave 15 Ib/in®, 15 min.

3. Cool to 50° C add 10 ml filter-sterilized antibiotic solution, and 100 ml heat-inactivated sheep
serum (56° C for 30 min).
4, Gas with CO, until agar gel.
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Inoculum is prepared from filtered rumen fluid. Centrifuge the filtrate at 1000xg for 15 min at
room temperature, wash the sediment twice with sterile centrifuged rumen fluid, resuspend in
sterile centrifuged rumen fluid and 0.2 ml is layered onto the surface of the medium. The tube is
gased with CO, for 15 min and incubated at 39°C. After 48 h the top 5 cm of the medium is
discarded and 1 c¢m of the underlaying sloppy agar containing Neocalfimastix zoospores is overlaid
onto fresh medium. After transfer the culture is shaken to distribute the inoculum in the top 6
mm of medium and incubated at 39°C for 48 h. Repeating these steps results in a monoculture
of Neocallimastix sp.

PROTOCOL
Axenic cultivation in non-defined medium of Neocallimastix sp., Sphaeromonas and Piromonas [8].

1. Medium formulation:

Salts Solution |

KHPO, o 3.0 gL
Salts Solution I
KH, PO, . .o e 3.0 g/L
(NH,),S0, . . e 6.0 g/L
NaCl . e 16.0 g/L
MgSO, (anhydrous) . . . ... .. e 0.6 g/L
CaCl, . . e e 0.6 g/L
Basal Medium
Salts solution | . . . . .. . e e 150.0 ml
Salts solution il . . . ... .. .. e e 150.0 ml
Bacto Casitone . . . . . . . . e e 100 ¢
Yeast €XIraCt . . v v v v v e e e e e e e e 2bg
Centrifuged rumen fluid* ............. e e 200.0 mi
Cysteine-HCI . . . . . . .. e 10g¢g
NaHCO, .. ... . e 60g¢g
Maltose {or cellobiose} . . .. ... ............. e 50g¢g
Resazurin {0.19%) . . . . i i i i i e e 3.0 ml
Glass distiled H,O .. ... ... .. ... .. . 500.0 ml

*Rumen fluid filtered through one layer of muslin and centrifuged at 20,000 g for 1 h at
4° C.

2. Gas with CO, for 30 min until resazurin is reduced.

3. Dispense 10 ml into Hungate tubes under an atmosphere of CO2 and tightly cap.

4. Autoclave 15 Ib/in?, 15 min.

5. When cool add 0.2 ml of filter-sterilized (0.2 um filter) vitamin solution per tube and 0.2 ml of
antibiotic solution.

Vitamin Solution
Thiamin HCl . . . .. . o e e e e e e 1.0 mg
Riboflavin . . . . . .. e e 20.0 mg
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Nicotinic acid . . . . v i i s e e s e e e 100.0 mg
Nicotinamide . . . . . i i it e e e e e 100.0 mg
Folicacid . ... .. i i e e e e e e e 5.0 mg
Cvanocobalamin . . . . .. .. i e e 20.0 mg
Biotin . o e e e e e e 20.0 mg
Pyridoxine HCl . . . . . . . . e 10.0 mg
A-aminobenzoic acid . . . . .. e e 5.0 mg
Glass distiled H,O . . ... ... . .. . . . i i 100.0 ml
Antibiotic Solution
Ampiclin . ... e e e 100.0 mg
Chloramphenicol . .. . . .. . . . . e 50.0 mg
Methanol . . . . .. e e 20.0 ml

6. Incubate at 39°C.

PROTOCOL

A semi-defined medium has been described which avoids the inclusion ofcentrifuged rumen fluid
[7]. A modification of this is presented which reduces the potential formation of struvite in the
original formulation caused by the high concentration of calcium, ammonia and phosphate. The
anhydrous salts of magnesium and calcium internationalize the medium with respect to humidity
changes. Other minor changes have also been made.

1. Medium formulation:

Basal Mix |

KCl e e e e e 0.6 g
NaCD.6 g

MgSO,lanhydrous) .. ... ... . . . ... 0.5 ¢
CaCl, {anhydrous) . . ... ... .. ... . .. 0.1 g
Fe(NH,),S0, . . . o 0.2 g

Basal Mix 1l
KH PO, « 05 ¢
TrYDlICaSE & . v o e e e 1.0 g
Yeast eXtFaCt . . . v i e e e e e e e e 05 g
PIPES buffer . . . .. . . i e e 1.5 g
Fatty Acid Solution

Acetic acid . .. . . . L e e e e e 6.85 ml
Propionic acid . . . . . . . . . e e 3.00 mi
Butyric acid . . . . .. . e e e e 1.84 ml
2-methylbutyric acid . ... ... ... .. .. .. . ... 0.55 ml
Isobutyricacid . .. ... . .. . . e 0.47 ml
Valeric acid . . .. .. . . i e 0.55 mi
Isovalericacid ............. e e e 0.55 ml
Adjust to pH 7.5 with TM NaOH waterto ... ............ 1.0L

Trace Elements
MnCL.H,O . . . e e 0.2b g
NiCL.BH,O . .. e 0.25 g
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NaMoOQ,.2H,0 . . . . . e 0.25 g
HaBO, o o e 0.25¢g
CoCL.BH,O . ... e e 0.0b g
Se0p.05 g

NaVO,.4H,0 . . .. . e 0.05¢g
ZnSO,.7H,0 . . oo e e e 0.025g
CuCl,2H,0 .. o e e 0.025g
0.2 MHCI . . e e e 1.0 L

1.,4-naphthoquinone . . . . . . ... .. . it i 0.25 g
Ca pantothenate ... ............ e e e e s 0.20 ¢
Nicotinamide . . ... .. ... . i ittt e 0.20 g
Na riboflavin phosphate.2H,0 . ........ ... ... .. .. .. .. 0.20 g
Thiamin HCl . . . . . o e e e e e e e e 020 ¢
Pyridoxine HCE . . ., . . . . .. . . . e e e 0.20 g
Biotin . o e e e e e e e 0.025 g
Folicacid . ... .. .. . . e e 0.025 ¢
Cyanocobhalamin . . . . . . . . . . . i i e 0.025 g
P-aminobenzoic acid . . . . .. . . e 0.025 g
HEPES BmM . .. . . e e e e 1.0 L
Coenzyme M (Na 2-mercaptoethane sulfonic acid; Pierce Chem. Co.,

Rockford, ) . . . . e e e 40.0 mg
Hemin solution (10 mg in 100 ml

of 5B0% Quadrol) . . . . . .. e e e 10.0 ml
Resazurin solution (1g/L) . . . . . . . i i 1.0 mi

Reducing Agents

NaS.OH, 0 . .. .. .. e 12.0 g
L-cysteine HCl . . . . .. . . i e e e e e 25.0¢g
Na Hydroxymethane sulfinic acid.2H,Q0, Aldrich

Chem. Co., Milwaukee, Wi. . .. ... .. .. ... 50¢g
NaHCO, . ... e e e e e 40¢g

Carbohydrates

GlUCoSE . . . . e e e 3.75 g
Cellulose . . .. oo i i i e e e e 10.0 g

N

. Basal mix | is composed in a volume of 780 m!; once in solution thecomponents of basal mix Il
are gradually added.

10 ml each of the trace elements, fatty acid solution, and hemin solutionare added.

. Add Coenzyme M and 1 ml of resazurin,

. To this the reducing agents, NaHCO, and carbohydrates are added.

. Add 10 ml of the vitamin solution,

The medium is brought to 1 L and gased for 30 min with CO, prior to autoclaving at 15 Ib/in?
for 15 min.

NO U AW

COMMENTS

The usual anaerobic techniques should be employed when handling rumen fungi. The media
described are suitable for the isolation and cultivation of fungi from different ruminants. The
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- media can be made selective for the different species by varying the carbon source gg. inulin

selects for the growth of Neocallimastix spp. [8]. Sporogenesis by rumen phycomycetes can be
induced by an extract prepared from oats [3].

LITERATURE CITED
1. Orpin, CG 1988. Nutrition and biochemistry of anaerobic chytridiomycetes. Biosystems 21:365-370.
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Neocallimastix patriciarum. Biochem. J, 236:729-739.
3. Cedergren, R, Gray, MW, Abel, Y & Sankoff, D 1988. The evolutionary relationships among known life
forms. J. Mof. Evol. 28:98-112.
4. Diamond, LS 1957. The establishment of various trichomonads of animals and man in axenic cultures. J.
Parasitol. 43:488-430.
5. Orpin, CG 1975. Studies on the rumen flagellate Meocallimastix frontalis. J. Gen. Microbiol. 91:249-262.
6. Kemp, P, Lander, DJ & Orpin, CG 1984. The lipids of the rumen fungus Piromonas communis. J. Gen.
Microbiol. 130:27-37.
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PRESERVATION OF PROTOZOA

CRYOPRESERVATION, DRYING AND
FREEZE-DRYING
GENERAL METHODS AND DEFINITION OF TERMS

Thomas A. Nerad' and Pierre-Marc Daggett *

1Protisto/ogy Department, American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852 and
5901 Montrose Road C402, Rockville, MD 20852

INTRODUCTION

A variety of techniques have been used to maintain protozoan strains in the laboratory for long
periods of time without frequent subculturing. The method that assures the longest viability
without a change in characteristics known today is to stabilize at cryogenic temperatures

{below -100° C). If stored below -130° C, viability can be maintained indefinitely as far as is
currently known. This temperature is near the glass phase transition temperature (-139° C for
pure H,0 and higher for solutions; the temperature at which there is no translational motion of
molecules and therefore no chemical reactions) of most solutions. At this temperature viability is
only being effected by the penetration of cosmic rays through the storage vessel. It has been
estimated that the half-life of frozen preparations stored in this manner is 10,000 to 30,000
years. Numerous strains can also be kept for long periods of time at relatively higher ultra-low
temperatures {-70° to -100° C) in a constant temperature mechanical freezer, but as the storage
temperature increases above -130° C the length of viability decreases. Strains which form a
resistant stage (i.e., cysts) in their life history often can also be maintained as dried preparations
(unfrozen preparations from which the H,0 has been removed through evaporation) [7,9]. These
strains as well as certain strains without a known resistant stage in the life history but which can
tolerate harsh conditions can be preserved as freeze-dried preparations (frozen preparations from
which the H,0 has been removed through sublimation) [3,6]. Although less stable than
cryopreserved material, dried and freeze-dried preparations have the practical advantage of less
expensive storage and can be transported more economically. The authors of this protocol have
detailed separate protocols for the preservation methods of a wide array of protozoa. It is simply
not practical or within the scope of this manual to address all the variations known to be required
for all species and strains for each genus for which a methodology is outlined. [f the investigator
is attempting to cryopreserve a member of a particular genus it is recommended to first follow the
separate protocol detailing the method for a particular genus. |f the protocol yields less than
satisfactory or negative results, then it may be necessary to modify the procedure. The purpose
of this protocol is to suggest what might be considered to modify a particular approach and to
suggest how to approach the possible preservation of protozoa for which protocols have not been
detailed in this manual. The critical steps in cryopreservation, freeze-drying, and drying are
reviewed in protocol format here. Terms used throughout the detailed protocols are explained
here.
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Cryopreservation, strains cultured on medium

1. Harvest when cultures are at or near peak density. Harvesting cells that are actively dividing
or are beginning to decline after reaching peak density usually results in no or low numbers
of viable cells after cryopreservation. Concentrate the cells as gently as possible. There are
five basic harvesting methods. Select the least harsh method possible for a particular strain.
The cells are usually concentrated to a level twice that required. (further detailed in steps 3
& 5).

a) Allow the cells to settle to the bottom of a culture vessel and remove the overlying
liquid medium with a pipette. Cells normally maintained in medium that contains a
small amount of agar, such as trichomonads, should be cultivated in the medium
without agar prior to freezing. Cultivate on a horizontal slant rather than vertically.
They can be harvested by placing the culture tubes vertically and allowing the cells
to settle.

b) Use gravity filtration through a Nitex screen {a finely woven nylon cloth) which does
not allow passage of the cells.

c) For strains which attach to the wall of the culture vessel e. g., amebae, gently
remove most of the overlying medium with a pipette. To detach the cells, ice the
culture for 10 min, then tilt the vessel back and forth using the small amount of
medium remaining to wash the cells off the vessel walls.

d) For strains grown on agar, to harvest, add the cryoprotective solution in the final
concentration desired (further details in steps 2-5) and suspend cells by rubbing the
agar surface with a spread bar (a spread bar can be made from a Pasteur pipette
using the following technique: Heat the pipette at an area about 4-5 cm from the
tip. Allow the pipette tip to drop at a 90° angle to the horizontal axis and then
seal the end of the pipette in the flame).

e) If centrifugation is required use the lowest speed that will allow pelleting of the cells.
After resuspension transfer to a T-25 tissue culture flask at double the final
concentration of cells desired and allow to remain undisturbed for 1 h prior to
addition of the cryoprotective solution which is also prepared at double the final
desired concentration (detailed in step b).

2. Although others have been tried and some of them are useful, there are three cryoprotectants
{substances which ameliorate the damage done as a result of freezing) which are generally
used: dimethyl sulfoxide (DMSQ), glycerol, and methanol. DMSO is the most widely used
and is generally the best. Since it is hygroscopic it should be stored in small quantities.
After opening a new bottle, sterilize by filtration using a 0.22 um Teflon fiiter (Millipore},
dispense in 10 ml aliquots and keep frozen. This will reduce the likelihood of dilution of the
DMSO with H,0. The concentration of DMSO used varies from 2.5-12.5% {v/v}. For many
photosynthetic strains methanol is the preferred cryoprotectant. Methanol is generally used
at a concentration ranging from 3-5% (v/v). Absolute methanol does not require
sterilization. Glycerol is the least effective of the cryoprotectants but certain strains, e.g.
Crypthecodinium, can only be cryopreserved using this compound. Glycerol is generally
used at concentrations ranging from 7.5-12% (v/v). Glycerol is sterilized by dispensing 10
ml quantities into 16 x 125 mm screw-capped tubes and autoclaving for 15 min at 121° C.
The caps, which have been loosened half a turn prior to autoclaving are tightened only after
the glycerol has fully returned to room temperature otherwise a partial pressure differential
can be created which will result in air being sucked into the test tube when first used. For
some organisms, e. g. Toxoplasma and Blastocystis, DMSO and glycerol are used in
combination. In some cases various sugars, serum, and bovine serum albumin fraction V
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N (BSA - Sigma A-4503) may be combined with the primary cryoprotective agent. For a strain

o] belonging to one of the genera listed in a detailed protocol use the cryoprotectant at the

i concentration listed. If recovery is not obtained or if not certain of the best cryoprotectant
and/or concentration to use for a strain, especially if a never before cryopreserved strain,
some experimentation is required. If it is the first attempt for an organism not belonging to
a genus for which a detailed protocol is given, it is best to begin by using methanol for
photosynthetic strains and DMSO for non-photosynthetic strains. Begin by doing a "test
freeze" using a range of concentrations with a few cryules (vials made of plastic that can
tolerate cryogenic temperatures even down to -196° C [12]} at each concentration. For
methano! initially use 3%, 5%, 7%, and 8% (v/v) and for DMSO use 5%, 7.5%, 10%, and
12.5% (v/v). If recovery is not obtained with methanol, use DMSQ (see step 6 for
important comments on DMSOQO). If recovery is not obtained with DMSO use glycerol at
concentrations of 5%, 7.5%, 10%, and 12.5% (v/v). Determine the concentration of the
cryoprotectant that yields the highest recovery. Recoveries may be further enhanced by
decreasing or increasing the concentration of the cryoprotective agent in 0.5% steps from
the best value determined after a "test-free".

3. In general, the final concentration of cells desired after the cryoprotective solution is added is a
function of the size of the organism. The final concentration of cells desired after the
cryoprotective solution is added ranges from 1.0 x 10° to 5.0 x 10’ cells/ml. Cells greater
than 100 ym are preserved at 1-5 x 10° cells/ml; cells between 50-100 ym are preserved at
1-5 x 10° cells/ml; and cells less than 50 ym are preserved at 1-5 x 10’ cells/ml. This is a
general "rule" and if it is followed the number of viable cells recovered should be adequate,
but it may be necessary to vary the cell concentration above or below the suggested level to
optimize the number of viable cells recovered.

4. The next step is to prepare the cryoprotective solution. Glycerol and methanol solutions can
be prepared at room temperature (20-23° C), but DMSO solutions should be prepared as
follows particularly if the medium has large amounts of protein, e. g., contains serum:

a) Place the required amount of DMSO in a test tube and incubate the tube in an ice
bath for 10 min. The DMSO will solidify under these conditions.

b} Add ' of the appropriate amount of ice cold medium to the solidified DMSO and
invert several times until the DMSO is in solution. Place the tube in ice for 5 min
and then add the remainder of the cold medium.

When DMSO is mixed with H,0 an exothermic reaction occurs and this can elevate the
temperature of the solution sufficiently to precipitate proteins and certain salts. If the
DMSO solution is prepared as described the problem will not be encountered. Never use a
DMSO solution if it is warmer than room temperature.

5. Except for those strains cultivated on agar, the cryoprotective solution is added as a double
concentrated stock and mixed 1:1 with the cell suspension. For sensitive organisms, the
concentrated cryoprotective solution should be added in three equal aliquots at 2 min
intervals. Dispense 0.5 ml of the final suspension into sterile plastic screw-capped cryules.
For organisms particularly sensitive to osmotic shock during the thawing procedure,
cryopreservation of 1.0 ml aliquots may be beneficial. As a frozen preparation thaws the
channels between crystals of frozen H,0 that contain the cells thaw first. Therefore, the
cells are initially bathed in a hyperosmotic milieu. As the frozen crystals of H,0 thaw this
lowers the osmolarity of the extracellular environment. As the volume of the frozen
suspension increases the rate at which this dilution occurs will be reduced. SAFETY
PRECAUTION: Aithough glass cryules are made, it is recommended that they not be used.
If used, do not seal, but cotton plug. Store in the vapor phase of a liquid nitrogen freezer or
a mechanical refrigerator. Although glass cryules can be heat sealed, the authors
recommend that the vials not be sealed for several reasons: 1) Even with the greatest care,
any heating of the vial can kill the cells in solution. 2) Minor fractures which are not
immediately detectable can be present which permits the entry of nitrogen during storage.
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When a sealed ampule is removed from storage the rapid change in temperature can result
in explosion of the vial due to expanding nitrogen gas. 3) To open sealed vials they must be
broken open. Even with the greatest care injury can occur. AUTOINOCULATION WITH
INFECTIOUS AGENTS IS POSSIBLE WITH SEALED GLASS VIALS.

6. The time from the mixing of the cryoprotective solution with the cells to the initiation of the

cooling cycle, equilibration time, should be at least 10 min but not longer than 60 min.
Exposure of the cells to the cryoprotectant for too long may be detrimental to the cells.
Tolerance to DMSO will vary with the organism and should be determined prior to
cryopreservation in the following manner:

a) Prepare a range of concentrations in the growth medium of the cryoprotectant to be
used, usually in increasing increments of 2.5% (v/v) concentrations.

b) Mix the cells and the cryoprotective solutions and incubate at room temperature
{20-23° C). Observe at 15 min intervals up to 1 h. Determine the maximum time
that the cells can tolerate the maximum concentration of the cryoprotectant.

7. Best results are generally, but not always, obtained by using a controlled cooling rate. This is

somewhat of a misnomer because the rate is regulated only down to the point at which the
ampules are transferred to liquid nitrogen. Also in actuality it is the rate of cooling of the
chamber that is regulated. The ampule temperature passively follows changes in the
chamber temperature. There are three cooling cycles routinely used.

a) The simplest controlled cooling cycle, is -1° C/min from 25° C to -40° C with
compensation for the heat of fusion {the heat liberated when liquid H,0 is
converted to ice. Heat will continue to be produced until most of the H,0 has
entered the solid state. There is often a plateau in the cooling cycle at this point.
Some controlled rate freezing units can compensate for this heat by appropriately
programming the cooling of the chamber. The plateau can be eliminated in some
cases). The cryules are plunged into liquid nitrogen from -40° C. This cooling
cycle is often accompanied by supercooling, i.e., the cooling of a solution below its
freezing point (the freezing point normally lies between -2° to -6° C). When the
heat of fusion occurs in a supercooled solution, an abrupt rise in temperature of the
sample will occur and the temperature will rise from the supercooled temperature to
the freezing point of the solution. This will be witnessed as a sharp blip on the
recording chart. Supercooling can be a significant problem for certain sensitive
strains,

b) Some protozoa sensitive to supercooling can be cryopreserved using a triphasic
cooling cycle developed to solve the problem [4]. The triphasic cooling cycle is
-10° C/min. from 25° C to the heat of fusion; -1° C/min from the heat of fusion to
-40° C. The cryules are then plunged into liquid nitrogen. The one disadvantage
of this cooling cycle is that certain strains may be sensitive to cold shock, i.e.,
sensitivity to rapid cooling in the liquid phase.

c¢) In order to minimize cold shock, but to avoid supercooling, a compromise cooling
cycle has proven to be effective [8]. Begin at -1° C/min from 25° C to 4° C; -10°
C/min from 4° C to the heat of fusion; -1° C/min from the heat of fusion to -40°
C. The cryules are then plunged into liquid nitrogen.

The order of the cooling cycles listed is in the order of the sophistication of the equipment
required to perform the procedure. Although often better results will be obtained with the
second and third cooling cycles listed, adequate results may be obtained with the first
cooling cycle which requires the least sophisticated equipment. In order to perform any of
the controlled cooling cycles listed above a programmable freezing unit which can
compensate for the heat of fusion is required. Two machines which have been successfully
used are the Cryo-Med Model 900 and 1010 units. The initial cooling cycle of choice, the
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last listed, may not be satisfactory for all strains. Therefore, if poor results are encountered
then use the first cooling cycle, and, if results continue to be less than satisfactory the
second. In some cases, however, uncontrolled cooling can vyield sufficiently high recovery
and in other cases very rapid uncontrolied cooling is essential for recovery, e. g. directly
plunging into liquid nitrogen. If a controlled rate freezing unit is not available a cooling cycle
which closely approximates a -1° C/min can be achieved using several different relatively
inexpensive commercially available devices listed next:
Bicell: manufactured by Nihon Freezer Co, LTD, 19-4,3-Chome, Yushima, Bunkyo-Ku, Tokyo,
Japan.

Advantages: Least expensive; isopropyl alcohol not required.

Disadvantages: Only 7 ampules can be frozen in one vessel.

Cryopreservation Apparatus: Cat. #9001 manufactured by Cambridge Biotech Corp.,
Worcester, MA 01605 USA.
Advantages: Holds 24 ampoules
Disadvantages: Most expensive; ampoules are partially immersed in isopropy! alcohol
and therefore ampule labels must be alcohol insoluble; screw-driver or similar device
needed to pry lid off to transfer ampules to nitrogen freezer.

Nalgene 1°C Freezing Container: Cat. #5100-0001 manufactured by Nalge Co., Rochester,
NY 14602 USA.
Advantages: Although isopropy! alcohol is required the ampules are not immersed in it;
holds 18 ampules.
Disadvantages: Screw-capped lid can stick after freezing; a person with a large hands is
required to unscrew the lid to transfer the ampules to nitrogen freezer.

Another approach for strains which can be cryopreserved using an uncontrolled cooling cycle
is to place cryules on the bottom of a constant temperature mechanical refrigerator set
between -55 to -70° C for 1 h and then transfer to a liquid nitrogen refrigerator or, if none
is available, store the vials in an ultra-low constant temperature mechanical refrigerator
(1,5,10,111.

8.Store frozen specimens at or below -130° C for optimum stability. If preparations are stored at
higher temperatures monitor at least at 6 month intervals to determine stability.

9.To establish a culture from the frozen preparation one of the following methods is usually
employed:

a) Transfer a frozen cryule directly from storage to a water bath set at 35° C. Immerse
the vial just sufficient to cover the frozen material. Do not agitate. For most
strains the thawed contents can be added directly to fresh medium. For some
strains which are sensitive to osmotic shock increasing the volume of the frozen
suspension from 0.5 ml to 1.0 ml can be beneficial. As the volume of the frozen
suspension is increased, the time for contents of the ampoule to completely thaw
will be increased. (See step 5 for details).

b) Recovery of some sensitive strains can be enhanced by increasing the osmolarity of
the medium used for initial establishment of the culture [8]. For some, but not all,
strains e. g. Tetrahymena, Euplotes and Glaucoma, it may be critical to survival.
Remove the frozen cryule from storage and aseptically add 0.5 ml of cultivation
medium containing 8% {w/v) sucrose. Screw the cap on tightly and place in a 35°
C water bath. Transfer the thawed contents to medium with 4% (w/v) sucrose.
For axenic strains incubate in the normal fashion, but transfer to medium without
sucrose when the culture has reached peak density. For strains grown with
bacteria on the day following thawing and incubation at normal cultivation
temperature, pick viable cells with a drawn out Pasteur pipette and transfer to fresh
medium without sucrose.
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c) For sensitive marine organisms and some freshwater organisms place the frozen
cryule directly from storage to a water bath set at 35° C. Immerse the vial just
sufficient to cover the frozen material. Do not agitate. Gently remove contents
from thawed ampoule with a Pasteur pipette and expel slowly into a T-25 tissue
culture flask. Place the flask in a horizontal position and incubate at room
temperature (20-23° C). At 15 min intervals add dropwise 0.25 ml of the
appropriate medium. Continue until the final volume is 2.0 ml. After the final
aliquot is added allow the culture to remain undisturbed for 15 min, then add
dropwise 0.5 ml of the appropriate medium at 15 min intervals until the final
volume is 4.0 mi. Allow the culture to incubate undisturbed overnight. The next
morning slowly add 4.0 ml of the appropriate fresh medium and again allow the
culture to incubate undisturbed until the folowing morning. During the morning of
third day after thawing, if the culture has either free swimming cells or unattached
nonmotile cells, gently agitate the flask and transfer 1 ml to a fresh T-25 flask
containing 10 ml of the appropriate medium. Incubate thereafter using normal
protocol. Maintain both cultures in parallel. |f the culture has attached cells,
gently remove all but approximately 1 ml of culture fluid with a pipette and transfer
this material to a fresh T-25 flask. Add 10 ml of the appropriate medium to the
decanted flask. Maintain both cultures in parallel.

PROTOCOL

Cryopreservation, in vivo cultivated strains
1. Harvest from an infected animal using one of the following methods:

a) For blood parasites, harvest when the parasitemia is at or near its peak. The blood is
withdrawn from the host animal using a syringe containing a small amount of
anticoagulant, usually a solution containing heparin.

b} For tissue other than blood, remove the infected organ(s) from the host animal(s)
immediately after the host(s) has been killed and place in a sterile tissue
homogenizer. Add aseptically an equivalent volume of the appropriate balance salt
solution and homogenize. If found within lungs, e.g., Pneumocystis, lungs are not
ground but extensively lavaged with an appropriate saline solution.

c) For parasites of intraperitoneal macrophages, kill the host animal(s} and using a
needle attached to a syringe, aseptically transfer the appropriate salt solution to the
peritoneal cavity. Massage the abdomen for several min and aseptically remove all
peritoneal fluid. To avoid contaminating the preparation, the side wall of the body
cavity is pulled outward forming a pocket with the needle opening orientated away
from the organs in the cavity.

d) For intestinal parasites, the feces are collected and the parasites are washed free of
debris using an appropriate saline solution.

2. Glycerol is used at concentrations range from 6.0-28% {v/v} and DMSO usually at 5-7.5% (v/v)
[1]. If not using a detailed protocol, to determine the best concentration of the
cryoprotective agent a "test freeze" is done with varying concentrations. Prepare a range of
concentrations of the cryoprotective agent in the salt solution used to harvest the parasite.
Usually a series of concentrations of the cryoprotective agent in 2.5% (v/v) incremental
steps in the beginning at 5.0% are tested. All vials are frozen at the same time using the
same cooling cycle.

3. The final concentration of extracellular parasites usually ranges between 10°-10° cells/ml, but
optimum results may require an increase or a decrease outside of this range.
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4. Prepare the cryoprotective solution. Glycerol solutions can be prepared at room temperature,
but DMSO solutions should be prepared as follows particularly if the medium has large

amounts of protein, i.e., contains serum:

a) Place the required amount of DMSO in a test tube and incubate the tube in an ice
bath for 10 min. The DMSO will solidify under these conditions.

b) Add % of the appropriate amount of ice cold medium to the solidified DMSO and
invert several times until the DMSO is in solution. Place the tube in ice for 5 min
and then add the remainder of the cold medium.

When DMSO is mixed with H,0 an exothermic reaction occurs and this can elevate the
temperature of the solution sufficiently to precipitate proteins and certain salts. If the
DMSO solution is prepared as described the problem will not be encountered. Never use a
DMSO solution if it is warmer than room temperature.

5. The cryoprotective solution is usually added as a double concentrated stock and mixed 1:1
with the parasite suspension. For sensitive organisms, the concentrated cryoprotective
solution should be added in three equal aliquots at 2 min intervals. Dispense 0.5 ml of the
final suspension into sterile plastic screw-capped cryules (FOR SAFETY CONSIDERATIONS
IN SELECTING AND HANDLING AMPULES see Step 5 of the previous protocol}. For
organisms, particularly sensitive to osmotic shock during the thawing procedure,
cryopreservation of 1.0 ml aliquots may be beneficial.

6. The time from the mixing of the cryoprotective solution with the cells to the initiation of the
cooling cycle should be at least 10 min but not longer than 60 min. Exposure of the cells to
the cryoprotectant for too long may be detrimental.

7. Strains are generally cryopreserved using a controlled cooling rate for a portion of the cooling
cycle. Some parasites can or must be cryopreserved using an uncontrolled rapid cooling
cycle. For controlled cooling, the following cooling cycle is effective for many strains: -1°
C/min from 25° C to -40° C with compensation for the heat of fusion. The ampules are
plunged into liquid nitrogen from -40° C and stored. The cycle requires specialized
equipment (See preceding protocol for type of equipment and alternatives.). An effective
uncontrolled cooling cycle for intracellular blood parasites is to place prepared cryules into a
dry-ice ethanol bath (approximately -80° C) for 2 min. The ampules are then directly
transferred to liquid nitrogen, if available, and subsequently stored in a liquid nitrogen
freezer, or if none is available, in the coldest ultra-low constant temperature mechanical
freezer available.

8. Store frozen specimens at or below -130° C for optimum stability. If preparations are stored
at higher temperatures monitor at least at 6 month intervals to determine stability.

9. To establish an infection from the frozen preparation transfer a frozen cryule directly from
storage to a water bath set at 35° C. Immerse the vial just sufficient to cover the frozen
material. Do not agitate. Immediately after thawing, do not leave in the water bath,
aseptically AND WITH SAFETY PRECAUTIONS IN MIND, aspirate the entire contents of the
cryule into a 1 ml syringe fitted with the appropriate size needle and inoculate
intraperitoneally into a single uninfected host or for intestinal or lung parasites, inoculate
orally after anaesthetizing the host. The newly infected host should be carefully monitored.
The course of the infection may be longer or shorter than usual dependent upon the number
of viable cells recovered.
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PROTOCOL
Freeze-drying
Single Vial Manifold Method (1]
(Fig. 1)

. Prepare in advance a sterile 12% (w/v) sucrose solution in glass distilled H,0.
. Harvest cells from a culture which is at or near peak density. For broth cultures concentrate

cells by centrifuging at 200 g for 5 min. Resuspend cell pellet in 5.0 m! of broth and
determine cell concentration. Adjust concentration to 10° cells/ml with fresh broth. Note
the volume and centrifuge as above. Discard supernatant and replace with an equal volume
of 12% sucrose solution. For agar slant or plate cultures suspend cells directly in the 12%
sucrose solution. Adjust concentration to 10°/ml with the 12% sucrose solution.

. Dispense cell suspension in 0.1 ml aliquots into sterile glass cotton-ptugged 1.0 ml bulb type

(teardrop) freeze-drying ampules.

. Just prior to freeze-drying a moisture trap (condenser) attached to a vacuum pump is prepared

by placing a trimmed block of dry-ice which just fits into a stainless steel drum manifold
(Virtis Model #6211 0245). Cellosolve (Fisher Scientific E-180) is added just to the top of
the condenser containing the dry-ice. An extender is placed on top of the condenser and
the interior filled with dry-ice pellets.

. Prepare a dry-ice Cellosolve bath in a stainless steel tray. A manifold suspended above the

bath is attached to the trap prepared in step 4 using Tygon tubing.

. The ampules are quick frozen by swirling when the vials are rapidly immersed in the bath.

While still in the bath each vial is attached by Tygon tubing to the manifold. The bulb
portion should be fully immersed in the bath. After all of the ampules have been attached
the vacuum is turned on. The vacuum should be pumped down to at ieast 30 ym of Hg.

. Keep under vacuum for at least 12 h. The dry-ice Cellosolve bath will return to room

temperature during the 12 h period.

. While still under vacuum raise the ampules from the bath. Dry the bulb portion of the vials.
. Seal under 30 ym of Hg. At the point at which the neck of the ampule is attached to the

tubing heat the glass with the hottest part of an air/gas flame until red hot. While slowly
pulling the vial the narrowing neck is separated and sealed.

10.Sealed vials can be stored at room temperature but viability will be extended for longer periods

as the storage temperature is lowered.

11.To establish a culture from the dried state aseptically add 0.1 ml of sterile glass distilled H,0

or sterile fresh broth. After the pellet dissolves dispense into fresh medium. Incubate using
the protocol for routine cultivation. For sensitive strains use the following protocol [8], a
modification of a protocol developed for bacteria sensitive to freeze-drying [2]:

a) Place the freeze-dried vial and a fresh tube of modified medium (containing 12%
(w/v) sucrose and with the pH adjusted to 7.0} in an ice bath.

b} Aseptically add 0.5 ml of the cold modified medium to the freeze-dried vial and when
the peliet is rehydrated transfer the contents from the vial to the tube of medium.

c) Place the test tube at the appropriate temperature.

It is critical to follow these instructions to obtain consistent recovery of sensitive strains
from the freeze-dried state.
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VACUUM

FREEZE-DRYING

VACUUM

SEALING

Fig. 1. Manifold method of freeze-drying. (A} Condenser extender filled with dry-ice pellets; (B)
Vir-Tis condenser; (C) condenser interior filled with dry-ice and Cellosolve; (D) valve controlling
access to vacuum; (E) manifold; (F) teardrop ampule®; {(G) stainless steel pan {H) dry-ice
Cellosolve bath; {I} rubber sleeve connecting vial to manifold; (J) thin film of freeze-dried cell
suspension.

*The teardrop ampule can be custom made by Kontes Glass Co. The outer diameter of the neck is 8 mm
and the inner diameter is 6 mm. The neck length is 125 mm. The diameter of the bulb is 15 mm.
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PROTOCOL
Freeze-drying
Double Vial Method [11]
(Fig. 2)

. Prepare in advance a sterile 20% (w/v} suspension of skim milk (Difco #0032} in glass distilled
H,O0 or a 12% (w/v) sucrose plus 4% {(w/v) BSA (Bovine Serum Albumin Fraction V - Sigma
A-4503) solution in the growth medium. Prepare the latter as follows:

a) Add 12.0 g sucrose to 100.0 ml of medium and dissolve thoroughly.

b) Divide the above solution into four equal aliquots and transfer each to a separate 50
ml plastic screw-capped centrifuge tube. Add 1.0 g of BSA to each tube and
agitate vigorously until dissolved. A considerable amount of foam will overly the
liquid.

c) Centrifuge at 850 g for 10 min to eliminate the layer of foam.

d) Pool the solutions in a single vessel and filter sterilize. Store refrigerated (5-9° C) for
up to 1 year.

. Harvest cells from a culture which is at or near peak density. For broth cultures concentrate

using the most gentle method available. Resuspend and pool the cell pellets to the desired

volume with fresh broth medium. For agar slant or plate cultures add 3.0 ml of broth and
wash cells into suspension.

. For both broth and agar slant cultures adjust concentration of cells to 10°%/ml concentrate.

Adjust concentration of cells from agar cultures with the protective solution but for broth

cultures centrifuge as above and resuspend pellet with a necessary volume of protective

solution to bring the concentration of cells to the desired level.

. Dispense the ceil suspension in 0.2 ml| aliquots into sterile glass cotton-plugged 11.5 x 35.0

mm inner shell freeze-drying glass ampules (Glass Vials, Inc.).

. Place ampules in a stainless steel container and place the container onto the bottom of a

mechanical freezer set between -55 to -70° C for 1 h. It is important to maximize recovery

in the initial cryopreservation step. Recovery may be improved if a controlled cooling rate is
employed (see step 7 of the first protocol). When the ampules reach -40° C they are
transferred to a stainless steel container that has been on the bottom of a mechanical

freezer set between -55 to -70° C for 1 h.

. Just prior to freeze-drying a moisture trap condenser attached to a vacuum pump is prepared

by fitting a trimmed block of dry-ice which just fits inside a stainless steel drum manifold

{Virtis Model #6211 0245). Cellosolve (Fisher Scientific E-180) is added just to the top of

the condenser containing the dry-ice.

. Place container with frozen ampules on a 2.5 cm thick layer of freshly prepared dry-ice snow.

Pack snow around sides of container for several hours. Place the Atmo-vac plate cover

{(Refrigeration for Sciences Inc.) over the pan with the ampules and place under vacuum of

at least 30 ym of Hg. The cover is attached to the condenser by Tygon tubing that will not

collapse. Keep under vacuum for at least 12 h. All the dry-ice snow will have evaporated.

Turn off the vacuum pump and slowly introduce air which has been previously passed over

a desiccant to minimize introduction of moisture.

. In advance the 14.25 x 85.0 mm outer shell freeze-drying glass vials {Glass Vials, Inc.) are

prepared. The bottom of the vial is covered with 6-16 mesh silica gel granules on top of

which a cotton wad is added to provide cushioning for the smaller shell vial. At this stage
the preparation is heated for 12 h. The silica gel should have turned dark blue and will
serve as a moisture indicator during storage.

. Allow outer shell vials to cool in a dry cabinet {10% or least relative humidity) and then insert

inner shell vial with the freeze-dried preparation. On top of the inner vial a wad of glass
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VACUUM

VACUUM

SEALING

Fig. 2. Batch method of freeze-drying. {(A) Condenser extender filled with dry-ice pellets; (B) Vir-
Tis condenser; (C) condenser interior filled with dry-ice and Cellosolve; (D) valve controlling access
to vacuum, {E) plexiglass portion of Atmo-vac plate*; (F) rubber portion of Atmo-vac plate; {G)
stainless steel pan; (H) inner shell vial with cotton top cut off; (I) crushed dry-ice; (J) manifold; (K)
number 00 stopper; (L) outer shell vial; (M) glass fiber wad; (N} cotton plug of inner shell vial; (O}
freeze-dried cell suspension; {(P) silica gel.

*The manufacturer no longer exists. If not already owned a similar device can be custom constructed. The
dimensions of the plexiglass are 2.8 cm x 17.5 cm x 17.5 cm. A rubber pad is glued to the bottom of the
plate and has a thickness of 0.6 cm. A 1.4 cm diameter channel through the plexiglass plate leads from the

valve t0 a 1.4 cm diameter hole running up from the center of the plate. The holes intersect at a right
angle.
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fiber paper is inserted to prevent exposure of the freeze-dried preparation to excessive heat
during flame sealing.

10.The vials are removed from the dry cabinet to be flame sealed. The outer vial is rotated in the
hottest part of an air/gas flame approximately 0.5 cm above the wad of glass fiber paper.
The bottom of the vial is held in one hand and the lip of the vial is pulled slowly using a pair
of forceps until a narrow neck is formed. After cooling the vial is securely affixed to a
number 00 stopper attached to a port manifold. Once all the vials have been affixed, the
manifold is evacuated to 50 ym of Hg. To assure evacuation of the vials has been achieved
each vial is tested using a high induction electrical spark. The vial is then sealed with a
double flame air/gas torch at the narrowing of the vial above the glass fiber paper.

11.Sealed vials can be stored at room temperature but viability will be extended for longer periods
as the storage temperature is lowered. However, unsealed vials can be stored in the vapor
phase of a liquid nitrogen freezer. Store directly after step 5 is completed. FOR SAFETY
REASONS DO NOT STORE SEALED VIALS IN A LIQUID NITROGEN FREEZER.

12.To establish a culture from the freeze-dried state add 0.5 ml of sterile glass distilled H,0 or
sterile fresh broth medium. After pellet dissolves dispense into fresh medium.
For sensitive strains use the following protocol, a modification of a protocol used for
bacteria sensitive to freeze-drying [2]:

a) Place the freeze-dried vial and a fresh tube of modified medium (containing 12%
(w/v) sucrose and with the pH adjusted to 7.0} in an ice bath.

b) Aseptically add 0.5 m! of the cold modified medium to the freeze-dried vial and when
the pellet is rehydrated transfer the contents from the vial to the tube of medium.

c) Place the test tube at the appropriate temperature. It is critical to follow these
instructions to obtain consistent recovery of sensitive strains from the freeze-dried
state.

PROTOCOL
Drying [1]
(Fig. 3, sealing only)

1. Sterilize cotton-plugged 11.5 x 35.0 mm inner shell freeze-drying glass ampules (Glass Vials,
Inc.) containing mulched paper. The mulched paper is prepared by soaking Whatman #1
filter in glass distilled H,0 and shredding in a Waring blender. Sufficient wet mulched paper
is added to cover the bottom of the vials. The paper should not be packed. The vials are
plugged with cotton, autoclaved for 20 min at 121° C, and then placed in a 70° C
incubator until the mulched paper has dried (overnight is usually sufficient).

2. Harvest cells.

3. Adjust concentration of cells to 2 x 10%/ml in fresh medium.

4. Dispense cells in 0.3 ml aliquots into the cotton-plugged sterile inner shell vials containing
dried, mulched filter paper. Cut the tops of the cotton plugs off at the lip of the vial with a
pair of scissors.

5. Place the ampules in a 25° C incubator for 14 d. After drying, place under vacuum in a
desiccator for 7 d at room ternperature (20-23° C). If preparations are to be stored as
frozen preparations proceed to step 9.

6. In advance 14.25 x 85.0 mm outer shell freeze-drying glass vials {Glass Vials, Inc.) are
prepared. The bottom of the vial is covered with 6-16 mesh silica gel granules on top of
which a cotton wad is added to provide cushioning for the inner shell vial. At this stage the

preparation is heated for 12 h, The silica gel should have turned dark blue and will serve as
a moisture indicator during storage.
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VACUUM

VACUUM

SEALING

Fig. 3. Batch method of freeze-drying. {A) Condenser extender filled with dry-ice pellets; (B) Vir-
Tis condenser; (C) condenser interior filled with dry-ice and Cellosolve; (D) valve controlling access
to vacuum; (E) plexiglass portion of Atmo-vac plate*; (F) rubber portion of Atmo-vac plate; (G)
stainless steel pan; (H) inner shell vial with cotton top cut off; {I) crushed dry-ice; (J) manifold; (K)
number 00 stopper; (L) outer shell vial; (M) glass fiber wad; (N) cotton plug of inner shell vial; {O)
freeze-dried cell suspension; (P) silica gel.

*The manufacturer no longer exists. If not already owned a similar device can be custom constructed. The
dimensions of the plexigiass are 2.8 cm x 17.5 cm x 17.5 cm. A rubber pad is glued to the bottom of the
plate and has a thickness of 0.6 cm. A 1.4 cm diameter channel through the plexiglass plate leads from the
valve to a 1.4 cm diameter hole running up from the center of the plate. The holes intersect at a right
angle.
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7. Allow outer shell vials to cool in a dry cabinet {10% or less relative humidity) and insert dried
preparation. On top of the inner shell vial a wad of glass fiber paper is inserted to prevent
exposure of the dried cells to excess heat during flame sealing.

8. The vials are removed from the dry cabinet to be flame sealed. The outer vial is rotated in the
hottest part of an air/gas flame approximately 0.5 cm above the wad of glass fiber paper.
The bottom of the vial is held in one hand and the lip of the vial is pulled slowly using a pair
of forceps until a narrow neck is formed. After cooling the vial is securely affixed to a
number 00 stopper attached to a port manifold. Once all the vials have been affixed, the
manifold is evacuated to 50 ym of Hg. To assure evacuation of the vials has been achieved
each vial is tested using a high induction electrical spark. The vial is then sealed with a
double flame air/gas torch at the narrowing of the vial above the glass fiber paper.

9. Sealed vials can be stored at room temperature but shelf-life of the preparation will be
extended as the storage temperature is lowered. Unsealed vials can be stored in the vapor
phase of a liquid nitrogen freezer. Store directly after step b is completed. FOR SAFETY
REASONS DO NOT STORE SEALED VIALS IN A LIQUID NITROGEN FREEZER.

10.To establish a culture from the dried state aseptically add 0.5 m| of growth medium to each
vial. For strains maintained on agar plates aseptically transfer the filter pellet to an agar
plate and tease apart the pellet. Add the remainder of the liquid from the vial to the plate.
For strains maintained in liquid culture incubate the vial in an upright position at 25°C.
Monitor daily and when motile cells are observed, transfer the fluid from the vial to fresh
medium and incubate upright under standard conditions. Handle routinely thereafter.

COMMENTS

Many protozoans that form cysts can be preserved by drying. However, not all cysts can be
dried using the protocol given above. Cysts that cannot be dried may be amenable to freeze-
drying.
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INTRODUCTION

Strains belonging to two genera of cryptomonads, Chroomonas and Goniomonas, are known to be
amenable to cryopreservation. It is likely that other cryptomonads may be cryopreserved by the
same or similar protocols.

PROTOCOL

Chroomonas

1. Harvest cells from a culture(s) that is at or near peak density by centrifugation at 850 g for 5
min.

2. Adjust concentration of cells to 2 x 107/ml in fresh medium.

3. While cells are centrifuging prepare a 24% (v/v) solution of sterile glycerol in fresh medium.

4. Mix the cells and the glycerol preparations in equal portions. The final concentration thus will
be 107 cells/ml in 12% (v/v) glycerol after mixing. The time from the mixing of the cell
preparation and glycerol solution before the freezing process is begun should no less than 15
min and no longer than 60 min.

5. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile plastic screw-capped cryules (special
plastic vials for cryopreservation).

6. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min to
-40° C. If freezing unit can compensate for the heat of fusion, maintain rate at -1° C/min
through heat of fusion. At -40° C plunge into liquid nitrogen.

7. Store in either the vapor or liquid phase of a nitrogen refrigerator.

8. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.
Immerse the cryule just sufficient to cover the frozen material. Do not agitate the vial.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and place into 9.5 mi of fresh medium in a T-25 tissue culture flask. If the
culture is not axenic add 0.1 ml of a Penicillin/Streptomycin Solution (see following) to
inhibit growth of the bacteria.

Penicillin/Streptomycin Solution

Penicillin G (sodium) . ... ... . .. . 10° Units
Streptomycin sUfate . . . ..ot e e e 10° ug
Glass distilled H,O . ........ . ... . ... . 100.0 ml

Dissolve components in distilled H,0 and then filter sterilize. Can be obtained from
GIBCO (cat #600-5140).
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10.Incubate the culture under an appropriate light/dark cycle and temperature. Thereafter, follow
the protocol for routine maintenance.

PROTOCOL

Goniomonas

1. Harvest cells from a culture which is at or near peak density by centrifugation at 850 g for 5

min.

. Adjust concentration of cells to 2 x 10’/ml in fresh medium.

3. While cells are centrifuging prepare a 20% (v/v) solution of sterile DMSO in fresh medium. The
DMSO solution when first prepared will warm up due to chemical heat when mixed with the
medium. The solution should be allowed to return to room temperature prior to use.

4. Mix the cell preparation and the DMSO in equal portions. The final concentration of the
preparation will thus be 107 cells/ml in 10% (v/v) DMSO. The time from the mixing of the
cell preparation and DMSQO stock solution before the freezing process is begun should be no
less than 15 min and no longer than 60 min.

5. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile plastic screw-capped cryules (special
plastic vials for cryopreservation).

6. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min to 4°
C; continue at -10° C/min to the heat of fusion. If freezing unit can compensate for the
heat of fusion, maintain rate at -1° C/min through heat of fusion. Continue at -1° C/min; at
-40° C plunge into liquid nitrogen.

7. Store in either the vapor or liquid phase of a nitrogen refrigerator.

8. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.
Immerse the cryule just sufficient to cover the frozen material. Do not agitate the vial.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and place into 9.5 ml of fresh medium. Thereafter, follow the protocol for
routine maintenance.

N

COMMENTS

If a controlled rate freezing unit is not available a cooling cycle which closely approximates a -1°
C/min cooling rate can be achieved using a relatively inexpensive commercially available device
(Cryopreservation Apparatus cat. #9001, Cambridge Biotech Corporation 365 Plantation Street,
Worcester, MA 01605 USA}.

LITERATURE CITED
1. Alexander, M, Daggett, P-M, Gherna, R, Jong, S & Simione, FP, Jr 1980. American Type Culture
Collection Methods. I. Laboratory Manual on Preservation Freezing and Freeze-drying As Applied to Algae
Bacteria, Fungi and Protozoa. American Type Culture Collection, Rockville, MD, 51 pp.
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INTRODUCTION

Only a limited number of species of dinoflagellates have been successfully cryopreserved. Better
success is achieved by using a controlled rate of cooling. Different degrees of survival occur,
even within a genus, depending upon the cryoprotective agent [1] and the type of cooling rate {2]
used. Methods applicable to Amphidinium and Crypthecodinium are provided. The methods may
have application to other dinoflagellates. The first protocol is an uncontrolled cooling method
which can be used for Crypthecodinium strains. The controlled cooling methods differ in rates of
cooling. Both methods are provided here.

PROTOCOL
Uncontrolled Cooling, Crypthecodinium

1. Harvest cells from a culture which is at or near peak density by gentle centrifugation at 100 g
for 5 min. For most strains the cell suspension can be used directly without centrifugation.
Harvesting cells in as gentle a manner as possible will enhance recovery.

2. Adjust concentration of cells to 2 x 10°/ml in fresh medium.

3. While cells are centrifuging prepare a 15% (v/v) solution of sterile glycerol in fresh medium.

4. Mix the cell preparation and the glycerol solution in equal portions. Thus, the final
concentration of the preparation will be 7.5% (v/v) glycerol and 10° cells/ml. The cooling
cycle should be initiated no less 15 min and no longer than 60 min after addition of the
glycerol to the cell suspension.

5. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile glass cotton-plugged vials or 1.0 - 2.0 ml
sterile plastic screw-capped cryules (special plastic vials for cryopreservation).

6. After dispensing place ampules at the bottom of a mechanical freezer set at between -55 to
-70° C for 1 h.

7. The frozen preparations may be stored in the mechanical freezer until needed or after | h the
ampules are rapidly plunged into liquid nitrogen and stored in either the vapor or liquid phase
of a nitrogen refrigerator. Store glass vials in vapor phase only.

8. To establish a culture from the frozen state transfer an ampule directly from the storage
temperature to a water bath set at 35° C. Do not completely immerse the vial. It should
be immersed to a level sufficient to cover the frozen material. Do not agitate the vial.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and inoculate into 5.0 m! of fresh medium in a 16 x 125 mm screw-capped test
tube. Incubate vertically at 25° C with the caps loosened one half turn. Thereafter follow
routine protocol for cultivation,
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PROTOCOL
Controlled Cooling, Crypthecodinium

. Follow steps 1-5 in previous protocol.

For step 6 in the previous protocol substitute the following: Place vials in a controlled rate
freezing unit. From 25° C cool at -1° C/min to -40° C. If freezing unit can compensate for
the heat of fusion, maintain rate at -1° C/min through heat of fusion. At -40° C ampules
are plunged into liquid nitrogen.

. Store ampules in either the vapor or liquid phase of a nitrogen refrigerator. Store glass vials in

vapor phase only.

. Follow steps 8-9 of previous protocol.

PROTOCOL

Controlled Cooling, Amphidinium

. Harvest cells from a culture which is at or near peak density. If the cell concentration in the

culture vessel is sufficiently high {2 x 10° cells/ml), do not centrifuge, otherwise adjust
concentration by centrifuging at 200 g for 2 min. Adjust concentration by addition of fresh
medium.

. While cells are centrifuging prepare a 18% (v/v) solution of sterile DMSQ in fresh medium. The

DMSOQO solution when first prepared will warm up due to chemical heat when mixed with the
medium. The solution should be allowed to return to room temperature prior to use.

. Mix the cell preparation and the DMSQ solution in equal portions. Thus, the final concentration

of the preparation will be 9% {v/v) DMSO and 10°cells/ml. The time from the mixing of the
cell preparation and DMSO stock solution before the freezing process is begun should be no
less than 15 min and no longer than 60 min.

Digpense in 0.5 m! aliquots into 1.0 - 2.0 ml sterile glass cotton-plugged vials or 1.0 - 2.0 ml
sterile plastic screw-capped cryules (special plastic vials for cryopreservation).

. Place vials in a controlled rate freezing unit. Cool at -10° C/min from 25° C to the heat of

fusion. If freezing unit can compensate for the heat of fusion, maintain a rate at -1° C/min
through heat of fusion. Continue at a rate of -1° C/min from the heat of fusion to -50° C,
then plunge vials into liquid nitrogen.

. Store ampules in either the vapor or liquid phase of a nitrogen refrigerator. Store glass vials in

vapor phase only.

. Follow steps 8-9 of first protocol.

COMMENTS

Recovery of Crypthecodinium is generally best with glycerol [1].

LITERATURE CITED
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strains. Proc. 4th Interl. Congr. Cult. Coll., Kocur, M & Da Silva, E, ed., World Federation of Culture

Collections, pp. 163-167.
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INTRODUCTION

Only by using controlled rates of cooling have euglenids been successfully cryopreserved.
Methods applicable to Astasia, Entosiphon, Euglena and Khawkinea are provided. The methods
may be applicable to other euglenids. There are several methods which can be used for Euglena
[1]. The best current method, using methanol as the cryoprotective agent, is detailed.

PROTOCOL
Astasia & Khawkinea

1. Harvest cells from a culture which is at or near peak density by centrifugation at 200 g at 2
min.

2. Adjust concentration of cells to 2 x 10%/ml in fresh medium.

3. While cells are centrifuging prepare a 10% {v/v) solution of sterile DMSO in fresh medium. The
DMSO solution when first prepared will warm up due to chemical heat when mixed with the
medium. The solution should be allowed to return to room temperature prior to use.

4. Mix the cell preparation and the DMSO solution in equal portions. After mixing the final
concentration will be 10° cells/m! and 5% (v/v) DMSO. The time from the mixing of the cell
preparation and DMSO stock solution before the freezing process is begun should be no less
than 15 min and no longer than 60 min.

5. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile glass cotton-plugged vials or 1.0 - 2.0 ml
sterile plastic screw-capped cryules {special plastic vials for cryopreservation).

6. Place vials in a controlled rate freezing unit. One of two cooling cycles can be used. 1} From
room temperature cool at -10° C/min to the heat of fusion. If freezing unit can compensate
for the heat of fusion, begin and maintain a rate at -1° C/min through heat of fusion. At
-40° C plunge vials into liquid nitrogen. 2) From room temperature cool at -1° C/min. If
freezing unit can compensate for the heat of fusion, maintain a rate at -1° C/min through
heat of fusion. At -40° C plunge vials into liquid nitrogen.

7. The frozen preparations are stored in either the vapor or liquid phase, if screw-capped cryules,
of a nitrogen refrigerator. Store glass vials in vapor phase only.

8. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.
Immerse the vial to a level just sufficient to cover the frozen material. Do not agitate.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and inoculate into 5.0 ml of fresh medium.
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PROTOCOL
Entosiphon

1. Harvest cells from a culture which is at or near peak density by centrifugation at 200 g for 2
min.

2. Adjust concentration of cells for 2 x 10%/ml in fresh medium.

3. While cells are centrifuging prepare a 25% (v/v) solution of sterile DMSQO in fresh medium. The
DMSO solution when first prepared will warm up due to chemical heat when mixed with the
medium. The solution should be allowed to return to room temperature prior to use.

4, Mix the cell preparation and the DMSO solution in equal portions. After mixing the final
concentration will be 10, cells/ml and 12.5% (v/v) DMSO. The time from mixing of the cell
preparation and the DMSO stock solution before the freezing process is begun should be no
less than 15 min and no longer than 60 min.

5. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile plastic screw-capped cryules (special
plastic vials for cryopreservation).

6. Place vials in a controlled rate freezing unit. From room temperature cool at -10° C/min from
25° C to the heat of fusion. If freezing unit can compensate for the heat of fusion,
maintain a rate at -1° C/min through heat of fusion. Continue at a rate of -1° C/min from
the heat of fusion to -40° C, then plunge vials into liquid nitrogen.

7. Follow steps 7-9 of protocol from the previous protocol.

PROTOCOL
Euglena

1. Harvest cells from a culture which is at or near peak density by centrifugation at 200 g for 2
min.

2. Adjust concentration of cells for 2 x 10°/m! in fresh medium.

3. Will cells are centrifuging prepare a 6% (v/v) solution of methanol in fresh medium.

4. Mix the cell preparation and the methanol solution in equal portions. After mixing the final
concentration will be 10° cells/ml and 3% {v/v) methanol. The time from mixing the cell
preparation and the methanol solution before the freezing process is begun should be no less
than 15 min and no longer than 60 min.

5. Dispense into 1.0 - 2.0 ml sterile plastic screw-capped cryules (special plastic vials for
cryopreservation).

6. Place vials in a controlled rate freezing unit. From room temperature cool at -10° C/min from
25° C to the heat of fusion. If freezing unit can compensate for the heat of fusion,
maintain a rate at -1° C/min through heat of fusion to -40° C, then plunge vials into liquid
nitrogen.

7. Follow steps 7-9 from Astasia protocol,

COMMENTS

Glycerol has been used at a concentration of 7.5% {v/v) for the cryopreservation of Fuglena [11].
The cells are initially nonmotile for 3-6 d after thawing and recoveries are much lower than those
obtained by using methanol.
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INTRODUCTION

Axenic and bacterized strains of Dip/onema, Isonema, and Rhynchopus are readily amenable to
cryopreservation [1].

PROTOCOL

Uncontrolled Cooling

1. Cultures are grown in T-25 tissue culture flasks.

2. Strains that attach to the vessel can be harvested as follows: Remove all but approximately
1.0 ml of the culture fluid without agitating and then vigorously agitate to detach the cells.
For strains which do not have an attached gliding stage in their life cycle distribute the cell
suspensions to 15 ml centrifuge tubes and centrifuge at 300 g for 5 min.

3. Adjust concentration of cells to 2.0 x 10° - 107 cells/ml. For strains which have attached cells
this can usually be achieved without centrifugation.

4, Prepare a 20% (v/v) solution of sterile DMSO in fresh medium. The sterile DMSO solution
when first prepared will warm up due to chemical heat. The solution should be allowed to
return to room temperature prior to use.

5. Mix the concentrated cell suspension and the DMSO in equal portions. The final concentration
will be 10° - 107 cell/ml and 10.0% (v/v} DMSOQ. The time from mixing of the cell
preparation and the DMSO solution before the freezing process is begun should be no less
than 15 min and no longer than 60 min.

6. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml plastic screw-capped cryules (special plastic vials
for cryopreservation).

7. Place vials in a controlled rate freezing unit. Cool at -10° C/min from 25° C to the heat of
fusion. Continue at a rate of -1° C/min from the heat of fusion to -40° C, then plunge vials
into liquid nitrogen.

8. Store ampules in the vapor or liquid phase of a nitrogen refrigerator.

9. To establish a culture from the frozen state transfer an ampule directly from the storage
temperature to a water bath set at 35° C. Do not completely immerse the vial. It should
be immersed to a level sufficient to cover the frozen material. Do not agitate the vial.

10.Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and inoculate into 10.0 ml! of fresh medium in a T-25 flask. Incubate at 25° C.
Thereafter, follow routine cultivation protocol.
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COMMENTS

If a controlled rate freezing unit is not available a cooling cycle which closely approximates a -1°
C/min cooling rate can be achieved using a relatively inexpensive commercially available device
{Cryopreservation Apparatus cat. #9001, Cambridge Biotech Corporation 365 Plantation Street,
Worcester, MA 01605 USA]J.
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INTRODUCTION

Strains belonging to the two bicosoecid genera Bicosoeca and Pseudobodo are known to be
amenable to a method of cryopreservation. A third genus recently described, Cafeteria, requires
another, but similar method. Other similar flagellates perhaps could be cryopreserved by the same
or similar protocols.

w N

® N

PROTOCOL

Bicosoeca & Pseudobodo

. Harvest cells from a culture which is at or near peak density by centrifugation at 850 g for 5

min.

. Adjust concentration of cells to 2 x 10’/ml in fresh medium.
. While cells are centrifuging prepare a 15% (v/v) solution of steriie DMSO in fresh medium, The

DMSO solution when first prepared will warm up due to chemical heat when mixed with the
medium. The solution should be allowed to return to room temperature prior to use.

. Mix the cell preparation and the DMSO in equal portions. The final concentration of the

preparation will thus be 10’ cells/ml in 7.5% (v/v) DMSO. The time from the mixing of the
cell preparation and DMSO stock solution before the cooling cycle is begun should no less
than 15 min and no longer than 60 min.

. Dispense in 0.5 ml aliquots 1.0 - 2.0 m! sterile plastic screw-capped cryules (special plastic

vials for cryopreservation).

. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min. If

freezing unit can compensate for the heat of fusion, maintain rate at -1° C/min through heat
of fusion. Continue at -1° C/min. At -40° C plunge into liquid nitrogen.
Store in either the vapor or liquid phase of a nitrogen refrigerator.

. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.

Immerse the cryule just sufficient to cover the frozen material. Do not agitate the vial.

. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of

the ampule and place into 9.5 ml of fresh medium in a T-25 tissue culture flask. Incubate
the culture at the appropriate temperature. Thereafter, follow the protocol for routine
maintenance.
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PROTOCOL

Cafeteria

1. Harvest cells from a culture which is at or near peak density by centrifugation at 850 g for 5
min.

2. Adjust concentration of cells for 2 x 107/ml in fresh medium.

3. While cells are centrifuging prepare a 20% (v/v) solution of sterile DMSO in fresh medium. The
DMSO solution when first prepared will warm up due to chemical heat when mixed with the
medium. The solution should be allowed to return to room temperature prior to use.

4. Mix the cell preparation and the DMSO in equal portions. The final concentration of the
preparation will thus be 107 cells/ml in 10% (v/v) DMSO. The time from the mixing of the
cell preparation and DMSO stock solution before the freezing process is begun should no
less than 15 min and no longer than 60 min,

5. Dispense in 0.5 mi aliquots 1.0 - 2.0 ml! sterile plastic screw-capped cryules {special plastic
vials for cryopreservation).

6. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min to 4°
C; continue at -10° C/min to the heat of fusion. If freezing unit can compensate for the
heat of fusion, maintain rate at -1° C/min through heat of fusion. Continue at -1° C/min; at
-40° C plunge into liquid nitrogen.

7. Store in either the vapor or liquid phase of a nitrogen refrigerator.

8. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.
Immerse the cryule just sufficient to cover the frozen material. Do not agitate the vial.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and place into 9.5 m! of fresh medium in a T-25 tissue culture flask. Incubate
the culture at the appropriate temperature. Thereafter, follow the protocol for routine
maintenance.

COMMENTS

If a controlled rate freezing unit is not available a cooling cycle which closely approximates a -1°
C/min cooling rate can be achieved using a relatively inexpensive commercially available device
{Cryopreservation Apparatus cat. #3001, Cambridge Biotech Corporation 365 Plantation Street,
Worcester, MA 01605 USA).
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CRYOPRESERVATION OF CHRYSOMONADS

Pierre-Marc Daggett ' and Thomas A. Nerad *

'5901 Montrose Road C402, Rockville, MD 20852 and
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INTRODUCTION

Chrysomonads have been successfully cryopreserved only by using controlled rates of cooling.
Methods applicable to Ochromonas danica (2] and Poteriochromonas malhamensis (O.
malhamensis} [1] are provided. The methods may be applicable to other photosynthetic
chrysomonads, particularly the method for the latter species using methanol as the cryoprotective
agent.

PROTOCOL

Ochromonas danica

1. Harvest cells from a culture which is at or near peak density by centrifugation at 200 g for 5
min. If the density is sufficiently high (see Step 2), it may not be necessary to concentrate
cells by centrifugation. Handling of cells as gently as possible prior to freezing will enhance
recovery.

. Adjust concentration of cells to 2 x 10’/m! with fresh medium.

. While cells are centrifuging prepare a 20% (v/v) solution of sterile DMSO in fresh medium. The
DMSO solution when first prepared will warm up due to chemical heat. The solution should
be allowed to return to room temperature prior to use.

4. Mix the cell preparation and the DMSO solution in equal portions. Thus, the final concentration
will be 107 cells/m! and 10% (v/v) DMSO. The time from the mixing of the cell preparation
and DMSO stock solution before the freezing process is begun should be no less than 15
min and no longer than 60 min.

. Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile glass cotton-plugged vials.

. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min from
25° C to -40° C. If freezing unit can compensate for the heat of fusion, maintain a rate
of -1° C/min through heat of fusion. At -40° C plunge vials into liquid nitrogen.

7. The frozen preparations are stored in either the vapor or liquid phase of a nitrogen refrigerator.
8. To establish a culture from the frozen state place an ampule in a water bath set at 35° C. Do
not completely immerse the vial. It should be in the H,O sufficient to cover the frozen

material. Do not agitate the vial.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of

the ampule and inoculate into fresh medium. Incubate using routine protocol for cultivation.

wN

M Ol
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PROTOCOL

Poteriochromonas malhamensis {O. malhamensis)

-

. A near peak density test tube culture is used. Cells are not concentrated further.

2. Prepare a 20% (v/v) methanol solution in fresh medium.

3. Mix the culture and the methanol solution previously prepared in equal portions. The final
concentration thus will be a cell preparation in 10% (v/v) methanol. The time from mixing
of the cell preparation and the methanol solution before the freezing press is begun should
be no less than 15 min and no longer than 60 min.

4, Dispense in 0.5 ml aliquots into 1.0 - 2.0 ml sterile plastic screw-capped cryules (special
plastic vials for cryopreservation}.

5. Place vials in a controlled rate freezing unit. Coof at -10° C/min from 25° C to the heat of
fusion. If freezing unit can compensate for the heat of fusion, maintain a rate at -1° C/min
through heat of fusion. Continue at a rate of -1° C/min from the heat of fusion to -40° C,
then plunge vials into liquid nitrogen.

6. The frozen preparations are stored in either the vapor or liquid phase of a nitrogen refrigerator.

7. To establish a culture aseptically add 0.5 ml of fresh medium to the ampule before placing it in

a 35° C water bath. Transfer thawed contents to a 16 x 125 mm screw-capped test tube

containing 4.0 ml of fresh medium. Allow to stand for 30 min at room temperature (20-23°

C). At the end of 30 min agitate gently by inversion several times and transfer 0.5 ml to a

fresh test tube with 4.5 ml of medium. Incubate both cultures using normal protocol. In

most cases only the diluted material will produce a culture. Thereafter follow routine
cultivation protocol.

COMMENTS

Motile cells are not immediately evident in cultures initiated from thawed material. Ochromonas
danica cells are not motile for 7-14 d and those of Poteriochromonas malhamensis for 2-7 d.
Ochromonas danica and P. malhamensis cultures established from cryopreserved material retain
ability to act as bioassay organisms for the determination of thiamin [2] and vitamin B,,
respectively (unpublished observations). Although methanol has not been used to date as a
cryoprotectant for O. danica recovery may be higher using this cryoprotective agent rather than
DMSO. A concentration of 10% {v/v) DMSO was ineffective as a cryoprotectant for P.
malhamensis {unpublished observations). A 10-fold dilution of the initial test tube culture
established is very beneficial for P. malhamensis. In fact, in most cases a culture will be
established only in the diluted tube. This type of treatment after thawing may be beneficial for
other sensitive chrysomonads.

LITERATURE CITED
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Methods. 1. Laboratory Manual on Preservation Freezing and Freeze-drying As Applied to Algae, Bacteria,
Fungi and Protozoa. American Type Culture Collection, Rockville, MD, 51 pp.

2. McGrath, MS & Daggett, P-M 1977. Cryopreservation of Ochromonas in liquid nitrogen with reproductivity
of thiamin assay. J. Protozool. 26:280-281.
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INTRODUCTION

Pavlova is amenable to one of the simplest methods for cryopreservation of protists. Whether the
method can be applied [1] to other prymnesiids is unknown, but success with the one genus
would suggest others would also be readily cryopreserved by the same or similar protocols [1].

PROTOCOL

1. Harvest cells from a culture which is at or near peak density by centrifugation at 1,300 g for 5
min.

2. Adjust concentration of cells for 2 x 10’/ml in fresh medium.

3. While cells are centrifuging prepare a 24% (v/v} solution of sterile glycerol in fresh medium.

4. Mix the cells and the glycerol preparations in equal portions. The final concentration thus wiill
be 107 cells/ml in 12% (v/v) glycerol after mixing. The time from the mixing of the cell
preparation and glycero! solution before the freezing process is begun should no less than 15
min and no longer than 60 min,

5. Dispense in 0.5 ml aliquots 1.0 - 2.0 ml sterile plastic screw-capped cryules (special plastic
vials for cryopreservation).

6. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min to

-40° C. If freezing unit can compensate for the heat of fusion, maintain rate at -1° C/min
through heat of fusion. At -40° C plunge into liquid nitrogen.

. Store in either the vapor or liquid phase of a nitrogen refrigerator.

. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.

Immerse the cryule just sufficient to cover the frozen material. Do not agitate the vial.

9. Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and place into 9.5 ml of fresh medium in a T-25 tissue culture flask. If the
culture is not axenic add 0.1 ml of a Penicillin/Streptomycin Solution (see following) to
inhibit growth of the bacteria.

[oaBL N}

Penicillin/Streptomycin Solution

Penicillin G (sodium) . . . . . .. .. e 10° Units
Streptomycin sulfate . . . . . ..o 10° g
Glass distiled H,O .. ............. ... ... .......... 100.0 ml

Dissolve components in glass distilled H,0 and then filter sterilize. The solution can be
obtained from GIBCO (cat. #600-5140).
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10.Incubate the culture under an appropriate light/dark cycle and temperature. Thereafter, follow
the protocol for routine maintenance.

COMMENTS

If a controlled rate freezing unit is not available a cooling cycle which closely approximates a -1°
C/min cooling rate can be achieved using a relatively inexpensive commercially available device
{Cryopreservation Apparatus cat. #9001, Cambridge Biotech Corporation 365 Plantation Street,
Worcester, MA 01605 USA).

LITERATURE CITED
1. Alexander, M, Daggett, P-M, Gherna, R, Jong, S & Simione, FP, Jr 1980. American Type Culture
Collection Methods. |. Laboratory Manual on Preservation Freezing and Freeze-drying As Applied to Algae,
Bacteria, Fungi and Protozoa. American Type Culture Collection, Rockville, MD, 51 pp.
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INTRODUCTION

Several genera are known to be easily maintained for long periods of time by cryopreservation. In
the case of two genera, Haematococcus and Polytomella, the approach is to use the cyst stage in
the life history which permits storage as either dried or frozen preparations [2,3]. Essential
differences in the methods employed for other genera are cooling rates, type of cryoprotective
agent, concentration of cryoprotective agent, and method of recovery. More than one method
may be applicable. Several methods are provided here in detail. Although there are minor
variations it is essential for successful results they be followed.

PROTOCOL

Uncontrolled Cooling Lobomonas

1. Harvest cells from a culture at or near peak density. For broth cuitures centrifuge at 300 g for
5 min. For agar slant cultures 3.0 ml of broth medium containing the final concentration of
cryoprotective agent is added to each slant and the cells are washed into suspension. (For
agar cultures review next two steps before adding solution to cultures.)

2. For broth cultures adjust final concentration of cells to 2 x 10°/ml. For agar cultures, adjust to
10°/mi by adding fresh cryoprotective solution.

3. For use with broth cultures prepare a 14% (v/v) solution of sterile DMSO in fresh medium. For
use with agar slant cultures a 7% (v/v) sterile DMSO solution is prepared in fresh broth
medium. In both cases the DMSO solution when first prepared will warm up due to
chemical heat when mixed with the medium. The solution should be allowed to return to
room temperature prior to use.

4. For broth cultures mix the cell preparation and the DMSO solution in equal portions. When the
two solutions are mixed the final concentrations will be 10° cells/ml in a 7% DMSO
solution. For slant cultures this step is not done.

5. Dispense cell suspensions in 0.5 ml aliquots into 1.0 - 2.0 ml sterile glass cotton-plugged vials
or 1.0 - 2.0 mi sterile plastic screw-capped cryules (special plastic vials for
cryopreservation). The time from the mixing of the cell preparation and DMSQ stock
solution before the cooling cycle is begun should be no less than 15 min and no longer than
60 min.

6. After dispensing place ampules at the bottom of a mechanical freezer set between -55 to
-70° C for 1 h.
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7. The frozen preparations may be stored in the mechanical freezer until needed or after | h the
ampules are rapidly plunged into liquid nitrogen and then stored in either the vapor or liquid
phase of a nitrogen refrigerator. Store glass ampoules in vapor phase only.

8. To establish a culture from the frozen state place an ampule in a water bath set at 35° C.
Immerse the vial just sufficient to cover the frozen material. Do not agitate the vial while
thawing.

9, Immediately after thawing, do not leave in the water bath, aseptically remove the contents of
the ampule and inoculate into 5.0 ml of the appropriate broth or dispense the contents
evenly over the surface of the appropriate agar medium in a 15 x 100 mm petri dish.
Incubate using the protocol for routine cultivation.

PROTOCOL

Controlled Cooling Brachiomonas, Haematococcus,
Lobomonas & Polytomella

1. Follow steps 1-5 of the first protocol except for Polytomella substitute 20% or 10% (v/v)

glycerol respectively.

2. Place vials in a controlled rate freezing unit. From room temperature cool at -1° C/min to
-55° C. If the freezing unit can compensate for the heat of fusion, maintain a rate at -1°
C/min through heat of fusion. At -55° C plunge vials into liquid nitrogen.

. The frozen preparations are stored in either the vapor or liquid phase of a nitrogen refrigerator.

. Follow steps 8 & 9 of first protocol.

&~ W

PROTOCOL

Controlled Cooling, Chlorogonium, Dunaliella
Polytoma & Polytomella

—_

. Follow steps 1-5 of first protocol substituting 22% or 11% (v/v} DMSO respectively for some
strains Dunaliella or 20% or 10% (v/v) methanol respectively for Po/ytoma and some strains
of Dunaliella or 10% or 5% DMSO respectively for Chlorogonium, and Polytomella in step 3.

. Place vials in a controlled rate freezing unit. Cool at -10° C/min from 25° C to the heat of
fusion. If freezing unit can compensate for the heat of fusion, maintain a cooling rate of -1°
C/min through heat of fusion. Continue at a rate of -1° C/min from the heat of fusion to
-40° C, then plunge cryules into liquid nitrogen.

3. A frozen preparations are stored in either the vapor or liquid phase of a nitrogen refrigerator.

4. Follow steps 8 & 9 of first protocol.

N

PROTOCOL
Controlled Cooling, Dunaliella & Polytoma

-—

. Follow completely the previous protocol substituting 20% (v/vl methanol for Dunaliella and
10% (v/v) methanol for Polytoma.



Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-64.3
PROTOCOL

Drying, Haematococcus & Polytomella
{Fig. 1, sealing only)

1. Sterilize cotton-plugged 11.5 x 35.0 mm inner shell freeze-drying glass ampules {Glass Vials,
Inc.) containing mulched paper. The mulched paper is prepared by soaking Whatman #1
filter in glass distilled H,0 and shredding in a Waring blender. Sufficient wet mulched paper
is added to cover the bottom of the vials. The paper should not be packed. The vials are
plugged with cotton, autoclaved for 20 min at 121° C, and then placed in a 70° C
incubator until the mulched paper has dried {overnight is usually sufficient).

2. Harvest cells by centrifugation at 300 g for 5 min.

3. Adjust concentration of cells to 2 x 10°/ml in fresh medium.

4. Dispense cells in 0.3 ml aliquots into the cotton-plugged sterile inner shell vials containing
dried, mulched filter paper. Cut the tops of the cotton plugs off at the lip of the vial with a
pair of scissors.

5. Place the ampules in a 25° C incubator for 14 d. After drying, place under vacuum in a
desiccator for 7 d at room temperature (20-23° C). If preparations are to be stored as
frozen preparations proceed to step 9.

6. In advance 14.25 x 85.0 mm outer shell freeze-drying glass vials {Glass Vials, Inc.) are
prepared. The bottom of the vial is covered with 6-16 mesh silica gel granules on top of
which a cotton wad is added to provide cushioning for the inner shell vial. At this stage the
preparation is heated for 12 h. The silica gel should have turned dark blue and will serve as
a moisture indicator during storage.

7. Allow outer shell vials to cool in a dry cabinet (10% or less relative humidity) and insert dried
preparation. On top of the inner shell vial a wad of glass fiber paper is inserted to prevent
exposure of the dried cells to excess heat during flame sealing.

8. The vials are removed from the dry cabinet to be flame sealed. The outer vial is rotated in the
hottest part of an air/gas flame approximately 0.5 cm above the wad of glass fiber paper.
The bottom of the vial is held in one hand and the lip of the vial is pulled slowly using a
pair of forceps until a narrow neck is formed. After cooling the vial is securely affixed to a
number 00 stopper attached to a port manifold. Once all the vials have been affixed, the
manifold is evacuated to 50 ym of Hg. To assure evacuation of the vials has been achieved
each vial is tested using a high induction electrical spark. The vial is then sealed with a
double flame air/gas torch at the narrowing of the vial above the glass fiber paper.

9. Sealed vials can be stored at room temperature but shelf-life of the preparation will be
extended as the storage temperature is lowered. However, unsealed vials can be stored in
the vapor phase of a liquid nitrogen freezer. Store directly after step b is completed. FOR
SAFETY REASONS DO NOT STORE SEALED VIALS IN A LIQUID NITROGEN FREEZER.

10.To establish a culture from the dried state aseptically add 0.5 ml and incubate upright under
standard conditions. Observe daily for motile cells and when observed, subculture into 5.0
ml of fresh medium in a 16 x 125 mm screw-capped test tube. Handle routinely thereafter.

COMMENTS

Recovery will be greater using a controlled cooling rate [1]. f a controlled rate freezing unit is not
available a cooling cycle which closely approximates a -1° C/min cooling rate can be achieved
using a relatively inexpensive commercially available device {Cryopreservation Apparatus cat.
#9001, Cambridge Biotech Corporation 365 Plantation Street, Worcester, MA 01605 USA).




Copyright © 1992 by Society of Protozoologists
All rights of reproduction in any form reserved

A-64.4

VACUUM

VACUUM

SEALING

Fig. 1. Batch method of freeze-drying. (A} Condenser extender filled with dry-ice pellets; (B) Vir-
Tis condenser; {C) condenser interior filled with dry-ice and Cellosolve; {D) valve controlling access
to vacuum; (E) plexiglass portion of Atmo-vac plate®; (F) rubber portion of Atmo-vac plate; (G)
stainless steel pan; (H) inner shell vial with cotton top cut off; (I} crushed dry-ice; (J} manifold; (K)
number 00 stopper; (L) outer shell vial; (M) glass fiber wad; (N} cotton plug of inner shell vial; (O)
freeze-dried cell suspension; (P} silica gel.

*The manufacturer no longer exists. If not already owned a similar device can be custom constructed. The
dimensions of the plexiglass are 2.8 cm x 17.5 cm x 17.5 cm. A rubber pad is glued to the bottom of the
plate and has a thickness of 0.6 cm. A 1.4 cm diameter channel through the plexiglass plate leads from the
valve to a 1.4 cm diameter hole running up from the center af the plate. The holes intersect at a right
angle.
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INTRODUCTION

Many species can easily be maintained for long periods of time by cryopreservation. Mutant
strains retain marker traits. Methods employing either uncontrolled or controlled cooling rates
can be used [1,2]. Both methods are provided here in detail with minor variations which may be
more suitable for some strains. Many strains may also be preserved using freeze-drying methods
[3]. Recovery is much higher when strains are cryopreserved but freeze-dried preparations can be
stored at much higher temperature and can be conveniently distributed in this configuration.

PROTOCOL
Cryopreservation, Uncontrolled Cooling

1. Harvest cells from a culture in late logarithmic to early stationary phase of growth. For broth
cultures use centrifugation at 300 g for 5 min. For agar slant cultures the cells are washed
into suspension by adding broth medium containing the final concentration of cryoprotective
agent to each slant.

2. For broth cultures adjust concentration of cells to 2 x 10%/ml. For agar slant cultures adjust
cell concentration to 10%/ml.

3. For use with broth cultures prepare a 10% (v/v) solution of sterile DMSO in fresh medium. For
use with agar slant cultures a 5% (v/v) DMSO solution is prepared in a fresh broth medium.
In both cases the DMSO solution when first prepared will warm up due 