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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 protocof. 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 Con1mittee who, over the years, gave generously of their time 
and advice. 

John J. Lee Anthony T. Soldo March 1992 
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88. Cryopreservation of Babesia. Pierre-Marc Daggett & Thomas A. 
Nerad 

89. Long term maintenance of microsporida by freeze-drying and 
cryopreservation. Pierre-Marc Daggett & Thomas A. Nerad 

90. Cryopreservation of Paramecium. Pierre-Marc Daggett & Thomas A. 
Nerad 

91. Cryopreservation of Tetrahymena. Pierre-Marc Daggett & Thomas 
A. Nerad 

92. Cryopreservation of non-encysting ciliates. Thomas A. Nerad & 
Pierre-Marc Daggett 

93. Long term maintenance of selected encysting ciliates by drying and 
cryopreservation. Pierre-Marc Daggett & Thomas A. Nerad 

94. Cryopreservation of Stephanopogon. Thomas A. Nerad & 
Pierre-Marc Daggett 

95. Cryopreservation of prasinomonads. Thomas A. Nerad & Pierre-Marc 
Daggett 
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ISOLATING TUBULIN-FREE PELLICLES FROM PROTOZOA 

NORMAN E. WILLIAMS 

Department of Biology, University of Iowa 
Iowa City, Iowa 52242 

Introduction 

This method involves extracting cells in 1 % Triton X-1 00 at high ionic strength (1.5 M KCI), It 
is rapid, easy to do, and yields intact pellicles from a variety of protozoa. The pellicles are devoid 
of membranes and microtubules, yet retain aJi proteins necessary to preserve cell shape. The 
method has been applied to Tetrahymena (1), Paramecium (2), Eqplotes (3), and to Didinium 
I Vorticella, and Peranema (unpublished). It has not been successful with ciliates lacking a 
prominent epiplasm (Stentor, Blepharisma, and Dileptus were tested). This procedure is useful for 
experimental studies, an also for identifying and comparing strains and species when accompanied 
by gel electrophoresis. 

Stock Solutions 

1) 55.92 gm KCI (= 1.5 M) 

50 ml 10% Triton X-1 00 
179 mg EDTA (= 1 mM) 
H20 to 500 ml 

2) 55.92 gm KCI (= 1.5 M) 
50 ml 10% Triton X-1 00 (= 1 %) 

190 mg EGTA (= 1 mM) 
H20 to 500 ml 

3) 4 gm NaCI (= 137 mM) 
0.1 gm KCI (= 2.7 mMl 
0.1 gm KH 2P04 (= 1.5 mM) 
0.57 gm Na2HP04 (= 8 mM) 
179 mg EDTA (= 1 mM) 
190 mg EGTA (= 1 mM) 
H2 0 to 500 ml 

Protocol 

4) 100 mg leupeptin in 10 ml cold water and freeze immediately (-20°C or -70°Cl 

Procedure 

1. Make up THS (Triton X-1 OO/high salt)-EDT A working solution (will not store) by 
adding 88 J11 p-mercaptoethanol (= 25 pM final) and 25 J11 leupeptin stock 
(= 10pM final) to 50 ml of the THS-EDTA stock solution. Do this for each sample 
be processed. 
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2. Make up THS-EGTA working solution (will not store) by adding 88 pi p­
mercaptoethanol and 25 pi leupeptin stock as above, this time to 50 ml of the THS­
EGTA stock solution. Do this for each 2 samples to be processed. 

3. Add 88 pi p-mercaptoethanol to 50 ml of the phosphate buffered saline plus 
chelators described as stock solution #3 above. 

4. Pellet the cells in their own medium using a 50 ml conical polycarbonate 
centrifuge tube. Tetrahymena may be washed first in 10 mM Tris-He/, pH 7.4, at 
room temperature. Use 2 x 107 Tetrahymena, 106 Paramecium, or 105 Euplotes 
cells for the quantities specified in the following steps. 

5. Add 40 ml cold THS-EDTA working solution to the cell pellet. Transfer to a 
beaker and mix 3 minutes with a stirring bar. Observe microscopically at this point. 
(The preparation can be dried down for staining (see Comments)) 

6. Transfer to a 50 ml round-bottomed polycarbonate centrifuge tube and 
centrifuge at 10,000 x 9 for 20 minutes. 

7. Remove as much of the supernate as possible (some pellets are "slippery"), add 
20 ml THS-EGTA working solution, mix well for several minutes, then centrifuge at 
10,000 x g for 15 minutes. 

8. Remove supernate, take up pellet in 3 - 6 ml of phosphate-buffered saline 
solution, transfer to a 125 ml tube and centrifuge at 10,000 x 9 for 10 minutes. 

9. For electrophoresis, remove the supernate and boil the pellet 2 minutes in 
Laemmli sample buffer. Use 600 pi for Tetrahymena, 400 pi for Paramecium, and 
200 pi for Euplotes. 

Comments 

Other protease inhibitors may be added to the THS solution. Pepstatin is stored at 1 pg Iml in 
methanol and used at 0.7 pg/ml. PMSF (phenylmethysulfonyl fluoride) is stored in 2-propanol at 
100 mM and used at a final concentration of 0.2 mM. The pellicJes can be used for 
immunofluorescence studies, but only prior to centrifugation. Take 2.5 ml of the initial lysate in 
THS-EDTA, dilute to 15 ml with water, spot on clean slides and air dry. Follow the standard 
procedures for immunofluorescence. 

LITERATURE CITED 

1. Williams, NE, Honts, ... IE, & Kaczanowska, J. 1990. The formation of basal body domains in the 
membrane skeleton of Tetrahymena. Develop. 109:935-42. 

2. Williams, NE, Honts, JE & Stuart, KR. 1989. Properties of microtubule-free cortical residues isolated 
from Paramecium tetraurelia. J. Cell Sci. 92:427-32. 

3. Williams, NE, Honts, JE, lu, Q, Olson, el, & Moore, KC. 1989. Identification and localization of major 
cortical proteins in the ciliated protozoan, Euplotes eurystomus. J. Cell Sci. 92:433-39. 
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ISOLA-riNG THE CORTICAL CYTOSKELETON FROM TE-rRAHYMENA 

NORMAN E. WILLIAMS 

Department of Biology, University of Iowa, 
Iowa City, Iowa 52242 

Introduction 

This method has been used mainly with Tetrahymena, but it can easily be adapted for use with 
other protozoa. The pellicles obtained are devoid of membranes but retain microtubules. It will be 
presented here as developed and used for Tetrahymena (1-4). though used primarily in 
experimental studies, cytoskeletal protein "fingerprints" can be produced in polyacrylamide gels 
that are diagnostic for individual strains and species (3). 

Stock Solutions 
1) 0.25 M sucrose 
2) 171 gm sucrose (= 1 M) 

175 mg EDTA (= 1 mM) 
500 ,ul ,B-mercaptoethanol (= 0.1 %) 
to 500 ml in 10 mM Tris.HCI, pH 9.0 

3) 10% Triton X-l 00 

Protocol 

4) 10 mM sodium phosphate buffer, pH 6.9 
0.1 % ,B-mercaptoethanoJ 

Procedure 

1. Chill 5 x 106 to 1 x 107 Tetrahymena cells in an ice bath. 
2. Collect the cells in one 50 ml conical polycarbonate centrifuge tube by low 

speed centrifugation (300-400 x g) for 3-5 minutes at 5°C. 
3. Aspirate the supernate and add 5 ml of cold 0.25 M sucrose. Mix gently with a 

spatula. 
4. Transfer to a pre-cooled 100 ml beaker with a stirring bar. 
5. While mixing at moderate speed, add 15 ml cold solution #2 (SEMT) and 

continue mixing for 30 seconds. 
6. Add 2.5 ml of 10% Triton X-1 00 and mix 30 seconds more. Observe 

microscopically at this stage. 
7. Transfer to a cold 50 ml round-bottomed polycarbonate centrifuge tube and 

centrifuge at 4000 x g for 20 minutes at 5°C. 
8. Remove supernate, leaving the pellet in 1-2 ml of solution. Mix and add 10 ml 

of the phosphate buffer solution (#4). Transfer to a cold 15 ml tube and 
centrifuge at 15,000 x g for 20 minutes at 5°C. 

9. Aspirate the supernate, drain and wipe the inside walls of the tube. For 
electrophoresis, solubilize the pellet in 500 ,ul Laemmli sample buffer in the 
standard manner. 
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Comnlents 

In early studies, the cortical cytoskeletons were washed by centrifuging them into a sucrose 
cushion (1,2), but this is usually not necessary. Mechanical shear using something like a Logeman 
homogenizer after step 6 above will "free the oral apparatuses, and these can be harvested 
separately (2). As a precaution, one or more protease inhibitors can be added to the lysate and 
subsequent washes. A stock solution of 10 mg/ml of leupeptin can be made in water (store frozen) 
and used at 10 pM. PMSF (phenymethylsulfonyl fluoride) can be stored in 2-propanol at 10 mM 
and used at a final concentration of 0.2 mM. 

LITERATURE CITED 

1. Vadaux, P. 1976. Isolation and identification of specific cortical proteins in Tetrahymena pyriformis 
strain GL. J. Protozoal. 23:458-64. 
2. Williams, NE, & Bakowska, J. 1982. Scanning electron microscopy of cytoskeletal elements in the oral 

apparatus of Tetrahymena. J. Protozool. 29:382-89. 
3. Williams, NE, Buhse, HE Jr., & Smith, M. 1984. Protein similarities in the genus Tetrahymena and a 
description of Tetrahymena leucophrys, n.sp. J. Protozoal. 31 :313-21 . 
4. Williams, NE, Honts, JE, & Jaeckel-Williams, RF. 1987. Regional differentiation of the 
membrane skeleton in Tetrahymena. J. Cell Sci. 87:457-63. 
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DNA PURIFICATION FROM POLYSACCHARIDE-RICH CELLS 

C. GRAHAM CLARK 

Laboratory of Parasitic Diseases, NIAID, National Institutes of Health 
Bethesda, Maryland 20892, USA 

Introduction 

Polysaccharides interfere with many enzymes used in DNA analysis, and their removal is thus 
imperative. The cationic detergent, cetyltrimethylammonium bromide (CTAS) has been used in 
DNA purification since the 1950s. Originally used in bacterial DNA isolation, it has proven useful in 
plant (1) and protozoan DNA purification. The protocol presented below was adapted from a 
bacterial purification procedure (2). Specifically developed for rapid isolation of Entamoeba DNA 
(3)' it has also successfully been used for kinetoplastid, Isonema, trichomonad and Blastocystis 
DNA purification. CT AB can also be used to extract polysaccharides from DNA prepared by other 
methods. 

Protocol 

The volumes given here allow for the entire procedure to be carried out in a microcentrifuge tube 
but may be scaled up with no problems. 

Reagents needed: a) Lysis buffer - 0.1 M EDT A, pH 8.0, 0.25 % SDS 
b) 3.5 M NaCI 
c) 10% CTAB in 0.7 M NaCI 
d) Chloroform/isoamyl alcohol (2411 v/v) 
e) Phenol saturated with 10 mM Tris-HCI, pH 8.0 
f) Proteinase K 
g) 100% Ethanol 

1 . Pellet cells in a 1 .5 ml capacity microcentrifuge tube (:5 50 pi packed cell volume). 
2. Disperse pellet in 0.25 ml lysis buffer. 
3. Add Proteinase K to 0.1 mg/ml. Mix and incubate at 55°C for 1 h. 
4. Add NaCI to O.7M (75 pi) and mix well. 
5. Add CTAS TO 1 % (42 pi) and mix well. Incubate at 65°C for 15 min. 
6. At room temperature, extract with 1 volume (420 pi) chloroform/isoamyl alcohol. 
7. Spin in microfuge at 14,000 x g 10 min. 
8. Take supernate and extract with an equal volume of phenol:chloroform (1 : 1; 420 pl). 
9. Spin in microfuge at 14,000 x g 10 min. 
10. Take supernate and precipitate with 2.5 volumes (1 mil ethanol. 
11. Mix and stand at room temperature 10 min. 
12. Spin in microfuge at 14,000 x 9 10 min. 
13. Wash pellet once with 70% ethanol and spin 5 min. 
14. Decant supernate and air dry the pellet. Resuspend in a small volume of sterile water (50 pl). 
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Comments 

1. To remove polysaccharides from existing DNA preparations, start at step 4. 
2. The interface at step 8 can be Quite large. This can be reextracted with 0.7 M 

NaCI. The small amount of carried-over interface will not cause problems, because it 
is removed in the next extraction. Extraction with CTAB can also be repeated. 

3. To dissolve 10% CTAS, heating to 65°C will probably be necessary. This solution 
is very viscous and reheating each time will make aliquoting (step 5) much easier. 

4. The NaCI concentration is critical. If it falls much below 0.7 M a DNA-CTAB 
insoluble salt forms and the DNA will be lost. This is actually another purification 
method - precipitation of the CTAS-DNA complex in 0.35 M NaCI followed by 
dissociation in 0.7 M NaCI. This may help remove different types of enzyme 
inhibitors. 

5. Non-polysaccharide inhibitors can often be removed by passing the resuspended 
DNA obtained in step 14 over a spin column containing, for example, 0.5 ml packed 
Sephacryl S400 (Pharmacia). DNA recovery is usually Quantitative and most small 
molecules and salts are removed from the preparation. 

6. Instead of ethanol, 0.6 volume of isopropanol can also be used for DNA preparation. 

LITERATURE CITED 

1. Murray, MG & Thompson, WF. 1980. Rapid isolation of high-molecular-weight plant DNA. Nucl. Acids 
Res. 8:4321-4325. 

2. Ausubel, FM, Brent, R, Kingston, RE, Moore, DD, Seidman, JG, Smith, JA, & Struhl, K.,eds 
1987. Current protocols in molecular biology, Volume 1, Wiley and Sons. 

3. Clark, CG & Diamond, LS. 1991. The Laredo strain and other Entamoeba histolytica-like 
amoebae are Entamoeba moshkovskii. Mol. Biochem. Parasito!. 46: 11-18. 
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RIBOPRINTING: A MOLECULAR APPROACH TO THE IDENTIFICATION 
AND TAXONOMY OF PROTOZOA 

C. GRAHAM CLARK 

Laboratory of Parasitic Diseases, NIAID, National Ins titu tues of Health 
Bethesda, Maryland 20892, USA 

Introduction 

Ribosomal RNA gene sequences are among the most highly conserved molecules in nature and 
have proven very useful in determining phylogenetic relationships among organisms. However, 
obtaining these data is labor intensive, involving DNA cloning and sequencing. This often results in 
only a single strain of a species being studied, and frequently only a single species in any genus. 
Within-species studies usually rely on restriction fragment length polymorphisms, with 
mitochondrial DNA being the molecule of choice. The technique described here combines the two 
approaches to allow rapid identification of isolates and quantitation of divergence within and among 
related species. Polymerase chain reaction amplified small subunit ribosomal RNA gene restriction 
fragment length polymorphism analysis, or "riboprinting" (1), makes use of highly conserved 
sequences at either end of the small subunit ribosomal RNA gene (SSU-rDNA) and the polymerase 
chain reaction (PCR) to generate microgram quantities of SSU-rDNA specific product (first 
described in Ref. 2) from a small number of cells of each strain. The PCR product is digested with 
a battery of restriction enzymes and the resulting DNA fragments are separated electrophoretically. 
The pattern of bands thus obtained is usually diagnostic. The data can be further analyzed to 
estimate degrees of divergence between species. 

Protocol 

PCR is a recent and rapidly evolving method. The conditions listed here are essentially those 
supplied by kit manufacturers. 

Reagents required: a) lOX PCR buffer- 0.1 M Tris-HC/, pH 8.3 (at 25°C) 
0.5M KCI 
15 mM MgCI2 

0.01 % (w/v) gelatin 
b) 10 mM solutions of dATP, dGTP, dTTP & dCTP, pH 7.0 
c) 20 pm solution of each primer (see comment 2) 
d) Thermostable DNA polymerase (eg. Taq DNA polymerase (5 U/jJ/) 

1. The optimal amount of DNA must be determined empirically by testing several dilutions (try 
50 to 100 ng per 100 pi). 

2. For each 100 pi reaction, combine: 61.5 pi sterile dH2 0 
10 pi 10X PCR buffer 
2 pi each dNTP 
0.5 pi DNA polymerase (2.5 U) 
5 pi each primer 
10 pi DNA template 
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Mix gently to avoid bubbles. 

3. Overlay with 100 pi sterile light mineral oil. 
4. Place in a thermal cycler and cycle 30 to 35 times using the following schedule: 

94°C 1 minute 
55°C 1.5 minutes 
72°C 2 minutes 

5. At room temperature, extract with 1 vol CHCI3 to remove the oil. 
6. The yield is estimated by running an aliquot of the product (2 to 5 pi) on an analytical 

agarose gel (0.8%). 
7. Precipitate the product by the addition of 2· volumes of absolute ethanol and 0.3M sodium 

acetate and resuspend in 40 ,ul dH2 0. 
8. Pass the product over a spin column to remove excess primers and salt (1 ml packed volume 

of Sephacryl 5400 (Pharmacia)' for example). 
9. Digest PCR product with an array of restriction enzymes and separate the fragments on a 

2.6% agarose gel (3: 1 Nu-Sieve:5eakem LE agarose;FMC) in Tris-borate buffer. 
10. Stain the gel with ethidium bromide and photograph in long wave (301 nm) UV. 

Comments 

1. Many modifications of PCR amplification methods exist and may prove beneficial for 
increasing the yield and/or specificity of product from certain DNAs. These include: 
adding 0.05% Tween 20, 1.25% to 5% formamide, 2.5% to 15% DMSO and/or 
10-4 to 10-5 tetramethylammonium chloride to the reaction buffer; varying the MgCI2 

concentration; replacing the gelatin with 100 ,ug/ml of BSA or leaving it out all 
together; increasing the length and/or the temperature of the melting stage for the 
first few cycles. Several books are now available on the subject of PCR (eg. Ref. 
3). 

2. The sequences of the primers used in the amplification are ideally taken from the 
known SSU-rDNA sequence of a close relative to the organism of interest. The 
following were derived specifically for the amplification of Entamoeba rONA but also 
successfully amplify kinetoplasmid, Blastocyctis, ciliate, Isonema, and Toxoplasma 
rDNAs: 

5'end specific - CCAGCTGCAGATCTGGTTGATCCTGCCAGT; 
3'end specific - CCGCTGCAGGATCCTTCCGCAGGTTCACCT. 

The underlined portions are added to help in the subsequent cloning of the PCR 
product and are not necessary for the amplification. These primers are eukaryote 
specific; bacterial or organellar rONA will not amplify. Axenic cultures are therefore 
unnecessary, but cultures with a eukaryotic food source will present problems. 

3. Removal of the primers after amplification is not strictly necessary, but the excess 
primers may conceal additional small DNA fragments upon restriction digest 
electrophoresis. 

4. It is best and most convenient when concurrently amplifying several DNAs to make 
a "master mix" of everything except the template DNA before aliquoting into each 
tube. 

5. The optimization of DNA concentration can be done in smaller volumes, such as 25 
or 50,u1. Theoretically, a single cell should provide sufficient DNA. In practice, 105 

to 106 target molecules per 100 ,ul reaction has been recommended as optimal. For 



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

many protozoa this is equivalent to about 50 ng DNA for a single copy target. 
Ribosomal genes are usually multicopy, so that less DNA will also work well. 

0-4.3 

6. Under optimum conditions one 100 ,ul reaction will provide enough product for at 
least 12 restriction digests, the number routinely used in this laboratory. 

7. A permanent record for each strain can be made by photographing a stained gel 
with all the restriction digests on it. However, for comparative purposes, it is often 
useful to run the DNA from several strains digested with the same restriction 
enzyme in adjacent lanes of a single gel. 

8. A good size marker for riboprints is a combination of a) bacteriophage lambda DNA 
digested with EcoR I followed by Hind III and b) pBR322 DNA digested with Msp I. 
This marker covers the complete range of fragments sizes obtained. 

9. Restriction enzymes with 4-base recognition sequences provide the most 
information. Those in use in this laboratory are Hae III, Hha I, Hinf I, Rsa I, Msp I, 
Alu L Taq L Ode I, Sau 96 I, Sau 3A, Bst U I and Scr F J. The more enzymes used, 
the more accurate the determination. Twelve restriction enzymes should give 
information on approximately 10% of the gene sequence. 

Data Analysis 

Although primarily an identification technique, riboprinting can be extended to quantitate the 
degree of divergence between related species. The reliability of this process depends on the 
patterns being sufficiently similar and a substantial number of restriction sites being available for 
analysis. The number of shared restriction sites is proportional to the degree of genetic relatedness 
of a pair of organisms. This value can be estimated either by counting the number of co-migrating 
restriction fragments, or by first constructing restriction maps and then counting the shared sites. 
The latter is more accurate but more laborious. The bare bones of the necessary calculations are 
given below. (For the theory behind and derivation of the equation, see Nei, M., 1987. Molecular 
Evolutionary Genetics, Columbia University Press.) The calculations are much simpler if all the 
restriction enzymes used recognize the same number of bases, and this is assumed to the case in 
the equations below. 

Estimating divergence from fragment co-migration: 

Calculate: mx = Total number of restriction fragments obtained for' x'. 
my = Total number of restriction fragments obtained for 'y'. 
mxy = Total number of restriction fragments shared by 'x' and 'y'. 
F = Expected proportion of shared fragments (= 2mxy /(mx + my)). 

G = Probability that a site remains unaltered. 

('G') is calculated by an iterative formula, i.e. the first estimated value of 'G' obtained is put back 
into the formula again and the second estimate calculated. This is repeated until the value of 'G' 
stabilizes to 3 significant figures, usually within a few rounds of calculation. 

Gn .! 1 = [F(3-2G n )Jl/4; the first estimate of 'G' is taken as Go = F'/4 
d = Estimated number of substitutions per site (degree of divergence between 'x' and 

'v') 
= -(2/,) In G 
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where r = number of bases in a restriction site (usually four). This method is only accurate when d 
:5 0.05 (5% divergence). 

Estimating divergence from restriction maps: 

If d ~ 0.05, restriction maps must be constructed to obtain an accurate estimate of relatedness. 
This is easiest if the complete SSU-rDNA sequence of a close relative is known. 

Calculate: nx = Number of sites on the restriction map of organism "x'. 
ny Number of sites on the restriction map of organism 'y'. 
nXY Number of restriction sites shared by 'x' and 'y'. 
S = Expected proportion of shared bases 

""" 2 xy/(n x + n). 
P = Proportion of base differences 

= 1 - slJr. 
d = Estimated number of substitutions per site 

= -3/4[ln (1 - (4/3)P)] 

The standard error of the estimate of 'd' = SEd =...; Vd 
Vd = 9P( 1 - P)/[(3 - 4P)2n] 
n = number of bases compared 

= r(nx + ny )/2 

The method is only accurate when d = :5 0.25. 

Both estimates of 'd' can be us-ed to produce phlylogenetic trees by UPGMA or other methods. lf 
restriction maps are used, the stand-ard error of the branch point (where applicable) becomes SEb = 

...; (V d/4). These formulae are easily adapted to a spreadsheet to facilitate calculation. If the size of 
the peR product differs between two organisms there is little chance that divergence estimation 
based on fragment co-migration will be possible. Although length variation can be detected on 
restriction maps and allowances mad-e, it is usually indicative of a significant degree of sequence 
divergence and even restriction maps may not prove helpful -in estimating values of ' d'. 

LITERATURE CITED 

1. Clark, CG & Diamond, LS. 1991. The Laredo strain and other Entamoeba histolytica-like amoebae are 
Entamoeba moshkovskii. Mol. Biochem. Parasito!. 46:11-18. 

2. Medlin, L, Elwo-od, HJ, Stickel, S, & Sogin, ML 1988. The characterization of enzymatically amplified 
eukaryotic 16 S-lik-e rRNA coding regions. Gene 71 :491-499. 

3. Innis, MA, Gelfand, DH, Sninsky, JJ & White, T J (eds). 1990. PCR protocols. A guide to methods and 
applications. Academic Press, Inc. San Diego, CA. 
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USE OF ANTIBODIES AS PROBES IN THE STUDY OF AMOEBAE 

KEE J. KIM, EUI Y. CHOt and KWANG W. JEON 

Department of Zoology, University of Tennessee, Knoxville, TN 37996 

(* Present address, Department of Biology, Yale University, New Haven, en 

INTRODUCTION 

___ L 

In studying the structure and physiology of amoebae, antibodies can be used as useful probes either 
directly conjugated with fluorescent dyes or indirectly labeled by using tagged secondary antibodies 
against the primary antibodies. Fluorescein and rhodamine are the most widely used dyes to label 
antibodies. Fluorochrome-labeled antibodies can be localized and visualized on or within the cell 
under a fluorescence microscope. This technique takes advantage of the sensitivity and specificity of 
antigen-antibody interaction that can be detected under the light microscope. Thus, for example, the 
method can be used for rapid identification of infective agents in cells and for the localization of 
cellular antigens. Double-labeling immunofluorescence can also be performed by using two antibod­
ies tagged with different -i=luorochromes, whereby two different antigens can be identified at the 
same time. If antibodies are tagged with electron-dense labels, they can be detected under the elec­
tron microscope. 

Here we describe two methods that have been used to immunostain amoebae. In the first method, 
amoebae with normal shapes in suspension are processed in groups, while in the second method 
amoebae are first fixed, attached and processed for immunostaining. Preparations of amoebae by 
the second method are thinner, producing better images under the microscope. A routine procedure 
for immuno-electron microscopy is also given. 

PROTOCOL 

A. Materials 

1. Monoclonal antibodies against amoeba antigens (produced in the lab or purchased) 

2. Secondary antibody against mouse IgG conjugated with FITe or rhodamine (available -from 
several commercial suppliers) 

3. Mounting solution 

90% 
1 mg/ml 
100/0 

Glycerol 
p-Phenylenediamine 
PBS 

4. 0.' M Sodium phosphate buffer, pH 7.4 
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O. 30/0 ~araformaldehyde in cacodylate buffer, pH 7.4 

6. 1 % Glutaraldehyde in 0.1 M cacodylate buffer. pH 7.4 

7. Diaminobenzidine solution 

0.1 M 
0.2 mg/ml 
0.0010/0 

Tris-HC!' pH 7.4 
Diaminobenzidine 
Hydrogen peroxide 

8. Osmium tetroxide solution 

lOA> 
10/0 
0.1 M 

B. Method 1 

Osmium tetroxide 
Potassium ferricyanide 
Cacodylate buffer. pH 7.4 

1. Collect amoebae in a Syracuse watch glass and remove medium by aspiration. 

*When localizing specific intracellular antigens in vivo. such as those on nuclear membranes or 
vesicle membranes. amoebae could be injected with purified primary antibody using the usual set up 
[1] before proceeding with fixation. 

2. Fix amoebae with cold methanol (-20°C) for 5 min. 

* Fixing amoebae in cold methanol also permeabilizes the plasma membrane and antibodies will enter 
the cell. reacting with intracellular antigens. 

3. Wash amoebae 3 times with PBS. 

4. Incubate amoebae in the first antibody solution diluted with PBS for 30 min at room temperature. 

* 1: 1 Dilution for supernatants of hybridoma cell cultures. and 1 :50 dilution for ascites fluids 

5. Wash 3 times with PBS and incubate in the secondary antibody (1: 1 000 - 1: 500 dilution in PBS) 
for 30 min at room temperature. 

6. Wash 3 times in PBS and mount with a mounting solution on a glass slide. 

7. Observe under a fluorescence microscope. 

C. Method 2 

1. Place amoebae on a glass slide using a fine-tipped mouth pipette under a dissecting microscope. 

* Amoebae may be fixed and attached onto a coverslip. Also. the standard printed microscope slides 
with varying number of wells (Carlson Scientific, Peotone, IL) can be conveniently used for process­
ing a large number of samples on a single slide at a time. 
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2. Remove as much medium as possible. 
0-5.3 

3. Add a drop of 45% acetic acid solution at the center of a sHiconized coverslip (40 x 22 mm for 
convenience), invert and place the coverslip over the slide with amoebae at a right angle, and quick­
ly place on a flat surface of dry ice block. 

*Cell organelles are not well preserved when acetic acid is used as a fixative. which is necessary for 
fixing and attaching amoebae on glass by freezing on dry ice [2]. If liquid nitrogen is available, 70% 
ethanol can be used as the primary fixative [3] to preserve cell structure better. 

4. After a few minutes, ·flip off the coverslip. 

5. Fix amoebae on the slide in cold methanol (-20De) for 5 min and air dry. 

*For antigens located within cells. further permeabilize cells in cold acetone (_20DC) for 5 min. 

6. Hydrate cells in PBS for 5 min, and process them as in Method 1 (Steps 4 - 7). 

D. Immuno-Electron Microscopy 

1. Collect amoebae in a Syracuse watch glass and remove medium by aspiration. 

2. Fix amoebae in 3°A, paraformaldehyde in cacodylate buffer for 1 hr and wash with PBS. 

3. Permeabilize cells in cold methanol (-20°C) for 5 min and wash with PBS. 

4. Incubate amoebae in the first antibody solution diluted with PBS for 30 min at room temperature. 

5. Wash with PBS and incubate in the secondary antibody solution for 30 min at room temperature. 

6. Post-fix amoebae in 1 % glutaraldehyde in cacodylate buffer for 30 min. 

7. Wash with 0.1 M cacodylate buffer. 

8. Add diaminobenzidine substrate solution and develop color. while watching under a dissecting 
microscope. 

9. Wash in 0.1 M cacodylate buffer and fix in 1 % osmium tetroxide and 1 % potassium ferricyanide 
in 0.1 M cacodylate buffer. 

10. Examine under the electron microscope after routine processing. sectioning and staining. 
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CLONING AND SEQUENCING A MYOSIN GENE OF AMOEBA PROTEUS 

EUI Y. CHOt, HYEONJUNG KIM and KWANG W. JEON 

Department of Zoology, University of Tennessee, Knoxville, TN 37996 

(' Present address, Department of Biology, Yale University, New Haven, en 

INTRODUCTION 

The first step in cloning and sequencing a specific cellular gene is the construction of a DNA library 
and various methods have become available for the purpose. It is known that the large, free-living 
amoebae have a small amount of DNA distributed among numerous (reported to be about 1000 
[10]) chromosomes, but very little is known about the properties of amoeba DNA. Since it is not 
known if amoeba DNA contains many introns, it appeared to be more reasonable to construct a 
cDNA library from isolated mRI\IA than to construct a genomic library for the purpose of isolating a 
gene. Therefore, in cloning and sequencing the amoeba gene for myosin, we decided to construct a 
cDNA library and to screen it with a monoclonal antibody (mAb) against myosin. 

In this chapter, we describe procedures for 1) the isolation of mRNA, 2) construction of a cDNA 
library, 3) cloning and immunoscreening DNA containing the myosin gene, and 4) nucleotide se­
quencing of the cloned gene as we have used in our study [5]. Where the vendors' instructional 
manuals give detailed, step-by-step procedures that can be used with no modifications, we have 
simply referred to them. 

BASIC PROTOCOL 

I. ISOLATION OF RNA 

A. General 

It is essential to minimize RNase activities during RNA purification to obtain good preparations of 
eukaryotic mANA. One source of RNase contamination is the labware and solutions, and they should 
be prepared with utmost care to avoid contamination. Aillabware items, including glass and plastics, 
should be soaked in diethyl pyrocarbonate (DEPC) solution (0.1 % in water) for at least 2 hr at 37°C 
and subsequently sterilized to inactivate DEPC. All solutions should be prepared in glass-distilled 
water containing 0.1 % DEPC and autoclaved except Tris buffers. Since the hand is another major 
source of RNase contamination, disposable gloves should be worn during RNA preparation, with 
frequent change of gloves. 
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Another way to minimize RNase activities is to choose an extraction method that is least affected by 
RNase activities from endogenous sources, such as tissues or cells. The most commonly used 
method is to isolate total RNA in the presence of guanidium salts. By combining guanidium salts and 
B-mercaptoethanol or organic solvents, RNase can be inactivated even in a tissue known to be rich 
in RNases. Cytoplasmic RNA can be prepared from cultured cells using RNase inhibitors, such as 
vanadyl complexes [1]. Cytoplasmic polysomes can also isolated for enriching a specific RNA spe­
cies using antibodies [81. 

For the isolation of RNAs from amoebae, established procedures for the isolation of cytoplasmic 
RNAs of cultured cells can be used with a slight modification. Since amoebae are phagocytic cells 
and hence contain numerous Iysosomes rich in nucleases, it is desirable to separate the cytosol from 
Iysosomes early [3]. Amoebae are lysed by a gentle homogenization in the presence of an RNase 
inhibitor and Iysosomes are separated from the cytosol by centri"fugation. Then, mRNA is further 
purified by poly(A)-affinity chromatography. Since we were able to isolate a cDNA clone that was 
about 6 kb long and contained almost the entire myosin gene from a library constructed from mRNA 
isolated by the procedures described here, it appears that there was minimal degradation of RNA 
during its isolation. For the isolation of RNAs from other protozoan cells which can be lysed by 
homogenization, our RNA-isolation procedure might work as well, with modifications if necessary. 

Usually, most of the isolated cytoplasmic RNAs are rRNA and tRNAs, and mRI\lAs represent only a 
small portion of the RNA pool. Thus, the separation of mRNAs by additional procedures, such as 
affinity chromatography, is essential in the construction of eDNA libraries. 

B. Materials 

1) DEPC solution (0.1 % in water) (Sigma Chemicals, St. Louis, MO.) 

2) RNA Extraction buffer 

150 rnM 
1 mM 
10% 
1 mM 
20mM 
20mM 

NaCI 
MgCI

2 
Sucrose 
Dith ioth reitol 
Vanadyl-ribonucleoside complexes (BRL) 
Tris-HCI (pH 7.4) 

3) Proteinase-K digestion buffer 

0.6 M 
4% 
50 mM 
0.4 M 

4) Proteinase K 

NaCI 
SDS 
EDTA 
Tris-HCI, pH 8.0 

20 mg/ml in distilled water 

5) Oligo(dT)-celiulose column for mRNA separation 

A Pasteur pipette plugged with glass wool, treated with DEPC and autoclaved. 
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6) mRNA-column-binding buffer (1 X) 
10 mM Tris-HCI (pH 7.5) 
0.5 M NaCI 
1 mM EDTA 
0.1 % Sodium lauryl sarcosinate 

7) mRNA-elution buffer 

10 mM 
1 mM 

Tris-HCI (pH 7.5) 
EDTA 

8) mRNA-column-washing buffer 

10 mM 
0.1 M 
1 mM 

Tris-HCI (pH 7.5) 
NaCI 
EDTA 

9) 3 M Sodium acetate (pH 5.2) 

C. Protocol for the isolation of cytoplasmic RNA from amoebae 

0-6.3 

1. Collect amoebae by centrifugation for 1 min at 170 g. (All procedures are carried out at 4°C, 
unless indicated otherwise.) 

2. Wash amoebae (about 3-ml packed at a time for convenience) several times with DEPC-treated 
Chalkley's solution by centrifugation. 

3. Transfer cells into a cooled glass homogenizer, and add equal volume of RNA-extraction buffer. 

4. Lyse cells by 5 strokes of gentle homogenization, transfer the contents into 1.5-ml microcentrifuge 
tubes as quickly as possible, and centrifuge for 2 min at 10,000 O. 

5. Transfer the supernatant into a 30-ml Corex tube and add 2.5 ml of Proteinase-K digestion buffer. 

6. Cover the tube with Para'film, mix the contents by inversion, add Proteinase K to a final concen­
tration of 50 pg/ml, and incubate for 30 min at 37°C. 

7. Extract the solution once with 7.5 ml of phenol:chloroform (1: 1) and centrifuge for 3 min at 
10,000 g at room temperature. 

8. Collect the aqueous phase into a fresh Corex tube, add an equal volume of isopropanol, mix by 
inversion, and keep the tube on ice for 10 min. 

9. Collect RNA by centrifugation for 10 min at 10,000 0, wash the pellet once with 70% ethanol, 
and air dry. 

10. Suspend the pellet in sterile distilled water, and estimate the RNA concentration and purity by 
measuring 00 at 260 and 280 nm. (With amoebae, the yield was 200 - 500 pg.) 

* The cuvettes should be treated first with HCI:methanol (1: 1) for 1 hr, washed extensively with 
DEPC-treated water and autoclaved. 



0-6.4 

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

D. Protocol for the isolation of mRNA 

1. Wash the oligoldT)-celiulose column for mRNA separation several times with 1 X mRNA-binding 
buffer. 

2. Suspend 0.1 - 0.2 9 of oligo(dT) cellulose in 1 ml of mRNA-column-binding buffer and pour into 
the prepared column. 

3. Mix the isolated RNA solution with an equal volume of 2 column-binding buffer, heat to 65°C for 
5 min, and cool Quickly on ice. 

4. Apply RNA solution to the column, coHect the flow-through and reapply. 

5. Wash the column sequentially with 5 - 10 vol of column-binding buffer and 5 vol of column­
washing buffer. 

6. Elute the poly(A) mRNA with 2 - 3 vol of elution buffer. Measure 00
260 

and 00
280 

of the eluted 
solution and determine the RNA concentration. 

7. Add 0.1 vol of 3 M Sodium acetate and 2.5 vol of ethanol to the solution, and keep on ice for 30 
min. 

8. Centrifuge for 15 min at 10,000 U, wash the pellet once with 70% ethanol, recentrifuge for 1 
min, and air dry. 

9. Dissolve RNA in 10 pi of water and use 5 ,lI1 for electrophoresis in a gel. The rest is used to con­
struct a cDNA library. 

*mRNA can be isolated faster by using a commercially available, prepacked column; e.g., Poly(A) 
Quick mRNA Isolation Kit IStratagene Cat. #200348/9), instead of all oligo(dT)-cellulose column. 

II. CONSTRUCTION OF eDNA LIBRARIES 

For the purpose of constructing cDNA libraries from i1solated poly(A) mRNA of amoebae, we used 
the Lambda ZAP-cDNA synthesis kit from Stratagene (La Jolla, CAl and followed protocols in the 
vendor's Instruction Manual with no modification. The major steps are listed in Fig. 1. 

The list of materials and procedures are given in the Instruction Manual (Stratagene Cat. #200400). 

III. CLONING THE DNA SEGMENT CONTAINING THE AMOEBA MYOSIN GENE 

A. General 

Successful isolation of a gene by immunoscreening an expression library depends on several factors. 
Here the quality of the expression library is of primary importance. It is not easy to determine 
whether a library is good or not until the expression library is tested with several antibodies that 
recognize different proteins. However, it is possible to evaluate a gene library indirectly. For exam­
ple, since actin is present in all eukaryotes and is one of the most abundant and highly conserved 



I _ :~~ 

Copyright <0 1992 by Society of Protozoologists 
All rights of reproduction in any form reserved 

Flow Chart for eDNA Synthesis 

Isolated mRNA I 

• 1 st Strand synthesis with methyl nucleotide 
5' -- AAAAAAAAAA-3' 

3'<: .. ····· ............ · .. ····T T T T T T T T T T Xhol Spel-5' 

Reverse transcription and RNase block 

2nd Strand replacement 
.. ,- -. .. - --. .. ,," ---. ....... --.AAAAAAAAAA • 

3' ............................................ TTTTTTTTTTXhol SpeJ- 5' 
RNase H and DNA polymerase I 

-+ Phenol extraction and ethanol precipitation of eDNA 

~:~~~:~~.~.~.~ .. ~~~~ :p~~S I 

T4 DNA polymerase 

.. Phenol extraction and precipitation 

Ligation of adaptors 
RI adaptor -:: ..................... Xhoj Spel .. 

T4 DNA ligase 
RI adaptor 

• Heat inactivation / Ligase 
I 

-* 
Kinase adaptors / T 4 polynucleotide kinase I 

• 
Heat inactivation / Kinase 

I • 
Xhol digestion 

I 

J 
Separation of Xhol-digested eDNA on Sephaeryl S-400 column 

3'-Xhol .............................. , ....... Xho~ 

• 
Ligation of cDNA into prepared vector arms 

Uni-ZAP EcoRI eDNA Xhol Uni-ZAP ............................ " .......... 

• Package library and plate on PLK-F' cells cultured overnight J 

0-6.5 

Adapted from the Instruction Manual for ZAP-eDNA Synthesis Kit 
Stratagene, 1990 (La Jolla, CA) 

Fig. I 
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proteins regardless of cell types, immunoscreening of the actin gene may give an indication as to 
how good a library is. If only a very small number of positive signals were detected after screening 
for the actin gene from 1 x1 06 plaques, for example, there would be little chance of obtaining any 
cloned genes whose products are much less abundant than actin. When the amoeba's expression 
library was screened with an anti-amoeba actin antibody, there were about 10 - 20 positive signals 
from each plate (2x104 plaques), i.e., 500 - 1,000 positives from 1 x1 06 plaques. 

B. Materials 

1} Host strains BB4 and XL 1-Blue cells 

2) LB (Luria-Bertani) medium (per liter) 

1 0 9 Bacto-tryptone 
5 9 Bacto-yeast extract 
10 9 NaCI 

Adjust pH to 7.5 with NaOH. 

3) SM buffer (per liter) 

5.8 9 
2g 
50 ml 
5 ml 

NaCI 
MgS0

4
.7H 0 

1 M Tris.HCI (pH 7.5) 
2% Gelatin 

4} Isopropylthio-~-D-galactose (lPTG) 

10 mM in distiUed water 

5) PBS 

10 mM Sodium phosphate (pH 7.3) 
150 mM NaCI 

6} PBS-Tween 20 

Add 3 ml of Tween-20 in 1,000 ml of PBS. 

7) TBS 

10 mM Tris-Hel (pH 8.0) 
150 mM NaCI 

8) Blocking solution 

5% Non-fat dry milk in PBS 

9) 2 M Sodium azide solution (stock) 
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100 mM 
100 mM 
5 mM 
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Tris-HCI (pH 9.5) 
NaCI 
MgCI

2 

11) AlkPase substrate solution 

50 pg/ml Nitro-blue tetrazolium (NBT) in 70% dimethyl formamide(OMF) 

0-6.7 

25 pg/ml bromo-chloro-indoyl-phosphate {BCIP, toluidine salt} in 100% OMF 

12) Horse-radish peroxidase (HRP) substrate solution 

Dissolve 30 mg of 4-chloro-1-naphtol in 10 ml of methanol 
Add 50 ml of PBS. 

C. Protocol for the phage titer determination 

1 . Streak out XL 1-Blue cells for single-colony isolation on an LB plate containing 12.5 pg/ml tetracy­
cline and grow overnight at 37°C. 

2. Inoculate a single colony in 10 ml of LB medium supplemented with 0.2% maltose. 

3. Grow cells overnight at 37°C with vigorous shaking, collect them by centrifugation for 10 min at 
2,000 g at room temperature, and suspend in one-half volume of 10 mM MgSO 4 to give 00

600 
= 1. 

* Maltose induces the maltose operon, which contains the bacteriophage lambda receptor gene 
(IamB). The cells grown in the presence of maltose absorb phage lambda efficiently. 

4. To 0.2 ml each of the host XL 1-Blue cell suspension placed in 13 x 100-mm tubes, add 20 pi of 
lambda serially diluted in the SM buffer. 

*Here, the phage titer is assumed to be 1 x1 010 pfu/ml. The titer of phage stocks decreases with 
time. For example, when we first determined the titer of the amoeba cDNA library, it was> 1 x1 0 11 

pfu/ml. The second check after 6 months showed a drastic decrease in phage titer to about 1 x1 0 9 

pfu/ml. 

5. Absorb phage to the cells for 20 min at 37°C with gentle shaking. 

6. Add 2.5 ml each (for 90-mm plates) of molten top agar (47°C) to the mixture, invert the tube 
once for mixing, and pour the contents onto prewarmed, 2 - 3-day-old LB plates as Quickly as possi­
ble. Leave the plates for 5 min at room temperature. 

*Slightly dry, 2 - 3-day-old and prewarmed LB plates are used. Otherwise, the poured molten agar 
will not spread evenly and the top agar may peel off from the bottom agar when nitrocellulose filter 
is removed later. 

7. Incubate the plates overnight at 37°C. 

8. Count the plaque number and calculate the titer of phage stocks by multiplying by the dilution 
factors. 
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D. Protocol for immunoscreening libraries 

1. Streak out XL 1-Blue cells for the single-colony isolation on an LB plate containing 12.5 pg/ml 
tetracycline and grow overnight at 37°C. 

2. To 0.2 rnl of the XL 1-Blue cell suspension (see above) in a tube, add 20 pi of SM buffer contain­
ing 2.5 x 104 pfu for each plate (90-mm plates). For 150-mm plates, mix 0.6 ml of the cell suspen­
sion with 1 xl 05 pfu. 

3. Let the cells absorb the phage for 20 min at 37°C. 

4. Add 2.5 ml of top agar to the mixture and spread onto an LB plate as above. 

5. Incubate the plate for about 3.5 hr at 42°C until tiny phage plaques can be visually identified. 

*If the plaques become too large, the boundaries among plaques will disappear. The intensity of the 
color after chromogenic reaction is strongest at the edge of each plaque. Thus, the plaques should 
not be allowed to become too large. 

6. Number NC filter discs with a pencil, and soak them in a Petri dish containing IPTG (10 mM in 
distilled water) for 5 min. Take out the filters with a pair of forceps and dry them on clean paper 
towels. 

7. Take out the culture plates from the incubator and place one dried filter disc each on the plates. 

*In placing a filter disc, air bubbles should not be trapped between the filter and agar. Each filter 
disc and the agar plate should be marked for later comparison: It is convenient to mark three loca­
tions asymmetrically with an 18-gauge hypodermic needle. The underside of a Petri dish may be 
marked with a water-proof marking pen. 

*The plates should not be taken out all at once. The growth of phage will be inhibited when the 
plates cool down. 

8. Incubate the plates for 4 hr at 37°C. 

"Under good conditions the phage may grow faster than expected. Check the plaque size after 3 hr. 
Since the filter discs are slightly smaller than the plates, plaques can be seen on the edges of plates 
which are not covered by filters. 

9. Remove plates from the incubator and cool them in a refrigerator. 

10. Remove filter discs "from plates and place them in a large volume of PBS-Tween 20 (or TBS­
Tween 20). Wash out any remnant of agar by shaking the filters. 

*When processing many (more than 20) filter discs at a time, it is advisable to use a large container 
to hold 500 ml of the washing buffer. Otherwise, filters may adhere together and may not be 
washed well. 

11. Change the PBS-Tween 20 solution twice at 10-min intervals. 

12. Block filter discs in blocking solution for 1 hr. 
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~Some protocols recommend the use of 20% fetal calf serum as a blocking agent. However, the 
serum may not be more effective in blocking filters. Since the serum is much more expensive, we 
prefer to use 5 % dry-milk solution. If any problem of nonspecific binding of the primary antibody 
arises, calf serum may be used instead. 

13. Wash filters with PBS once and treat them with the primary antibody with gentle shaking for 2 
hr at room temperature or overnight at 4°C. 

~If the supply of the antibody is not limited, use as much antibody as possible at the optimum 
concentration. It is convenient to incubate 20 90-mm filters in a jar (25 cm in diameter) containing 
250 ml of antibody solution. When filters are incubated in a small volume of antibody solution, the 
filters may adhere to one another and the antibody may not be equally accessible to the filters. If the 
antibody supply is limited, change the position of filters in stack as frequently as possible, for 
example, by taking out the innermost filters and placing them on top of the filter stack at certain 
time intervals. In this way, filters will be exposed to the antibody evenly. The antibody solution may 
be stored at 4°C and reused several times. 

*For a mAb, dilute the culture supernatant and ascites fluid 3 - 10 times and 1,000 times, respec­
tively, with PBS. For antisera, dilute 200 - 1,000 times with PBS containing 1 % bovine serum 
albumin. Since each antibody has a different specificity and affinity for an antigen, the dilution factor 
should be determined empirically. Results of Western blotting may be a good measure in determining 
how much an antiserum should be diluted. 

14. Wash -filters with PBS-Tween 20 (or TBS-Tween 20) 3 times at 10-min intervals. 

15. Incubate filters in 100 ml of a secondary antibody solution, prepared in PBS-Tween 20, for 2 hr 
at room temperature with gentle shaking. If the primary antibody has a low titer, incubate filters 
overnight at 4°C. 

*The working concentration of a secondary antibody conjugated with an enzyme is generally 0.5 - 1 
pg/ml. The concentration of commercially available secondary antibodies is usually 1 mg/ml, and so 
dilute them 2,000 times. For 1251-labeled secondary antibodies, use 1 pCi per filter. 

*For immunoscreening, the alkaline phosphatase (AlkPase)-conjugated secondary antibody is a good 
choice. Although the chromogenic reaction of AlkPase is less sensitive than that of a 12sJ-labeled 
secondary antibody, it is usually sensitive enough for the detection of most antigens by immuno­
screening. The AlkPase-conjugated antibody can be stored for a longer period, at least 6 months, 
and it is safer to use without involving radiation hazards. 

*The HRP-conjugated secondary antibody can also be used for immunoscreening of a gene product. 
The chromogenic reaction of HRP is even less sensitive than the AlkPase reaction, but the secondary 
antibody conjugated with HRP and the corresponding substrates are much less expensive than those 
for AlkPase. If the primary antibody has a high titer, the HRP-detection system would work as well 
as AlkPase phosphatase system in immunoscreening of genes. 

*It is advisable to purchase secondary antibodies from companies specializing in immunochemicals, 
such as Cappel, Jackson ImmunoResearch, and Accurate Chemicals, rather than purchasing immu­
noscreening kits. The kits usually contain smaller quantities of antibodies and are much more expen­
sive. All other items are available from Sigma Chemicals (St. Louis, MO). 

16. Wash filters twice with PBS-Tween 20 at 10-min intervals. 
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17. Wash filters once with PBS (without Tween 20). 

18. For AlkPase, rinse filters with AlkPase buffer briefly and develop color with a gentle shaking in 
the AlkPase buffer containing the substrate. 

*If the signal is strong, the color would start to appear in minutes. The reaction may be continued 
for a few hours, but the background would become darker with longer reaction time. So, 10 - 20-
min reaction time would be suitable. If color does not develop even after a l-hr incubation, use a 
1251-labeled secondary antibody as a probe. 

19. When the color reaction has progressed to a desired intensity, stop the reaction by rinsing filters 
with distilled water several times. 

20. Dry filters in a dark place. Usually the color will bleach after drying, but it will reappear when 
the filter discs are placed in water. 

*For HRP, start the color development by incubating filters in 100 ml of PBS.:rween-20 containing 
50 mg of diaminobenzidine and 30 pi of H202 130%). 

*If 4-chloro-l-naphtol is used as a substrate for HRP, wash filters twice with PBS without Tween-20 
for 5 min and initiate the color reaction by adding the substrate solution. Tween-20 tends to facili­
tate the precipitation of the substrate. 

*When using a 1251-1abeled antibody, air dry and cover filters with a plastic wrap and expose them to 
an X-ray film overnight. 

*Since it takes only 2 hr to prepare a 1251-labeled secondary antibody, it is convenient to iodinate the 
secondary antibody by the chloramine-T method [2], which is easy and straightforward. The isotope 
and unlabeled secondary antibody are purchased separately. 

*It is possible to obtain falsely positive signals, and the putative positive plaques should be retested. 
For this purpose, remove an agar plug from the region of the plate corresponding to the signal on the 
membrane: Using a sterile Pasteur pipette with a rubber bulb, pick up an agar plug by stabbing the 
pipette through the bottom agar. Place the plug in 1 ml of SM solution containing one drop of chlo­
roform and leave it for 2 hr at room temperature. The phage particles will be released into the solu­
tion during incubation. Keep the phage stock at 4°C. Repeat the testing until all the phage plaques 
turn out to have positive signals (usually 3 times). 

E. Subcloning 

We have used the Stratagene's Lambda ZAP II vector system, taking advantage of the ease with 
which the subcloning can be done fast and conveniently. Most of the time-consuming steps in 
subcloning are unnecessary in the vector system. For instance, purification of bacteriophage lambda 
carrying the cloned gene and next subcloning the gene into a different cloning vector le.g., M 13, 
PUC19, or pBluescript) is omitted. The Bluescript plasmid carrying the cloned gene can be excised in 
vivo in the presence of a helper bacteriophage, and hence many of the DNA manipulation steps 
usually used in vitro are not needed. 

The detailed procedures are described in the vendor's instructional manual (Stratagene Cat. 
#236211 ) for the" Predigested Lambda ZAP II/EcoRI Cloning Kit". 



IV. DNA SEQUENCING 

A. General 
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If a cloned gene is more than a kilobase long, it is difficult to read the whole nucleotide sequence of 
the gene in a single set of sequencing reaction, although both ends can be read. There are two 
approaches in determining the DNA sequence that is many kilobases in length: one is the shotgun 
sequencing and the other directional sequencing. Of the two, the directional approach is usually 
used for a cloned gene. In directional sequencing, a nested set of deletion mutants is generated, 
which begins at a common point and penetrate various distances into the target region. Among 
enzymes used for directional deletion, exonuclease III [4] is thought to be the best and is most 
commonly used. 

B. Materials 

1} 10X Mung Bean Buffer 

0.3 M 
0.5 M 
10 mM 
50% 

Sodium acetate, pH 5.0 
NaCI 
ZnCI

2 
Glycerol 

2) 2X Exonuclease 1/1 Buffer 

100 mM 
10 mM 
20 pg/ml 

Tris-HCI, pH 8.0 
MgCI

2 
tRNA 

3) 1 X Mung Bean nuclease dilution buffer 

10 mM 
0.1 mM 
0.1 mM 
0.1 % 
50% 

4) TB medium 

1.2% 
2.4% 
0.04% 
0.17 M 
0.072 M 

5) Lysis buffer 

50 mM 
25 mM 
10 mM 

Sodium acetate, pH 5.0 
Zinc acetate 
Cysteine 
Triton X-1 00 
Glycerol 

Bacto-tryptone 
Sacto-yeast extract 
Glycerol 
KH

2
P0

4 
K

2
HP0

4 

Glucose 
Tris-HCI (pH 8.0) 
EDTA 
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6) AlkaUne solution (prepared freshly) 

0.2 N 
1% 

7) TY medium 

1.6% 
1% 
0.5% 

8) TYP medium 

1.6% 
1% 
0.5% 
0.25% 

NaOH 
5DS 

Bacto-tryptone 
Bacto-yeast extract 
NaCI 

Bacto-tryptone 
Bacto-yeast extract 
NaCI 
K2

HP04 

C. Exo III/Mung Bean Nuclease Deletion 

1. For the unidirectional deletions, digest 20-50 pg DNA in a 100-pl reaction mixture with a restric­
tion enzyme generating a unique 5' overhang or blunt end that lies between the DNA-sequencing 
primer and the 5' overhang restriction site. 

2. Digest the DNA with a second restriction enzyme which produces a unique 3~ overhang restric­
tion site. Neither enzyme should cleave elsewhere in the plasmid. 

* It is impOrtant to start the directional deletion with clean DNA. Also, the cleavage site for 5' 
overhang enzyme should be between the insert and the cleavage site for the 3' overhang enzyme. 

*If there is no unique 3' overhang s-ite, digest DNA with a 5' overhang reaction enzyme and fill in 
the single strands with a-thiophosphate dNTP with Klenow fragment. Then, digest the DNA with an 
enzyme that produces a unique 5' overhang restriction site. 

*The amount of DNA would depend on how big the insert is. The number of base pairs that can be 
read confidently from sequencing gel is about 250 bp. Thus, if the insert is 2.5 kb, one would need 
about 10 time-points. So, start the deletion with 50 pg of DNA. 

3. Check the completion of enzyme digestion by agarose gel electrophoresis. 

*The DNA should be completely digested. Otherwise, the colonies that have undeleted DNA will be 
selected predominantly after transformation, and it wiIJ be necessary to screen a large number of 
colonies. If it is difficult to obtain complete digestion, proceed to the next deletion steps and isolate 
deleted DNA fragments from an agarose gel for ligation fallowing deletion. 

4. Extract DNA with phenol: Chloroform (1: 1 ) 

5. Add 0.1 vol of 3 M sodium acetate (pH 5.2) and 2 vol of ethanol, and incubate for 30 min at -
20°C or for 15 min at -70°C. 
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6. Centrifuge for 15min at 12,0000, wash the pellet with 70% of ethanol, and 
air dry. 

7. Dissolve the pellet in 20-50 pi of sterile distilled water. 

8. Start exonuclease reactions for all time points in a single tube. 

0-6.13 

9. At each time point, remove 25 pi of the deleted DNA solution and mix with 175,u1 of the Mung 
Bean buffer in the tubes as quickly as possible. 

The stop solution is prepared for each Exo III time point. Dilute 20 ,ul of lOX Mung Bean buffer into 
155 pi of sterile water in an Eppendorf tube for each time interval and place the tubes on ice. 

"For each time point, the reaction solution contains: 

5 pi double-digested DNA 
12.5 pi 2X Exonuclease III Buffer 
2.5 pi 100 mM B-mercaptoethanol 
1 00 U Exonuclease 
Sterile water to a final volume of 25 pI. 

"The given reaction rates of Exo III at different temperatures are: 

400 bp/min at 37°C 
375 bp/min at 34°C 
230 bp/min at 30°C 
125 bp/min at 23°C 

10. When all aliQuots have been removed, heat tubes at 68D C for 15min, and place them on ice. 

11. Add 15U of mung bean nuclease diluted in 1 X Mung Bean nuclease dilution buffer to each tube 
and incubate for 30m in at 30D C. 

12. Add 10 pi of 1 M Tris-CI (pH 9.5"), 20 pi of 8 M LiCI, 4 pi of 20% SDS, and 250 pi of 
phenol:chloroform (1: 1). 

, 3. Vortex and spin for 1 min in a microfuge. 

14. Remove upper aqueous phase and extract with chloroform once. 

15. Add 0.1 vol of 3 M sodium acetate (pH 7.0) to the aqueous phase. 

16. Add 2.5 vol of cold ethanol and keep for 30 min at _20DC. 

17. Spin in a microfuge for 20 min, wash the pellet with 70% ethanol, and air dry the pellet. 

18. Dissolve the pellet in 15 pi of sterile water, and use 7 pi to check deletion by electrophoresis in 
agarose gel. 

19. Ligate deleted DNAs overnight at 4°C in the following mixture: 
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2.0pl 
2.0 pi 
2 pi 
14 pi 
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Exo/Mung Bean nuclease-treated DNA 
10X Ligation buffer 
2U T4 ligase 
Sterile water 

20. Transform competent cells with deletion sets according to the transformation protocol with 
CaCI2 • 

21. Pick up several colonies from each plate and grow cells in LB medium containing ampicillin. 

22. Isolate plasmid and determine the sizes of deleted DNA after cutting with an appropriate restric­
tion enzyme in an agarose gel. 

D. Mini preparation of double-stranded plasmid DNA 

The pBluescript is a phagemid from which the single strand DNA can be rescued in the presence a 
helper phage. In E. coli containing F' episome, Bluescript plasmids are secreted as single-stranded 
plasmids when the bacteria are infected by help phages. Thus, both single- and double-stranded 
DNA sequencing can be performed with the Bluescript plasmid. Usually, a single-stranded DNA 
template gives better sequencing results than with double-stranded plasmids. However, it takes 
more time and energy to prepare single-stranded DNA. Thus, double-stranded templates [71 are used 
more often as templates in DNA sequencing. There are several different protocols used in isolating 
plasmids for double-strand DNA sequencing. We compared those protocols and found the following 
procedure to be most suitable in our work. The plasmid prepared by the protocol gave us the best 
results. One problem of the method was its low yield. Often, the DNA pellet was not visible after 
purification. However, since the purity of DNA is more important than the amount in obtaining good 
results, we have adopted the procedure in our routine work. 

1. Inoculate a single bacterial colony in 2 ml of T8 medium containing appropriate antibiotics and 
grow for 20 - 22 hr. 

2. Harvest cells by centrifugation, resuspend the pellet in 200 pi lysis buffer and vortex for 5 sec. 

3. After 5 min at room temperature, add 400 pi of alkaline solution, invert several times, and place 
on ice. 

4. Add 300 pi of ice-cold 7.5 M ammonium acetate (pH 7.6), invert to mix, and place on ice for 5 
min. 

5. Centrifuge for 5 min in a microfuge at room temperature, transfer the supernatant to a new cen­
trifuge tube, add 0.6 vol of isopropanol, and keep for 2 hr at -20°C (or for 20 min -70°C.) 

6. Centrifuge for 10 min in a microfuge, discard the supernatant and add 100 pi of 2 M ammonium 
acetate (pH 7.4) to the pellet, vortex, and keep for 5 min on ice. 

7. Centrifuge for 5 min in a microfuge at room temperature and collect the supernatant. 

8. Add 100 pi isopropanol, and keep for 2 hr at -20°C. 

9. Centrifuge for 10 min in a microfuge and discard the supernatant. 
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10. Wash the pellet with 70% ethanol, air dry, and dissolve in 50 pi of TE buffer (pH 8.0). Add 1 pI 
of RNase mixture. 

11. Incubate for 15 min at 37°C and add 5 pi of 3 M sodium acetate (pH 5.2) and 2 vol of ethanol 
to the mixture. 

12. After keeping for 15 min at -70°C, centrifuge for 10 min in a microfuge and wash the pellet with 
70% ethanol. (The pellet may not be visible.) 

13. Dissolve the pellet in 25 pi of TE buffer. 

E. Preparation of single-stranded DNA templates 

As mentioned above, it takes more time to prepare single-stranded DNA. However, it is possible to 
read more DNA bases when single-stranded DNA is used as the template. 

1 . Pick up a single colony from a tetracycline-containing LB plate, inoculate in 2 ml of TV medium 
with ampicillin and grow overnight at 37°C. 

2. Next morning, inoculate 10 ml of TVP medium (with no antibiotics) with 500 pi of the overnight 
culture, and grow bacteria for 1 hr at 37°C with vigorous shaking. 

3. Infect bacteria with the helper phage R408 at a 20 multiplicity of infection; i. e., add 100 pi of a 
phage stock, at 1 x1 0" pfu. Continue incubation for 7 hr with shaking. 

4. Centrifuge cells in a 15-ml Corex tube for 15 min at 8,000 {} and transfer the supernatant into a 
30-ml Corex tube. 

5. Precipitate DNA by adding 0.25 vol of phage-precipitating buffer to the supernatant. Cover the 
tube with Parafilm, invert to mix, and let stand for 15 min at room temperature. 

6. Centrifuge for 15 min at 12,000 g and remove the supernatant as much as possible. 

7. Suspended the pellet in 700 pi of TE buffer (pH 8.0) and transfer into a 1 .5-ml microfuge tube. 
Add 700 pI of phenol-chloroform (1: 1), vortex for 30 seconds, and spin for 3 min at 1500 g. 

8. Repeat the phenol extraction two more times. 

9. Transfer the aqueous portion into a microfuge tube, add 500 pi of chloroform, vortex for 30 
seconds, and spin for 2 min in a microfuge. 

10. Repeat chloroform extraction once more, and transfer 400 pi of the aqueous phase into a fresh 
tube. 

11 . Add 200 pi of 7.5 M ammonium acetate, pH 7.5 and 800 pI of cold ethanol. Invert to mix and 
leave for 30 min at 20°C or for 15 min at -70°C. 

12. Spin for 15 min in a microfuge, rinse with 70% ethanol, dissolve the residue in 20 pi of distilled 
water. 
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13. Take 1 pi of the DNA solution and run agarose-geJ electrophoresis to check the amount and 
purity of DNA. 

F. Growth of Phage R40B 

The helper phage is used in the self excision of the cloned gene during subcloning and in obtaining 
single-stranded DNA templates. 

1. Pick up a single colony (XL 1-Blue cells) from a tetracycline LB plate and grow in 2 ml of LB 
medium overnight. 

2. Next morning, add 1 ml of the culture in 15 ml of TY medium and grow for 1 hr with shaking. 

3. Inoculate 100 pi of a phage stock (1 x1 0 11 pfu/ml) to the culture and grow for B hr with vigorous 
shaking. 

4. Pellet cells by centrifugation for 15 min at 8,000 g and transfer the supernatant into a sterile 50 
ml-size polystyrene tube. 

5. Heat the tube for 15 min at 65 D C. 

6. Determine the titer of the phage stock and store it at 4°C. The titer should be about 1 x1 0 11 

pfu/ml. 

G. Sequencing reaction 

There are several DNA sequencing kits available from different suppliers, and we have used Seque­
nase 2.0 from United States Biochemical Corporation (USB; Cleveland, OH). The sequencing kit 
comes with a detailed reaction protocol that can be followed with no modification. One item not 
included in the kit is the radioactive precursor. Two types of isotopes are used in DNA-sequencing 
reactions, 35S and 32p. Of the two, we prefer 35S-labeled dATP, which gives a better resolution and 
can be kept for a longer period of time. In our experience, the isotope can be used for more than 6 
months, if kept at -70°C. From our experience, we can read 100 bp more in a 35S gel. 

H. DNA-Sequencing gel system 

We have used Lang and Burger's [6] DNA-sequencing gel system with slight modifications and 
obtained good results. From a standard-sized 45-cm gel, we could read 300 bases with confidence. 
By using a longer, 60-cm gel, we could read up to 500 bases. When using glass plates wider than 
30 cm, we found it helpful to place another spacer in the middle to make the entire gel of even 
thickness. 
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PllRIFICATION OF AMOEBA mtDNA USING THE UNSET 
PROCEDURE 

E. R Hugo, V. J. Stewart, R. J. Gast, and T. J. Byers 

Department of Molecular Genetics, The Ohio State University 
Columbus, Ohio 43210 

INTRODUCTION 

The isolation of intact mitochondria.l DNA (mtDNA) from Acanthamoeba is difficult due to 
extensive degradation of the DNA, which has been attributed to high levels of endogenous 
endonucleases. The UNSET technique was originally developed by Garriga et al. (1) to purify 
intact mRNA from Neurospora crassa mitochondria. R. A. Akins proposed the use of the 
procedure in our lab and we developed it for use with Acanthamoeba. Bisbenzimide is a 
fluorescent dye that intercalates preferentially into AT-rich helical DNA and decreases the 
buoyant density. This allows enhanced separation of the nuclear and mitochondrial DNAs 
because mtDNA is often higher in AT content than nuclear DNA. Mitochondrial DNA isolated by 
this procedure is intact, uncontaminated by nuclear DNA! and readily digested by restriction 
endonucleases to reveal restriction fragment length polymorphisms of potential taxonomic 
value. The mitochondrial origin of the DNA can be con'firmed by extraction from isolated 
mitochondria. The method has been used extensively in our lab for Acanthamoeba (2) and by 
Milligan and Band (3) for NaegJeria and Vahlkampfia. 

PROTOCOL 

1. Pellet log phase amoebae from culture medium at 1000 X g for 15 minutes at 4° C. Discard 

supernatant. 1 X 108 amoebae of the Neff strain contain about 20 ~g of mtDNA. 
2. Resuspend amebas in cold 0.15M KC!. Use 5 ml per liter of original culture medium and 

keep the amoebae on ice. 
3. Pellet cells at 1000 X g for 10 minutes at 4° C. Discard supernatant. 
4. Repeat steps 2 and 3 two more times. Keep the amoebae cold. Store at -200 C or continue. 
5. Lyse cells by adding 5 ml of UNSET Lysis Buffer (8M Urea, 2% sodium dodecyl sulfate, 

0.15M NaC!, 0.001M EDTA, 0.1M Tris pH 7.5) per 1 X 108 amoebae at room 
temperature. The lysis buffer is viscous, so use a wide bore pipet. Immediately add an 
equal volume of phenol-CIA (pI1enol:chloroform :isoamyl alcohol 25:24:1) and shake gently 
at room temperature for 10 minutes. Make sure that the tubes you are using are resistant 
to phenol. 

6. Centrifuge at 3000 X g for 10 minutes at room temperature. Urea and phenol crystallize at 
lower temperatures. 
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7. Remove the upper aqueous phase using a wide bore pipet. Do not disturb the protein 
interface between the aqueous and organic phases. Discard the phenol-CIA mixture. Check 
with your hazardous waste office for correct disposal procedures. Repeat the extraction 
using fresh phenol-CIA until the interface is gone (2-3 times). 

8. Add 3M NaCI to bring the NaCI concentration to 0.3M. 
9. Add 2-3 volumes of cold 95% ethanol, mix gently by inverting and freeze at -20 0 C 

overnight, or at -70°C for 15-30 minutes. 
10. Centrifuge at 12,000 X g for 30 minutes at 4° C to sediment the nucleic acids (NA). 
11. Wash the nucleic acid pellet with 700/0 ethanol and repeat step 10. 
12. Dry the pellet under vacuum. 
13. Dissolve the pellet in TE (10mM Tris pH 7.6, 1 mM EDTA) at 0.2 - 0.3 mg nucleic acid/ ml 

TE (from a rough estimate of NA recovery). We use 5 ml for 1 X 108 amoebae. Add 1.25 9 
of esCI per ml TE, and 10 I-Ig of bisbenzimide per ml of TE. The solution should have a 
refractive index between 1.3944 and 1.3947 or a density of 1.55 gm/ml. 

14. Dispense the solution into ultracentri'fuge tubes. Vertical or 'fixed angle rotors may be 
used. Centrifuge for 48 hours at 130,000 X 9 at 20° C. 

15. Remove the upper band, which can be visualized as a yellow/green fluorescent band by 
using a UV light source. See Sambrook et al. (4) for a description of this method. 

16. Extract the removed solution five times using isopropanol saturated with 20 X SSC (175.3 
gm NaCI. 88.2 9 sodium citrate per liter of H20) to remove the bisbenzimide. The bottom 

layer is saved. 
17. Dialyze in three changes of 1 X STE (10mM Tris pH 7.6, 100mM NaCI, 1 mM EDT A) for 24 

hours in the cold (4° C). 
18. Ethanol precipitate and dry the pellet as in steps 9 - 12. 
19. Dissolve the pel.let in TE. Start with a small volume, such as 200pl. Determine the 

concentration of a diluted sample spectrophotometrically. The nucleic acid can then be 
diluted further if desired. 

COMMENTS 

If you have questions about the gradient portion of this protocol, reference (4), has a detailed 
section on et~lidium bromide/CsCI gradients. 
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DETECTION OF HUMAN SERUM ANTIBODIES REACTIVE WITH 
ACANTHAMOEBA POL YPHAGA BY USE OF AN INDIRECT 

FLUORESCENT ANTIBODY (IFA) TEST 

Pamela B. Sheets, Anthony L. Newsome, and Stephen D. Allen 

Department of Pathology, Indiana University Medical Center, Fesler Hall 
1120 South Drive, Indianapolis, Indiana 46202-5113 

INTRODUCTION 
This protocol describes an indirect fluorescent antibody (IFA) test designed to detect human and 
animal serum antibody reactive with Acanthamoeba polyphaga whole antigen. The aim of this 
writing is to present a detailed, controlled, and standardized protocol that can be adapted for use 
in detecting serum antibodies, both human and animal, directed against many different whole­
cell microorganisms. One need only to substitute the organism of interest for Acanthamoeba 
polyphaga when preparing antigen slides. 

The use of serum controls when performing IFA tests is important. An extensive explanation of 
the selection and use of controls follows the basic IFA procedure. 

BASIC PROTOCOL 

I. REAGENTS AND SUPPLIES 
1 . TS8: trypticase soy broth 

30 g powder in one liter distilled H20, autoclaved 
2. formalin (370/0 W/W formaldehyde solution) 
3. PAS: Page's amoeba saline 

0.120 gil NaC1 
0.004 gil MgS04 ·7H 2 0 

0.004 gil CaC1 2 ·2H 2 0 

0.142 gil Na2HP04 
0.136 gil KH2P04 
dissolve in one liter distilled H20 and adjust pH to 6.8-7.0; store at 4°C 

4. gelatin powder 



0-8.2 

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

5. chromalum: chromium potassium sulfate, CrK(S04)2 e 12H 20 

6. PBS: phosphate buffered saline, pH 7.6; store at 4°C 
7. FITC conjugates: Sigma anti-human IgG (gamma chain) conjugated to FITC 

(affinity isolated, developed in goat) 
Sigma anti-rabbit IgG (whole molecule) conjugated to 
FITC (developed in goat) 

Note:The IFA protocol described hereafter gives satisfactory results when these particular 
conjugates are used. Other FITC conjugates may be used to detect antibodies of other classes or 
antibodies to other species; however, minor adjustments may be necessary in test parameters 
in order to obtain optimal results. 

8. 0.1% Evan's blue counterstain: 0.1 g Evan's blue powder in 100 ml PBS pH 7.6; 
store at 4°C 

9. IFA slides: 10-well, black teflon-coated, glass immunology slides 

II. PREPARATION OF ANTIGEN SLIDES 
A.COATING SLIDES WITH GELATIN 

The purpose of coating immunology slides with gelatin is to provide a protein covering on the 
slides with which formalin-'fixed amoebae will readily bind. Formalin-fixed amoebae will not 
adhere well to uncoated slides. 

1. Into a heat-proof pan designed to hold microscope slides, place: 
1 liter distilled H20 
0.06 9 chromalum 
6 g gelatin powder, tightly sealed inside a cheesecloth bag 

2. Heat the pan on moderate heat until the liquid boils. Remove the pan from the heat 
immediately to prevent boiling over. 

3. Remove the cheesecloth bag and skim the froth 'from the surface of the 
liquid. 

4. Place the slides into a slide holder and place the holder into the hot liquid. Leave the 
slides immersed for two minutes. 

5. Remove the holder containing the slides from the liquid. Tilt the holder 
slightly to drain off excess liquid. 

6. Place the holder containing the slides into a 60°C oven. Bake for 30 minutes. 
7. Cool the slides. Store the slides at room temperature (RT). 
B.BINDING AMOEBAE TO SLIDES 
1. Using aseptic technique, add 0.5 ml of a stock culture of axenic ally grown 

AcanthamoebapoJyphaga to a culture tube containing 4 ml of TSB. 
Incubate the amoebae on a slant at RT for two days. Two-day incubation 
results in a large trophozoite yield, with a minimum amount of cysts and 
cellular debris. 

2. (From this point on, aseptic technique and the use of sterile equipment and 
supplies is unnecessary.) After two days, add 0.5 ml formalin to the tube 
culture, making a 1:10 dilution. Adding this much formalin fixes 
organisms rapidly and enhances retention of shape, size and pseudopodia. 
Let the tube stand for 18-24 hrs. at RT. (Tubes may be stored at 4°C for 
later use.) 

3. Vortex the tube gently to dislodge any amoebae from the sides of the tube. 
4. Centri'fuge the tube at 1500 g for 15 minutes. Aspirate off the supernatant. 
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5. Add 5 ml PAS to the tube. Resuspend the amoebae. Determine the 
concentration of the suspension (# amoebae/ml) using a 
hemacytometer. 

6. Centrifuge the tube and aspirate the supernatant as in step 4. Adjust the 
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suspension to approximately 106 amoebae/ml using fresh PAS. (NOTE: 
Use of PBS instead of PAS will result in crystal deposition on the slides.) 

7. Mix the amoeba suspension and apply 10 j.J1 suspension to each well of properly 
labelled gelatin-coated immunology slides, spreading the mixture evenly over 
the entire well. Allow the slides to barely air dry. 

8. When the slides are barely dry, place them into a 60°C oven for two minutes. 
9.Cool the slides at RT, place them into an airtight container, such as a plastic 

ziplock™ bag, and store them at -20°C or below. Slides prepared and stored as 
directed retain amoeba morphology and serum reactivity for at least two months. 

III. SPECIMEN COLLECTION 
1. Collect animal or human blood in an aseptic manner, without 

anti coag u la nL 
2. Allow the blood to clot and centrifuge the blood tube as soon as possible. 
3. Remove the serum, and place it into a properly labelled plastic vial. 
4. For maximum antibody reactivity, store the serum at 4°C for up to one week or at 

-20°C or below indefinitely. 
IV. IFA TESTING 

1. Draw a diagram showing which dilution of each specimen or control will go onto each 
well of the slides. Plan to place a PBS control onto one well of every slide. Plan 
to test the unimmunized animal serum control, the immunized animal serum 
control, and the pooled normal human sera control (at dilutions as described in 
Section VI) at least once per run. 

2. Remove antigen slides from the freezer, allow them to reach RT, and label them 
appropriately. 

3. In properly labelled tubes, prepare serial doubling dilutions of control and test sera 
in PBS. 

4. Layer 12 j.J1 of diluted serum (or PBS, for the PBS control) onto appropriate wells, 
using the diagram as a guide. 

5. Incubate the slides in a covered, moist chamber for 30 minutes at 37°C. 
6. Using three different washes, rinse the slides a total of 10 minutes in PBS. After 

removing the slides from the last wash, stand them on end to dry. Add conjugate 
(described below) when the area between wells has just become dry but before 
the wells themselves have dried. If wells dry out, fluorescence may be adversely 
affected. 

7. With PBS as diluent dilute the chosen FITC conjugates according to the 
manufacturer's recommendation. Prepare only as much volume as is needed for 
the run, and protect both the stock conjugate and the diluted conjugate 'from the 
light. 

B.Layer 12pl of diluted conjugate onto the appropriate wells. 
9.Repeat step 5, incubating the slides in the dark. 
10.Using PBS in a squirt bottle, run a stream of PBS over the wells, to rinse off the 

conjugate. Direct the stream at a portion of the slide above the wells so that 
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organisms are not dislodged. 
11.lmmerse slides in 0.1 % Evan's blue counterstain for 5 minutes at RT, in the dark. 

This stain quenches any background 'fluorescence. 
12.Rinse and dry the slides as in step 6, in the dark. 
13. Place IFA mounting medium onto each slide and then coverslip. At this point, slides 

may be stored. if kept in the dark at 4°C; but for best results, read slides 
im mediately. 

14. Read each well using a fluorescence microscope with filters appropriate for 
detecting FITC fluorescence. Grade the fluorescence of organisms on a scale 
o to 4+. 

V. INTERPRETATION 
Each laboratory must establish internal guidelines for grading fluorescence. Because 
interpretation of IFA tests is subjective, the following parameters should be 
standardized: the time elapsed from test completion to slide reading; the amount of time 
the observer takes to adjust to darkness before reading; the amount of external light 
present in the room; the magnification used when reading. A limited number of people 
should read the slides, and the readers should confer often so that their grading criteria 
become consistent. Even when these guidelines are followed, a reproducibility 
difference of one doubling dilution is acceptable, due to the subjectivity inherent in IFA 
test interpretation. When acute and convalescent sera, collected two to six weeks apart, 
are tested with anti - IgG conjugate, results showing a four-fold rise or more in titre 
are consistent with a host antibody response to antigens of the test organism. 

VI. SELECTION AND USE OF CONTROLS 
A. POOLED NORMALHUMAN SERA CONTROL 

This control has two functions: it allows for monitoring of run-to-run 
variations by repeated use of the same specimen; and it provides a 
standard normal titre with which the titres of unknown human specimens 
can be compared and consequently placed into interpretative categories. 

1. Collect sera from healthy individuals who are age- and gender­
matched to the test population group. 

2. Using the IFA protocol described above, determine the endpoint 
titre of each specimen in the control group. Each lab should establish its 
own criteria for endpoint determination, deciding what percentage of 
organisms must 'fluoresce and at what intensity. Doubling dilutions from 
1 :S to 1 :80 are recommended for this screening step. If one or more 
individuals have significantly increased titres. consider omitting them 
from further testing. 

3. Prepare a pool of equal amounts of all acceptable sera 'from the 
control group. This pool is referred to as the "pooled normal human sera 
control". 

4. Determine the endpoint titre of this pool. 
5. In all subsequent testing of unknown specimens, test the pooled 

normal human sera control at its endpoint dilution and at one dilution 
above and one dilution below tile established endpoint. 
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B. TESTING OF HUMAN SERUM SPECIMENS: 

C. 

Human serum specimens whose antibody titre is to be determined may be 
tested in one of two ways: 

1. Each individual human serum specimen may be diluted over a 
wide range of doubling dilutions and each dilution tested in one run. The 
endpoint of the unknown serum is compared to the endpoint of the pooled 
normal human sera control and determined to be normal or above norma.l 
in antibody reactivity. 

2. Or, each individual serum may be tested at a screening dilution 
defined as one doubling dilution (or two) above the endpoint dilution of 
the pooled normal human sera control. Those sera that react at the 
screening dilution are considered to have above normal antibody 
reactivity and may be titred further in a subsequent run. Those that do 
not react at the screening dilution are considered to have normal antibody 
reactivity. 

ANIMALSERUM CONTROLS: 
It may not be possible to obtain highly reactive serum from a human with 
a diagnosed case of acanthamoebiasis. In order to ascertain and monitor 
the sensitivity of reagents in the I FA test, it is desirable to test a serum 
which reacts strongly at a very high dilution. The immunized animal 
control provides such a serum. This control cannot, however, monitor 
the anti-human Ig-FITC reagent, because that reagent must be 
substituted with the proper anti-species Ig-FITC reagent when testing 
animal serum. 

1. Collect serum from a healthy, unimmunized animal. (We use 
rabbits.) This provides the "unimmunized animal serum control". 

2. Immunize the animal with the organism being investigated: 
Grow amoebae for 2 days at 37°C in tubes containing 5 ml TS8. Shake 
tubes, then centrifuge tubes and remove supernatant. Resuspend amoebae 
in PBS centrifuge the tubes, remove the supernatant, and wash the pellet 
again in PBS. Using PBS, adjust the suspension to a final concentration of 

2x1 05 amoebae/ml. Freeze and thaw suspension five times. Inject two 
ml of suspension into the marginal ear vein of a rabbit at weekly 
intervals, for three weeks. One week after the last injection, collect 
serum from the rabbit for the "immunized animal serum controll!. 

3. Dilute the unimmunized animal serum control from 1 :5 to 
1 :80 and determine its endpoint titre by using the same I FA protocol as 
described previously for human serum, substituting the proper anti­
species Ig-FITC for the anti-human Ig-FITC. 

4. Dilute the immunized animal serum control from low to very 
high dilutions and test as described for the unimmunized animal serum. 

5. In all subsequent I FA runs, test: 
a) the unimmunized animal serum control at its endpoint dilution and at 
one dilution above and one dilution below the endpoint. This control 
allows for monitoring of run-to-run variations. 
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b) the immunized animal serum control at a dilution that reads 
approximately 3+ in strength. This control monitors run-to-run 
variations and also monitors functioning of the microscope. 

D. PBS CONTROL: 
This control differs from other controls in that no serum is placed in the 
well. The control allows one to determine whether fluorescence is a 
direct result of factors present in test serum. 

1. Substitute an equal volume of PBS for serum on one well of 
each IFA slide and continue testing as outlined, using FITC conjugate when 
indicated. 

2. This well should always be negative for fluorescence. If 
organisms fluoresce in this well, results of the entire slide are invalid. 
Fluorescence of this control can result when FITC conjugate which is not 
affinity-isolated binds directly to the surface of the organism. 

LITERATURE CITED 
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DETECTION OF ANIMAL SERUM ANTIBODIES REAC1·IVE 
WITH ACANTHAMOEBA POL YPHAGA BY USE OF AN 

ENYZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) 

Pamela B. Sheets, Anthony L. Newsome, Stephen D. Allen 

Department of Pathology, Indiana University Medical Center, 
Fesler Hall, 1120 South Drive, Indianapolis, IN 46202-5113 

INTRODUCTION 

This protocol describes an enzyme-linked immunosorbent assay (ELISA) designed to 
detect animal serum antibody reactive with Acanthamoeba polyphaga whole antigen. This is an 
indirect method, which measures antibody in serum by allowing serum antibodies to be 
captured by whole cell antigens which have been passively adsorbed to wells of microtiter 
plates. Enzyme-labelled anti-species immunoglobulin conjugate is then added to the wells, 
where it reacts with the captured serum antibodies. Lastly, enzyme substrate is added to the 
wells. The substrate is selected for its ability to develop color as it is degraded by the enzyme. 
The amount of color change is proportional to the amount of reactive antibody in the serum. 

In general, the ELISA method allows detection of antibody at a much higher dilution than 
is possible using the indirect fluorescent antibody ([FA) method. In certain experimental 
situations, such increased test sensitivity may be required. At these times, making minor 
modifications in the following protocol (adjusting for the particular organism and class of 
antibody being studied, and for the experimental animal being immunized) may provide a highly 
sensitive test method capable of measuring small amounts of antibody. 

This protocol is optimized to detect the IgG class of antibody in the serum of rabbits 
experimentally immunized with Acanthamoeba polyphaga antigen. Absorption of the immune 
rabbit serum with homologous antigen removes much of the measured antibody activity; 
therefore, we conclude that the ELISA test method may be fairly specific. The ELISA method 
detects antibody activity at a much higher immune rabbit serum dilution than the IFA method 
does; therefore, we conclude that the ELISA method is highly sensitive. 

The following protocol is based on studies which measure reactive antibody in experimentally 
immunized animals only. We recommend that absorption studies be performed to validate test 
specificity. 
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BASIC PROTOCOL 
I. REAGENTSANDSUPPLIES 

1 . TSB: trypticase soy broth 
30g powder in one liter distilled H20( autoclaved) 

2. formalin (370/0 W/W formaldehyde solution) 
3. PBS: phosphate buffered saline, pH 7.6 and pH 7.4; store at 4°C 
4. PBS-Tween 20:add 0.5 ml Tween 20 to one liter PBS pH 7.4; 
5. BLOTTO: add 25 g powdered nonfat dry milk to 500 ml PBS­

Tween 20; prepare fresh daily, store at 4°C 
6. carbonate/bicarbonatebuffer:add one capsule 

carbonate/bicarbonate buffer powder(Sigma catalog 
#C-3041) to 100 ml deionized H20; this is a 0.05 M 

solution with pH 9.6; use immediately. 
7. substrate buffered drluent: 0.1 M diethanolamine buffer; add 

0.525 g diethanolamine and 5 mg MgCI2·6H 20 to 50 ml 

deionized H20; adjust pH to 9.8; prepare fresh daily 

8. substrate: p-nitrophenyl phosphate (p-NPP), supplied as 5mg 
tablets (Sigma catalog #N-9389); add one tablet to every 
5 ml of substrate buffered diluent immediately prior to 
use. 

9. alkaline phosphatase conjugate: Sigma anti-rabbit IgG (whole 
molecule) conjugated to alkaline phosphatase (developed in 
goat) 

10. ELISA microtiter plates:96-well, flat bottom, sterile polystyrene 
ELISA plates, with covers 

II. PREPARATION OF ELISA ANTIGEN PLATES 

1 . Add a 5 ml TSS culture of axenic ally grown Acanthamoeba polyphaga (0 r 
similar organism) to a large, sterile flask conta.ining 50 ml TSB. Incubate the 
flask for 2 days at 35°C or for 3 days at room temperature (RT). 

2. Decant the TSB from the flask. Add 50 ml PBS pH 7.6 to the flask. 
3. Pface the flask in an ice water bath for 30 minutes, so that amoebae will 
release from the inner surface of flask. 
4. After 30 minutes, inspect the flask to ensure that amoebae are free from 
the surface. Shake the flask and pour the contents into a 50 ml conical 
centrifuge tube. 
5. Centrifuge the tube for 10 minutes at 2500 g. Aspirate off the 
supernatant. 
6. Add 9.9 ml PBS pH 7.6 and 0.1 ml formalin to tube, to make a 10/0 
formalinized suspension. Shake the tube gently to disperse the amoebae. (From 
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this point on, aseptic technique and the use of sterile reagents and supplies is 
unnecessary). 
7. Let the tube stand at RT for several hours. (Formalinized amoebae may 

° be stored at 4 C until time of use. Satisfactory results are obtained with 
preserved amoebae stored for several months). 
8. Fill the tube with PBS pH 7.6. Centrtfuge the tube 10 minutes at 2500 
g. Aspirate the supernatant and wash once more. 
9. While the amoebae are spinning, prepare 100 ml carbonate/bicarbonate 
buffer (see Reagents section). 
10. After the amoebae are washed, resuspend them in 20 ml fresh PBS. 
Determine the concentration of the suspension (# amoebae/ml) using a 
hemacytometer. 
11 . Centrifuge the tube as in step 8 and aspirate the supernatant. 
12. Add a sufficient volume of carbonate/bicarbonate buffer to the amoebae to 

achieve the pre-determined optimal coating concentration"'. Verify the 
concentration of the antigen suspension before loading the plates. 

* NOTE:The optimal coating concentration must be 
determined by trial and error for each particular organism. This 
is done by measuring the absorbance value obtained using various 
concentrations of antigen suspension with various dilutions of 
antiserum, in a checkerboard pattern. Choose the concentration 
which gives a relatively high absorbance value and above which 
the increase in absorbance value is minimal compared to the 
corresponding increase in concentration of antigen slJspension. 
We determined the optimal coating concentration of A. po/yphaga 

when tested with immune rabbit antiserum to be 105 

organisms/ml. 
13. Draw a diagram of the plate layout. (Refer to section on controls.) Plan 
to leave at least seven wells on each plate with no antigen suspension in them and 
plan to test each dilution of each specimen in triplicate. Add 1 00 ~I of antigen 
suspension to all wells (except those for controls), and incubate covered plates 
at 35°C for one hour. At this point, plates may be stored at 4°C overnight for 
testing the following day, or testing may be done immediately. 

III.SPECIMEN COLLECTION 

1 . Collect blood from the experimental animal (both before and after 
immunization) in an aseptic manner, without anticoagulant. 
2. Allow the blood to clot and centrifuge the blood tube as soon as possible. 
3. Remove the serum and place it into a properly labelled plastic vial. 
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4. For maximum antibody reactivity, store the serum at 4°C for up to one 
week or at -20°C or below indefinitely. 

IV. ELISA TESTING 

A. ADDING BLOCKER TO PLATES 

1 . On the day of testing, remove excess antigen from the 
plates by washing them three times wIth PBS-Tween 20, in the following 
manner (this wash procedure should be used throughout the test when 
plate washing is indicated): Invert the plates over a waste container 
wider and longer tl1an an ELISA plate, capable of holding a liter of liquid, 
and containing a small amount of bleach diluted in water. Shake the 

liquid 'from the plates into the waste container. Blot the plates, upside 
down, on paper towels. Place the plates right side up on a counter and fill 
all wells with PBS-Tween 20, using a squirt bottle and directing the 
stream onto the sides of eacl1 well, so as not to dislodge any organisms. 
Let the wash solution remain in the wells for two minutes. Invert the 
plates over the waste container and shake out the PBS-Tween 20. Blot 
the plates, upside down, on paper towels. One wash step has been 
described. Repeat twice for a total of three washes. 
2. To prevent non-specific binding of serum or conjugate proteins to 
the organisms or to the plate itself, use of a blocker both to coat wells and 
also as the diluent for both serum and conjugate is recommended. Our 
experience shows that the most effective blocking agent is 5% nonfat dry 
milk powder dissolved in PBS-Tween 20, termed "BLOTTO". After 
washing the plates, add 200 lJl BLOTTO to each well (except the "blank" 
well, described later). 
3. Incubate the plates with BLOTTO at RT for 90 minutes. Wash the 
plates only once. 

B. ADDING SERUM TOPLATES 

1. While the plates are incubating with the BLOTTO blocker, dilute 
the animal serum in BLOTTO. For immune serum, recommended dilutions 
for initial testing are 1:100, 1 :200, 1 :400, 1 :800, etc.~ on up to 
1 :10,240 or more. Serum drawn from the animal prior to immunization 
should be tested as well. It is unnecessary to carry out dilutions of this 
serum past 1 :400. 
2. After the plates are washed, and omitting the blank and conjugate 
control wells, add 100 pi of serum dilutions to all appropriate wells. 
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3. Add 1 00 ~I BLOTTO to the conjugate control wells. Add nothing at 
this step to the blank well. 
4. Cover the plates and incubate them at 35°C for one hour. 
S. Wash the plates three times in PBS-Tween 20. 

C. ADDINGCONJUGATETO PLATES 

D. 

E. 

1 . While the plates are incubating with serum, dilute the conjugate 
according to the manufacturer's recommendation, using BLOTTO as 
diluent. Prepare only as much volume as is needed for the run. 
2. After the serum is washed from the plates, add 1 00 ~I diluted 
conjugate to all wells but the blank well. 
3. Cover the plates and incubate at 3SoC for one hour. 
4. Wash the plates three times in PBS-Tween 20. 

ADDING SUBSTRATE TO PLATES 

1 . While the plates are incubating with the conjugate, prepare the 
substrate buffered diluent, as described above in reagents section. Just 
before washing the conjugate from the plates. add p-NPP (substrate) to 
the buffered diluent at a concentration of one mg substrate to one ml 
diluent. Keep this solution in the dark. Prepare only as much substrate 
as is needed for the run. 
2. After the conjugate is washed 'from the plates, add 100 IJI diluted 
substrate to all wells, including controls and blank. 
3. Incubate the plates at 35°C in the dark. The time of incubation 
may vary, depending upon the rate of conversion of substrate, which is 
controlled by the amount of antibody bound to the organisms during the 
serum incubation step. Observe the plates at ten minutes intervals and 
read them when color appears strong in wells with low serum dilutions 
but is only slightly apparent or not visible in wells with higher serum 
dilutions. 

READINGPLATES 

1 . When alkaline phosphatase is the enzyme used, there is no 
need to add an acid or a base to stop the reaction, as long as the plates are 
read immediately. Not adding a stop solution allows one to read the same 
plates at various time intervals as the substrate is progressively 
converted. 

NOTE: If this procedure is modified for use with a different 
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converting enzyme, it may be necessary to use a stop solution at 
this point. Refer to standard texts for details. 

2. The plates may be read qualitatively, by observing color 
development visually and assigning grades dependent upon color intensity. 
The ELISA test reaches its greatest potential, however, when the plates 
are read by a spectrophotometer (ELISA reader) specially designed to 
detect and display the change in absorbance in each separate well. Results 
are then quantitative and data can be analyzed more accurately. To read 
plates prepared by the above protocol: 

a. Warm up the ELISA reader at least 10 minutes 
before use. 

b. Set the reader to a 405 nm wavelength setting (for 
alk phos/p-NPP system). 

c. Keeping the ELISA plates prot-ected from the light, 
place the plates, one at a time, in the reader. Use the blank well 
to blank the reader - this sets the absorbance of the blank well at 
zero, cancelling out any absorbance due to unreacted substrate. 

d. Read and record the absorbance values of all wells. 
e. If the plates are covered, protected from the light, 

and placed back into a 35°C incubator, they may be read again 
after any time interval. If color development does not occur 
within one to two hours, adjustments may be made, one at a time, 
in antigen suspension concentration, serum dilution, conjugate 
dilution, or incubation times and temperatures. 

V.SELECTION AND USE OF CONTROLS 

The ELISA test can be a highly sensitive, quantitative test. It must be tightly controlled, 
however, because it is not possible to look at an ELISA plate and differentiate whether reactivity 
is occurring specifically with an organism or nonspecifically with the plate surface. In either 
case, the end result, color development, occurs. 
The following is a chart describing those controls which we recommend be used: 

CONTROL ANTIGEN 
CCNJUGATE 
NAME IN WELL? 
IN WELL? 

Blank no 
no 

Conjugate 
yes 
control 

no 

BLonOPRE-COAT SUBSTANCE USED 

IN WELL? INSERUMSTEP 

no none 

yes BLono 
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Nonspecific no yes reactive serum 
yes 

serum control 

Diluent yes yes BLOTTO 
yes 
control 

Substrate is added to all the wells, including the blank. Test each control in triplicate, except 
for the blank. 

The purpose of each control is as follows: 

1. Blank - Blanks out any change in absorbance value due to unconverted substrate. 

2. Conjugate control - Detects nonspecific binding of conjugate to plates coated with 
BLOTTO but having no antigen. 

3. Nonspecific serum control - Detects nonspecific binding of a reactive serum to plates 
coated with BLOTTO but having no antigen. 

4. Diluent control - Detects a change in absorbance value contributed by anything in the 
system except serum. Provides a "background absorbance value" for comparison with 
absorbance values of serum wells. 

If any of the above controls has a high absorbance value, results for that plate are suspect 
and tests done on that plate should be repeated. 

VI. TEST INTERPRETATION -QUANTITATIVE 

1. Check to ensure that all control wells have absorbance values of less than 0.100. 
Ideally, they should read 0.050 or less. 
2. Check the reproducibility of the results of each specimen tested in triplicate: 

Determine the mean absorbance value of the three replicates. The standard 
deviation from the mean of each replicate result should be 10% of the mean. If so, the 
mean absorbance value for the three replicates is used as the absorbance value for that 
specimen. If only one replicate is out of range, it can be ignored, and the mean recalculated 
using the remaining two readings. If results do not fall into either of the above two 
categories, results for tllat specimen are invalid, and that specimen must be repeated in a 
future run. 
3. To obtain a final absorbance value for each specimen, subtract the absorbance value of 
the diluent control (which represents the "background absorbance value") from the mean 
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absorbance value for that specimen. 
4. Absorbance values can be used, as calculated above, for analyzing the strength of the 
immune response elicited in immunized animals. If many ELISA runs will be done and 
many distinct sera will be tested and compared, the following additional tests and 
calculations may be helpful in standardizing results: 

a. Choose a serum at a certain dilution that is known to give a fairly high 
absorbance value. Test this specimen in triplicate in the same wells on every plate 
with every run. This is the calibrator. 

b. After performing the above calculations and determining the final 
absorbance value of the calibrator, convert a/l absorbance values of all specimens 
to ELISA units/ml (EU/ml) as follows: 

1. Arbitrarily assign a value of 100 EU/m I to the absorbance 
value of the calibrato r. 

2. Divide the final absorbance value of each test specimen by 
the absorbance value of the calibrator and then multiply by "the EU/ml value 
of the calibrator (Le., by 100). The result is the EU/ml value of the test 
specimen. 

COMMENTS 

This protocol was developed as the first step toward designing an ELISA method capable of 
measuring human serum antibodies reactive with A. polyphaga whole cell antigen. To date, our 
studies suggest that the general principles developed for the ELISA using rabbit immune serum 
and anti-rabbit conjugate may be applicable to measurement of human serum antibodies using 
anti-human conjugate. The studies demonstrate not only differences in ELISA reactivity using 
adult human sera, but also minimum reactivity using infant sera. However, these studies are 
preliminary, in that tests to determine sensitivity and specificity of the ELISA method using 
human serum and Acanthamoeba antigen need to be performed. Therefore, use of the protocol as 
described for analysis of human serum antibodies is not recommended. The book Antibodies 
Volume" - A Practical Approach (1) may be purchased from Sigma Chemical Company and is 
highly recommended reading if one plans to develop an ELISA procedure. It contains information 
on all aspects of ELISA, including detailed instructions on how to determine optimal antigen 
concentrations and optimal serum and conjugate dilutions. 
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COMMONLY USED STOCK SOLUTIONS AND BUFFERS 

STOCI< SOLUTIONS 

10M Ammonium acetate 
385.4 gm ammonium acetate in 500 ml H20 

1 M CaCI 
147 gm CaCI 2 .2H 20 in 1 liter H20 

100X Denhardt solution, 500 ml 
10 gm Ficoll 400 
10 gm polyvinylpyrrolidone 
10 gm bovine serum albumin (Pentex Fraction V, Miles Labs) 
Filter and store at -20°C in 25 ml aliquots 

1 M dithiothreitol (OTT) 
15.45 gm OTT in 100 ml H20 
Store at -20De 

0.5 M EDTA (ethylenediamine tetraacetic acid) 
186.1 gm Na 2 EOTA.2H 2 0 in 700 ml H20 
Adjust pH to 8.0 with 10M NaOH (~ 50 rnl) 
Add H20 to 1 liter 

10 mg/ml ethidium bromide 
0.2 gm ethidium bromide in 20 ml H20 
Store at 4°e in the dark 
Ethidium brornide is a mutagen. Handle with care. 

1 M HCI, 1 liter 
913.8 ml H 20 plus 86.2 ml concentrated HC!. 
Add acid slowly with stirring 

1 M KCI 
74.6 gm in 1 liter H 20 

1 M MgCI2 
20.3 gm MgCI 2 .6H 20 in 100 rnl H20 

1 M MgS04 
24.6 gm MgS0 4 .7H 20 in 100 ml H20 

5 M NaCI 
292 gm NaCI in 1 liter H 20 

D-ap-i 
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D-ap-ii 

10 M NaOH 
400 gm NaOH (pellets) in 1 liter H 20 

3 M sodium acetate 
408 gm sodium acetate.3H 20 in 800 ml H 20 
Adjust pH to 5.2 with acetic acid. Dilute to 1 liter 

1 M Tris.CI [tris{hydroxymethyl)aminoethane] 
121 gm Tris base in 800 ml H20 
Adjust to desired pH with concentrated HCI 
Dilute to 1 liter 

BUFFERS 

Phosphate-buffered saline (PBS) 
10X Stock solution, 1 liter 
80 gm NaCI 
2 gm KCI 
11.5 gm Na 2HP04 .7H 20 
2 gm KH 2P0 4 

20x SSC 
3 M NaCI (175 gm/liter) 
0.3 M Na3citrate.2H 20 (88 gm/liter) 
Adjust pH to 7.0 with 1 M Hel 

T AE electrophoresis buffer 
50X stock solution/ 1 liter 
242 gm Tris base 
57.1 ml glacial acetic acid 
37.2 gm Na2EDTA.2H20 
pH 8.5 

TBE electrophoresis buffer 
10X stock solution, 1 liter 
108 gm Tris base 
55 gm boric acid 
40 ml 0.5 M EDTAf pH 8.0 

TE buffer 
10 mM Tris.CI (pH 7.5 or 8.0) 
1 mM EDTAf pH 8.0 

Working solution, pH ~ 7.3 
137 mM NaCI 
2.7 mM KCI 
4.3 mM Na 2 HP0 4 .7H 20 
1 .4 rnM KH 2 P0 4 

Working sOlution: 
0.04 M Tris-acetate 
0.002 M EDTA 

Working solution: 
0.089 M Tris base 
0.089 M boric acid 
0.002 M EDTA 



Acidl Base 

Acetic acid (gl) 

Ammonium 
hydroxide 

Formic Acid 

Hydrochloric acid 

Nitric acid 

Perchloric acid 

Phosphoric acid 

Sulfuric acid 
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TABLE I 

CONCENTRATED ACIDS AND BASES 

Molecular 0/0 by Molarity 1 Molar 
weight Weight (approx) (mill) 

60.05 99.6 17.4 57.5 

35.0 28 14.8 67.6 

46.03 90 23.6 42.4 
98 25.9 38.5 

36.46 36 11.6 85.9 

63.01 70 15.7 63.7 

100.46 60 9.2 108.8 
72 12.2 82.1 

98.0 85 14.7 67.8 

98.07 98 18.3 54.5 

D-ap-iii 

Specific 
gravity 

1.05 

0.90 

1.205 
1.22 

1 .18 

1.42 

1.54 
1.70 

1.70 

1.835 



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

D-ap-iv 
TABLE II 

AMINO ACIDS 

Amino Acids 3-letter Code 1-Letter Code Molecular 
Weight 

(gram/mol) 

Alanine Ala A 89.1 

Arginine Arg R 174.2 

Asparagine Asn N 132.1 

Aspartate Asp D 133.1 

Cysteine Cys C 121.2 

Glutamate Glu E 147.1 

Glutamine Gin Q 146.2 

Glycine Gly G 75.1 

Histidine His H 155.2 

Isoleucine lie 131.2 

Leucine Leu L 131.2 

lysine Lys K 146.2 

Methionine Met M 149.2 

Phenylalanine Phe F 165.2 

Proline Pro P 115.1 

Serine Ser S 105.1 

Threonine Thr T 119.1 

Tryptophan Trp W 204.2 

Tyrosine Tyr Y 18.1.2 

Valine Val V 117.1 
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TABLE III 
D-ap-v 

MOLECULAR WEIGHT AND SOME OPTICAL PROPERTIES OF NUCLEIC ACID 
DERIVATIVES 

Nuclei-c acid Mol. Wt. il ms}( .A min Ams)Amin 
derivative (gm/mol) 

ATP 507.2 259 227 0.15 

ADP 427.2 259 227 0.16 

AMP 347.2 259 227 0.16 

Adenosine 267.2 260 227 0.14 

Adenine 251.2 260 225 0.15 

CTP 483.2 271 249 0.97 

COP 403.2 271 249 0.98 

CMP 323.2 271 249 0.98 

Cytidine 243.2 271 250 0.93 

Cytosine 227.2 271 250 0.97 

GTP 523.2 253 223 0.66 

GOP 443.2 253 224 0.66 

GMP 363.2 252 224 0.66 

Guanosine 283.2 253 223 0.67 

Guanine 267.2 254 223 0.68 

UTP 484.2 262 230 0.38 

UOP 404.2 262 230 0.39 

UMP 324.2 262 230 0.39 

Uridine 244.2 262 230 0.35 

Uracil 112.1 260 227 

TTP 482.2 267 0.73 

TMP 322.2 267 234 0.73 

Thymidine 242.2 267 235 0.7 

Thymine 126 265 233 
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TABLE IV 

CONVERSION FACTORS FOR RADIOACTIVITY 

Measurement of Radioactivity 

The unit of meas urement of rad ioactivity is the Becquerel: 
1 Becquerel (Bq) = 1 disintegration per second 

More commonly, the Curie (Ci) is used: 
1 Ci = 3.7 1010 Bq 

= 2.22 X 1012 disintegrations per minute (dpm) 

1 millicurie (mCi) = 3.7 x 107 8q = 2.22 x 109 dpm 

1 m i c roc uri e (jJC i) = 3. 7 x 1 0 4 B q = 2. 22 x 1 0 6 d p m 

Measurement of Dose 

The unit for energy absorbed from radiation is the Gray (Gy) 
1 Gy = 1 joule/kgm 
The previous units of absorbed energy were the rad (r) and 
Roentgen (R). 
1 r = 100 ergs/gm = 10-2 Gy 
1 R = 0.877 r in air 

=0.93 - 0.98 r in water and tissue 

The unit for radiation dosage is the Sievert (Sv) (This unit 
empirically takes into account the relative biological effectiveness 
(RBE) of a given form of radiation) 
Dosage (Sv) = RBE x dosage (Gy) 
RBE = (biological effect of a dose of standard radiation 
[Gy])/(biological effect of a dose of other radiation [Gy]) 
RBE = 1 for commonly encountered radionuclides. 

The previous unit for dosage was the rem (Roentgen-equivalent­
man): 
1 rem = 0.01 Sv 
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D-ap-vii 
.- -~ TABLE V 

CHARACTERISTICS OF RADIONUCLIDES 

Nuclide Half Life Emission Energy,max Range of 
(Mev) Emission, max 

3H 12.43 yrs p 0.0186 0.42cm (air) 

14C 5370 yrs p 0.156 21.8em (air) 

32p 14.3 days p 1.71 610em (air) 
O. Bcm (water) 
0.76em 
(plexiglass) 

35S 87.4 days (J 0.167 24.4cm (air) 

1251 60 days y 0.27-0.35 0.2mm (lead) 

131
1 8.04 days (J 0.606 165em (air) 

y 0.364 2.4cm (!ead) 
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D-ap-viii 
COMMON ABBREVIATIONS 

A 260 absorbance at 260 nm 
A adenine or adenosine; one letter 

code for alanine 
Ab antibody 
ADP adenosine 5 ' -diphosphate 
AEX anion exchange 
Ag antigen 
AMP adenosine 5 ' -monophosphate 
ATP adenosine 5 ' -triphosphate 
p-gal,B-galactosidase 
BAP bacterial alkaline phosphatase 
bis, bisacrylamide N/N' -methylene 

bisacrylamide 
bp base pair 
BSA bovine serum albumin 
C cytosine or cytidine; one letter 

code for cysteine 
cAMP adenosine 3'/5'-cyclic­

monophosphate 
eDNA complementarydeoxyribonucleic 

acid 
CDP cytidine 5' -diphosphate 
CEX cation exchange 
Ci curie 
CMP cytidine 5 /-monophosphate 
cpm counts per minute 
CTAB cetyltrimethylammonium 

bromide 
CT'P cytidine 5 ' -triphosphate 
dA deoxyadenos i ne 
Da dalton 
dAMP deoxyadenosine 

monophosphate 
DAPI 4'6-diamidino-2-phenylindole 
dATP deoxyadenosine triphosphate 
dC deoxycytosine 
dCNIP deoxycytidine monophosphate 
dCTP deoxycytidine triphosphate 
ddATP dideoxyadenosine triphosphate 
ddCTP dideoxycytidine triphosphate 
ddGTP dideoxyguanosine triphosphate 
ddNTP dideoxynuc]eoside triphosphate 
ddTTP dideoxythymidine triphosphate 

DEA diethyl amine 
DEAE diethyaminoethyl 
dG guanosine 
dGTP deoxyguanosine triphosphate 
DMF dimethylformamide 
DMSO dimethyl sulfoxide 
DNA deoxyribonucleic acid 
Dnase deoxyribonuclease 
dNTP deoxynucleoside triphosphate 
ds double stranded 
dT deoxythymine or thymidine 
OTT d ithiothreitol 
dTTP deoxythymidine triphosphate 
dUMP deoxyuridine monophosphate 
dUTP deoxyuridine triphosphate 
ECTEOLA epichlorohydrin 

triethanolamine 
EDTA ethylenediaminetetraacetic acid 
EGTA ethy lene g Iyeol-bis (,B-aminoethyl 

ether)-NJN,NJjN'-tetraacetic acid 
ELISA enzyme-linked immunosorbent 

assay 
exo exonuclease 
F Farad 
9 gravity 
G gauge;guanine or guanosine;one 

letter code for glycine 
GOP guanosine 5' -diphosphate 
GF gel filtration 
GMP guanosine monophosphate 
GTP guanosine 5'triphosphate 
H EPES N-2-hydroxyethylpiperazine-N'-

2-ethane sulfonic acid 
HPCF high-performance 

chromatofocusing 
HPLC high-performance liquid 

chromatography 
rEF isoelectric focusing 
lEX ion exchange 
19 irnnlunoglobulin 
IPTG isopropyl-1-thio-,B-D-galactoside 
Kill Michaelis constant 
mAS nionoclonal antibody 
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MES 2-fN-morpholino}ethanesulfonic 
acid 

MOPS 3-(N-morpholino)propane 
sulfonic acid 

mp melting point 
M molecular weight 
mRNA messenger RNA 
NTP nucleoside triphosphate 
OD260 optical density at 260 nm 
PAGE polyacrylamide gel 

electrophoresis 
PB phosphate buffer 
PBS phosphate-buffered saline 
peR polymerase chain reaction 
PEG polyethylene glycol 
PFA paraformaldehyde 
pfu plaque-forming units 
pi isoelectric point 
PIPES piperazine-NJ NI-bis (2-ethane 

sulfonic acid) 
PMFS phenylmethylsulfonyl fluoride 
poly(A) polyadenylic acid or 

polyadenylate 
poly(A)+ polyadenylated (mRNA) 
RE restriction endonuclease 
RFLP restriction-fragment-Iength 

polymorphisms 
RIA radioimmunoassay 
RNA ribonucleic acid 
RNase ribonuclease 
rRNA ribosomal ribonucleic acid 

D-ap-ix 

RT reverse transcriptase 
Sarkosyl N-Iauroylsarcosine 
SDS sodium dodecyl sulfate 
ss single stranded 
SSC sodium chloride/sodium citrate 

(buffer) 
T thyrnine or thymidine; one-letter 

code for threonine 
T AE Tris/acetate (buffer) 
Taq Thermus aquaticus DI'JA 

(polyrnerase) 
TBE Tris/borate electrophoresis 

(buffer)TBS Tris-buffered saline 
TCA Trichloracetic acid 
TE Tris/EOT A (buffer) 
TEAE triethylamlnoethyl 
TEMED N, NJ Nt lNI-tetramethyl 

ethylenediamine 
TFA trlfluoroacetic acid 
TLC thin-layer chromatography 
Till melting (or mid-point) temperature; 

thernlal denaturation 
Tris (hydroxymethyl)aminoethane 
Tris-CI Tris hydrochloride 
tRNA transfer ribonucleic acid 
TTP thymid ine 51 -triphosphate 
U unit; uracil or uridine 
UDP uridine 5' -diphosphate 
UMP uridine 51-monophosphate 
UTP uridine 5J-monophosphate 
UV ultraviolet 
X-gal 5-bromo-4-chloro-3-indoyl-,B-D­

galactoside 
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SOURCES OF STRAINS 
FOR RESEARCH AND TEACHING 

Pierre-Marc Daggett' and Thomas A. Neracl 

E-1.1 

'5901 Montrose Road C402, Rockville, MD 20852 and 
2Protistology Department, American Type Culture Collection, 

12301 Parklawn Drive, Rockville, MD 20852 

INTRODUCTION 

Other than directly isolating strains there are two other sources by which strains needed can be 
obtained. One source is to obtain a strain from an investigator who has published on research done 
with the desired organism. A review of recent literature is an easy method to determine where an 
organism may be obtained since most journals require an investigator to make available strains to 
those inquiring. A second source is from organized culture collections and companies providing 
teaching materials. An annotated partial listing of sources is provided here. 

SOURCES 

ATCC 
American Type Culture Collection 
12301 Parklawn Drive, Rockville, Maryland 20852 
USA 
Telephone: 301-881-2600 
FAX: 301-231-5826 
Telex: 908-768 ATCCROVE 
Maintains a diverse collection of freshwater and marine protists including algae and both free-living 
and parasitic protozoans. All strains are maintained in the cryopreserved state. A total of 1156 
strains available. Fee charged. Seventeenth Edition 1991 Catalogue available. 

Carolina Biological Supply Company 
2700 York Road 
Burlington, North Carolina 27215 
USA 
Telephone: 919-584-0381 FAX: 919-584-3399 Telex: 574354 
An educational supply company selling both photosynthetic and non-photosynthetic protozoans for 
teaching purposes. Annual Catalogue available. 

CCAP 
Culture Collection of Algae and Protozoa *. With laboratories at two locations. 
CCAP at Freshwater Biological Association 
The Ferry House, Ambleside, 
Cumbria lA22 OlP 
UNITED KINGDOM 
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Telephone: (09662) 2468, (09662) 2469 
Telex: 8950511 ONE ONE G REF16173001 
FAX: (Group 2 or 3): 6914 
Maintains a diverse collection of freshwater and marine free-living photosynthetic and non­
photosynthetic protozoans. 
CCAP at Scottish Marine Biological Association (SMBA) 
Dunnstaffnage Marine Research Laboratory 
P.O. Box 3 Oban, Argyll PA34 4AD 
SCOTLAND 
Maintains a collection of marine algae and photosynthetic protozoa. 
A total of about one-third of the strains at CCAP are maintained in the cryopreserved state. Total 
number of strains available = - 2000. Fifth Edition, 1988 Catalogue available. * Formerly the 
Culture Centre of Algae and Protozoa located in Cambridge, England. 

CCMP 
Culture Collection of Marine Phytoplankton 
Bigelow Laboratory for Ocean Sciences 
McKown Pt., West Boothbay Harbor, Maine 04575 
USA 
Telephone: 207-633-2173 (8:00 AM - 4:30 PM) 

: 207-633-2175 (other times) 
Fax: 207-633-6584 
Telex: 757567 CCMPUD 
OMNET: Bigelow.lab 
Maintains a collection of marine algae and photosynthetic protozoans. None of the strains are 
cryopreserved. Total number of strains available = -1300. Fee charged. 1991 Catalogue of 
Strains available.) 

Connecticut Valley Biological 
82 Valley Road, P.O. Box 326 
SouthHampton, MA 01073 
Telephone: (413) 527-4030 
An educational supply company selling both photosynthetic and non-photosynthetic protozoans for 
teaching purposes. Annual Catalogue available. 

NEPCC 
The Northeast Pacific Culture Collection 
Department of Oceanography 
University of British Columbia 
Vancouver, British Columbia V6T 1 W5 
CANADA 
Telephone: 604-228-4378 
Maintains a marine phytoplankton collection (mostly photosynthetic dinoflagellates) mostly isolated 
from local waters. None of the strains are cryopreserved. Total number of strains available = 342. 
Fee charged. Listing available. 

NIES 
NIES Collection of Microalgae and Protozoa 
NO.1 Service Division 
Research Association for Environmental Science 
c/o The National Institute for Environmental Sciences 
Yatabe-cho, Tsukuba-shi, Ibaraki 305 
JAPAN 
Telephone: 0298-51-6111 
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Maintains a collection of protists, mostly algae but including a some photosynthetic and a few non­
non-photosynthetic protozoans isolated primarily in Japan. Some strains cryopreserved. Total 
number of strains available = 510. Fee charged. Third Edition, 1991 Catalogue available. 

NIVA 
Culture Collection of Algae 
Norwegian Institute for Water Research 
P.O. Box 333 - Blindern, 0314 Oslo 3 NORWAY 
Telephone: 47.2.235380 Telex: 74190 niva n Telegrams: NIVA, Oslo 
(Maintains a collection of algae and blue-green bacteria mostly isolated in Norway. Total number 
of strains available = - 300. Catalogue available.) 

SAG 
Sammlung von Aigenkulturen 
Pflanzephysiologisches Institut der Universitat G6ttingen 
Nikolausberger Weg 18, D-3400 G6ttingen, GERMANY 
Maintains a collection of algae, including photosynthetic protozoans. Fee charged. Listing available. 

UTCC 
University of Toronto Culture Collection 
Department of Botany, University of Toronto, 
Toronto, Ontario M5S 3B2, CANADA 
Telephone: 416-978-3641 
Fax: 416-978-5878 
E-Mail: UTCC @VM.UTCS.UTORONTO.CA on NETNORTH(BITNET) 
Maintains a collection of algal strains Oncluding photosynthetic protozoans) and blue-green bacteria. 
Listing available. Total number of strains available = 167. 

UTEX 
The Culture Collection of Algae at the University of Texas at Austin 
Department of Botany, The University of Texas at Austin, Austin, Texas 78713-7640, USA 
Telephone: 512-471-4019 
Maintains a collection of freshwater algal strains (including photosynthetic protozoans). Strains are 
not cryopreserved. Total number of strains available = - 2000. Fee Charged. Catalogue available. 

Wards Natural Science Establishment 
P.O. Box 92912, 5100 West Henrietta Road, Rochester, New York 14692-9012, USA (West coast 
USA: 815, Fiero Lane, Saint Luis Obsipo, CA 9341) 
Telephone: 1-800-962-2660 (world-wide) 1-800-672-7289; 1800-672-7289 (West coast USA) 
FAX: 716-334-6174 
An educational supply company selling living protists for teaching. Annual Catalogue available. 

COMMENTS 

The World Data Center on Microorganisms (address listed below) maintains a directory of collections 
and their holdings of algae and photosynthetic protozoans. The 2nd edition of the World Catalogue 
of Algae [1] is currently avaliable for a fee. 
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World Data Center on Microorganisms 
World Data Center, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-01, Japan 
Telephone: 0484-62-1111 ext. 6023, 6024; 0484-66-6181 
FAX: 0484-62-1554 
Telex: 2962818 RIKEN J 

LITERATURE CITED 
1. Miyachi, S, Nakayama, 0, Yokohama, Y, Hara, V, Ohmori, M, Komagata, K, Sugawara, H, Ugawa, Y ed. 
1989. World Catalogue of Algae, 2nd edition, Japan Scientific Societies Press, 329pp. 
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CONJUGATION IN TETRAHYMENA THERMOPHILA 

LINDA A. HUFNAGEL 

Department of Microbiology, University of Rhode Island 
Kingston, R.I. 02881 

INTRODUCTION 

Conjugation in Tetrahymena is a transient sexual interaction of cells, leading to the exchange of 
haploid genomes. Conjugation results in the replacement of the old macronuclei and micronuclei 
with new nuclei, all having the same combination of alleles obtained 'from both parents. 
Conjugation can be viewed as a developmental process (1). The first stage in this process 
("initiation") takes place when well-fed but mating-incompetent cells are starved in a low 
ionic strength, non-nutrient medium. Starvation induces them to become mating-competent. 
When mating-competent cells of complementary mating types are mixed, they then undergo 
further developmental changes (see Fig. 1), including inductive interactions known as 
"costimulation" (2), shape changes known as "tip transformation"(3), changes in adhesive 
properties resulting in pair formation (4; see Fig 2) and the development of a "conjugation 
junction" (5) which tightly joins cells of a pair. Their micronuclei meanwhile undergo meiosis 
(see Fig 3) and haploid pronuclei are then exchanged through the conjugation junction (6). 
Following this, each "migratory pronucleus" fuses with a "stationary pronucleus" to form a 
diploid zygotic nucleus in each conjugating cell (7, 8). These then give rise to new micronuclei 
by mitosis and to new macronuclei by a unique gene editing and amplification process (9). 
Paired cells then disassemble their shared junction and separate. 

Tetrahymena can be induced to conjugate synchronously in large numbers suitable for 
biochemical analysis, under physiological conditions. Witl1 careful control of conditions, better 
than 800/0 of the cells will be in pairs by 2 hrs (see Fig 4). The growth medium and other 
reagents needed are inexpensive. Thus, conjugation in Tetrahymena provides an attractive 
model system in which to analyze a variety of developmental processes of eucaryotic celis, 
including cell-to-cell signaling, formation of an intercellular junction, meiosis, and gene 
processing. 

The following protocol is suitable for a class of 6-18 students, in a laboratory course in 
experimental cell or developmental biology, given at the advanced undergraduate or graduate 
level. 
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BASIC PROTOCOL 

1. Enriched proteose peptone (EPP) medium (1 Q): 
Proteose peptone (Difco) 20.0 gm 

Glucose------------------------ 2.0 gm (Optional, for increased yield) 
Yeast extract ------------------ 1.0 gm 
Sequestrine (Iron-EDT A; 
Ciba-Geigy,P.O. Box 19103, 
Greenville, NC, 2741 0.03 gm (Optional, for increased yield) 

Add 1 liter distilled water, heat briefly to dissolve ingredients and dispense 100 ml into each of four 250 
ml erlenmeyer flasks. Plug with cheese cloth-wrapped cotton and cover with aluminum foil. Dispense 
the remaining medium in 10 ml aliquots into 15 ml screw-cap tubes. Cap loosely. Autoclave 20 min at 
20 Ib pressure. Cool; tighten caps on tubes. Can be stored at room temperature for several weeks. 
2. Two clonal cultures of T. themlOphila. inbred strain B. of different mating type. These may be 
obtained from the American Type Culture Collection, Rockville, MD (ATCC#s: 30007-30307), or from 
various individuals who work with this species, including the author; P. Bruns. Dept. of Genetics and 
Development, Cornell University. Ithaca, New York; and Paul Doerder, Department of Biology, Cleveland 
State University, 1983 E. 24th St., Cleveland, Ohio, 44115. Maintain on EPP medium in 15 ml screw-cap 
tube cultures under aseptic conditions, at 20-25°C. Subculture by loop transfer at least once a month 
and prepare fresh subcultures about 4-7 days prior to starting this procedure. 
3. 10 mM Tris buffer. pH 7.4. about 500 ml, sterile (autoclave or filter to sterilize). 
4. 250 ml flasks, 2, plugged with cheese cloth-wrapped cotton, covered with aluminum foil and 
sterilized. 
5. Two dozen Pasteur pipettes. 5.25 in, plugged with cotton, wrapped in a paper towel and aluminum 
foil (or in a pipette canister) and sterilized. 
6. One package 5.25 in Pasteur pipettes. unsterile. 
7. Twelve 15 ml conical glass centrifuge tubes, plugged with cheesecloth-wrapped cotton, covered with 
aluminum foll and sterilized (or use sterile, disposable plastic centrifuge tubes). 
8. Four 15 ml conical centrifuge tubes, glass or plastic, not sterile. 
9. One box glass microscope slides. 
10. Glass vials, snap cap, 20-30. 
11. Sterile, dispo graduated pipettes, 1 ml, 1 pkg. 
12. Table-top clinical centrifuge with rotor for 15 ml conical tubes. 
13. Shaker incubator or water bath set at 30°C (a second bath or incubator without shaking capabilities 
may also prove convenient. 
14. For each student or pair of students: 

a. One 50 ml flask. 
b. One package Drummond microcaps. 4 ul. 
c. Lugol's Iodine in small dropping bottle with narrow-

tipped dropper. 
d. Hand tally. 
e. Dissecting microscope. 
f. Compound microscope with 40X and 100X objectives. 

preferably phase contrast or Nomarski interference. 

PROCEDURES: 
.Q.Q.D: Two days prior to lab period, early in the morning, the lab instructor or assistant should 

inoculate one flask of EPP Medium with 1 ml of a 4-7 day tube culture of one of the mating types, and 
inoculate a second flask with 1 ml of the second mating type. using aseptic technique. Incubate the 
flasks with shaking at 30°C for 30-36 hr. 
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Day 2: By late afternoon, the cultures should have reached the late exponential stage of growth 
and the celis should be at a density of between 8 x 105 and 2 x 106 cells/ml. At this density the 
cultures appear quite cloudy. To ensure that the cultures are dense enough, the instructor or assistant 
should do a cell count on each (11): 

Swirl the flask to distribute the cells evenly and remove 0.1 ml cells using a sterile graduated pipette. 
Add to a vial containing 2.0 ml Lugol's Iodine. Swirl the vial to distribute the cells evenly and remove 4 
ul using a Drummond Microcap. Be sure that the capillary is full. Distribute entire contents of capillary 
as a series of small drops (8-10) on a clean glass slide. Rapidly count cells under a high power of the 
dissecting scope using the hand tally. If there are less than 20 or more than 75 cells in 4 ul, prepare a 
fresh dilution of cells in Lugol's to give about 50-75 cells/4 ul. Count enough 4 ul aliquots to give 
counts of at least 250 cells. Do not allow the drops to dry while counting and adjust the light to 
optimum for distinguishing between cells and debris. Use the following formula to calculate the number 
of cells per ml in the original culture: 

total cells counted 
cells/ml = ----------------------- X 1000 X dilution factor 

total ul cells counted 

Keeping mating types separate and conditions as aseptic as possible, wash the cells 4 times with sterile 
10 mM Tris buffer, as follows: Pour 10 ml from each flask into each of two sterile centrifuge tubes and 
centrifuge in a table-top clinical centrifuge for 1 min at half maximum speed (-1288g). (To wash the 
entire culture, pear-shaped tubes holding 100 ml and a specially designed centrifuge to hold them are 
recommended). Carefully pour off the supernatants; it will be necessary to retain some of the liquid, to 
avoid losing cells. After the fourth wash, resuspend the cells in Tris buffer to a density of about 5 x 105 

cells/ml. Put up to 100 ml of each mating type in separate 250 ml sterile flasks, keeping the two mating 
types separate and discarding any excess cell suspensions. Incubate overnight with shaking at 30°C, to 
starve the cells. 

Day 3: At the beginning of the lab period, each student should do a cell count as described 
above on a 0.1 ml aliquot of starved cells. Half the students should do one mating type and half the 
other. Pool the results for each mating type and on the basis of the results, centrifuge the cells to 
concentrate (sterile centrifuge tubes are not necessary) and, using a pasteur pipette, remove enough 
starvation medium so that when resuspended, cells of each mating type will be at a concentration of 1-2 
x 106 cells/ml and both mating types will be at the same concentration. Each student or pair of 
students should then mix equal volumes of cells of the two mating types in a 50 ml flask (2.5 ml of each 
mating type), to give a thin layer of cells with a large surface to volume ratio. The mixtures should then 
be incubated without shaking in a 30°C water bath or incubator. At 15 min or half hr intervals over a 
period of at least 2 hrs, gently swirl flask to distribute cells evenly (do not shake too hard or loosely 
paired cells will separate!) and remove 1 drop with a pasteur pipette. Put on a clean glass slide and 
immediately add one drop of Lugol's Iodine. Cover with a coverslip and view under a compound 
microscope using a 40 or 100X objective. To determine % cells in pairs, count at least 250 cells at 
random and calculate as follows: 

% cells in pairs = # pairs X 2/total # cells 
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Record your results for each time point in the following table: 

Total # cells # cells in pairs % cells in pairs 

15 min 

30 min 

45 min 

60 min 

75 min 

90 min 

105 min 

120 min 

Plot your results on graph paper, plotting % cells in pairs against time. 

COMMENTS 

1. To get the best mating efficiency, the following factors are important: (a) Cultures should be 
halVested at late exponential phase and should not be contaminated with bacteria; (b) glassware must 
be extremely clean and 'free of detergent; (c) Cells should be stalVed at a lower concentration but must 
be at 1 x 106 cells/ml or higher when mixed for mating; (d) mating mixtures must be well oxygenated 
but physically disturbed as little as possible; (e) Centrifugation to collect cells must be gentle and brief 
and cell resuspension should be gentle, (f) exactly equal numbers of cells of the two mating types must 
be mixed and (g) mixed cells should be incubated at 30°C (however, for less quantitative results, slightly 
lower or higher temperatures [from 27 to 33°C] are adequate to get pairing within a reasonable time. 
2. To get tip transformation without pairing, after mating types are mixed and placed at 30°C, shake the 
flask vigorously by hand every 10 min. To detect the distinctive, truncated tip, cells must be viewed after 
flattening under a coverslip. Count only those cells with clearly truncated end. 
3. For cell densities greater than 1 X 105 cells/ml, a Bausch and Lomb Spectronic 20 colorimeter can 
be used to measure cell density (12): At 550 nm, 1.0 O. D. unit = 0.75 X 106 cells/ml. 
4. For a less quantitative lab exercise, students can mix several drops of each mating type on a slide or 
in a deep depression dish and place in a moist chamber made from a standard petri dish. Pair 
formation can be followed under a dissecting microscope and samples taken out at 1/2, 1, 1 1/2 and 2 
hrs to observe changes in cell shape, behavior and nuclear structure, using a phase contrast or 
Nomarski interference microscope with 40X and 100X objectives. 
5. The effects of adverse environmental chemicals can be easily tested in this lab exercise by adding 
dilute amounts of the chemicals to duplicate flasks at the time the two mating types are mixed. 
6. Nuclear events show remarkable synchrony. These can be followed by use of conventional stains 
such as aceto-orcein or Feulgen's (7, 8, 13). If a fluorescence microscope and suitable filters are 
available, DAPI staining (14, 15) is simple and gives spectacular results. 
7. Triplets are occasionally seen. These are due to the common presence of doublet cells with two 
junction-forming regions. The possible genetic consequences of matings between singlet and doublet 
cells can be explored with students. 
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Figure 1. A THREE-STAGE MODEL FOR MATING INTERACTIONS IN TETRAHYMENA. ~hen previously starved cells of 
complementary mating type (here iLLustrated by strain Cu427/mtVI and strain Cu428/mtVII) are mixed in the 
presence of conditioned starvation medium (SCM) containing unknown factors required for mating (FAC), they 
immediateLy interact through direct contact (Stage I). Mating type-specific inductive signaLing 
(costimuLation) occurs during this stage, which Last at least 1/2 hr. CeLLs next form loose pairs (Stage 
II), ~h;ch may be homotypic or heterotypic, by adhering via cilia near the anterior ends of the cells. The 
anterior ends of the ceLls gradually change shape, from pointed to truncated (tip transformation), resuLting 
in the development of firm pairs (stage IV), in ~hich ceLLs of complementary mating type become joined by a 
characteristic conjugation junction. 

Fi94re 2. PAIR FORMATION IN MATING TETRAHYMENA. A phase-contrast micrograph of celLs from a mating mixture 
of I~ thermophila, showing a pair of ceLls at the firm pair stage (about 2.5 hr) in comparison with a single 
celL. X1,250. 

Figure 3. NUCLEAR EVENTS DURING CONJUGATION. This mating pair of I. thermophiLa is stained with DAPI to 
reveaL DNA-containing nucLei. The ceLLs are in prophase of micronuclear meiosis. In this stage of 
micronuclear morphological changes (Stage IV, as defined by Sugai and Hiwatashi [8), the micronucleus 
elongates into a thin thread. This occurs between 3 and 4 hrs after complementary mating types are mixed. 
)(1,250. 

Figure 4. KINETICS OF PAIR FORMATION AND TIP TRANSFORMATION. Two different mating types were starved 
separately and mixed in equal numbers at a concentration of 1 X 106 cells/ml at T=O. Counts were made at 
1/2 hr intervaLs on 250-300 randomLy selected celLs. Each point is the average of three separate 
experiments. T - tip transformed; • - pairs. 
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SPECIAL TECHNIQUES FOR VIEWING LIVING PROTOZOA 

Karl J. Aufderheide 

Department of Biology, Texas A&M University, Col/ege Station TX 
77843-3258 

Although various staining techniques show specific structures in exquisite detail, most such 
techniques require fixed (Le., dead) cells as materials. Several venerable techniques use IIvital 
stainsU which do not kill the cells immediately [2, 6, & 9]. These techniques seem to be limited 
in their specificity and use. Many "vital staining" techniques are not really vital and will kill 
the cells in time. 

The advent of phase contrast and differential interference contrast optical systems permitted 
the microscopist to observe structures within cells without the need for staining or fixing. The 
advantages for observations of dynamic processes within living cells are obvious. 
Furthermore, except perhaps for the intense light that might be focused on the cell during 
observation, contrast enhancement optical techniques are less fraught with potential artifacts 
than other microscopic techniques. A major problem in viewing living protozoa is their 
motility--they frequently refuse to hold still long enough to be photographed. This problem is 
especially acute for those studying the swimming flagellates and the ciliates. Therefore, a range 
of techniques have been developed for immobilization or slowing a living cell so that they can be 
viewed for longer periods of time and be photographed. 

Immobilization techniques depend on two basic approaches: chemical techniques and physical 
techniques. These are summarized and discussed briefly below: 

Chemical Techniques 
Most chemical means of immobilization are not really tlvital" in their action and appear to 

affect the cell adversely unless they are used very carefully. I have not had good results with 
techniques using metal ions, but I have had success with the antibody immobilization approach, 
provided a good homologous antiserum is available. 

Simple chemical immobilization protocols involve the use of various metal ions. A good 
example would be the Nickel Ion Immobilization technique [11 f 12]. Sikora uses the following 
solution: NiCI2, 0.125 - 0.25 mM, CaCI2 1 mM, KCI 1 mM, Tris-HCI 5 mM, pH 7.2. He 
suggests trying a range of nickel ion concentrations and also trying other similar metals such as 
copper. 

The technique of antibody immobilization exploits the ability of multivalent antibodies to bind 
the cilia of a cell together, thereby preventing swimming. Kuznicki and Sikora [7] used this 
technique to observe cyclosis in living paramecia. Homologous antiserum of an appropriate 
dilution is applied to the cells. The cells are monitored with the dissecting microscope until 
their swimming ceases. They can then be carefully placed on a standard microscope slide and 
observed with higher magnifications. Because higher concentrations of antiserum can be toxic, 
one must determine the lowest possible concentration of serum which will still immobilize. 
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Physical Techniques 
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These techniques in general depend on alterations of the viscosity of the medium or on some 
means of capturing and holding cells. 

A number of compounds, usually large, non-osmotic polymers, can be used to make the 
medium more viscous. Protozoa swim slowly or not at all in these media and thus can be 
observed. Some of these compounds are somewhat toxic and will eventually kill the cells. 
Methocel™ (15 centipoise viscosity) is an old reliable polymer [6]. A 1 to 20/0 solut1on has the 
viscosity of honey. A droplet of methocel can be mixed on a micrcscope slide with a o;oplet of 
cells. Protoslo™ is a substance sold by Carolina Biological Supply Co. and works much ~he same 
way. Spoon, et a/. [15] discuss the advantages and disadvantages of various thickening agents. 

Methods of capturing and holding protozoa for microscopic observations can be simple or 
complex, depending on the degree of control one desires. These techniques involve squeezing the 
cell between a coverglass and a slide until the cell is caught and held. 

If the protozoan is on a slide and under a coverglass, one may simply apply a slip of filter 
paper or bibulous paper to the edge of the coverglass and dry the mount until the cell is trapped. 
One usually has a few minutes to observe the cell before further drying causes so much 
distortion that the cell is crushed. This technique is useful for quick peeks at internal 
organization but not for long term studies. Spoon [13] suggests the use of small 1 cm squares 
of Handiwrap on a side as flexible coverglasses. The mount can be dried with filter paper and 
sealed around the edges Witll silicon grease. Spoon claims that gas exchange can occur through 
the film of Handiwrap but that water evaporation is inhibited. He claims that such mounts can 
be kept viable for 10 days or more. However, Handiwrap may distort the polarized light beams 
essential for Nomarski Differential Interference Contrast optics. 

More complex capture techniques depend upon the use of a special instrument called a 
rotocompressor or microcompressor [18]. These instruments are basically a coverglass 
attached to a micrometer so that a cell may be trapped and squeezed with considerable precision. 
The original design for a rotocompressor was developed by Asa Schaeffer in the 1930's. This 
apparatus was available for many years but eventually became unavailable some time before 
Dr. Schaeffer'S death. People who have the Schaeffer model generally hoard them, so they are 
hard to find today. The Schaeffer model has been used not only for simple observations but also 
for microbeam surgery on protozoa [e.g., 5 & 4] and for quantitative measurements of biomass 
of microorganisms [3]. An additional advantage of a rotocompressor is the ability to recover 
the cell after it has been observed or otherwise manipulated. 

There are three more modern designs of rotocompressors: the model of Spoon [14], the model 
of Uhlig and Heirnberg [17], and the model of Aufderheide [1]. Spoon's model is not 
commercially available at this time. It is difficult to manufacture, containing some 22 
precision metal parts, but it uses commercial glass slides and coverglasses. The Uhlig model is 
commercially available (Hydro-Bios Apparatebau GmbH, P,O.B. 8008, 2300 Kiel 17, 
Germany), but is expensive, and is more specialized for use on inverted microscopes. It is 
quite large and heavy and requires the use of special large round coverglasses. Both the Spoon 
and Uhlig models require that the coverglasses be cemented onto the appropriate metal surfaces. 
If the coverglass is broken, replacement will obviously require removal of the cement as well 
as the broken glass. The Aufderheide model is a highly modified Schaeffer unit with several 
design improvements. It is not commercially available at this time, although I can arrange for 
special order manufacture. It does require the use of special glass slides and coverglasses 
which are available, but somewhat difficult to find. The Schaeffer and Spoon models do not 
permit one to establish Kohler illumination on an upright microscope because the bottom plate 
of glass is offset from the plane of the microscope stage by about 1 mm. The Uhlig and 
Aufderheide units permit one to adjust for Kohler illumination (even double oil immersion) on 
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a upright instrument. and the Uhlig unit works equally well or, an inverted microsco~.-~S~g 
the Aufderheide unit, I have been able to capture small flagellates or bacteria and hold them for 
observation. The sensitivity of optical images possible with a rotocompressor is illustrated by 
Aufderheide [1], in which individual basal bodies in a living Paramecium are made visible. 

In all rotocompressors, the cells to be observed are placed in a very small droplet (about 1 
mm diameter) in the center of the viewing area of the unit. The top is applied and the unit is 
placed on the stage of the compound microscope. Under low power (about 100x) the unit is 
screwed down until the cells are initially immobilized. One may then switch to higher 
magnifications for critical observations. Further adjustments of the distance between the slide 
and the coverglass may be made at any time. For Paramecium, the gap between the slide and the 
coverglass required for secure, long-term immobilization is about 10lJm. After one is done 
with observations, careful release of the pressure will usually permit the cell to be recovered 
alive and intact. One develops a "touch" for how much compression and how much time 0f 
compression a particular species will tolerate. All rotocompressors must be kept scrupulously 
clean (especially the glass surfaces) and properly lubricated. 

Although rotocompressors are extremely useful for observations of living cells, one must 
remember that the cell is rather severely distorted by the capture technique. Paramecium 
tolerates this compression rather well, but it usually ceases cyclosis and feeding while it is 
captured. Other dynamic processes (e.g., morphogenesis and division) also appear to be 
sensitive to the distortion. Other species of small organisms may have very different 
expressions of tolerance to the compression. One must be aware that observations of 
rotocompressed cells may express possible artifacts from the compression process. 

A number of unusual capture techniques have been described. One involves "gluing" cells to a 
glass surface. Protamine sulfate (0.015 to 0.05%) has been used to coat slides for the 
attachment of protozoa [8]. Polylysine coating may be of similar use [16]. Sikora [10] 
describes a technique for immobilization using powdered iron particles. These are fed to the 
protozoan before transfer of the cell to a slide. The cells are immobilized by application of a 
magnetic field to the slide so that the cells are held by the iron particles in their food vacuoles. 
A simple bar magnet placed in the vicinity of the microscope stage is supposed to suffice. 

Ultimately, the researcher must be encouraged to try a number of immobilization techniques 
and to select the ones which seem to be the best for the organism used and the viewing or 
manipulation techniques involved. Because all immobilization techniques are bound to alter the 
physiology of the cell to some degree, it may be advisable to use more than one technique to 
document a particular phenomenon. 
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Coccolithus A -1 5 Gymnophrydium A -31 
Coleps A""44 Gyrodinium A-9 
Colpoda A-47 Gyropaigne A-11 
Colpidium A-49 Goniomonas A-7 
Cricosphaera A-15 Haematococcus A-16 
Crithidia A-26 Hastigerina A-35 
Cruzella A-24 Heliophrya A-45 
Crypthecodidium A-9 Hemiselmas A-6 
Cryptobia A-24,25 Herpetomonas A-26 
Cryptomonads Heteramoeba A-30 

colorless A-7 Heteromita A-27 
Photosynth etic A-6 Heterotrichs A-42 

Cyelidium A-50 Hexamita A-23 
Cyrtolophosis A- 51 Hibberdia A -1 3 
Diacronema A-15 Histophagous A-53 
Diaphanoeca A-20 Homalogastra A-50 
Dicrateria A -1 5 Hyalophacus A-11 
Dictyocoryne A-35 Hymenomonas A -1 5 
Dictyostelium A-33 Hymenostomes A-49 
Didinium A-44 Hypotrichomonas A-22 
Didymium A-33 Imantomia A -1 5 
Didymocyrtis A-35 Imautonia A-15 
Dileptus A-44 Isochrysis A -1 5 
Dimastigella A-24 Isonema A -1 2 
Dinoflagellates, Jakoba A-27 

colorless A-9 Karyorelicteans A-41 
photosynthetic A-a Khawkinea A - 1 1 

Diplonema A -1 2 Komma A-6 
Duniella A-16 Labyrinthula A-36 
Echinamoeba A-29 L agyn ion A-13 
Emiliania A-15 Lepochromulina A-13 
Epichrysis A-13 Leptomonas A-26 
Epipyxis A-13 Lingulamoeba A-30 

Euchitonia A-35 Lobomonas A -1 6 

Eudorina A-16 Mallomonas A-13 

Euglenids Mantoniella A -1 9 
osmotrophic A -1 1 Massisteria A-27 
photosynthetic A -1 0 Mayorella A-30 

Euplotes A-44 Menoidium A - 1 1 
Fabrea A-42 Metanophrys A- 50 
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Cultivation (continued) Cultivation (continued) 
Metopion A-27 Prorocentrum A-8 
Miamiensis A-50 Proteromonas A-6,21 
Micromonas A-19 Protochrysis A·6 
Monocercomonas A-22 Protocruzia A·41 
Monochrysis A-15 Protospathidium A-44 
Monomastix A-1 9 protostel ids A-34 
Monosiga A-20 Protostelium A·34 
myxomycotans A-33 prymnesiids A-15 
Nematostelium A-34 Prymnesium A·15 
Neocallimastix A-55 Pseudobodo A-14 
Nephroselmis A·19 Pseudocohnilembus A·50 
Noctiluca A-9 Pseudoisochrysis A-15 
No landella A-30 Pseudoparamoeba A 30 
Nuc/earia A-29 Pteromonas A-16 
Ochromanas A-13 Pyramimonas A-19 
Ochrosphaera A-15 Pyrenomonas A·6 
Opercu/aria A-52 radiolaria A 35 
Ophryog/ena A-53 Reclinomonas A 27 
Opisthonecta A-52 Rhabdomonas A 11 
Orbulina A-35 Rhabdospira A -1 i 
Oxyrrhis A-9 Rhabdostyla A 52 
Pandorina A -1 6 Rhinomonas A 6 
Paraflabellula A-29,3 Rhizamoeba A 30 
Paramecium A-46 I 4 Rhodomanas A-6 

Paramoeba A-30 Rosculus A-29 
Paranophrys A-50 Rhynchomonas A 24 
Pa raph ysomonas A-27 Rhynchopus A 12 
Parauronema A-50 Saccamoeba A-29 
Parmidium A -1 1 Salpingoeca A-20 
Pav/ova A -1 5 Schizopl as mod/opsis A-34 
Pedinomonas A-19 Schizop/asmodium A 34 
Pentatrichomonas A-22 Scripps/ella A-8 
Perc%monas A 27 Scuticociliates A 50 
peritrichs A-52 Sorogena A-43 
Phaeop/aea A -1 3 Spathidium A-44 
Phaeoschizochlamys A -1 3 Sphaeromonas A-55 
Phaethamnion A·13 Sphenosto mella A-50 
Physarum A-33 Spirostomum A-42 
Physematium A-35 Spongaster A-35 
Phytomonas A-26 Spongodiscus A-35 
Piromonas A-55 Spumella A 27 
Plagioselmis A-6 Stachyamoeba A-29 
Plasmodium A-37 Stemonitis A-33 
P/atyamoeba A-29 Stentor A·42 
P/atyophrya A 44 Stephanopogon A-40 
P/eurochrysis A -1 5 Stichogloea A-13 
Po/ysphondlyium A·33 Suctorians A-45 
Po Iyto ma A·17 Synura A-13 
Polytomella A-17 Syracosphaera A-15 
Poteriochromonas A-13 Teteau/ax A-6 
Potomacus A-50 Tetrahymena A-47,48,53 
prasinomonads A 19 Tetraselmis A -1 9 
Predatory ciliates A 44 Tetratrichomonas A-22 
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Cultivation (continued) 
Thalassicolla 
Theratromyxa 
Tillina 
Tokophrya 
Toxoplasma 
Tracheloraphis 
Trepomonas 
Trichomitus 
trichomonads 
Trichomonas 
Tritrichomonas 
trypanosomatids 

insect and plant 
Uronema 
Vannella 
Vexillifera 
Volvicids 
Volvox 
Vorticella 
Woloszynskia 

Culture collections 
Cyclidium 
Cyrtolophosis 
Dictyocoryne 
Detainr~l 

Detection of human antibodies 
for Acanthamoeba 

Diacronema 
Diaphanoeca 
Dicrateria 
Dictyostelium 
Didinium 
Didymium 
Didymocyrtis 
Digestive enzyme localization 
Dileptus 
Dimastigella 
Diplomonads 
Diplonema 
DNA purification 
Dunaliella 
Echinamoeba 
Echinostelium 
Eimeria 
Emiliania 
Endotrypanum 
Entamoeba, DNA purification 
Entosiphon 
Epichrysis 
Epipyxis 
Euchitonia 
Eudorina 
Euglena 

A-35 
A-28 
A- 51 
A-45 
A-38 
A-41 
A-23 
A-22 

A-22 
A-22 

A-22 

A-26 
A-50 
A-29,30 
A-29,30 
A-16,17 
A-16 
A-52 
A-8 
E-1 
A-50 
A- 51 

A-35 
C-1 

o-s 
A-15 
A-20, 66 
A-15 
A-33, 82 
A-44,92,0-1 

A-33,82 
A-35 
C-22 

A-44,93 
A-24,74 
A-70 
A-12,60 
0-3 
A-2,16,64 
A-29,77 
A-82 
A-86 
A -1 5 

A-72 
0-3,4 

A-59 
A-13 
A-13 
A-35 
A-16 
A-59 

Euplotes 
Fabrea 
Falcomonas 
Feeding rates, FLM method 
Feulgen stain 
Fibrillar systems, stain 
Filamoeba 
Fixation methods for 

Light microscopy 
Transmission electron 

Flabellula 
Fluorescently labeled microsphere 

method 
Foram In ifera 

benthic 
planktonic 

Freeze drying, SEM technique 
Freeze substitution,SEM & TEM 
Freezing, rapid, TEM & SEM 
Giardia 
Girandyopsis 
Glaeseria 
Glaucoma 
Glauconema 
Glenodinium 
Globigerino ide s 
Gocevia 
Goniomonas 
Gonium 
Gymnophrydium 
Gyrodinium 
Gyropaigne 
Haematococcus 
Hartmannella 
Hastigerina 
He Jiophrya 
Herpetomonas 
Heteramoeba 
Heteromita 
Heterotrichs 
Hexa-mita 
Hibberdia 
Histophagous 
Homalogastra 
Hyalophacus 
Hymenomonas 
Hymenostomes 
Hypotrichomonas 
Imantomia 
Imautonia 
Immobilization of living protozoa 
Immunolabelling, TEM 
Isochrysis 

A-44,92,. 

A-42 
A-6 

B-13 

C-12 
C-4-8 
A-29 

C-4-12 
C-16,17 
A-30,?7 

8-13 

A-32,80,C12 

A-35 
C-14 
C-15 
C-15 
A-69 
A-13 
A-29 
A-49.92 
A-50,93 
A-S 
A-35 
A-78 

A- 57 
A -1 6 
A-31 ,79 
A-9 
A -1 1 
A-16,64 
A-77 
A-35 
A-45,92 
A-26,73 
A-30,77 

A-27,75 

A-42 
A-23,70 
A -13 
A-53 
A-50,93 
A - 1 1 
A-15 

A-49 
A-22,68 
A-15 
A -1 5 

C-1 
C-13 
A-15 
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Isolation 
Cortical cytoskeleton 
Endosymbiotic algae from 

foraminifera 
Diatoms and chlorophytes for food 
DNA 
lambda, ~, 1t 

mtDNA from Acanthamoeba 
Tubulin free pellicles 
Xenosomes 

Isonema 
Jakoba 
Karyorel icteans 
Khawkinea 
Kinetodesmal fibers stain 
Kohler illumination 
Komma 
Labyrinthula 
Lagynion 
Leishmania 
Lepochromulina 
Leptomonas 
Leptomyxa 
Lingulamoeba 
Living protists, methods 
Lobomonas 
Lysosomal marker 
Mallomonas 
Mantonie/la 
Massisteria 
Mayorella 
Media 

A2~ 

AF-6 

ameba 
freshwater 

marine 
ASW 
Blastocystis egg 
blood agar/diphasic 
Bold's basal 
Bristol's solution 
C 
Cereal grass infusion 

CHM 
Cornmeal agar 
CTLM 
DCM 
D-iamond's 

Om 

for study 

D-2 

A-5 
A -1 
0-3 
A-4 
0-7 
D -1 
A-4 
A-12,60,D-3.4 
A-27,?5 
A - 41 
A-11,59 
C-4-7 
C-2 
A-6 
A-36,83 
A -1 3 
A-72 
A-13 
A-26,73 
A-76 
A-30,?7 
C-1 
A-16,64 
C-22 
A-13 
A -1 9 
A-27,?5 
A-30 

A-9 

A-16,19 

A-29 
A-30 
A-8,A-15 
A-S4 
A-24,A-26 
A-19 
A-16 
A-19 
A-7.12,14, 
23,24, 
27-29,42, 
44-46,48-52 
A-7 
A-33,34 
A-22 
A-6 
A-55 
A-8 

Media (continued) 
DV 
DY III 
DYIV 
E26 
E26:ANT 
EG 
enriched agar 
Erdschneber 
112-5; 
fluid thioglycollate 
GPY/10 
Haskin's Tetrahymena 
HESt\I\N 
HI 
HilLY broth 
Hutner's Euglena 
Hu1ner's trypanosomatid 
JM 
M-7 

marine flagellate 
Mansour's 
N+C 
proteose agar 
Poteriochromonas 
PYb 
PYNFH 
RP 
8 
888 
8eawater cereal grass 

infusion 

Soi I/H2 0 biphasic 

Tetrahymena 
P rese rv a ti 0 n 

Tetraselmis 
Trebouxia agar 
TGM 
TYGM-9 
VT 
wMY 

Menoidium 
Metanophrys 
Methylcellulose(Methocel"'M) 
Methyl green-pyronin stain 
Metopion 
Miamiensis 
Micromonas 
Microsporidia 
Mitochondrial DNA purification, 

unset proc. 
Monocercomonas 

A-16 
A-13 
A-6 
A-8 
A-8 
A-1 1 
A-18 
A-1,32 
A-6,1S 
A-13 
A-33 
A-48 
A-19 
A-34,43 
A-43 
A-10,11,17 
A-26 
A-16 
A-29 
A-20,40, 
A-26 
A-33 
A-18 
A-13 
A-29 
A-91 
A-37 
A-S 
A-15 

A-7,12,14, 
20,24,30, 
40,41,SO 
A-11.42 

A-91 
A-19 
A-16 
A-22 
A-23 
A-16 
A-34 
A -11 
A-50,92 
C -1 
C-9 
A-27,75 
A-50,92 
A-19 
A-89 

D-7 
A-22,68 
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Monochrysis 
Monomastix 
Monosiga 
Mucocyst stain 
Naegleria 
Nematostelium 
Neocallimastix 
Neph rosel mls 
Noctiluca 
Nolandella 
Nosema 
Nuc/earia 
Nucleic acid derivatives. properties 
Ochromanas 
Ochrosphaera 
Oikomonas 
Opercularia 
Ophryoglena 
Opis thonecta 
Orbulina 
Oxyrrhis 
Pandorina 
Paraflabellula 
Paramecium 

Paramoeba 
Paranophrys 
Paraphysomonas 
Paratetramitus 
Parauronema 
Parmidium 
Pavlova 
Pedinomonas 
Pellicle isolation 
Pentatrichomonas 
Percolomonas 
Periphytometer (sampler) 
peritrichs 
Phaeoplaea 
Phaeoschizochlamys 
Phaethamnion 
Piromonas 
Phagotrophic feeding rates. FLP method 
Physarum 
Phytomonas 
Photomicrography 
Physematium 
Plagioselmis 
Plankton sampling-freshwater 
Plasmodium 
Platyamoeba 
Platyophrya 
Pleistophora 

A-15 
A-19 
A-20.66 
C-9 
A- 77 
A-34 
A-55 
A-19 
A-9 

A-3 ° 
A-89 
A-29,77 
Dap-v 
A-13.62 
A-15 
A- 75 
A-52 
A-53 
A-52,93 
A-35 
A-9 
A-16 
A-29,30 
A-4.46. 
90. D-1 
A-30 
A-50,92 
A-27 
A-77 
A-4,50.92 
A -1 1 
A-15,63 
A-19 
D -1 
A-22 
A-27,75 
8-9 
A-52 
A-13 
A-13 
A-13 
A-55 
8-13 
A-33.82 
A-26,73 
C-2 
A-35 
A- 6 
8-4 
A-37,84 
A-29,30 
A-44,93 
A-89 

Pleurochrysis 
Pneumocystis 
Polymerase chain reaction 
Polysphondlyium 
Polytoma 
Polyromella 
Polyurethane foam samplers 
Poteriochromonas 
Potomacus 
praslnomonads 
Predatory ciliates 
Prorocentrum 
Pro tacantha mo eba 
Protargol stain, short method 
Protargol silver stain 
Proteromonas 
Protochrysis 
Protocruzia 
Protospathidium 
Protostelium 
Prymnesiids 
Prymnesium 
Pseudobodo 
Pseudocohnilembus 
Pseudoisochrysis 
Pseudoparamoeba 
Pteromonas 
Pyramimonas 
Pyrenomonas 
Radioactivity conversion factors 
Radionuclide characteristics 
Reclinomonas 
Rhabdomonas 
Rhabdostyla 
Rhinomonas 
Rhizamoeba 
Rhodomanas 
Rhabdospira 
Rhabdostyla 
Rhynchomonas 
Rhynchopus 
Rosculus 
Riboprinting, molecular approach 

to taxonomy 
Roto-compressor 

Ruthenium Red stain for TEM 
Saccamoeba 
Salpingoeca 
Sampling 

Activated sludge 
Artificial substrates(PFU) 
Freshwater plankton 
Freshwater Benthos 

A-15 
A-87 
D-4 
A-33,82 
A-17,64 
A-17,64 
8-9 
A-13,62 
A-50,92 
A-19,95 
A-44 
A-8 
A-77 
C-5 
C-4,C-6 

A-6.21.67 
A-6 
A-41 
A-44,92 
A-34,82 
A-15,63 
A-15 
A-14,61 
A-50,93 
A-15 

A-3 ° 
A-16 
A -1 9 
A- 6 

Oap-vi 
Oap-vii 
A-27 
A -1 1 
A-52 
A-6 
A-30 
A-6 
A -11 
A-92 
A-24, 74 
A-12.60 
A-29,77 

0-4 
C-1 
C-21 
A-29,77 
A-20,66 

B-8 
8-9 
8 -1 
8-2 
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Marine benthos 
Uhlig technique 
baited trap approach 

Sessile protists 
coverglass method 
Tile method 

Soil, general methods 
Soil testate amoebae 

direct counts 
Soil ciliates. 

direct counts 
Soil. species richness 

Scanning electron microscopy 
Cell preparation & Fixation 

Freeze drying technique 
POly-L-lysine adhesive 
Rapid freezing & freeze 

substitution 
Schizoplasmodiopsis 
Schizo plasmodium 
Scrippsiella 
Scuticociliates 
Sessile protozoa 

Attachment 
Staining 

Silver carbonate stain 
Silver nitrate stain, dry 
Silver nitrate stain, wet 
Singhamoeba 
Slowing protozoa 
Slime molds 
Sludge protozoa 
Soil protozoa, 

Sampling,general 
Testate amoebae, enumeration 
Ciliates, direct counts 
Species richness 

non-flooded petri dish method 
Somatic & oral infracilliature 

staining techniques 
Sorogena 
Sources of strains 
Spathidium 
Sphaeromonas 
Sphenostomella 
Spirostomum 
Spongaster 
Spongodiscus 
Spumel/a 
Stachyamoeba 

B-3 
8-4 

B-15 
B-9 
B-5 

B 6 

B-7 
8-10 

C-19,20 

C-14 
C-18 

C-15 
A-34,82 
A-34 
A-8 
A-50 

Co, ,3 
C-3,5 
C-7 
C-11 
C-8 
A-77 
C-1.10,E-3 
A-82 
8-8 

8-5 
8-6 
B-7 

B-10 

A-8 
A-43,93 
E-1 
A-44 
A-55 
A-50,93 
A 42 
A 35 
A 35 
A-27 
A-29 

Staining techniques-light microscope 
Acid phosphatase 
Attachment to coverglassess 
Feulgen 
Methyl green-pyronin 
Protargol 
Protargol, short method 
Silver carbonate 
Silver nitrate, wet 
Silver nitrate. dry 

Stemonitis 
Stentor 
Stephanopogon 
Stichogloea 
Suctorians 
Symbionts from foraminifera 
Synura 
Syracosphaera 
Taxonomy, PCR approach 
Techniques for viewing living protozoa 
Testate amebae 
Tetrahymena 

Tetramitus 
Tetraselmis 
Tetratrichomonas 
Thalassicolla 
Thigmotatic protozoa 
Theratromyxa 
TilJina 
Tokophrya 
Toxoplasma 
Tracheloraphis 
Transmission electron microscopy 

Acid phosphatase 
Freeze Substitution 
Immunolabeling 
Poly-L-Iysine adhesive 
Rapid freezing 
Ruthenium Red stai n 

Trepomonas 
Trichomitus 
trichomonads 
Trichomonas 
Trichosphaerium 
Tritrichomonas 

Trypanosoma 
Trypanosomatids 

Insect and plant 
Vertebrate 

Uronema 
Vahlkampfia 

C-22 
C-3 
C-12 
C-9 
C-4,6 
C-S 
C-7 
C-8 
C-11 
A-33,82 
A-42 
A-40,94 
A-13 
A-45 
A-5 
A-13 
A-15 
0-4 
E-3 
B-6 
A-47.48,53, 
91,0-1-3 
A-77 
A-19,9S 
A-22,68 
A-35 
C-1 
A-28,76 
A-51,93 
A-45,92 
A-38,85,D-4 
A-41 

C-22 
C-15 
C-13 
C-18 
C 15 
C-21 
A-23,70 
A-22,68 
A-22,68 
A-22,6B 
A-78 
A-22,68 

A-72 

A-26,73 
A-72 
A-50 
A-?? 
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Vannella 
Vexillifera 
Volvocids 
Volvox 
Vorticella 
Willaertia 
Woloszynskia 
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A-29,30,77 
A-29,30 
A 16,17,64 
A-16 
A-S2,92,93,D 1 
A 77 
A 8 
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