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Introduction.

The investigations dealing with the pure culture of ciliates fall
into two general groups. In the first, bacteria-free pure cultures
have been established, the ciliates being grown in peptone solutions
or similar media, dependent upon saprozoic nutrition. In the second
group of investigations, the protozoa have first been freed from
bacteria and then transferred to media containing particulate food
in the form of known species of dead or living yeasts, bacteria or
other microorganisms.

The earlier work on bacteria-free cultures of ciliates includes
the classical research of Lworr (1924), who succeeded in isolating
Glaucoma piriformis in a peptone medium. Prrers (1920) had pre-
viously reported the establishment of bacteria-free cultures of “Para-
mecium” (later designated as Colpidium colpoda) in a complex salt
solution containing glucose, three amino acids and ammonium lactate,
but bacteria were later recovered (Garevsy and Cowbry, 1928,
pp. 412—413) from these cultures. PerErs (1929) did finally succeed
in growing a bacteria-free strain of “Colpidium colpoda” (from PETERS’
description, apparently Colpidium campylum) in his original medium
to which killed yeast or ‘glaxo’ had been added. O=rnLER (1924)
reported the isolation of bacteria-free strains of Colpoda steinii and



264 Davip F. Jonnson

Colpoda cucullus in spinach broth, the former species having been
isolated in 1919 and the latter in 1922. Colpoda steinii was grown
also in clear egg albumin and peptone solution, bouillon and other
clear media, free from solid particles, as well as in several media con-
taining heat-killed bacteria and yeast, finely chopped meat, powdered
egg albumin and cell fragments. MriLkovircH (1929) succeeded in
isolating another strain of Glaucoma piriformis in a peptone medium
containing blood serum. BurrerrFIELD (1929) established bacteria-free
cultures of Colpidium (probably Colpidium campylum in peptone solution,
and HeraERINGTON (1933) obtained bacteria-free cultures of Colpidium
campylum, Qlaucoma scintillans and Lozocephalus granulosus in yeast-
extract and peptone-glucose solutions. ErrrorT (1933)isolated Colpidium
striatum and a year later LOEFER (1934) obtained bacteria-free cultures
of Paramecium bursaria, both investigators using a Difco tryptone
medium.

OrsLER was the first worker to obtain pure cultures of ciliates
with dead microorganisms as a source of food. In 1919 he reported
growth of Colpoda steinii on dead bacteria and yeasts. K. and
M. Crarton (1923, 1929) grew Glaucoma scintillans and Glaucoma piri-
formis on dead bacteria. In this group also belongs the excellent
work of Graser and Corra. In 1930 they reported methods for
freeing protozoa from associated bacteria, and were successful in
cultivating Trichoda pura on artificial media. They were unable to
propogate Paramecium caudatum in the absence of living micro-
organisms, but did obtain cultures on yeast and one species of bacteria.
In later papers (GLASER, 1932; Graser and Coria, 1933) the establish-
ment of pure cultures of Paramecium coudatum and Paramecium multi-
macronucleata has been reported. These investigators used a medium
containing liver extract, sterile kidney tissue and heat-killed yeast;
the yeast could be replaced by Staphylococcus aureus or Staphylococcus
albus. The Paramecium cultures of GLasSER and Coria are undoubtedly
free from living bacteria (Brown, 1934), but the fact that their
medium contains dead bacteria or yeasts makes necessary a technical
distinction between their work and that of Lworr, Errrort, LOEFER
and others mentioned above. On the other hand, Graser and Coria
(1935) established cultures of Trichoda pura and Chilodon cucullulus
in bouillon, a medium similar to that used by other investigators.

At the present time nine species of ciliates have been grown
successfully in bacteria-free cultures, and three additional species
have been maintained in cultures containing dead microorganisms as
a source of food. It is obvious, therefore, that the scepticism of
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Lworr (1929, 1932) was not justified. In 1929 Lworr stated that
Glaucoma piriformis is the only ciliate capable of continued existence
in synthetic particle-free media, despite OEHLER’s (1924) results with
Colpoda steinii. In 1932, also, Lwo¥rF criticized the results obtained
by Graskr and Coria on the basis that their tests for bacterial
sterility were inadequate. In addition to their own convincing tests
for sterility, GLasER and Coria have submitted their cultures to other
workers (Browx, 1934) for rigid tests, so that their results cannot
be questioned.

Mixed cultures of single species of ciliates and other living micro-
organisms (bacteria, yeast, algae) have been established by numerous
investigators. Investigations of this type constitute a distinct phase
of the pure culture of ciliates, differing from that discussed above,
and will be considered in detail by the writer in a later paper
(Jomnson, MSS). For further details concerning the pure culture of
ciliates, the reader is referred to the reviews of Lworr (1932) and
Sanpon (1932).

In the present investigation the writer has established bacteria-
free cultures of Glaucoma ficaria (KaHL), and has attempted to deter-
mine satisfactory culture methods as well as the relation of py of
the medinm to growth of the ciliate. Comparisons have been made
with Glaucoma piriformis, also available in bacteria-free culture, the
strain having been obtained from Dr. A. M. Erviorr who in turn
had received it from Dr. A. HeraeriNeTON. The writer wishes to
express his appreciation to Professor R. P. Hary for his suggestions
and criticisms during the course of the investigation.

Material and methods.

The strain of Glaucoma ficaria (KarL, 1926) used in the present
investigation is a pure line derived from a single ciliate isolated from
a hay infusion, the material having been obtained originally from a
pond in the Bronx Zoological Park. The ciliates were washed free
of bacteria in the manner described by Parpart (1928). This method
has had wide usage and is a relatively simple procedure, but it is
rather unsatisfactory due to the fact that so few ciliates can be
washed at one time.

The difficulties encountered by the writer in obtaining growth
of Glaucoma ficarie in the absence of bacteria more or less parallel
those of Erriorr (1933) with Colpidium striatum. ln the first attempts
the ciliates lived for a few days, gradually becoming smaller and
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finally dying with indications of starvation. Successful results were
finally obtained after growing the ciliates in a tryptone medium with
a mixed population of bacteria for a period of three months, during
which transfers were made every two or three days. In each transfer
a few bacteria were carried over with the inoculum of ciliates, and
as a result in the earlier transfers the cultures became slightly cloudy
during the first twelve hours of incubation, with clearing occurring
after 24 hours. Inoculation of agar plates from such clear cultures
showed that the bacteria remained numerous during the first few
weeks. Later on, however, similar plate tests showed that the number
of bacteria in the transfer cultures was decreasing steadily. At regular
intervals during the three-month period, ciliates were washed free
of bacteria and placed in sterile tryptone medium. Ultimately, bac-
teria-free cultures were established in this way.

The bacteria-free strain of Glaucoma ficaria has now been main-
tained in the laboratory for more than 18 months in Difco tryptone
medinm. Bacteriological tests have been made at intervals during
the course of the investigation, and these have always failed to show
bacterial contamination of the stock.

Erriorr (1933) applied the term “acclimazation period” to such
growth of the ciliates for a period of time in a nutritive medium
containing bacteria. He pointed out that this method has certain
advantages in that the ciliate becomes more and more dependent
upon food materials in solution as the subculturing continues and
the bacterial population declines. This is undoubtedly true but, in
the opinion of the writer, it is not the only contributing factor in
the isolation of ciliates. One disadvantage of ParrarT’S method of
washing ciliates is that relatively few bacteria-free specimens may
be obtained at one time. In such a method, the failure to obtain
successful bacteria-free cultures may be due largely to the possi-
bility that a few washed ciliates cannot withstand the initial shock
of the new environment, since the conditions, even though favorable,
may be far from optimal for growth of the species. In the present
investigation it happened that the particular medium used was
favorable for growth of the ciliates, as determined by later results.
It seems probable, however, that, given a fairly satisfactory medium
and an initial inoculum of several hundred organisms instead of the
few obtained by ParparRT’s method, enough ciliates would have survived
the initial shock to insure the production of successful cultures earlier
in the investigation. This is indicated by Graser and Corra’s (1933)
success in growing Paramecium caudatum bacteria-free. These workers
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used an initial inoculum of approximately 870 specimens obtained
by the use of OcaTa tubes, or ‘migration pipettes’. Perhaps the
labor entailed in OcaTa’s procedure is more than offset by the results
obtained, as compared with the technique of ParrarT. 'There is
obviously a real need for a more efficient method of mass sterili-
zation of ciliates in order to accelerate the development of this
interesting field of research.

For experimental purposes the ciliates were grown in Pyrex
culture tubes. Experimental cultures were incubated at 28° C. in a
water bath, while stock cultures were maintained at room tempera-
ture. The py of the medium was adjusted by means of a La MorTE
roulette comparator, readings being subject to an error of 0.1. In
determining amounts of growth under given sets of conditions, the
organisms were counted by means of the SEDGWICK-RAFTER counting
cell and the WrIPPLE micrometer. The technical procedures followed
were essentially the same as those described by Erriorr (1933), as
indicated below.

Development of suitable culture media.
Series L

Since a Difco tryptone medium was used in the isolation of
Glaucoma ficaria, it seemed desirable to determine the concentration
of this peptone most suitable for growth of the ciliates. Accordingly.
tryptone was added to 0.2°, K,HPO, solution in concentrations
ranging from 0.1 to 3.0%, The py of each type of medium was
adjusted to 5.6, since in a preliminary experiment the optimal py
was found to lie betwen 5.0 and 6.0. Each medium was tubed in
9.5 cc amounts and then autoclaved and inoculated with Glawucoma
ficaria. The initial concentration was found to be 200 organisms per
cubic centimeter. Cultures were incubated for 72 hours, and then
fixed for determination of the final concentration. The results are
expressed graphically in figure 1 as x/x° (ratio between final and
initial concentrations of organisms).

Most abundant growth occurred in the 1.5°9, tryptone medium,
while reasonably good growth was supported by concentration ranging
from 0.5 to 2.0°,. Moderate growth occurred in tryptone concen-
trations of 0.1—0.59,, but concentrations as high as 3.0°, seemed
to be lethal. Series I was repeated, with similar results; hence, a
159, tryptone medium has been used subsequently in the maintenance
of stock cultures of Glaucoma ficaria.
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Series II.

A similar procedure was followed in determining the optimal
concentration of yeast-extract for growth of Glaucoma ficaria, since
this material has been used extensively (e. g., HErHERINGTON, 1933 ;
Erriorr, 1935; LoErrEr, 1934, MSS; Pmerps, 1935). 1In this series
the following was used as a basic

T . medium:
rsol- /,/ \ Tryptone . 50 gm
Py . K,HPO, . . . 2.0 gm
120} ! Distilled water . . . . 1.0 liter
/ This tryptone medium
sor - was prepared in bulk
ol / and  Difco  yeast-
X extract was added to
/ , . . ) ) . different portions of
0 20 30 it in concentrations

Fig. 1 Glaucoma ficaria; %/%, (ratio offi nal to initial ranging from 0.03 to
concentration of organisms) plotted against concentration 8.09
.0 %

(%) of tryptone. Tryptone me-

dium alone was used
300 . as a control. The same proce-
/ dure was followed as in
series I. The initial count
was 190 organisms per cubic
\\ centimeter, and the initial
200 .

o . pu was 5.8. Final py and
\ finalconcentrationswere deter-

CONTROL . . .
\ mined after incubation for

72 hours. In yeast concen-
100} \ trations of 0.03 to 0.59,, the
puz had risen to 6.2; in the

higher concentrations to 6.1.

The results are ex-

\ pressed x/x, infigure?2.

003 0.06 012 ©0.25 05 1o 20 350 4Ao\5..o Maximum gl‘OWth oc-
curred in a concen-

Fig. 2. Glaucoma ficaria; x/x, (ratio of final to initial ) o
concentration of organisms) plotted against concentration  tration of 0.5, yeast-
(%) of yeast-extract. extract, and accelera-

tion of growth was
noted in concentrations of 0.03 to 2.0 %,. Concentrations of 3.0 %, and
higher were decidedly inhibitory.

.
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Series IIL

In order to determine the relative values of other protein deri-
vatives for use in culture media, growth of Glaucoma ficaria and
Glaucoma piriformis was compared in the following Difco products
(1.0°, concentrations in 0.2 %, K,HPO, solution): tryptone, proteose-
peptone, bacto-peptone, bacto-protone, neopeptone, bacto-veal, bacto-
liver, gelatin and casein. The initial concentration of Glaucoma
ficaria was 100 per cc; 1so0-
of Glaucoma piriformis, -
50 per cc. Cultures were -
incubated for 72 hours. mo
Initial and final py de-
terminations are listed |
in Table 1.

Growth is recorded L
as X/x, in figure 3. With -
each species, good results  s°o

were obtained with tryp- - '

tone, proteose-peptone s S :

and Bacto-liver, while ; '

growth was poor in Bacto- — .

peptone, casein a,nd ge]a, TRY PR-P NEO B-PR B-PE GEL CAS B-v B-L

tin. A comparison of the Fig. 8. Glaucoma ficaria (continuous line) and

two species shows that Glaucoma piriformis (broken line); x/x, (ratio of

maximum growth of Glau- final to initial.concentlv'ation of organisms) indifferent

coma ficaria Was suppor- types of media; TRY, TryPtone; PR-P, Proteose-
o . peptone; NEO, Neopeptone; B-PR, Bacto-protone;

ted by Bacto-liver, with B-PE, Bacto-peptone; GEL, Gelatin; CAS, Casein;

rm————

eeemmmmmmmme e e =

tryptone second and pro- B-V, Bacto-veal; B-L, Bacto-liver.
Table 1.
Initial and final py of the different media used in series III.
Substance Glaucoma ficaria Glaucoma piriformis
Tested Initial Final Initial Final
PH PH PH PH
Tryptone 57 ! 6.1 57 5.8
Proteose-peptone 5.8 6.1 58 5.9
Bacto-peptone 59 1 6.0 5.9 59
Bacto-protone 5.7 5.8 5.7 H.8
Neopeptone 5.7 : 5.8 5.6 5.7
Bacto-liver 5.6 i 5.8 5.5 5.7
Bacto-veal 5.7 | 5.9 57 5.8
Gelatin 5.5 5.7 b5 5.6
Casein 5.6 5.6 5.6 5.6
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teose-peptone third; while for Glaucoma piriformss, Bacto-liver ranked
third, with tryptone and proteose-peptone first and second, respec-
tively. Additional differences were noticed in Bacto-peptone and
gelatin, Bacto-peptone being the better for Glaucoma ficaria and
gelatin for Glaucoma piriformis. The relative division rates of the
two species are also strikingly different, as indicated in figure 3.
Similar differences in growth rates have been noted by Ewrriorr
(1935) for Colpidium striatum and Colpidium campylum.

Although Bacto-liver supports better growth of Glaucoma ficaria
than does a tryptone medium, the former is less satisfactory for
experimental purposes on account of the coaglum formed when the
medium is heated. Tryptone, on the other hand, gives a clear,
particle-free solution which is much more suitable for the purposes
of the present investigation.

Growth in relation to py of the medium.

Series IV.

In the first attempt to determine the relation between py and
growth of Glaucoma ficaria the same medium (tryptone, 0.5%,;
200p K,HPO,, 0.2°%,) was employed as had
been used for isolation of the ciliate
in bacteria-free cultures. The py of
the different sets of culture tubes
ranged from py 3.6 to 8.6, and the in-
. itial concentration of organisms was
\ 370 per cc. After in-

SN cubation for 72 hours,
RS- the final py was deter-
L mined in each case,

. - R A and the tubes were
Fig. 4. Glaucoma ficaria, growth in relation to pg; . .
/%, (ratio of final to initial concentration of organisms) fixed for counting.
plotted against initial py ( ) and final pg (------ ). Growth occurred from

pa 4.0 to 8.6, and re-

ached a maximum at 5.6, with a secondary high point at 7.2 as com-
pared with 6.8 and 7.5. In most of the tubes of this series there was. a
change in py toward neutrality, the changes being most marked in the
lower acid range. In view of these changes growth was plotted (Fig.4)
in relation to both initial and final py, the resulting curves being similar
in appearance. Similar changes in py were noted by Errorr (1933)
in his cultures of Colpidium striatum in low concentrations of tryptone.
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Series V.

After the establishment of 1.59%,.as the optimal concentration
of tryptone for growth of Glaucoma ficaria, it seemed desirable to
determine the relation of py to growth of the ciliates in this more
favorable medium. It was also expected that, with the better buffer-
ing system, pg changes might be avoided to some extent. For pur-
poses of comparison, Glaucoma ficaria and Glaucoma piriformis were
used. The initial pg ranged from 4.0 to 9.5. The initial concen-
tration, in the case of Glaucoma ficaria, was 340 per cc, and for

Glaucoma piriformis, 355
per cc. All cultures were
incubated for 72 hours,
and then final py and

300

200

.
\

\

1
1
'
[
[
1
)

final concentrations were : ¥
determined. The changes ‘ / \ \
in pg were slight (0.1 O p
to 0.3) as compared with /
those observed in series
IV. The growth range
(initial py) extended from
pr 40 to 95 for Glau- 20 50 60 70 80 90
coma ficaria, and from 4.0
to 8.9 for Glaucoma piri-
formis (Fig. 5). Growth
of Glaucoma ficaria re-
ached its maximum in
the medium with an in-
itial pgy of 5.4. For Glau-
coma piriformis, on the other hand, a bimaximal curve was noted,
with peaks at 5.1 and 6.7. In series IV a suggestion of a bimaximal
growth curve was noted for Glaucoma ficaria, but there was no
evidence for this in the more favorable 1.5, tryptone medium.
The experiment was repeated for both species, and the same
general results were obtained.

100

M
'
'
'
'
h
'
'
'
'
'
-

s
100

Fig. 5. Growth of Glaucoma ficaria and Glaucoma

piriformis in relation to pg of the medium; x/x,

(ratio of final to initial concentration of organisms)

plotted against initial py; continuous line indicates

growth of Glaucoma ficaria and broken line that
of Glaucoma piriformas.

Series VI and VIL

At this point in the investigation it seemed desirable to deter-
mine whether or not the type of peptone used in the medium might
alter the py range and optimum. In series VI a Bacto proteose-
peptone medium (proteose-peptone, 1.0,; K,HPO,, 0.29,) was used

Archiv fiir Protistenkunde. Bd. LXXXVIL 18
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for both Glaucoma ficaria and Glaucoma piriformis in the py range
4.1—8.8. The initial count was 375 per cc for Glaucoma ficaria, and
405 per cc for Glaucoma piriformis. All cultures were incubated for
72 hours. Only slight py changes (0.0—0.2) were

240

1801

1201

60

1
1 1 1

4.0 5.0 6.0 70 8.0
Fig. 6. Growth of Glaucoma ficaria (——) and Glau-
coma piriformis (------- ) in relation to pg; X/X, plotted

against initial pyg of Bacto proteose-peptone medium.

100’-

80f

601

40F

20

Fig. 1. Growth of Glaucoma ficaria (

coma

2.0

) and Glawu-
piriformis in relation to initial py; Bacto-peptone
medium ; %/X, plotted against initial pg.

noted, and growth of each species occurred through-

out therange (Fig. 6).
An interesting feature
of this medium was
the appearance of a bi-
maximal growth curve
for Glaucoma ficaria,
with peaks at 5.1 and
6.7. For Glaucoma piri-
formis the growth cur-
ve was also bimaxi-
mal, the peaks (py 4.8
and 7.4) being more
widely separated.
Series VII,in which
a Bacto-peptone me-
dium (Bacto-peptone,
1.09,); H,HPO,, 0.29%,
was used, was started
simultaneously with
series VI, with the
same initial count and
pu range. At the end
of 72 hours final py
and final concentra-
tions were determined.
The pm changes ob-
served were slight,
just as in series VI
In this medium both

species showed unimaximal growth (Fig. 7), with an optimum at
6.0 for Glaucoma ficaria and one at py 5.3 for Glaucoma piriformis.

Discussion.

The present investigation shows that there are certain similarities
and certain differences between Glaucoma ficaria and Glaucoma piri-
formis in the relations of growth to hydrogen ion concentration. The
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pu range is practically the same for the two species: py 4.0—9.5 for
Glaucoma ficaria, and pg 4.0—8.9 for Glaucoma piriformis. In general,
the optimum is somewhat lower for Glaucoma piriformis (py 4.8—5.3)
than for Glaucoma ficaria (py 5.1—6.0). In 1.5%, tryptone medium
the growth curve of Glaucoma piriformis was distinctly bimaximal,
and that of Glaucoma ficaria unimaximal. In the other two media
the growth curves for the two species differed in form in each case.

Erriort (1933) noted a bimaximal type of growth curve in ob-
servations on the relation of py to growth of Colpidium striatum in
a tryptone medium. The same author (Errrort, 1935) reported that
bot Colpidium striatum and Colpidium campylum showed bimaximal
growth-py curves in Bacto-peptone, but not in Bacto proteose-peptone,
Bacto-protone or Bacto-veal. Both Glaucoma ficaria and Glaucoma
pirifornis, on the other hand, showed bimaximal growth-py curves
in proteosepeptone and unimaximal curves in Bacto-peptone. An
additional difference between the two genera is noted in the fact
that maximal growth of Colpidium always occurred on the alkaline
side of the range, while growth of Glaucoma reached a maximum
on the more acid side of the range. In the case of Paramecium
bursaria LoEFER (MSS), using a tryptone medium, has found a pgy
range of 5.3—8.0, with an optimum at 6.7—6.8. With this species,
there was no indication of a bimaximal growth-py curve. The in-
vestigations just mentioned are the only ones in which growth in
relation to py of the medium has been investigated in bacteria-free
cultures.

The investigations in which bacterized cultures have been used
are much more numerous, as indicated in table 2.

It is interesting to note that in bacterized cultures two species
showed the bimaximal type of growth in relation to pg. MorEea (1927)
found that Colpoda cucullus had optima at py 6.5 and 7.5,and DArBY (1929)
obtained maximal growth of Stylonychia pustulata at py 6.7 and 8.0.

There is considerable variation in the extent of the py range
for various species of ciliates. The smaller ciliates have a relatively
wide py range, e.g., Colpidium sp. (MiLrs, 1931), py 4.5—8.0 and
Colpoda cucullus (MorEA, 1927), py 55—9.5. On the other hand some
of the larger ciliates have a rather restricted py range, e. g., Spiro-
stomum ambiguum (SAUNDERs, 1924, py 6.8—7.5; Spirostomum Sp.
(MoRrEa, 1927), py 6.5—8.0; Holophrya sp. (PruTHI, 1926), py 6.5—7.4;
Plagiopyla sp. PrutaI, 1926), py 6.9—7.5; and Amphileptus sp. (PruTHI,
(1926), py 6.8—7.5). Other forms are intermediate between these

two extreme groups in their reaction to the hydrogen ion concentration.
18%*



274 Davip F. Jomnson

Table 2.
pu range and py optima for various species of ciliates.

Species and author pH range Optimum
Colpidium sp. (PrurHi, 1926) 6.0—8.5 —
*Colpidium sp. (Mrus, 1931) 45—-8.0 6.0
Colpoda cucullus (Morea, 1927) 55—9.5 6.5 and 7.5
Gastrostyla sp. (PruTaI, 1926) 6.0—8.5 —
Spirostomum ambiguum (SAuNDERs, 1924) 6.8—17.5 7.4
Spirostomum sp. (Morea, 1927) 6.5—8.0 7.5
Holophrya sp. (PrurHi, 19 6) 6.5—7.4 —
Plagiopyla sp. (PruTaI, 1926) 6.9—17.5 —
Amphileptus sp. (Prurni, 1926) 6.8—17.5 71—-13
Stylonychia pustulata (DarBy, 1929) 60—8.0 6.7 and 8.0
Paramecium sp. (Saunpers, 1924) — 7.8—8.0
Paramecium sp. (PrurHI, 1926) 7.0—8.5 7.8—8.0
Paramecium aurelia (Morea, 1927) 6.0—9.5 approx. 7.0
P. caudatum (DarBy. 1929) 53—8.2 7.0
P. aurelia (Darsy, 1929) 5718 6.7
P. multimicronucleata (Jowss, 1930) 48—-83 approx. 7.0
P. aurelia (Prerps, 1934) 59—8.2 “no differences”

* Calculated from rate of food vacuole formation.

PrutHI (1926) reported that Paramecium sp. never appeared in
his infusions until the hydrogen ion concentration had reached
pz 7.0 or above. He also reported that pg 6.0 was lethal to Paramecium.
However, the results of later investigations do not support his
findings, e.g., Paramecium aurelia, py range, 6.0—9.5 (MorEa, 1927),
5.1—1.8 (DarBy, 1929) and 5.9—8.2 (PrELPS, 1934); Paramecium cau-
datum, py range, 53—82 (DarBy, 1929); Paramecium multimicro-
nucleata, py range, 4.8—8.3 (Jongs, 1930).

In infusions containing a mixed population of bacteria MorEea
(1927) found pg 7.0 was optimal for growth of Paramecium aurelia,
and Darsy (1929) for the same form reported maximal growth at
pa 6.7. On the other hand, PrELPs (1934) found no differences in
the division rate of Paramecium awrelia from py 5.9—8.2 when the
ciliates were cultured in a pure line of Erythrobacillus prodigiosus.
He attributed these results to the constant supply of food, the
bacteria, available for the ciliates in his experiments. However, the
work of Errrorr (1933) on Colpidium striatum, (LoEFEr (MSS) on
Paramecium bursaria and that of the writer on Glaucoma ficaria and
Glaucoma piriformis were carried out in synthetic media which pro-
vided a constant food supply, and the division rate of all these
species was markedly affected by changes in hydrogen ion concen-
tration. Moreover, the writer (MSS) has recently found that when
grown in suspensions of Bact. (Erythrobacillus) prodigiosus the division
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rate of Glaucoma ficaria was approximately the same from py 4.5-—8.6.
But in suspensions of Bacilhus flourescens, Bacillus mucosum capsu-
latum, and Proteus vulgaris the ciliate showed a bimaximal growth-py
curve, with peaks at py 5.0—b52 and pg 7.6. Therefore, it seems
probable that the results obtained by PuErres (1934) with Paramecium
aurelia were due not to a constant food supply but rather to the
unique effects of this particular bacterium on the growth of the
ciliates. A more detailed account of these findings will appear later
(Jomnson, MMS).

Maximal growth of Glaucoma ficaria occurred in a 1.5%, tryptone
medium and in a 0.5 %, yeast-extract medium. Errrorr (1935) obtained
good growth of Colpidium striatum in concentrations of tryptone
ranging from 1.0 to 3.0%,. In the case of Paramecium bursaria,
however, Lorrer MSS) has noted a greater sensitivity to concentrations
of tryptone: a concentration of 0.59%, was optimal, while higher
concentrations were distinctly less favorable. This writer also noted
a more striking sensitivity of Paramecium bursaria to yeast-extract;
the optimal concentration was 0.03°/,, while growth was descreased
in 0.1259,, inhibited in 0.259%,, and the organisms were killed in
a 0.5, solution. In both tryptone and yeast-extracct media, there-
fore, Glaucoma ficaria is decidedly less sensitive than Paramecium
bursaria in its growth requirements, Perhaps other ciliates, like
Parameciwm bursario, are sensitive to the concentration of the medium.
With such species this factor obviously becomes important in attempts
to obtain bacteria-free cultures. Lorrer (MSS) has considered this
problem in more detail.

Summary.

The method used in isolating Glaucoma ficaria in bacteria-free
culture is outlined, and suitable culture media are described. Growth
of Glaucoma ficaria and Glaucoma piriformis is compared in different
media and in relation to py of the media. Growth of Glaucoma
ficaria occurs within the py range 4.9—9.5 and that of Glaucoma
piriformis within the py range 4.0—8.9. In general, the py optimum
is somewhat lower for Glaucoma piriformis (4.8—5.3) than for Glau-
coma ficaria (5.1—6.0). The type of growth-py curve for either species
depends upon the type of medium used. Growth characteristics of
Glaucoma and Colpidium are compared. An explanation is suggested
for PrELPY (1934) findings that the division rate of Paramecium
aurelia is unaffected by changes in the hydrogen ion concentration.
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