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ABSTRACT

An axenic culture ‘of Opalina obtrlgonOLdea (Metcalf)

recoveted from.Rana piplens Was developed-by;modlfying

_Kldder aad.Dgwey s basic medium for the culture of

Tetrahymena geléiip_ A Millipore filﬁer apparatus was

: em@loyéd:aﬁd'scréw~$op test tubes utilized in drdef to obtain
“'anaerobic bacteria—free eulture‘:.‘The-need for ceridain ioné

- was demonstrated by omltting them from.the medluma,?Mégnesium :
phosghorub, pota351um calelum9 sodlum and sulfur were found
.essentiale. -Sodlum acetate was neﬁded as a carbon sourceoi

The follow1ng amlno a01ds were found: neoessary for the main-
tenance of the organlsmf 1~Argln1ne ﬁdlstldlﬂe d]—Isoleu61ne
1—Lysine, 1~Phenylalan1ne 1eLeucine, dl¥Threbnine, 1-Tryptophan4
dléValiné, and lfCJStelﬂeé Additional amino acidss‘minerals,
énd’oertain growth;factors may'be.reqﬁired but were not -
aeménstfated dgs;t6'the use of liverjextract'eonceﬁﬁraﬁe in
the mediuﬁo ”The finél'solution contained the'follqwing:
magneéium,sulfate> potassium phosphate dlba51c Acélcium
chloridg,_sodium.acetaue, l-Arginine HCl l-Hlstldlne ‘HC1,
gléispleuciﬁé »1~Leﬁciﬁe 1-Lysine HC1, 'l-?henylalanine,
dluThiécnine; l-Tryptophan dl~Vallne l-Cysteine, end liver

extract concentrateo_'



'INTRQDUCTION

The opalinlds are a group of multinualeaﬁe clllates
. lacklng a cytostome Whlch are - almost unlversally para31tlc
~in the large 1nﬁestine of" amphlbians Wlﬁh but a few SpeGleS
_para31tlc in fish and snakeso

By far the most exmen31ve Work,on thls large group
of organlsms has been.aone by Maynard M@ Metealf of Johans _
,prkins‘&n}versltyg In his first paperg Metcalf (1909} gives
a comprehensiﬁe reviéﬁ of_the litérature dealiﬁg With‘évery-
:phase of_thé;sﬁudyfinvolving,the Opalinidese. According té':
Motcalf in this review, Purkinje and Valentini were the first
$6 use the generic name Oéﬁlina in 1835, He also found |
VZeller?s report'bf‘lS?? és "the most ae@ufate'papervwritten-on
che family during thefginatéenth‘éeﬂturyo“ Métqalf did exbten~
sive researeh on the"life—eyéle of thesé 5rotezoans and
delineated in detail the discoverles of prev1ous workers in
the field;. aeoé Engelmann.ln 1875 ‘and 1876, Bezzenberger in
1904, Leger and Dubosca 1n‘1904‘ and Nereshelmer in 1906 and

.19@7° :
The galvanoﬁaXls of these unleellular organlsms was
"sﬁvdled by Jennings (1899} and by ﬂallengren,(lQOE) Various

1nvestigatorq have bean,lnterested 1n the taxonomy of’the group9



among them Metealf (1923), Gatéhby and King (lQZS},:CﬁattOn
and Brachon (1986), snd in the last decade, Corliss ;(-iéen o
The 1attér tagonomist has diéagreedtwith Mbtcalfés classifica~
tion of the Subclass Protociliata. Metcalf c1a351f1ed them
on the basis of their nuelear dimﬂrphlsmo, Corllss C1965) hes
.proyosed placing the group as a neW superclass in the
SubphylumSareomastlgophorao |
‘Metcalf (1923) reviewed the m@rph@logy of the opallnldso

Only a few papers deallng with thls aspect of research have .
‘appeared since then; including those»by Bhatia and Gulatl
| (1927), Ivanié (1936), and Brookes and ﬁbhf (1963) - Metealf
(1940) has also reporﬁed on the’ geographlcal distrlbutlon of
the group, attempting to correlate thelr distribution with the
phylogeny éf their Anuran hostso _

| Mp@o@nachie (1960} has reported the latest work on the
-life«éyele of these'multinucleatéa oiiiaﬁeso ThlS partlcular
phase of 1nvestigat10n.has been ham@ered by the lack of a
- good medlum fpr in vitro studies of:thase osmotrophlc'proté;
zoans. These midroorganisms do not sur&ive leng oatsi&e
fthelr natural envlrenmeni in the large intestlne of Amphlblao
In Water they llve a few hours in frog Ringer s solution
somewhat longer@ Puﬁter (l9®5k developed a culturevmedlum
'-éon'si sting of 0.8 % sodium _c.hléride, 100 parts, 50 % potassium-
sodium ’a’a'r_’c.rat-e (Roehelle Salts), 5 parts; and aistilled



‘waterg_slpartso In‘this'fluid2~and in the absence of free
oxygen. opalinids,~if provided with zm’-t:J'-.':«'_en'l;sl9 would live
three Weekso | | . B o
KOnsuloff (1922] used Pitter’s fluid and added at
each ehange of solutlon elther a drop of fresh or b01le6

beuillon made,of frog 1ntest1nal_con.tents2 or a drop of egg

albumen dilution. He mainteined cultures of Cepedea dimidiata

and Opalina faﬁarum.for as long as ﬁhrée“m@nths ehanglng
_them.dailyo KOnsuloff also suggesteé keeplng the cultures
in the dark so as to_appreximate mare,nea:ly the normal
surreunﬁlngso |

" Larson, van.Epp9 and Brooks (1925) Larson’ (1928)
and Larson and Allen (1928) ‘studied the reactlon of

Qpalina'obtrigonoidea~te variows laboratory medla,‘lngluﬁing

Pﬁtter?s Locke'®s ‘and Rlnger s solutlcns “to which were added
ege albumen or blood serum for nutrlmento They arrivedfaﬁ the
follow1ng eenclusian5°»

1. The addltlon of egg’ albumen or blood serum to
any of the more generally used laboratery media -
cen51derably 1ncreases survival time in the '
mediz.

2, Putter’s soluﬁlen.w1th tne addltlen of bkloed
serum was found to be the most effieient in
terms of survival time. The addition of egg
-albumen did not increase the survival btime to
as great an extent as the blood serum, but it

. 4id inerease it beyond a nan—enrlched Putter s
solution..

3. The eapacity of @pallnlds to survive in Locke's
medium was inereased several hours by the addi-
tion of blood serum or egg albumens



4. The additien,of eiﬁhef"egg'albumen‘or’bléa@ ,
serum did away with the need to retain the
rectal wall or part of its contents in the
culture. ‘This reduced the bacterial count -

a very important - faetor in any klﬂd of -
~culture work. -

5. Subeulturing the opalinids every 84~48 hours
made it possible to maintain a culture for
about a month, depending upon the condltion

#of’the culture° -

Lwoff and Valentlni (1948) attempted to free Cegeéea :

>dim1d1ata from:ba&terla by repeated Washingso They prepafeé

eulﬁures in a medlum.e®n81st1ng of sodium &hlorlde P grams;

magnesium sulfate Q. l grams pota351um sulfate mpnobasie 1

graM° purlflea gum.arabie 10 gram3° and dlstllled Water 1

"‘ll‘serl° Extract of ?reg liver, yeast extract beef exﬁracﬁ

peptone, and elther cysteine hydrochlerlde or Vitamin € Were

added to the medium. The organisms were eultured through 15

transfers becemlng as numerous as 120 organisms per ce.

Yang and Bamberger (19552 used’ a medium first @evelooed
by Boeck and Drbohlav (1925) fqr the culture of ggggggg@gv

~ histolytica. The“mediﬁm was composed of two portions; a s0lid

egg slanﬁ‘ and a liquld averlay e@nsistlng of the follow1n g
sodiﬁm»ehlarlde&_é_grams, sodlum.phesphate dlba51c 2 grams%
poﬁéssium.phesphate.mp#obaslc Q.3 gramS° potas31um chlorlde
0.2 gramsw‘ealeium.chlorﬁde: 0. 02 gvam3° magne31um.sulfate
tréee; soalum earbonate O 4 gramsw and enough distilled’ Water'
:ﬁo make 1 liter. Human gerum and baeluracln penlclllwn or

dihydrostréptomyeln sulfate were aadedo Subculturlng was done



' 7 5
at 48, 72w‘6r 96'houf intervals dépéﬁding.on t.he abundance of
the opalinids° | ‘ »

A more convenient method was develeped by Yang (1960)
It oonﬁalned the same salts as were used in hlS prev1ous WOTK*
however, liver conoenﬁrate (Wllson s) was - -also included.
Before inoculation with the_qpallnlds, 0.1 ml. inactivated’
 human serum was added to each ﬁéét.tubeo Suﬁéulturihg was done
4_Weekly or blweeklyo~ ‘ |
McKlnnon and Hewes (1961) malntalned 0. Tenarum on
Bdéck and~brbohlav s medium for three montns and observed
tfplentiful dlv1s1on of the organlsmﬁ”
The purpose of the present study is %o develop an '
' axegic-and anaerobic medium for the aulture oflopalinlds_whieh
might facilitate life-cycle studies and the search for a |

.complefely chemically defiﬁed medium. The'opalinid'used,

throﬁghodﬁ this experimentlwas Q. obtrigonoidesa.



MATERTALS AND METHODS

Opaliniﬁs from the reqtum,of'Réna‘pipieﬂs Were_ﬁse&
'throughOHt the study. Hosts were obtainéd.fﬁdm.three ldea;
1ities: 1. from E. G. Steinhilber and Go. Inc., 102 Josslyn,
‘Oshkosh, Wiscoﬂsiﬁ; R from.;?'M;'Hazen and Co°,‘Albnfg,
Vermont, and 3. from‘the'vicinity of Mbsa;,Arizonéo Alﬁogeﬁher
 83.frogs were examinedy 41 males and Zzhfemalese -Onlj:l7‘Were

found heavily.infécted;with-the Qpalinids;'iivmales_ané 8

females. Q. obtrigonoidea was found in the récﬁum,of %he

-anurans-frompvérmont~énd'those 'f.x',om.vlifl.ie.sei.,t 'Only'oﬁe fﬁog'frdm
Wisconsin was Pound infabte& but . the species of opalinid was 7'
not determined. Opalinids from 14 Arizona frogs were the oﬁly'
ones used in thése‘experimﬁnts; bThe froés were pithed, the
'fectum quickly removed and p;aeed;in a ste:ile'waﬁéhAglass
Qontaining.frog Ringer's solution, where it was teased open. '
If the enimal was infected, the opalinids would swim out and
ﬁhéyy‘with the aid of a dissecting ﬁicros&bpe,:cduld be easily
;iQenﬁified~by'théir charaeteristid,spiraljmoﬁionnA Thaf'
'oﬁgaﬁisms Were‘wéshed'several times in,frbg.Riﬁggr?sfsoluﬁipn 
“'befere serving as the inoéuiump Ihié‘précedure;insured a .
minimnm:céiﬁy—over of the original réetalvcoﬁtentsgﬁ

Tﬁe aﬁimo acids and growth factors, ineluding the liver



extract Gon¢entréte, were obtained‘fromiNuﬁritioﬁal,Bio-
-‘chemieais>QfFGleveland,’Ohioo The fOIIbwing chemicals were

E supplied by Mallinckrodt Ghemieal.Wbrks of New Ybrk:
magnesiﬁm.éulfate& potassium.phosphate-dibasic,}eupric
"chloride, manganese~ehloride,'zine chloride, and sodium

: .aéetateo ‘Caleium chloride ferric'ehloride . Terrous ammoniﬁm,
sulfate, and dextrose were’ obtalned from.J T. Baker Chemical
Séo of New Jersey.

All glassware ﬁmiiized was washed and rinsed three
times with diStilled watér and all equipment Was-éutoclaved'
 before use.. The media Weré prepared in 1000 ml. lots using a
 Beekman chainomatic analytieal'balanee and'distﬁlied, | |
de~ionized water. Each solution Was‘then'agitated'énd warmed -
for approximately fifteen minutes on a hot plate, fhen
sterlllzed by fllterlng throuvh a - sterile M1111nore fllter
| of pore size (.45 microns by vacuum. The fllter'Llask.was
aﬁ%ached to a vacuum pump by means of a rubber hosee“The v
filtered, baeteria-free solution wes then poured 1ﬂto steflle
"15 x 125 mm. Pyrex screw-top test tubesc- Using these tubes
: made-anaeroble conditions possible. Apprpximatelyié.mlo-of 
"sblutiOn waé placed iﬁ each'tube‘befofe the tubes were
in6culated by means of a-sterile}pipetteo The tubég were Kepf'
- éﬁ room teﬁperaﬁure and Weré read by being emptied into sterile

watch glasses and observed through the &issecting7microseopeoJ



EXPERIMENTS AND RESULTS

The basio4culture médium usedqin this study was the -

originallone'utilized by Kid@er‘and Dewéy (l9&5f in the

culturé;éf Tetrahymena geleii with the followiné'exqepﬁiAﬁss
iﬂsﬁéad-@f protogen, liver extract concentrate was used in '
,thé conaeﬁtraﬁicuﬂof one unit per milliliﬁer'oquolutiohg‘
as suggested by”Elliot-(i949)o The formulation of ﬁhe'modifiea
‘medium is shown in Table 1. | L
Si#lfﬁbes of théfbasic medium,weré prepared gn&:each'
‘was inoculated with 12 opalinids. Relaﬁively high'coﬁoéntra_
'fions of the microorganismé were used, éin@e the. resuits.ﬁeré
_’;more consistent and could be réad mueh sooner. The first tube
. was inspected after 24 hours had elapsed and 1t was- re-
1nspe¢ted gvery 24 hours for the next five dayss The second
tube was inspected after 48,hdurs énd agaiﬁ'every 24,hours fox
the next four dayso .The third tube was inspecteqiafter 7a
hoursAand again évery'ZQ hours for the*next three‘&ays; -The»

Tourth tube was inspected after 96 hours and agaln gvery- 24

_ hours for phe next two days. The flfth tube was inspected after-_;

120 hours aund égain‘the next diayo The s;xth tube was 1nspected

on the sixth day after inoculation of. the tubes. ThiS~pchedﬁre“



TABLE 1
COMPLETE MEDIUM*

Amino acids _Growth factors

- l-Arginine HCGL : 163 = Ca. pantothenate 0,10
1-Histidine HC1 66 Nicotinamide : , - 0.10
dl-Isoleucine ‘ 213 Pyridoxine HCL 2,00
l-Leucine - o 247 Riboflavin - - 0.10.
1-Lysine HC1 - 196 ° Pteroylglutamie acid - 0.10
dl-Hethionine zl4 Biotin 0.0005

. 1l-Phenylalanine - - 110 Thiamine HCL . 1.0
d1-Threonine 238 ° Choline Cl. 1.0
1-Tryptophan o .60 Liver.extract eonc. . . 1.0
dl-Valine , : 96 = Yeast nucleiec aecid. o 100 -

- dl=Serine . 317 . : ' ' -
1-Glutemie acid 1833 Salts
l-Agpartic aoid’ 61 . MgS04 - 7H20 . "~ 100

Glyeine . ~ - 5 KgHPOg B : - 100
dlaAla;nlnB ' o 58 CaClg - 2H20 - 50

- 1-Proline - . _ 175 Fe(NH4)2(so4)2 . 6H20 25
1-Hydroxyproline : - 75 CuCls - 2H20. - 5
1-Tyrosine - 87 . FeClg - BH0 1.25
1-Cysteine 3.5 .Mnclg >+ 4H20 <05

' o . ‘ ZnGlz .05
Cearbon socurce S =
- Dextrose _ S 1,000 -
Sodium acetate - l OOO

*¥411 amounts are given in micrograms per ml. of final medium.



| | , 10
was Gérried'out three:ﬁim955 BEaech time the Opalipidé.weré-
found to be more NUmerous than'bef‘ﬁ‘oreo ‘The results.of this
experiment are shown in Table 2. ' |

The opallnlds recovered from the precedin experiment
were then subcultured following the same method. The results
ére shown in Tabls 3o - A. | B

. The components of the bésic medium wefe thenfremoﬁed:
Voﬁe by one-ingorde:‘to Qétermine, with the uée of the avail~¢
éble equipment. aﬁé materiais-.the rquiremenﬁs for maintainé ‘
ing life. Each new ‘solution wes poured into four test tubes,?
and each tube was examlned in the same manner as before. The
 Tirst sign of death or 1nact1v1ty on the part of the cllxatés
was a peeqliaf "hallingvup” that is, the orgéniSms became |
almost perfeét Spheréso The results of this series of- exger~ }
1ments are shown in Tables 4 and 5. |

A flnal selutlon Was prepared-conﬁajning thé salts,
 .amiho acids, and the llver extraet concentfate found necessary
for malntalnlng the organlsm alive. Four tubes were prepared,
each‘canﬁaining 4 m;° of the solution. Opalinids were pléced
in the tubes and sach tube was examined exactly as had been
done eérliera' At the end'of the fourth day, the ciliates
were étill acfive-in>the medium. This e#periment-was carried
out ﬁhree timeso' The results ére shown- in Table 6. vThé com- -
ﬁonents of tﬁis'final, partiailj defined'médium.are shown im

-»Table 7¢'



. Gulture No.

TABLE‘a

GBOWTH OF OPALINA OBTRIGONOIDEA IN BASIG MEDImﬁ

N@o of Grganlans

Bay Post lnoculatlon

11

Average inerease of 1ndiv1auals per tube

Inoculated No. of Organisms Present"
‘ L 1 2 3 4 ) 5]
' 3 _ i3 15 15 19 19 22
Tube 1 | : : iz 14 17 18 23 23 26
' ' 14 16 16 20 22 25
\ - 14 15 18 20 23
Tube 2 - 12 15 18 21 21 24
' ' I 15 19 19 23 25
S 14 17 17: 20
Tube 3 ' © 12 17 19. 20 23
: o 17 21 22 26
' 15 18 22
Tube 4 - 12 23 23 - 25
: - : 20 23 23
A . » 20 24
Tube 5 12 20 24
. o 21 24
o : 21
Tube 6 - S -2 24
‘ : o
Total No. of Grganisms 424
11.5
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| TABLE 3
SUBCULTURE, OF OPALINA OBTRIGONOIDEA IN BASIC MEDIUM

Culture Mo No. of érgani&ns . Day Post Inoculation,
Inoculated Wo. of Organisms Present

' . 1 2 3 4 5 - 6
- 28 24 28 Bl 34 45 49
Tube 1 , A 88 33 34 39 42 44
S - 25 27 29 32 32 39 42
| 25 29 30 35 39 43
Tube 2 - : 24 o - 30 33 41 42 47
: . ' 25 E 28 34 35 4l 44
- ' 20 . . 35 37 40 46
Tube 3 - I - 31 39 44 48
26 ' . 32, 37 38 41
22 C . 37 43 45
Tube 4 25 - ) 40 46 49
: . - 3135 .42
24 40 47
Tube B 24 - 45 81
' 24 - 40 453
, | 21 - | 48
Tube 6 24 _ o 49
- - 23 S - - 47
_Total No. of Organisms ' 823

Average 1ncrease of 1nd1v1duals @er tube - - E 28.2
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TABLE 4

RESULFS OF EXPERIMENTS REMOVING ORGANIC COMPOUNDS
' . FROM THE BASIC MEDIUM |

Organic' ‘Culture No. No. of Organisms Daj Post Inoeulation,

- Compounds Inoeulated. No. of Organisms Present
' 1 2 3 4
l-Arginine HCI Tubs 1 18 . o2 9 6 3
: 2 12 B 7 5 2
3 1z , . hone nonse
4 -2 o © none
1-Histidine HC1l Tube 1 12 11 7 - B 2
o 2 - 12 10 4  none
3 iz . . S _ ' 3 none
4 12 - ' ~ none
- dl-Isoleucine Tube 1 12 12 10 7 4
K . : a 12 : 7 5 1
) R 2 none
4 12 _ : none
1-Leucine ' Tube 1 12 10 7 5 2
- 2 12 : ‘ 9. 6 4
3 12, : . 3 none
4 1z , none
l-Lysine HC1 Tube 1 . 12 o i1 7 5 1.
2 12 o 1l 5 2
3 12 A 4  none
4 i2 - : - none
dl-Methionine  Tube 1 . 12 _ 12 12 13 14
( 2 1z : o127 13 15
3 12 ‘ . 13 14
4 12 : ‘ ' . 15
1-Phenylalanine Tube 1 12 12 9 6 5
: 2 12 , 8 5 1 .
3 12 . 2 none
4 12 e . L neie
dl-Threonine Tube 1 12 ' 11 9 6 4
: 2 12 1L 7 2
3 12 : 5. 1
4 12 none
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TABLE. 4 (cont.)

" Organie Gulture;No° 'Nbo,of Organlsms Day Post Inoéulationg , ,
Compounds - _ Inceculated No. of Organisms Present
o : C 1 2 3 4

12 : 11 9 7 )
12 : 6 4 2
12 ' : none nons
12 ' ‘ none

1-Fryptophan Tube

12 12 9 8 3
12 . 7 5 1

12 : none none
12 S none .

dl-Valine ~  .Tube

12 12 12 13 15
12 12 14 16
12 , 12 14
12 o 14

dl-Serine Tube

12 13 15 16 19
12 . 14 14 16
12 L 17 18
12 | Y

1-Glutamic Tube
aeld )

12 12 16 .18 18
12 - ‘ 15 16 19
12 ‘ 15 17
12 o .20

AlaAspartié - Tube
acid :

12 13 15 16 20
12 ‘ 14 15 17
12 17 19
12 | 5 21

Glycine Tube’

12 12 12 17 19

&l»Alanine ‘Tube
o 12 _ : 12 -15 19

12 | 13 15 15 18
12 115 17 20
12 18 18

L&mlmé '-ﬁme

B SRR AGPH RGN PODHE PRNR SR RGN
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TABLE 4 (cont.)

Organic - Culture No. No. of Organisms Day Post Inoeulation,
Compounds : Inoculated No. of Organisms Present
' 1. 2 3 4
1-Hydroxy- - Tube 1 R ' 12 14 15 18
proline - 2 12 ' 13 18 17
B 12 ‘ 19 21
4 12 , , : 20
1-Tyrosine Tube 1 1z : 12 14 1le 19
' 2 12 ' 12 12 15
3 12 14 16
4 12 : 16
1-Cysteine Tube 1 12 : 119 8 5
' .2 C 12 : 10 g 4.
3 12 . £ 1
4 12 _ none
Dextrose Tube 1 12 1z 13 14 16
, ' 2 12 : ' 12 12 14
3 12 12 14
4 12 , 15
Sodium acetate Tube 1 12 11 -9 4 3
o - 2 12 7 5 1
- 3 12 : 2 mnone
4 12 - ' o none
Caleium Tube 1 12 ‘ 12 14 15 18
pantothenate 2 12 12 1le 1%
- 3 12 ‘ 15 16
4 12 . : 20
Nicotinamide Tube 1 12 12 14 14 18
’ - 2 12 - - 13 15 17 -
3 12 _ ‘ ~13 13
4 12 . _ - 17
‘Pyridoxine HCL Tube 1 i2 13 14 17 21
: - 2 12 o 15 17 19
' B 12 : 19 22
4 12 A , 21
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TABLE 4 (conte.)

Organic Culture No. N@a"of Oréanisms Daj Post Inocﬁlation;

Compounds : Inoculated Noe. of Organisms Present

: : y : 1 2 3 4
Riboflavin - Tube 1 12 ' 13 15 16 18
. . ’ 2 12 ‘ 17 20- 22
) 12 . 17 19
4 12 o - 20
Pteroylglutamie Tube 1 12 - 1z 13 16 20
acid : . 2 12 - 12 13 18
3 i2 C 15 18
4 12 : 19
Biotin " Tube 1 12 12 14 14 17
2 12 : 13 16 17
3 1z - . ' - .14 15
4 12 - 19
- Thiamine HC1 Tube 1 12 - - 12 14 17 18
' 2 12 . 15 18 19
3 iz 15 17
4 12 R 18
Choline Cl. Tube 1 ‘12 ‘ 14 14 18 21
) B 2 2 - . 17 18 =2a
3 12 17 19
4 12 - 20
Yeast nucleie  Tube 1 1z 12 18 18 20
aeld 2 12 12 14 18
3 12 - - 15 17
4 iz : o o 21

Liver extract  Tubs 1 12 _ .8 5 1 none

concentrate 2 1z o ' 3 none none

' ' ) 1z . o nome none

4 1z . none



| 1w
TABLE 5

RESUETS OF EXPERIMENTS REMOVING INORGANIC COMP@UNDS
FROM’THB BASTIC MEDIUM

Inorganie Culture No. No. of Organisms Day Post Inoculatlon
Compounds . . -Inoculated Woo of Organlsms Present
e . 1 2 3 -4 :

12 11 11 9 a

MgSO4 ° 7Hg0 ~Tube 1.
.2 iz - .. 7 5 2
3 12 ' none none
4 12 : - none
KoHPO, Tube 1. 12 0 7 5 5
T | 2 12 : : 77 B
-] 12 . none nene
4 12 . - none
CaCls ° 2H20  Tube 1 12 6 4 4 1
_ 2 12 : 5 3 . none
3 12 : ' none none
4 12 : © . none
re(N54) (364)2 Tube 1 12 12 15 15 19
o 6H2® - 2 12 : .12 1% 18
Lo 3 12 . - 15 17
- 18
CuClg ° 2Hg0 Tube 1 12 13 13 186 19
L 2 iz 14 14 1le-
.3 12 14 17
4 712 15
FeClz - 68H20  Tube 1 12 , , 12 13 15 1%
, .2 12 ' A 12 12 18
-3 iz 14 16
4. 12 15
¥MnClg ° 4Hs0  Tube 1 12 7 13 14 18 18
o - 2 12 18 14 1%
3 12 : - 1l 19
4 12 : 17
'ZnClg Tube 1 12 ' 12 12 1lé 18
: 2. 12 S 12 -15 19
3 12 - 14 17
4 12 18



18

| | TABLE 6 |
GROWTH OF OPALINA OBTRIGONOIDEA IN PARTIAILY DEFINED MEDIUM

Culture No. NOo of Organlsms _ Day Post Inoculatlcn
Inoculeted . No. of Organisms Present
1 2 5 4 .
S < ,' « < 12 12 13 14 .
Tube 1 o iz ' 12 12 13 13
: E 12 13 13 13

‘ . B o 15 14 15
Tube 2 12 | 12 14 14
c : - - 13 14 14

. ' ) : : 13 18
Tube 3 1z 14 14
‘ ' - : 14 14

| | o e
Tube 4 o 12 - 15
. : : . = S 14

Total No. of Organisms ' 16?
Average 1ncrease of Individuals pex tube- . 2



TABLE 7
COWPGNENTS oF FINAL MEDIUM

MgSO ° 7E2® ' » 160.
KQHP% - : 100
CaClg - Zﬁgc 50
- Sodium  acetatbe S 1,000
l-Arginine HCL 163
1-Histidine HEL - B8
dl-Isoleucine _ 213
l-Leucine - . 247
l-Lysine HCL T - 198
1-Phenylalanine - 110
dl-Threonine |, _ ‘ 238 -
1-Tryptophan : .60
dl-Valine : : 96
l-Cysteine . 3.5

Liver extract ccncon ’ . 1.0

S

All amounts are given in mierograms
per ml. of £inal medium.
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DISCUSSION OF RESULTS

Uhtll recently, clliates had bean grown-only 1n.
broﬁhs of unﬁnewn chemlcal composition.  This cast.mmch_doubt
.upon the dependablllty of ccnclu51ons oongerning,basal fobd”
requifemshtsa The development of almost completely defined
 meéié fdrfé‘few of these protoZoans hés changed this situa-
N tioﬁo Siﬁee these'microorganisms aré gimilar to bacteria inm
Athe ease with which they can be handled and 1n‘the1r rate of
growth they offer materlal for studylng anlmal metabollsm
under conéltlons which can be controlled to a degree not |
attalnable in hlgher organlsms° Furthermcre accurate control

“of the food supply favors thelr use in the search for new

vitamins, as,;nithe case of the dlscovery of protogen by
‘.;Stokstad'gﬁs ale (1948)_—.a growth“féctor'which may'prove'ﬁor
be'a,fundamgdfal requirement of all animalsoA_To.the_pgraéitol~
‘ ogist, paiasifie pfotoioa in anvaxenic culture cffe: un@fe-A “
: eedenteé,Qpporﬁunitiés'for.eo;feiating metabolic éé%ivitieé‘
and difféfenees"of pafasi%es with the néture.of.the pa:asiﬁic
hebit as well as paras1tle susceptlblllty to chemoth raupetié'
agents (hall 1955}

The first clllate to be successfully cultured in the

absence’ of}all other microorganisms Was Tetrahymana gelell

20
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(Kldder and Bewey, 1945} . 'Frbm this beginning, mﬁch3infbr-
‘mation hds been galnedo Today'it’is thé only animal,ﬁhieh
can be grown undar'rigidly_eontrolledgaséﬁtic conditions in
a eoﬁpletely-chemieaily definad'msdiumo_>Thus, a.cleéf_ﬁicfuré

of its synthetic capacities is available. This is the reason’

Why the baSic médium fof the culﬁure of Tetraﬁymena Was qhosen'
-for this studyo | | ( | |
Not too much is known about the qualltatlve and

”quantitativg mineral requirements of the protozoaol For this
”'group in general, ae:tainvﬁeﬁal reQuiremenﬁs are reiéted'td
partiéular enzyme systems Where they may be either.intégral
parts of enzymes or’”aétivatoré“ whose function is:not com-
pletely undérstoodo :Hénee it is possible that certain o
mineral requirements may vary quantltatlvely an@ perhags :
_qualltatlvely With the use of dlfferent substrates (Hall, 1953] o

CIn the present study, the technique employed was o
adeqﬁate o indicate only the qualitétive requireménﬁs of
| cerﬁain metals. “The needkfér eer%ain ioné was aemonsﬁréted
by siﬁply omitting ﬁhemffrom;thé'mgdium¢v”Magnesiuﬁ, a com-
ponent of carboxylasé,vwas'required9 and-ﬁay be a genETal
requirement of all 1>>3‘:!o.1;ozos§_° Phosphorus in the form of the
bhoséhate ioh was needed'and may be a genefal reguirement
'for the phoaphorylatlon of metabolites and v1bam1nso Potassium

"Was also required and may be needed in certaln phosphorylatloas°
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'Galelum.ls obv1ously esseﬂtlal for opalinids and may also
be a general requirement for all protozoa. A need for .
’sédium.has apparently'beén’showno Sulfur eonstituting'part
of several v1tam1ns and amino aclds is supposedly essentlalo
The need for_quny'eopper, mangane569 zme9 and chlqune could
not be shown, but may not be signifidénﬁ, since these eleménfs-"
could be . present in;suffi@ient COncentratiohs'in other Qortioﬁs
of the basai mediﬁmj  | — | ‘ | |
‘ No vitamin fequiremsnts were observed, presumably due
to the use of liver axtradﬁ Qohcentraﬁe;'which contains, among
other things, the B complex Vitamins; Thefefoﬁe, this eciliate
@ould possibly reqﬁire:éﬁe or all of the Watéf soluble‘
vitemins ineluded in the liver extraet portion of the medium,
if sﬁch vitamins Wereipresent;in adequate amounts. According
to one s&wrcé, all eiliates will eventually be shown t0 re- |
quire thiamine in theiﬁ diet‘unﬁerrqrdinafy conditidns (Bpurne

and Kidder, 1953}. Kidder and Dewey (1948) usead pratggen in

'their experimﬁnﬁS:with Tetrahvméné and eliminated the addi-~
 tion of llver extract concentrate to thelr cultures° It wduld ‘
be. 1nterest1ng to determina the vitamin requlrements of Oo

obtrigon016ea u31ng Lhe Game technlqueo

No nuclelc acld requirements were observed in thls
‘study, perhaps also due to.the use of liver extraet_aoncene

trate.
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Insofar as carbohydrate metabolism is concerned,

Qo thrigonoidea does not require the ad&itipn of-dexﬁrose
- to tﬁe medium, bué doeé need sédium.aeetateo Perhaps this |
orgahism is able_fb,deaminate aminp acids with ﬁhe_subsequent.
| prodaetion quammpnia and a fat%y”acido An améziﬁg thing
.about preyiqéély studied ciliatés is their inébility to
.utilize'éuérosé;,this most common of sugérs seems to be inert
nutritionaliy'(Boufne.énd Kiddér,.1953}o In earlier'studies
fatty acids Were'roqtinely employed, but showed no‘e#idence'
of béiné.utilized (Kidder and bewgy; i948)° Thése'weré not‘
included in'this experimﬁht due»tb their-ﬁrouhlesome cpal-
'gseeﬁceo Choline, a compound iipid; was ineluded, but was
not shqﬁn to be a requirement. - | |

' In:thé media(used it was fotnd’ﬁhat the following -
‘Hﬂamino aéiﬁs Wéfe necessary to ﬁaintain'fhe-o:ganism:m l-Arginineg
14Hi5t&dine,‘dl-Isoleucine,'1~Leﬁaine, 1-Lysine, lePﬁenjlalaﬁine,
dl;Thredﬁine; l-Tryptéphan,‘dl-Vaiine,‘an@-Cysteineo .Apparently
Glycine; dléMethiohine, dl—Sé;ine,'l-Glutamic_acid,Al-Asparﬁic
acid, dl-Alanine, l-Proiine, l—Hydrbxyproline and l{Tyrosine
ére'not'eséantiél, but one or more of them could be bresent as
@onstituents:of thé liver extrget‘pérfioﬁ of theﬁdeium; It
is doubtful if 1-Glutemic acid, l-Aspartic acid, dl-Alenine,
l»Hydroxjpreline, or.lATyrosine,Wiil.evehtuaily be £§ﬁnd.£o
be esgehtiél,in_a'éefiheﬁ‘mediumv siﬁce they have not been

found either'essentiai or stimulétéry'fbr any invertebrate
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thus far investigated (Bourne end Kidder, 1955). This is not
the case with Glyeine, dléMethloalne dl—Seriné or 1~Proline;

'Glyeine has been shown essentlal for Trlchomonas foetus Whilé

@léMethlonine has been found necessary fOT*To foetus,

_Tetrahvmena geleil, Glaucoma scintillans, Trlbollum confusum
- and Attagenus 8P dl»Serlne has been founa essentlal for the
growth of To-foetus and T. gelell Whlle 1-Proline has been

found necessary for the growth of T. foeuus and- Ga salntlTlans

‘(Bourne and Kidder 1955)

In comparing ﬁhe results of, this study with the results
of other 1nvest1gators culturlmg opallnlds it is found that-
'the mlneral requirements agree with those of Putter 19055
and Kbnsuloff (19BP) except for the absence of magn851um.1n
thelr»euluures° .These two Workers-added eomplex broths_to
their media fcr'nﬁtrimento fThe résﬁlt was ﬁot'defined‘amd.not
axenic. | }‘ f A |
| Lansén‘(1928):intre&uce@ the addition of blood serum
S or égg albumen to hef éultqfes With‘a.resultaﬁf increaseAin

the longevity‘offthe>ofganismso :If'egg'albumen'is broken down
into'ifs eonsﬁituents amino acids, it is founé‘to be made up
.Qf.thalfolioﬁinga _Alan;né; Valineg'Leuéine, Isoleucige,
- Aspartic acid;’Glutaﬁio aeid,fProliné, Phenylaianine,‘T&resine,
eystiné; Arginine, Histidine, Lysine, and Tryptophan (Best and
TaYlér, 1961) .. Hﬁman_sefum.eoﬁtainS'no Alamine, but éphtains

fall.the,aforementioned amino acids plus Amide N, Cysteine, aﬂdf
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-Glydine (Giéée 'l§62)a Since Larson (1998) found that ner
cultures llved longer with the addltlon.of human.serum.than
with theraddltion,of egg,albumen, perhaps_the presence of
- one oﬁrbwth'gf the last two named amino acids is the daﬁsen
for ﬁhé'mreéfer'longe?ify‘of-the'opalinidso However, these
amlno acids may not be absolutelv essentlal for thelr |
malntenaaceo
Lwoff ana Valeatlnl (1948) were not sure of hav1ng
Vbéetérla-frea'cultures and thelr eultures were cemplex brews°
'Yéﬁg‘an@.Bambergef'(1950} added to their mediumNboth.human
serum.ané Wholegaggé but an antibilotie was needed to- comhat
n thé invading baeteris. Yﬁng (1960) removed the cgas and
_ad&eﬁ livei extractgeoneentrateo éceqrdlng-to,hlmﬁ_the liﬁer
-cogeentiatefmﬁéiumswas.a'poor bfeeéing ground for baéteria |
and no antibiotics Were,ﬁeqesé&ry as long asjsubeulﬁuring was
 practiéed‘Wéekly ér'biwéeklv;" Thefe ﬁas contamiﬁatién with
small flagellaﬁes an@ they eventually crowded out the epallnlds
(Yang, 1960) .
MbKlanon.and Hawes (1961) made no attempt to obtain
anaeroble-cendltlens andvthe mﬁdium!Was suseeptibie‘%o ba@%eriai
’contamlﬂatlono | | . - | |
The results of thls investigatlon 1ndloate there 1s
'still much work to be done in eulturlng this prot@zoanot As
‘of t@day,'no eempletely chemlcally deflned mediun has been

'foun§, since various W@rkérs have had ﬁo‘inélude yeast'eiﬁr&et, 
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. .peptone, bloéd serum,pegg albumen or liver extract con- |
centrate in their ﬁultures°, This procedure brings in maﬁy
"unkﬁdwnkfaeﬁorso As mentioned previouslysvthe‘ﬁseAqf protogen .
- may siﬁplify ﬁhe searech fpf»é ccmplétely defined medium by

- defining ﬁhe vitamin requifementso The Millipore filter

| a?paratustas used to obviate-autoelaving-eéftain”héat;labilé‘:
j_Substaneeso This apparatﬁs has been found‘to make the cultnre’
:truly axenic and no furthef problems with bacterial contemine-

. tion are foreseen in future studies.
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