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ABSTRACT

An axenic culture ©f Qnalina obtrlaonoidea (Metcalf), 
recoverea from Rana piplena, was developed by modifying 
Kidder and Dewey8s basic medium for the culture of 
Tetrahymena gelell, A Millipore filter apparatus was • 
employed and screw-top test tubes utilized in order to obtain 
anaerobic,, ba.cteria-free cultures». The need for certain ions 
was demonstrated by omitting them -from, the medium^ - Magnesium, 
phosphorus, potassium, calciums sodium and sulfur were found 
.essentials Sodium acetate was needed as a carbon source»
The following amino acids were found neeessary for the main
tenance of the organisms 1-Arginine, 1-Histidine, d1-1so1 eueine 
l-lysine, 1-Phenylalanine, -1-Leucine, dl-Threbnine, 1-Tryptophan 
dl-Taline, and l-Oysteine» Additional amino acids, minerals, 
and certain growth factors may be. required but were not 
demonstrated due to the use of liver extract concentrate in 
the medium. The final solution contained the following; . 
magnesium, sulfate, potassium phosphate dibasic, calcium 
chloride,.sodium acetate, 1-Arginine HC1, 1-Histidine HG1, . 
dl-Ispleueihe, Irleucine, 1-Lysine EG!, 1-Phenylalanine, 
dl-Threohine, 1-Tryptophan, dl-Valine, 1-Cysteine, and liver 
extract concentrate..



mRGDTTCTIOE

The opalinids are a group of multinucleaf e ejLllates,;' 
la ©Mug a oytostome ? which are almost universally parasitio 
in the large intestine of amphibians, with but a few species 
parasitie. in fish ani snakes.

By- far the most extensive work on this large group 
of organisms has been gone by Maynari Ivh- Metcalf of Johns 
Hopkins Hniversity. In his first paper, Metcalf (1909} gives 
a comprehensive review of the literature Sealing with every 
phase of the stuSy involving the ©paliniSae. AccorSing to 
Metcalf in this review, Burkin je anS Talent ini were the first 
to use the generic name Opalina in 1855. He. also found 
Zelleres report of 18ft as "the most accurate paper written on 
the family Suring the' nineteenth century.w Metcalf did exten
sive research on the life-eyele of these protozoans anS 
SelineateS in Setail the Siscoveries of previous workers in 
the fielSj- ioei.-, Engelmann in 1875 and 1876, Bezzenberger in 
1904, Leger anS Duboscq in 1904, anS Hereshelmer in 1906 anS 
190?. ■

The galvanotaxis of these unicellular organisms was 
studied by Jennings f 1899) and by Wallengren (1903.) . Tari©us 
investigators have, been Interested in the taxonomy of the group.



among them Metcalf (1923) , Gatehby and King (1925) ̂ Ghat ton 
and Brachon f1936) s and in the last decade, Gorliss (1961)o 
The latter taxonomist has disagreed with Metcalfe s classifica
tion of the Subclass Protoeillata* Metcalf classified them 
on the basis of their nuclear dimorphism. . Gorliss (1963) has 
proposed placing the group as a new superclass in the 
Subphylum Sarcomastigophora.

Metcalf (1923) reviewed the morphology of the opalinidso 
Only a few papers dealing with this aspect of research have 
appeared since then; including those by Bhatia. and Gulati 
(192?), Ivanic (1.936) , and Brookes and Mohr (1963). Metcalf 
(1940) has also reported on the geographical distribution of 
the group, attempting to correlate their distribution with the 
pbylogeny of their Anuran hosts,

MeSonnachie (I960) has reported the latest work on the 
life-cycle of these mult inmeleate d dilates. This particular 
phase of investigation has been hampered by the lack of a 
good medium for in vitro studies of these osmotrophic proto
zoans ». These microorganisms.do not survive long outside 
their natural environment in the large intestine of Amphibia,
In water they live a few hours, in frog Ringer?s solution 
somewhat longer. Butter (1905) developed a culture medium 
consisting of 0.8 %  sodium chloride, 100 parts; 30 /C potassium- 
sodium tartrate (Rochelle Salts), 5 parts; and distilled



■ water., 5 partso la this flttiS, • a M  in the absence of free 
©xygest, opaliaits,' ii* premised .with aatrieats, wonld live 
three weeks» .

KQasuloff (192S) used Putter?s fluid and added at
i -

each change of solution either a drop of fresh or boiled 
bouillon made of frog intestinal contents, or a drop of egg 
albumen, dilution<. He maintained cultures of Gepedea dimidjata 
and Opallna ranarum for as long as three-months, changing 
them dailyo Konsuloff also suggested keeping the cultures 
in the dark so as to approximate more. nearly the normal

- Larson, van Epp, and Brooks (1925) , Larson (1928), 
and Larson and Allen (1928) , studied the reaction of 
Opaline obtrigonoidea•to various laboratory media,'including 
Patterns, Lockees, and Ringer?s solutions., to which were added 
egg albumen or blood serum for nutriment<> They arrived at the 
following conclusions: ■

lo' The addition of egg albumen or blood serum to ..
any .of the more generally used laboratory media
considerably increases survival; time in the 
mediao ' .

So Putter?s solution with the addition of blood 
serum was found to be the most efficient in 
terms of survival time» The addition of egg 
albumen did not increase the survival time to 
as great an extent as the blood serum, but it 

, did increase it beyond a non-enriehed Putter^s 
solution̂ , - - _

So The capacity of ©palinids to survive in Locke®s
medium, was increased several hours by the addi
tion of blood serum or egg albumeno



4o The addition of either egg albumen or blood 
serrnn did away with the need to retain the 
rectal wall or part' of its contents in the 
culture o This reduced the bacterial count - 
a very important factor in any kind of 
culture work, - 

S» Subculturing the opallnids every 24-48 hours.
made it possible to maintain a culture for
about a month, depending upon the condition 
of the cultureo - . - •

Lwoff and Talent ini. (1S4B). attempted to free Gepedea ••
dimidlata from bacteria by_ repeated washings;<>. They prepared
cultures in a medium consisting of sodium chloride, 4 grams;
magnesium sulfate, 0«1 gram; potassium sulfate monobasic, 1
gram; purified gum arable, 10'grams; and distilled water, 1
litero Eztraet of. frog liver, yeast extract, beef extract,
peptone, and either cysteine hydrochloride or Titamin 0 were
added to the medium. The organisms were cultured through 15
transfers, becoming as numerous as- 13Q organisms per eo,

Tang and Bamberger (1953} used a medium, first developed
by Boeek and Drbohlav (1935) for the culture of Entamoeba
histolytica* The medium was composed of two portions; a solid
egg slant, and a liquid overlay,, consisting of-the following?
sodium chloride, 4 grams; sodium phosphate dibasic,. 3 grams;
potassium phosphate monobasic, Q»5 grams; potassium chloride,
0*3 grams; calcium chloride, 0*03 grams; - magnesium sulfate,
trace; sodium carbonate,. 0.4 grams;, and enough distilled water
to make 1,liter. Human serum and bacitracin, penicillin, or
dihydrostreptomyelh sulfate were added. Subculturing was done



at 48 g 72, or 96 how internals dlepending on the a bund an ee of 
the opalinidSo ■

A more convenient method was. developed by Tang (I960) <, 
It contained the same salts as were used in his previous work^ 
however9 liver eoneenfrate (Wilson*s) was also ineluded»
Before inoculation.with the.opalinids, 0.1 ml. inactivated 
human serum was added to each test tube. Subcultwing was done 
weekly or biweekly.

McKinnon and Hawes (1961) maintained 0_» ranarum on 
Bdeck and- Drbphlav8s medium for three months and Observed 
plentiful division of the organism.

The purpose of the present study is to develop an 
axenic and anaerobic medium for the culture of opalinids which 
might facilitate life-eycle studies and the search for a 
completely chemically defined medium. The opalinid used • .
throughout this experiment was 0. obtrigonoidea.



MATERIALS AH) METHODS ■

Qpalinicls from the rectum of Rana piplems were used! 
throughout the study» Hosts were obtained from three Idea
lities? lo from S» Bo Steinhllber and Go. Ine», 102 Josslyn, 
'Ofhhoshj Wisconsin̂ ; 2= from Jo M» Hazen and: Coo, Alburg, 
Termontj. and So from the vicinity of Mesa, Arizonao Altogether 
63.frogs were examined,. 41 males and 32 females = Only 1? were 
found heavily Infected with the opalinidsj 11 males and 6 
female So 01 obtrigonoidea was found in the rectum of the .. 
anurans from -Vermont and those from Mesa. Only one frog from 
Wisconsin was found infected but•the species of epalinid was 
not determinedo Gpalinlds from. 14. Arizona frogs were the only 
ones used in these experiments» The frogs were pithed, the 
rectum #lokly removed and placed in a sterile Watch glass 
containing.frog Ringer^s.solution, where it was teased open*
If the animal, was infected, the opalinids would swim out and 
they, with the aid of a dissecting microscope, could be easily 
identified by their characteristic spiral, motion* The 
organisms were washed several times in frog Ringerrs solution 
before serving as the inoculum* This procedure insured a - 
minimum carry-over of the original rectal contents*’

The amino acids and growth factors, including the liver



extract concentrate^ were obtaineS from 3Sutritional Bio- 
ctiemieals of 'Gaerelana, Ohio. The following chemicals were 
supplies hy SallinekroSt Chemieal Works of Hew York: 
magnesium sulfate,, potassium phosphate dibasic, eupric 
chloridemanganese chloride, ginc chloride,, and sodium 
acetate. • Galcium chloride,.'ferric chloride,, ferrous ammonium 
sulfate, and dextrose were obtained from J. T. Baker Chemieal
Co. of Hew Jersey. -

s ‘ .

All glassware utilized was washed and rinsed three 
times with distilled water and all equipment was-autoclaved 
before use. The media were prepared in 1000 ml. lots using a 
Beckman ohaimomatio analytical balance and distilled,, 
de-ionized water. Each solution was then agitated and warmed 
for approximately fifteen minutes on a hot plate, then 
sterilized by filtering through a sterile Millipore filter 
of pore size 0.45 microns by vacuum. The filter flask was 
attached to a vacuum pump by means of a rubber hose. The 
filtered, baeteria-free solution was them poured into sterile 
15 x 185 mm.,Byrex screw-top test tubes. Using these tubes 
made anaerobic conditions possible. Approximately 4 ml. of 
solution was placed in each "tube before the tubes were 
inoculated by means of a sterile pipette. The tubes were kept 
at room temperature and were read by being emptied into sterile 
watch glasses and observed through the dissecting microscope.



EXPERIMEHTS M D  RESULTS

The basic enltuze medlum msed/in this study was the 
original one utilized by Kidder and Dewey (IMS) in the 
culture of Tetrah.yrn.ena geleil with the following except ions s 
instead of protogen, liver.extract concentrate was used in 
the concentration of one unit per siliil.iter of solution, 
as suggested by Elliot (1949)» The formulation of the modified 
medium is shown in Table 1=

Six tubes of the basic medium were prepared and each 
was inoculated with 12 opalinids = Relatively high concentra
tions of the microorganisms were used, since the, results were 
more consistent and could be read much sooner. The first tube 
was inspected after 24 hours had elapsed, and it was:re- 
inspected every 24 hours for the next five days. The. second 
tube was inspected after 48 hours and again every 24 hours for 
the next four days. The third tube was inspected after ?2 
hours and again every 24 hours for the next three days. The 
fourth tube was inspected after 96 hours and again every-24 
hours for the next two days. The fifth tube was inspected after 
120 hours and again the next day. The sixth tube was inspected 
on the sixth day after inoculation of.the tubes. This procedure

.8



TABLE 1
eOMBLETE MEDimt

Amimo aei&s 
l-AEginine HOI 165l~HlstiSine HOI . 66
dl-lsoletielne. 215l-l.emelne 2471-Lysine 101 196.
d 1 -He til io nine 214
l^HHenylalanine 110
ai-Thre©nine 238' .
1-Tryptophan 60
dl-Valime 96
Sl-Serine .. 3171-Olu.tamie; acid 233
1-Aspartie acid ' 61. Glycine , • 5
dl-Alainine 551-Proline 175
1-Hydroxyproline ■ 751-Tyrosine 67
1-Cysteine 5.5

Gar "bon source ‘
Dextrose 1,000
. SodinBL acetate . 1,000

. Growth factors
Ca. pantothenate. 0.10
nicotinamide . 0.10
Pyridoxin© HOI 2.00
Riboflavin 0.10
Pteroylglutami e.acid 0.10
Biotin 0.0005
Thiamine H01 1.0
Choline 01. 1.0
Liver ■ extract eone.. . 1.0
Yeast nucleic acid. 100

Salts
HgS04 • 7Hg0 ■ 100TToTTPÔ 100
Gaels » 2E&0 • 50
Fe{HH4} g(S04}2 » 6H20 25
GuGlp ... 2H„s0 5
FeGlg • 6H20 ' 1.25
MnGls «• 4H20 .05
SnOls .05

*A11 amounts are given in micrograms per ml. of final medium.



was carried out three, times. Each time the opaliniSs. were 
found to he more numerous than before* The results , of this 
experiment are shown in Table-2.

The opalinids reOovered from the preceding experiment 
were then subcultured following the same method. The results ; 
are shown in Table S. • 1

The components of the basic medium were then removed'
one by one in order to determine, with the use of the afall--
able equipment, and materials, the requirements for maintain- !
ing life. Each new solution was poured into four test tubes
and each tube was. examined in the same manner as before. The
first sign of death of inactivity on the part of the eiliates
was .a peculiar ^balling up®, -that is,, the organisms became
almost perfect spheres. The results of this series of -exper-

- - ' iments are shown in Tables 4 and 5.
A final solution was prepared- containing the salts, 

amino acids, and the liver extract concentrate found necessary ' 
for maintaining the organism alive. Zour tubes were prepared, 
each containing 4 ml. of the solution. Opalinids were placed 
in the tubes and each tube was examined exactly as had been 
done earlier. At the end of the fourth day, the eiliates 
were still active in the medium.. This experiment was carried 
out three times. The results are shown-in Table 6. The com- ' 
ponemts of this final, partially defined medium are shown in 
Table 7v ,
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GROWTH 
Culture H@o

Tube 1 

Tube E 

Tube 5 

Tube 4 

T ub e 5 

Tube 6 '

T IMS S
01' OPALIHA QBTRIGOHOXBm IF BASIC MEDIUM

Fo» of ©rgaulaiis .Day Post Inoculation,
laoeulaSed FOo of Organisms Present

1 E • I 4 5 6
IS 15 15 19 19 32

12 14. 17 18 25 25 26
14 16 16 20 22 25

14 15 18 20 25
12 15 18 21 21 24

15 19 19 25 25
14 17 17 :. 20

12 17 19. 20 25
17 21 22 26

15 18 22
12 25 ,25 25

20 25 .25
20 24

12 20 24
81 24 ,

21
12 24

25
Total B©».of Organisms . •
Are rage increase of indiiri duals per tube

424
11.5



. IS

EABEE. 3
SUBOULTUHE OF OPALIHA QBTRIGOMO IDEA IF BASlGt HE1IES

Gmlture Ho * Ho» of Organisms Bay Post Inoenlatiom,
Inoenlated Hoc of Organisms Present

■______;    1 . 2  3 4 5 • 6
' ! . 22 M  28' 31 34 45 W ~ ~
fttbe 1 26 - 28 35 34 39 42 44

25 27 29 32 32 39 42
23 29 30 .35 39 43

?mbe 2 " 24 • 30 33 41 42 47
25 28. 34 35 41. 44
20 . 35 • 3? 40 46

Tube 3 . 23 31 39 4.4 48
26 32. 37 38 41
22 37 43 45

Tube 4 25 - 40 46. 49
' 25 '. 31 35 42:.
24 40 47

Tube 5 24 45 51
24 40 43
21 ’ - 46

Tube 6 24 4.9
23 47

Total Ho® of Organisms
Average increase of individuals per tube

823
22,2
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TABES’ 4
11SULTS OF SXPEB1MMTS BEMO'OTG OBGMIO COMPOTHDS 

. ’ . FROM THE BASIC- MEDIUM
Organic: Culture Ho,
Compounds

Ho. of Organisms Bay Post Inoculation,
Inoculated Ho. of Organisms Present

1 2, 3 4
1-Arginine HOI Tube 1 12 12 9 6 5

2 12 f 5 2
$ ' 12 none none
4 ■ 12 none

1-Hist Mine HC1 Tube 1 12 11 f ' • 5 2
2 12 10 4 . none
5 12 . . 3 none

- * 4 . 12 none
dl-Iso leucine Tube 1 12 12 10 7 4

i 2 , 12 f 5 1
. s 12 2 none
4 12 none

1-Leueine Tube 1 12 10 7 5 2 '
2 12 . i. § 4
5 12 3 none
4 12 none

1-Lysine HOI Tube 1 12 11 7 5 1 .

2 12 11 5 2
5 12 . 4 none
4 12 none

dl-Zetiiionine Tube 1 . 12 12, .12 13 14
2 12 12 : 13 15
3 12 13 14 •
4 12 15

1-Phenylalanine Tube 1 12 ' ’ 12 f 6 5
2 12 8 5 . 1
3 12 2 none
4 12 none

dl-Threonine Tube 1 12 11 9 6 4
2 12 11 7 2 :
3 .12 , s. 1
4 12 none
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TABLE.4 feont»)
' Orgsm..le Guitare Noo Ho» of Grganisas Bay Post Inoculation^Gompounds Inoculated Ho. of Organisms Present- . ■ 1 2  3 4
1-Tryptophan Tube 1 12 11 9 9 3

.2 '12 • 6 4 2
s 12 none none
4 12 . none

Sl-Taline Tube 1 12 12 9 § 5 •
2 12 7 5 1
3 12 none none

• 4 12 none
dl-Serine Tube 1 12 12 12 15 15

2 12 12 14 16
- 5 12 12 14

4- 12 14
1-Glutamic Tube 1 12 13 15 16 19
acid. 2 12 14 14 .16

• 3 12 17 18
4 12 . 17

1-Aspartic Tube 1 12 .; 12 16 . 18 18
acid 2 12 • 15 16 19

5 12 15 17
' 4 12 20

Glycine Tube' 1 IS 15 15 16 20 /
2 . 12 14 15 17
3 12 1.7 19
4 .12 21

dl“Alanine Tube 1 12 12 12 17 19
2 12 12 15 19
3 12 13 16
4 IS 18

1-P ro line Tube 1 ' 12 13 15 15 18
2 .12 • 15 17 20

. 3 12 18 18
4 12 19



1©

TABES 4 Ccon-tu)
Organic. Culture No» So®, of Organisms Day Post Inoculation,
CompounSs Inoculates So*, of Organisms Present

l . S  S 4
1-Hydroxy-'' • Tube 1 12 12 14 15 18
proline ' S 18 13 16 17

S 13 19 21 .
4 12 20

1-Tyrosine Tube 1 12 12 14 16 19
3 12 12 12 15
3 18 14 16
4 12 16

l-Cystelne Tube 1 • 12 . 11 .9 8 5
3 . ' 12 10 8 4
3 12 ' 4 1
4 18 none

Dextrose Tube 1 12 12 13 14 16
' 3 12 12 12 14
3 12 12 14
4 18 15

SoSium acetate Tube 1 12 11 9 4 3
8 12 7 5 1' ' • 3 12 2 none
4 18 • none

Calcium Tube 1 12 12 14 15 18 .
pantothenate S' 12 18 16 17

3 .12 15 16
4 12 . 20

Sieotinamide Tube 1 18 18 14 14 18
2 18 - - 13 15 17
3 18 13 13
4 12 17

PyriSoxine HOI Tube 1 12 13 14 17 81
2 12 15 17 19
3 12 19 22
4 12 . 21



M I S  4 (eon.t»)
Organie Culture Ho a Ho. of Organisms Day Post Inoculation,Compounds Inoculated Zo» of Organisms Present1 S S 4 .
Riboflavin Tub e'1 IE .13 13 16 18

2 IS 17 SO 22
5 IS 17 19

- 4 ; IS 30
Pteroylglut amie Tube 1 IS IS 13 16 SO
acid 2 IS 13 13 16

5 IS . 15 18
4 IS 19

Biotin Tube 1 IS IS 14 14 17
S . is 13 16 17
5 IS . 14 15
4 IS 19

Thiamine HOI Tube 1 ■ IS 13 14 17 18
2. IS 15 18 19
S 13 15 17
4 . IS 16

Choline 01o Tube 1 •13 14 14 18 SI
2 . , IS .17 18 33
3 13 17 19
4 IS SO

Yeast nucleic Tube 1 IS IS 18 18 SO
acid 2 is IS 14 16

3 is 15 17
4 is. 31

liver extract Tube 1 13 . 8 5 1 none
concentrate 2 IS 3 none none

3 13 none none
4 13 none



V?

m i s  5 :
RESULTS OF SLPM1MENTS BMOTIZU IMORGMIO COMPOUNDS

FROM THE BASIC MEDIUM
Inorganic Culture Bo. 
Oompounds .

Bo. of Organisms 
. Inoculated

Day Post Inoculation,
Bo. of Organisms Present

1 2 : 4..
1 12 11 11 9 4
3 12 7 5 2
5 12 none none
4 , ■ 12 none
1, 12 10 7 5 5
2. 12 7 7 3
3 12 none none
4 12 none
1 12: 6 4 4 1
2- 12 5 3 none
3 12 none none
4 12 none
1 ‘ 12 12 15 15 19
a 12 12 ' 13 18
3 12 15 17

18
1 12 13 13 16 19
2 12 14 14 16
3 12 14 17
4 V 12 15
1 12 12 13 15 17
2 12 12 12 16
3 12 14 16
4. 12 15
1 12 13 14 18 18
3 . 12 13 14 17
5 12 ' 16 19
4 12 17
1 12 12 12 Is 18
2. 12. 12 - 15 19
5 12 14 .17
4 12 18

FeClg ° 6HgO

MnClg » 4H20

ZnClg



; GROWTH OF 
Omit Tar e Noo

Tube 1 

Tube 2 

Tube 3 

Tube 4

•TABES 6
OE&LIH& OBTRigOSOIEM IN PARTIALLY DEFINED MEDLtM

Noo of Organisms Day Post Inoculation,
Inoculated . Mo. of Organisms Present

1 S 3 412 12 1.3. 14IB 12 15 13IS 13 15 15
13 14 15IS 14 1413 14 14

15 15
14 1414 14

14
JLQ

14

Total Hoo of Organisms
Average increase of individuals per tube

167
2.



TABIZ f
GOFiPOHEHTS ©Z EBTiL. EEBUH*

GaGls » 2H2©
Sod1 ima acetate ■ 1
1-Arginine HC1
l-Eistiding HOI
dl-Isoleneine
1-ieneine
1-Iiysine HG1
1-Phenylalanine
dl-Threonine ,
1-Tryptophan
Sl-Taline
1-Gysteine
liver extraet cono<>

ISO
100
50
000
16S
66

SIS
247
196
110
258
60
96
3.51.0

*A11 amounts are. given in mi ere grams 
per ml. of final medium..



- DISCUSSIOE OF RESULTS '
' ■ *

Wtil reoentlys cillates had been grown only in 
broths of nnknown chemieal eomposition<> This east ̂ ranch doubt 
upon the dependability of oonelnsions concerning basal food 
reepirements ■» The deirelopm.ent of almost completely defined 
media for-a few of these protozoans has changed this situa
tion » Since these microorganisms are similar to bacteria in 
the ease with which they can be handled and in •their rate of 
growth, they.offer material for studying animal metabolism 
under conditions which can be controlled to a degree not 
attainable in higher organisms» Furthermore, accurate control 
of the food supply favors their use in the search for new 
vitaminsj as in the case of the discovery of protogen by 
‘Stokstad et» al° (1948) - a growth factor which may prove to 
be a . fundamental requirement of all animals.. To the . parasitol
ogist *, parasitic protozoa in an axemlo culture offer unpre- , 
cedented opportunities for correlating metabolic activities 
and differences of parasites with the nature of.the parasitic 
habit as.well as parasitic susceptibility to■ehemotheraupetic 
agents (Hall, 1955},

The first e ill ate to be. successfully cultured in the 
absence of ail other microorganisms was Tetrahymena geleii



(Eiaaer and Bewey, 1945) » from this; beginning,, much infor
mation has heen gained. Today it is the only animal which 
can he grown nndar rigidly controlled, aseptic conditions in

of its synthetic capacities is available. This is the reason' 
why the basic medium for the culture of Tetrahymena was chosen 
for this study.

Hot too much is known about the qualitative and 
quantitative mineral requirements of the protozoa, for this 
group in general, certain metal requirements are related to 
particular enzyme systems where they may be either integral 
parts of enzymes or "activators” whose function is not com
pletely understood. Hence, it is possible that certain 
mineral requirements may vary quantitatively and perhaps 
qualitatively with the use of different substrates (Hall, 3.955) .

In the present study, the technique employed was 
adequate to indicate only the qualitative requirements of 
certain metals. The need for certain ions was demonstrated
by simply omitting them, from the medium. Magnesium, a com
ponent of carboxylase, was: required, and may be a general 
requirement of all protozoa. Phosphorus in the form of the 
phosphate ion was needed and may be a general requirement 
for the phosphorylation of metabolites and vitamins. Potassium 
was also required and may be needed in certain phosphorylations.

a completely chemically defined medium. Thus, a clear picture



Galeitaa is obviously essential for opalinids and may also 
be a general requirement for all protozoao A need for 
sodium has,apparently been shown» Sulfur, constituting part 
of several vitamins and amino a elds is supposedly "essential.
Ike need for iron* eopper* manganese* nine* and chlorine could 
not be shown * but may not be significant, since these elements 
could be.present in sufficient concentrations in other portions 
of the basal medium. •

• Ho vitamin requirements were observed* presumably due 
to the use of liver extract concentrate* which contains, among 
other things * the B complex vitamins„ Therefore* this ciliate 
could possibly require one or all of the water soluble 
vitamins included in the liver extract portion of the medium* 
if such vitamins were present in adequate amounts. According 
to one source* all ciliates will eventually be shown to re
quire thiamine in their diet under ordinary conditions (Bourne 
and Kidder,' 1955) * Kidder and Dewey (1948} used protogen in 
their experiments with Tetrahymena and eliminated the addi
tion of liver extract, concentrate to their cultures» It would 
be.interesting to determine the•vitamin requirements of ©» 
obtrigonoidea using the same, technique.

Ho nucleic acid requirements were observed in this 
study, perhaps also due to the use of liver extract eohcen- 
tratBo ■ •



. Insofar as ear Why dr at e metabolism, is cone erne d,
£» obtrigonoldea does not.require the addition of dextrose 
to the medium, but does need sodium acetate« Perhaps this 
Organism is able to ..deaminate amino acids with the subsequent 
production of.ammonia and a fatty acid. An amazing thing 
.about previously studied dilates is their inability to 
utilize sucrose; this most common of sugars seems to be inert 
nutritionally (Bourne and Kidder, .1953}» In earlier studies 
fatty acids were routinely employed, but showed no evidence 
of being utilized (Kidder and Dewey, 1948)» These were not 
included in this experiment due to their troublesome opal
escence. Choline, a compound lipid, was included, but was 
not shown to be a requirement„
; In the media used it was found that the following •
amino acids were necessary to maintain the organism: 1-Arginine
1-Histidine, dl-Isoleucine,'l-Leucine, 1-Lysine, 1-Phenylalanine 
dl-Threonine, 1-Tryptophan, dl-Valine^ and Cysteine. Apparently 
Glycine, dl-Hethionine, dl-Serine, 1-Glutamic acid, 1-Aspartic 
acid, dl-Alanine, 1-Proline, 1-Hydroxyproline and 1-Tyrosine 
are not essential, but one or more of them could be present as 
constituents of the liver extract portion of the. medium. It 
is doubtful if 1-Glutamic acid, 1-Aspartic acid, dl-Alanine,. 
1-Hydroxyproline, or.1-Tyrosine will eventually be found to 
be essential in a defined medium, since they'have not been 
found either essential or stimulatory for any invertebrate
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tlras t&i investigate# (Bomrme and Kicliers. 1953} » This. is not 
the ease with Slyeine» dl-Methionine, ai-Sezine,.or 1-Proline. 
Glycine has been shown essential for'Trichomonas foetus. while 
d1-Methionine has been found necessary for•T. foetuse 
Tetrahymena geleii. Glaucoma scintillans. Trlholium confusum. 
and Attagenus sp. dl-Serine has been found essential for the 
growth of T* ■.foetus and T. geleli„ while 1-Proline has been 
found necessary for the growth of T. foetus and S. scintillans 
(Bourne and Kidder,. 1955'} . ’

In comparing the results of, this study with the results 
of other investigators culturing opalinids, it is found that 
the mineral requirements agree with those of Putter (19(35) 
and Konsuloff (1928), except for the absence of magnesium in 
their cultures. These two workers added complex broths to 
their media for nutriment. The result was not defined and not 
axenie. . . v

Larson (1928). introduced the addition of blood serum 
or egg albumen to her cultures with a resultant increase in 
the longevity of the organisms. If egg albumen is broken down 
into its constituents amino acids, it is found to be made up 
of the followingi Alanine * Valine, Leucine, Isoleueine, 
Aspartic acid, Glutamic acid, Proline, Phenylalanine, Tyrosine, 
Cystine, Arginine, Histidine, Lysine, and Tryptophan (Best and 
Taylor, 1961). Human serum contains no Alanine, but contains 
-all the aforementioned amino acids plus Amide H, Cysteine, and



Glycine (Giese ̂ 1962)0 Since Larsen 11928) found that her 
cnltures lived longer with the addition of human serum than 
with the addition of egg albumen3 perhaps the presence of 
one or both of the last two named amino acids is the cause' 
for the greater longevity of the opalinids. Howevers these • 
amino, acids may not be absolutely essential for their 
maintenance,

Lwoff-and Talentini (1948) were not sure of having 
baetaria-free cultures$ and their cultures were complex brews» 
Yang and Bamberger (1953) added to their medium both human . 
serum and whole'eggs, but an antibiotic was needed to combat 
the invading bacteria, Yang (1960) removed the eggs and 
added liver extract .concentrate» According to. him, the liver 
concentrate medium was a poor breeding ground for bacteria 
and no antibiotics were ..necessary as long as sub Culturing was 
practiced weekly or biweekly. There was contamination with 
small flagellates and they eventually crowded out the epalinids 
(Yang, 1960) » , •

.. McKinnon and Hawes (1961) made no attempt to obtain 
anaerobic conditions and the medium was susceptible to bacterial 
contamination, ■

The results of this investigation indicate there is 
still much work to be done in culturing this protozoan. As 
of today, no completely chemically defined medium has been 
found, since various workers have had to include yeast extract,



.peptone, blood, serum,- ,egg albumen or liver extraet ©on- 
eentrate in their cultures,. This procedure brings in. many 
unknown fact or s „ As mentioned previously, the use of proto gen 
may simplify the search for a completely defined medium by 
defining the vitamin requirements» The Millipore filter 
apparatus was used to obviate autoelaving certain heat-labile , 
substances« This apparatus has been found to make the culture 
truly axenie and no further problems with bacterial contamina
tion are foreseen in future studies.
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