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Biochemical and technical considerations regarding
the mass production of certain parasitic protozoa
B. ENDERS,1 F. BRAUNS,1 & 0. ZWISLER 1

This article summarizes the most relevant biochemical knowledge about growth factors
as specific essential components of culture media, and calls attention to their significance
with respect to the mass cultivation of some parasitic protozoa-e.g., Trypanosoma and
Leishmania spp. and amoebae. Details of recent developments and techniques of parasite
fermentation are reviewed.
The successful large-scale cultivation of parasitic
protozoa demands optimum biochemical growth
conditions (temperature, pH, oxygen consumption,
CO2 requirements), and the nutritional importance
of amino acids, vitamins, carbohydrates, and blood
or blood derivatives as supplements for the fermentation media needs to be determined. Much research
has been done with the aim of determining the
identity, quantities, and efficacy of substances required for the growth of parasitic protozoa in vitro.
A substance can be regarded as a growth factor
with certainty only when a definite requirement for it
has been established in a chemically defined axenic
medium. Furthermore, the parasite under consideration must be in a genuine culture, not a freshly
isolated strain-i.e., the protozoon must have demonstrated growth and multiplication in a series of
subcultures over a given time.
MATERIAL AND METHODS

The parasites studied, the media used for preculture and the main culture, the vessels used for
fermentation, and the time of cultivation for each
parasite, are summarized in Table 1.
Amino acids

The rapid multiplication of many parasitic protozoa in vitro and in vivo proves that they are able to
1 Behringwerke AG, Marburg, Federal Republic of Germany. Requests for reprints should be addressed to
Dr Enders.
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synthesize protein in a short time. Various nitrogenous compounds are taken up by active transport
mechanisms and/or by simple diffusion, and serve as
substrates for synthesis (2).
Much experimental work has been carried out to
identify the amino acids absorbed by the various
protozoa in vitro, and to determine which of them
are essential for growth and development. Essential
amino acids have to be absorbed as such, and cannot
be synthesized by the parasite from precursors. The
non-essential amino acids may be accumulated from
the environment besides synthesis by the organisms.
The culture form of Trypanosoma cruzi synthesizes
alanine, aspartate, glutamate, glycine, cysteine, and
threonine from serine. Lysine and arginine are incorporated by mediated transport (1).
Table 2 summarizes the results of some of the
more extensive relevant studies (2) and compares the
amino acid requirements in vitro of several protozoa
with the amino acid contents of some defined and
partly defined culture media used in our laboratories.
When Leishmania donovani is cultivated in synthetic
media, the amino acids asparagine, glutamine, arginine, and histidine and the vitamins choline and
pyridoxine have to be added in combination to
obtain a high degree of efficiency in the transformation of organisms from the amastigote to the
promastigote form (3).
Chemically defined media usually contain many
different substances some of which are potentially
essential growth factors. Through stepwise elimination of substance groups, one can obtain some
degree of orientation, but the efficacy of the various
substances must be tested separately. In our experi393
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Table 1. Parasites cultivated, and conditions of cultivation
Parasite
Entamoeba histolytica

Strain

Medium
for preculture

HK-9
NIH

axenic,
monophasic
TP-S-1 (Diamond)

Medium
for main culture

TP-S-1

Leishmania enriettii
L. donovani
L. braziliensis

Sudan
10 strains
of Brazil

biphasic
blood agar with
075 % NaCI-overlay
I. defined
synthetic medium
Dulbecco
II. semisynthetic media:
(a) Todd Hewitt
(b) medium: meat extract,
casein peptone,
vitamin Bi

Trypanosoma cruzi

Brazil
Strain Y

Vitamins

For in vitro cultivation and long-term maintenance
of protozoa, certain vitamins are required, and it is a
universal practice to supplement the basal media
with vitamin mixtures (Table 3). Trypanosoma and
Leishmania species are mostly cultivated on complex
media containing undefined components, such as

Duration of
cultivation (h)

Erlenmeyer flasks
100 ml

up to 72

roller flasks
1000 ml

up to 72

Roux or
penicillin flasks

60 - 90

100- 140

fermenter,
2-20-litre

Roux or
penicillin flasks

biphasic
NNN medium

ments we measured the consumption of 5 amino
acids by T. cruzi in the defined synthetic medium
CMRL 1066 (Biocult) with and without the substitution of haemoglobin and peptone.
Fig. 1 and 2 demonstrate that, in all fermentation
trials, glutamine, histidine, serine, and threonine are
totally depleted within 100 h, whereas the original
content of asparagine is reduced in the same time to
about 50%. Protozoa preferentially absorb the free
amino acids contained in basic medium 1066. Supplemental amino acid complexes provided by peptone substitution have no influence on the amino
acid requirements of protozoa.

Fermentation
vessel

100 - 140

60 - 90

defined, synthetic
medium 1066 CMRL
(Biocult)

fermenter,
2-20-litre

100 - 140

medium of plant origin
+haemoglobin

fermenter,
up to 1 00 litres

100 - 120

serum or blood. With these media, it is difficult to
establish the actual requirements of vitamins or
other growth factors by means of critical experiments.
In relation to the organic ingredients of the basal

medium, the necessity for vitamin supplementation
varies. This has been especially well documented for
T. cruzi: serum-containing medium requires, besides
haemin, only ascorbic acid for growth (4). In the
medium of Bone & Parent (5), which has bactotryptose, stearate, and glucose as the main organic
ingredients, thiamine and folic acid have to be
added. In semisynthetic medium (6), T. cruzi requires thiamine, folic acid, riboflavin, 4-aminobenzoic acid, cobalamin, folinic acid, and nicotinamide.
The three undefined components in this medium are
casein hydrolysate, serum albumin, and RNA.

Carbohydrates
The soluble carbohydrate added to routine culture
media for parasitic protozoa is usually glucose. This
low-molecular carbohydrate is employed in defined
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Fig. 2. Consumption of serine, glutamine, and histidine
by Trypanosoma cruzi in synthetic medium CM R L 1 066.

Fig. 1. Consumption of threonine and asparagine by
Trypanosoma cruzi in synthetic medium CMRL 1066.

Table 3. Vitamin requirements of protozoa in vitro (2, 7, 17)
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Medium

CMRL-1066,Biocult 0.05a 50.0 0.01 0.01 0.5 1.0 0.01 0.5 0.025 0.025 0.025 0.025 0.01 0.01
4.0
4.0 4.0
4.0 7.2 4.0
Dulbecco medium
0.4
Diamond's axenic

medium
a mg/litre.

0.72 20.0 0.17 0.14 7.2

0.36 0.72 0.36

0.36

0.36

0.36 0.14 0.14 1.72

1.72 0.14 0.34
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media as well as in chemically undefined media, and
its concentration usually varies from 1.0 to 2.5 g per
litre. The epimastigote form of T. cruzi (culture
form) takes up the soluble sugars glucose, fructose,
mannose, galactose, and maltose (8, 9) by active
transport mechanisms at low external substrate concentrations, whereas at high concentrations diffusion
prevails (2). The glucose consumption of the trypanomastigote form of T. cruzi (bloodstream form)
is higher than that of the cultivation form (Table 4).
The differences in the rate of glucose consumption
between the developmental stages of parasitic protozoa are caused by different types of metabolic
pathway reflecting the influence of environmental
temperatures that occur in the final and intermediate
hosts.
Blood or blood derivatives
One of the best-known characteristics of the cultivation of Trypanosoma and Leishmania species is
their requirement for blood or blood constituents
(10, 11). An exogenous source of blood, haemoglobin, or haematin is necessary for the successful
cultivation of these protozoa. Haematin is a constant
constituent of animal cells, as well as of aerobic
microorganisms. It promotes multiplication and is
an essential metabolite for T. cruzi and Leishmania
spp. which are incapable of synthesizing it themTable 4. Aerobic and anaerobic glucose consumption
of T. cruzi (2)
weight/I
glucose/mg dryanrbc
FAmolaerobic
aeoi
anaerobic

Form

Temperature

Bloodstream

37°C

0.63

Culture

30°C

0.24

1.05
0.33

h

selves. In culture media in which haemoglobin,
haematin, and the formed components of blood
(erythrocytes) are completely lacking, it is impossible
to subculture these flagellates over a longer period.
Basal media enriched only with serum have sufficient traces of haemoglobin to allow the multiplication of the organisms. Lwoff (10) showed that
0.16 x 10-12 g of blood or approximately 7500
molecules of haematin are needed for the development of one flagellate.
Temperature
The intensity of the oxygen uptake of the parasites
depends on the environmental temperature, both in
vivo and under culture conditions. Increasing temperature activates respiration to a certain limit,
beyond which the intensity decreases immediately; in
that case, the organisms are damaged. The temperature that permits maximum respiration varies,
depending on the essential life conditions of a given
parasite. The optimum temperature for cultivation
of T. cruzi is 28°C (12), for Leishmania spp. 20-220C,
and for Entamoeba histolytica 370C.

Hydrogen ion concentration
The pH range in which the respiration of parasites
remains unaltered varies from species to species. In
general the pH during in vitro cultivation is not
controlled; usually it is adjusted from 7.1 to 7.6 after
preparation of the medium (12). Owing to the vital
processes of the parasites, the pH range changes
considerably during the course of incubation.
Fig. 3 shows that the pH value decreases with
increasing growth of L. enriettii in a buffered semisynthetic medium.
The glucose, which is enriched in the original
medium to 2 g/litre, is oxidized to acids. In prolonged fermentation, after the total depletion of

40 1xl160rg/mI

-:

310 -~
20-

D

pH,6

pNH 7.0

10 0

80
90
10
100
3'0
1.0
50
6'0
70
0
li0 TIME (h)
20O
Fig. 3. Decrease of pH during fermentation of Leishmania enriettii in buffered semisynthetic medium.
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glucose in the medium, these acids also can be
metabolized by the organisms. In the end-phase, the
pH changes to basic values as a result of the
synthesis of ammonia.
T. cruzi cultures in vitro with less glucose (0.5 g/
litre) showed that the parasites utilize protein. The
nascent ammonia changes the pH immediately from
7.0 to 8.0 (7). With sufficient glucose in the medium
and an optimum pH range during fermentation,
there is good growth of trypanosomes after brief
incubation. The stationary phase of the growth curve
is already reached after about 100 hours.
Carbon dioxide requirements
In cultures of trypanosomes and amoebae there is
no need for a special gas supply with C02-containing
mixtures. It is known that T. cruzi, especially, is able
to fix CO2, and the respiratory carbonic acid in the
culture satisfies this requirement (7).
In vitro oxygen relationship
The oxygen requirements of parasitic protozoa for
prolonged survival in vitro vary from species to
species. Most of these protozoa tolerate a lack of
low partial 02-tension for a certain time. Considerable variations in oxygen consumption have been
demonstrated in the various stages of development of
a parasitic protozoon. This is shown in experiments
(3, 13) with L. donovani, The promastigote forms
consume about 10 times as much oxygen as the amastigote (107 organisms need 0.29 ,tmol of oxygen/min).
MEDIUM AGITATION

200

SURFACE

200LTRh

AERATION

1i-

The increase in the respiratory rate begins with the
proliferation of mitochondria, which takes place
during change to a different morphological organization. Trypanosomes in vitro withstand a lack of
oxygen to some degree, but their multiplication is
prevented by anaerobiosis.
Parasitic protozoa belong to the one group of
microorganisms whose oxygen consumption is
independent of environmental oxygen tension over
a wide range. The relationship of parasite surface
area to the amount of diffusion permits maximum
respiratory rates even at low external oxygen
tensions (7).
The intensity of respiration and metabolism of the
various protozoa in vitro decreases with the age of
the culture. This phenomenon was demonstrated
especially in T. cruzi and L. donovani. It depends
essentially on alterations of the medium (e.g., accumulation of metabolic end-products; depletion of
substrates).
We observed in our laboratory that the growth of
L. enriettii in semisynthetic medium depended on the
pH and aeration (oxygen consumption). The growth
curves in Fig. 4 show that, at a lower aeration rate
(surface aeration), without pH regulation, the organisms survive but do not multiply. With an increasing supply of air and constant pH control, reproduction of the flagellates reaches an optimum after
110-140 h. The oxygen supply during fermentation
was regulated and optimized by increasing the rate
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Fig. 5. Fermenters for the cultivation of Trypanosoma cruzi and Leishmania spp.

of surface aeration and maintaining a constant partial submerged air supply (5 litres/h). It is evident
from the air-supply curve shown in Fig. 4 that
this Leishmania species has a high oxygen requirement. The oxygen supplied at the beginning of
fermentation was totally depleted within 10 h.
Entamoeba species (14, 15, 16) are less sensitive to
oxygen damage. They can be cultivated for indefinite
periods under complete or at least near-anaerobic
conditions.
Equipment for mass cultivation
T. cruzi and Leishmania spp. are cultivated in
fermenters a with a 2-20-litre working capacity
(Fig. 5). The conventional fermenter consists of a
glass cylinder with a stainless steel cover plate in
which vessel penetrations are mounted for the internal components and for monitoring and controlling
the temperature, rate of agitation, and aeration.
Optional electrodes are also available for the
measurement and control of the pH and dissolved
oxygen. Additional fittings are provided for inoculation, sampling, and harvesting.
a

New Brunswick

Scientific Co. Inc., NJ, USA or Duran

Schott, Mainz, Federal Republic of Germany.

To eliminate a possible source of contamination,
the impeller shaft of the fermenter vessel is coupled
to the drive magnetically by two permanent magnets
(Fig. 6). The impeller shaft does not penetrate the
coverplate and rotates with high torque at speeds up
to 1000 rpm. The fermenter can also be equipped
with a conventional impeller shaft, which is coupled
mechanically to the drive. This system is also
effectively sealed against contamination.
Efficient agitation is achieved by impellers with
flat stirring paddles. The culture medium is agitated
in a radial pattern, achieving uniform dispersion of
constituents.
The prepared and assembled fermenter with all its
accessories and interconnecting tubing can be
autoclaved at 134°C.
The temperature of the culture medium is regulated by a control thermostat from approximately
5'C above ambient temperature to 60°C; the heater
is situated in the waterbath around the fermenter.
The growth temperature varies from 18°C to
30°C, depending on the protozoan species in
culture. Sterile air or other gas is introduced to the
fermenter through a pressure regulator, needle valve,
flowmeter, and filter. The air inlet ends with a
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Fig. 6. Impeller shaft of a fermenter for the cultivation of
Trypanosoma cruzi and Leishmania spp. When
magnetically coupled (left), the impeller shaft (D) is
coupled to the drive through permanent magnets (A)
and (C) on either side of the headplate (B). When
mechanically coupled (right), the impeller shaft
penetrates the headplate through sealed bearing
house (E).

sparger (ring or sintered disk) on the bottom of the
fermenter for submerged aeration, or directly behind
the coverplate for surface aeration. The effluent air is
passed through a small, water-cooled exhaust-air
condenser in the fermenter headplate, where vapour
and aerosols are condensed and returned to the
culture as the air passes through the exhaust filter.
With the increasing growth of the protozoa, the air
flow has to be correlated with the agitation of the
medium.
The constancy of the pH during the whole time of
fermentation is regulated by the automatic addition
of a neutralizing solution. The pH-electrode, which
may be autoclaved repeatedly, can be readily inserted
into the culture vessel. The electrode is an optional
accessory that is plugged into a pH-analyzer to
provide continuous monitoring on a recorder. The
automatic pH controller signals a peristaltic pump to
add acid or base on demand. Dissolved oxygen is
detected by an optional electrode, which is usable
for measurement, control, and recording.
The fermenter is equipped with tubes for inoculation, sampling, and harvesting, terminating near the
bottom of the vessel. Medium enters the culture
vessel under sterile conditions through the inlet tube.
Aseptic inoculation can be achieved through an
extra tube in the coverplate. The inoculum of
T. cruzi or Leishmania organisms is harvested from
biphasic blood agar cultures in Roux or penicillin

flasks.

O

~
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G

Progressive phase

_~

Logaritheic phase (exponential phase)

Gi
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G
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Fig. 7. In vitro growth of Trypanosoma cruzi in semisynthetic monophasic medium.

During sampling, the vessel is under a higher
positive pressure than normal and the cell suspension
can be withdrawn by opening the sampling line.
Small-volume samples are used for microscopic examination and for counting the organisms.
Under optimum conditions, growth closely follows the curve, as is demonstrated for T. cruzi in a
semisynthetic medium (Fig. 7). The growth passes
through six different phases, which are time-dependent on the parasite strain, culture medium, and
amount of inoculum (Fig. 7 and 8). The organisms
should be harvested when growth has reached the
stationary phase. Laboratory or industrial centrifuges can be used for continuous or semicontinuous
separation of the parasites.
For the mass production of Entamoeba species we
use the Rollacell tissue culture apparatus,a model
RC (Fig. 9). The cells grow in cylindrical bottles on
the glass surface of which uniform growth conditions
can be achieved. The bottles are made of hard
borosilicate glass to provide exceptional thermal
a

New Brunswick Scientific Co., Inc., NJ, USA.
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wlo60rg/ml
200

100

FERMENTATION TIME/h

Fig. 8. Fermentation of Leishmania enriettii in semisynthetic monophasic medium.

endurance and optical viewing characteristics. The
vessels and their screw caps are autoclavable. The
unit consists of a power console accommodating a 4place roller assembly. For large-scale production,
the capacity can be expanded by adding further
roller tiers. Powered by a motor, the apparatus can
rotate roller bottles on many levels simultaneously at

401

a constant speed that can be regulated in a range
from 0.08 to 14.0 rpm and is continuously monitored
on an electrical tachometer. The system imparts
smooth and reproducible motion to all bottles at a
very low speed, which is necessary for the axenic
cultivation of parasitic amoebae.
Cultivation in vitro makes it possible to determine
the nature of various factors concerned with the
morphogenetic transformation of parasitic protozoa
(17). It also helps to establish the nutritional requirements of the various developmental stages of the
parasites. On the basis of this preliminary knowledge,
and with the recent improvements in fermentation
technology for microorganisms, it is possible to
cultivate some of these parasites on a large scale, to
provide sufficient and uniform material for antigen
preparation and for the isolation of immunogenic
substances in adequate amounts. Both may find their
application in systematic serological and immunological investigations on diseases caused by pathogenic protozoa. The mass-cultivated parasites also
serve as raw material for the production of standardized serodiagnostic reagents, and may lead to the
commercial manufacture of parasite vaccines.

Fig. 9. Rollacell Unit with two additional modular roller tiers, for the mass production of Entamoeba spp.
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RESUMIASPECTS BIOCHIMIQUES ET TECHNIQUES DE LA PRODUCTION
A GRANDE ECHELLE DE CERTAINS PROTOZOAIRES PARASITES

Dans le present article, sont resumees les connaissances
biochimiques les plus pertinentes relatives aux facteurs
de croissance en tant que constituants essentiels specifiques des milieux de culture; l'importance de ces facteurs
de croissance est soulignee en ce qui concerne la culture

a grande echelle de certains protozoaires parasites tels
que: Trypanosoma et Leishmania spp. et amibes. Des
details sur les progres recents et les nouvelles techniques
de culture des parasites en fermenteurs sont examines.
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