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Effect of certain ‘peptone’ media and carbo-
hydrates on the growth of
Paramecium bursaria.

By
John B. Loefer.

The use of bacteria-free cultures of protozoa for classroom and
laboratory study has necessitated the selection of suitable, con-
veniently prepared media for their growth and maintenance. Since
successful culture depends largely upon the synthetic medium used,
it seemed highly desirable to test certain commercial preparations
for their effectiveness in promoting growth. A number of ‘peptones’
and carbohydrates were used for a series of growth experiments with
Parameciwm bursaria under bacteria-free conditions. Preliminary in-
vestigations indicated that this form is not as readily cultured in
synthetic media as are Glaucoma, Colpidium, Chilomonas or certain of
the phytomonad and euglenoid species. Since P. bursaria represents
a common genus and since its nutritional requirements appear to
be somewhat restricted, any information gained from its study may
prove to be of importance for the culture of other protozoa. The
strain which was used has been maintained bacteria-free for more
than two years by subculturing at regular intervals (LoEFERr, 1934).
The results outlined here and elsewhere (LorrEr, 1936) indicate
that not only the medium is of great importance for obtaining best
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growth, but the concentration of organic and inorganic constituents
as well.

The following dessicated ‘peptones’ obtained from several labo-
ratories !) were made up at 0.5 and 1.0 %, concentrations in a mineral
medium consisting of Ca(NO,),, 0.1 gm; NaCl, 0.1 gm; K,HPO,, 0.01 gm;
MgSO, - TH,0, 0.01 gm; FeCl,, trace; and distilled water, 1 liter:
Bacto-tryptone (D1rco), Proteose-peptone (Dirco), Protone (Dr1rco),
Bacto-peptone (D1rco), Neopeptone (D1rco), Seidenpepton (HorFmanx-
La RocuE), Pepton “Roche” (Horrmann-La RocHE), Pepton “Witte”
(Wrrte), Seidenfibroin (Horrmann-L.a RocmEk), Bacto-veal (Dirco),
Bacto-liver (Dirco), Blood fibrin (Drrco), Bacto-gelatine (Dirco),
Bacto-yeast extract (Dirco), Bacto-hemoglobin (Dirco), Casein (D1rco),
Bacto-blood serum (Drrco), Bacto-beef blood (Drrco), Bacto-beef
extract (D1rco) and Bacto-egg-meat medium (Dirco). The py was
adjusted to 6.7—6.8 with normal NaOH, colorimetrically determined
with a La Motte Comparator. Infusions were made from those media
which did not readily go into solution.

After autoclaving six tubes of each medium along with six
control tubes containing only the basic mineral medium, they were
inoculated from a tryptone stock. The average initial count of
P. bursaria was 24 per cc (X,) in each of the tubes. Following a
15-day period of growth at room temperature (19—26° C.) at a north
window the final concentration of ciliates per cc (x) was determined
with a modified Sedgwick-Rafter counting chamber adapted for use
with a dissecting binocular (LorrEr, 1936). Increased growth over
the controls was evident in many cultures in both the 0.5 and 1.0/,
series, but in every case the lesser of the two concentrations was
equally and often more favorable than the higher concentration of
the same medium. In the liver infusion the py had dropped to 6.2,
although in the other media it had not changed appreciably.

Another series was made up (0.5, concentrations) of those
media which, in the preceding series, showed growth equal to or
better than the controls. The purpose of this series was to determine
whether these media would support growth indefinitely or through
at least four subcultures. The procedure was similar to that above.
Inoculations were made from a tryptone-mineral 12-day stock and
the initial count of all tubes was 39 per cc (X,). In table 1 are
the results of four subcultures in each medium, extending over a
total period of 41 days, expressed in terms of growth increase (x/x,,

1) Drrco Laboratories, Detroit, Michigan, U.S.A. 8. A. F. Horruann-La RocrE
& Co., A. G. France. Friepr. WirTe, Rostock, Germany.
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Table 1.
Growth of Paramecium bursaria in various ‘peptone’ media.

) x/Xo of cultures
Medium R
1st (8 days) | 2nd (10 days) ; 3rd (14 days) l 4th (9 days)

Bacto-tryptone 40 8.8 ! 14.5 ‘ 7.0
(39) 12) , a2 | (20)

Proteose-peptone 9.9 14.6 145 f 10.9
(39) (40) (60) | (88)

Bacto-veal 45 12.6 16.5 | 8.4
(39) 19) (25) (38)

Seidenpepton 4.0 6.6 5.7 4.8
(39) (6.3) (5.4) (3.3)

Bacto-liver 2.2 2.0 1.9 ; 0.0
(39) ©9.2) @y (0.5)

Blood fibrin 2.3 2.6 2.8 . 1.8
(39) (10 (2.6) | 0.7)

Neopeptone 2.5 1.0 0.0 | 0.0
(39) (10) L7

Bacto-peptone 1.2 1.2 0.0 ; 0.0
39) G0 | 08

Mineral solution 1.2 1.2 i 0.0 i 0.0

control (39) 6.9) | 0.8) |

Numbers = x/x, values (ratio of final to initial concentration of organisms per cc).
Figures in parentheses designate x, of respective cultures. See text for explanation.

where x represents the final concentration of ciliates per cc). Thus,
the first figure in the first column signifies that after eight days
the original 39 organisms per cc (X,) had increased four times, i. e,
there was an average of 156 ciliates per cc in the six tubes of
which samples were counted. One of these tubes, which contained
only 120 ciliates per cc was used as a stock for the second transfer,
1 cc having been transferred to 9 cc of medium in each tube of
the second subcultures. This accounts for the x, of 12 in paren-
theses in the second column. Organisms in the second subculture
in tryptone increased 8.8 times after 10 days, etc. Growth in each
of the other media is followed in the same way.

There is an increase of more than four times at the end of the
fourth subculture period in tryptone, proteose-peptone, veal and seiden-
pepton. Although there was growth with blood fibrin, it was very
slow as compared with the media just mentioned, and no growth
followed a fifth transfer to fresh fibrin solution. Cultures with
liver infusion changed to py 6.2 in this series also, which fact may
account for the absence of growth in the fourth subculture. Neither
Neopeptone nor Bacto-peptone supports growth. Since proteose-
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peptone and tryptone were found to be very good for P. bursaria
and since they are easily prepared, a mixture of both is being
used as a stock medium.

The effect of certain carbohydrates was determined in the
following manner. A 0.59, tryptone solution was made up with the
mineral solution mentioned above. It was adjusted to py 6.7—6.8,
tobed in 8 cc amounts and autoclaved. One cc of a 5.0, sterile
solution of the respective carbohydrate to be tested was added
aseptically to the tryptone in each tube. The concentration of the
carbohydrate became 0.5%, when a one cc inoculum of organisms
was added as described below. The list of carbohydrates (Dirco)
used is shown in table 2.

Table 2.

Growth of Paramecium bursaria in certain carbohydrate media.
Medium X/X, (average of 6 cultures)
Tryptone controls 134
Arabinose . —
Xylose . —
Rhamnose . —
Dextrose 34.0
Levulose 124
Galactose 12.0
Mannose 24.0
Mannitol 10.4
Lactose . 10.0
Maltose . 21.1
Sucrose . 17.3
Melezitose . 22.0
Dextrin . 23.8
Inulin . . . —
Soluble starch 16.4
Salacin . . . . . . . . A A VN

x/x, = relation of final to initial concentration of ciliates per cc. A dash
indicates that the organisms were dead at the end of the culture period.

Control tubes, to which one cc of sterile distilled water had
been added, were then inoculated along with the tubes containing
carbohydrates from a 5-day tryptone stock flask which contained
110 organisms per cc. All cultures were incubated for 25 days.
Growth determinations indicated results as shown in table 2.

These results show that dextrose is most favorable to growth, the
number of ciliates having increased 34 times compared to 13.4 times
in the controls. Cultures with mannose, maltose, dextrin and mele-

Archiv fiir Protistenkunde. Bd. LXXXVII. 10
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zitose also show an increase in number of organisms, although
levulose, galactose, mannitol, lactose, sucrose, starch and salacin are
without much effect. The pentoses arabinose, xylose and rhamnose
are apparently toxic, as is also inulin. Addition of 0.5, dextrose
to proteose-peptone also resulted in better growth, although con-
centrations above 0.5°, were less favorable. No py changes greater
than the normal 4 0.2 were observed.

Discussion.

Results of these experiments indicate that proteose-peptone is
the best of a series of ‘peptone’ preparations tested for growth of
P. bursaria. Bacto-tryptone is distinctly less favorable, since the
cultures approximate only one-half the density normally attained
in proteose-peptone. These findings are interesting in view of the
fact that Bacto-tryptone has frequently been used to advantage for
the cultivation of other bacteria-free protozoa by different investi-
gators (Jamy, 1931; Harr, 1933; Ervrorr, 1933). Lorrer’s (1935)
experiments with Chilomonas paramecium resulted in the selection
of Bacto-tryptone as a stock medium, inasmuch as it supported
better growth than did proteose-peptone or any of the other media
tested. Errrorr's (1935) results on Colpidium indicate that tryptone
is somewhat better than proteose-peptone, neopeptone, Bacto-peptone
or protone for growth of this form. He correlates growth with the
relative abundance of Van Slyke and free amino nitrogen. The same
correlation is hardly applicable to P. bursaria, since proteose-peptone
contains less VanSlyke and amino nitrogen than does tryptone. It
would seem that P. bursaria is more of a ‘haplometatrophic’ orga-
nism (utilizing a complex nitrogen which also serves as a carbon
source) and therefore resembles Glaucoma pyriformis, according to
Lworr’s (1932) classification. However, such a conclusion cannot be
drawn since the exact role of the zoochlorellae in the nutrition of
P. bursaria is still unknown.

The favorable results obtained with Bacto-veal indicate that
perhaps this medium may prove to be even more successful than
Bacto-tryptone for the cultivation of other forms. It is seen from
table 1 that growth of P. bursaria was consistently better in veal
infusion than in tryptone, although neither was as good as proteose-
peptone. The unfavorable results obtained with the liver infusion
are probably in a large measure due to the increased hydrogen-ion
concentration (from pg 6.7 to 6.2), since the optimum for growth of
this form is near py 6.7 (LOEFER, 1936 a). Moreover, CarLLEAU (1933)
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finds a beef-liver medium quite suitable for the growth of Acanthamoeba
castellanii, and Graser and Coria (1935) have successfully cultured
Paramecium caudatum and P. multimicronucleatum bacteria-free in a
medium congisting in part of a liver infusion base.

Although Seidenpepton supports growth of P. bursaria, the or-
ganisms are less abundant than in proteose-peptone, veal or tryptone
cultures. Dirco yeast-extract has been found to be good for other
forms (Chilomonas LoEFER, 1935a; Colpidium Erviorr, 1935; Glau-
coma pyriformis PrELPS, 1935; G. ficaria JoHNsoN, 1936), although
it was rather unfavorable to P. bursaria and supported growth only
when used in very dilute concentrations. The findings of CmaTTON
and TerLLIEr (1927) on Glaucoma and of BerGER (1929) on Colpidium
indicate that these forms are much more resistant to toxic factors
than is Paramecium caudatum (CHEIFEC, 1933). Both Erriorr and
Jounson found yeast-extract in concentrations as high as 0.5 9%, favo-
rable for growth of Colpidium and Glaucoma, respectively. The
findings indicate that P. bursaria is susceptible to some factor in
the medium to which these other forms are resistant.

Although cultures with dextrose were considerably better than
the controls (table 2), there was no appreciable drop in py during
the culture period. This absence of evident fermentation may be
due to concomitant alkali formation (cf. certain bacteria, JonEs,
Orcurr and Lirrne, 1931) and insert this line between or to the
strong buffering action of tryptone. Dextrose, when added to a
tryptone medium, produced the greatest increase in growth, but
mannose, maltose, dextrin and melezitose were also favorable. Le-
vulose, galactose, mannitol, lactose, sucrose, starch and salacin are
without much effect as compared with growth in the controls.
Arabinose, xylose, rhamnose and inulin were toxic. The relative
growth-promoting effect of these carbohydrates is different in P.
bursaria than in Chlorogonium and Chilomonas (LOEFER, 1935) for
which forms other sugars were more favorable than dextrose. The
difference might be accounted for by the fact that in the present
experiments the sugars were added aseptically to the sterile tryp-
tone solution, instead of mixing the carbohydrate and tryptone
before autoclaving.

In their findings on Paramecium caudatum and P. multimicro-
nucleatum GLASER and Coria (1935) reported no change in py following
a period of growth in glucose, lactose, sucrose or maltose. Starch,
however, was converted to dextrose, and cellulose was digested.

But whether there was any increased growth of organisms over
10%*
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controls without carbohydrate was not stated. PringsmEIM (1928),
from studies on bacterized cultures, concluded that starch was pro-
bably utilized by P. bursaria. However, in the present experiments
with bacteria-free cultures no marked growth acceleration was ob-
served in cultures containing soluble starch.

CatLiEav’s (1933) analyses by the Folin and Wu method of
sugar-containing cultures in which growth had occurred, showed
that the more common sugars are not used by Acanthamoeba castellanii.
The effect on the protozoan was not determined. The results of
REerca (1934) on a bacteria-free strain of Mayorella palestinensis are
interesting in this connection, since dextrose (or levulose, sucrose or
lactose) is indispensable for good growth of this form. However,
no acid is produced. Consequently, acid formation cannot be con-
sidered as a criterion of growth. 1t is quite possible to conceive
of accelerated growth of protozoa without direct utilization of the
sugar in the medium, in view of the changes in oxidation-reduction
potential effected by certain sugars (Micmaeris, 1930). That such
physico-chemical phenomena do affect growth has been shown by
Jann (1933) for Chilomonas paramecium. Since no py change was
observed in P. bursaria cultures containing dextrose in which there
was increased growth, a similar cause may underlie the observed
results.

Lworr and Dust (1934) reported that of a series of carbohy-
drates, only starch accelerated the growth of Polytoma uvella, Eu-
glena gracilis (Colorless race), Astasia chattoni and Chilomonas para-
mectum. Quantitative results obtained for Chilomonas by LoOEFER
(1935) however, indicated that arabinose, dextrose, levulose, galac-
tose, maltose, sucrose and dextrin were effective in promoting
growth, while soluble starch was not. Whether these differences are
due to technique, materials or to the particular strain of Chilomonas
remains to be determined. The literature dealing with the effect of
carbohydrates on other bacteria-free protozoa is discussed in the
paper cited above.

In his studies on trypanosomes voN Branxp (1933) found that
T. brucei utilized glucose, mannose, maltose, fructose and galactose
in the respective ratios, 100:86:50:21:9. Arabinose, xylose, lactose
and sucrose were not utilized. These results are similar to the
growth results obtained with P. bursaria, inasmuch as glucose, mannose
and maltose were effective in the order named and in that the effect
of sucrose was not marked, while that of lactose and the pentoses
was unfavorable.
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Summary.

Of aseries of ‘peptone’ media tested for their effectin promoting
growth of a bacteria-free strain of P. bursaria, the following were
found to be most suitable, in the order named: Proteose-peptone
(D1rco), Bacto-tryptone (D1rco), Bacto-veal (D1rco) and Seidenpepton
(HorrmaNN-LA RoceE). A dilute mineral solution containing 0.5 %/,
concentrations of the above-mentioned substances supported growth
through four or more subcultures. Growth of P. bursaria is compared
with growth of other protozoa in similar media.

Of a series of carbohydrates tested, dextrose, mannose, maltose,
dextrin and melezitose were best in the order named. Levulose,
galactose, mannitol, lactose, sucrose, soluble starch and salacin appear
to be without much effect. Arabinose, xylose, rhamnose and inulin
are unfavorable. It is pointed out that growth of protozoa in carbo-
hydrate media does not preclude utilization of the carbohydrate.

Literature cited.

BerGER, Eva (1929): Unterschiedliche Wirkungen gleicher Ionen und Ionengemische
auf verschiedene Tierarten. Pfliigers Arch. Ges. Physiol. Bd. 223 H. 1)2
p. 1—39.

v. Brawp, Tu. (1933): Studien iiber den Kohlehydratstoffwechsel parasitischer Proto-
zoen. II. Der Zuckerstoffwechsel der Trypanosomen. Ztschr. f. wiss. Biol.
Abt. C Bd. 19 p. 587—614.

CaiLLeav, Rerpa (1933): T1. Culture d’“Acanthamoeba castellanii* sur milieu peptoné.
Action sur les glucides. C. R. Soc. Biol. T. 114 p. 474—476.

(Cratron, E. and L. Teruier (1927): Sur les limites et les vitesses de retour a
Pequilibre physiologique du Glaucoma piriformis porte dans les solutions
hypertonique de NaCl. C. R. Soc. Biol. T. 97 p. 780—784.

CreJFEC, MAx (1933): Die experimentellen Grenzwerte des Lebens von Protozoen.
(Auf Grund der Untersuchungen des Paramaecium caudatum). Arch. f.
Protistenk. Bd. 79 p. 468—478.

Erviort, A. M. (1933): Isolation of Colpidium striatum Stoxks in bacteria-free cultures
and the relation of growth to pn of the medium. Biol. Bull. Vol. 65
p. 45—b6.

— (1935): Effects of certain organic acids and protein derivitives on the growth
of Colpidium. Arch. f. Protistenk. Bd. 84 p. 472—494.

Graser, R. W. and N. A. Coria (1935): The culture and reactions of purified protozoa.
Am. Jour. Hyg. Vol. 21 p. 111—121.

Havr, R. P. (1933): On the relation of hydrogen-ion concentration to the growth
of Euglena anabaena var. minor and E. deses. Arch. f. Protistenk. Bd. 79
p. 239-—248.



150 JoHn B. Lokerer, Effect of culture media on P. bursaria.

Janw, T. L. (1931): Studies on the physiology of the euglenoid flagellates. III. The
effect of hydrogen-ion concentration on the growth of Euglena gracilis
Kiess. Biol. Bull. Vol. 61 p. 387—400.

— (1933): Studies on the oxidation-reduction potential of protozoan cultures. I. The
effect of —SH on Chilomonas paramecium. Protoplasma Vol. 20 p. 89—104.

Jounson, D. F. (1936): Isolation of Glaucoma ficaria Kaur in bacteria-free cultures,
and growth in relation to py of the medium. Arch. f. Protistenk. Bd. 86
p. 263—277.

Joxgs, F. 8., Marion Orcurt and R. B. Littie (1931): Atypical (slow) lactose ferment-
ing B. coli. Jour. Bact. Vol. 23 p. 267—279.

Loerer, J. B. (1934) : Bacteria-free culture of Paramecium. Science Vol. 80 p. 206—207.

— (1935): Effect of certain carbohydrates and organic acids on growth of Chloro-
gonium and Chilomonas. Arch. f. Protistenk. Bd. 84 p. 456—471.

— (19385a): Effect of certain nitrogen compounds on growth of Chlorogonium and
Chilomonas. Ibid. Bd. 85 p. 74—86.

— (1936): Bacteria-free culture of Paramecium bursaria and concentration of the
medium as a factor in growth. Jour. Exp. Zool. Vol. 72 p. 387—407.

— (1936 a): Effect of hydrogen-ion concentration on the growth and morphology of
Paramecium bursaria. Arch. f. Protistenk. (In press.)

Lworr, A. (1932): Recherches Biochimiques sur la nutrition des Protozoaires. Le
pouvoir de synthése. 158 pp. Paris.

Lworr, A. and H. Dust (1934): L’oxytrophie et la nutrition des flagelles leucophytes.
Ann. Inst. Pasteur T. 53 p. 641—653.

Micuaews, L. (1930): Oxidation-reduction potentials. Trans. from German by
L. B. FLex~er. Mon. Exper. Biol. 199 pp. Philadelphia.

Prerps, A. (1935): Growth of protozoa in pure culture. I. Effect upon the growth
curve of the age of the inoculum and of the amount of the inoculum.
Jour. Exp. Zool. Vol. 70 p. 109—130.

PrinesuEIM, E. G. (1928): Physiologische Untersuchungen an Paramecium bursaria.
Ein Beitrag zur Symbioseforschung. Arch. f. Protistenk. Bd. 64 p. 289—418.

Rercn, Karu (1934): The cultivation of a sterile amoeba on media without solid
food. Jour. Exp. Zool. Vol. 69 p. 497—500.



ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database
Digitale Literatur/Digital Literature

Zeitschrift/Journal: Archiv fir Protistenkunde

Jahr/Year: 1936

Band/Volume: 87_1936

Autor(en)/Author(s): Loefer John B.

Artikel/Article: Effect of certain ‘peptone’ media and carbohydrates on
the growth of Paramecium bursaria. 142-150



https://www.zobodat.at/publikation_series.php?id=21191
https://www.zobodat.at/publikation_volumes.php?id=71859
https://www.zobodat.at/publikation_articles.php?id=526325



