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ABSTRACT:Blood stream forms (BSF) of Trypanoso-
ma brucel brucei GUTat3.1 were propagated in vitro 
in the absence of feeder layer cells at 37 C, using a 
modified Iscove's medium (HMI-18). The med~um was 
supplemented with 0.05 mM bathocuproine sulfonate, 
1.5 mM L-cvsteine. 1 mM hvooxanthine. 0.2 mM 2- 

,& 

mercaptoethanol, 1 mM sodium pyruvate, 0.16 mM 
thymidine, and 20% (v/v) Serum Plus@ (SP) (Hazleton 
Biologics, Lenexa, Kansas). The latter contained a low 
level of serum proteins (13 ,&ml), Each cul-
ture was initiated by placing 3.5-4 x lo6 BSFs isolated 
from infected mice in a flask containing 5 ml of the 
medium (HMI-9) supplemented with 10% fetal bovine 
serum (FBS) and 10% SP. The cultures were main- 
tained by replacing the medium every 24 hr for 5-7 
days. During this period, many BSFs died. However, 
from day 4 onward, long slender BSFs increased in 
number. On days 5-7, trypanosome suspensions were 
pooled and cell debris was removed by means of di- 
ethylaminoethyl cellulose (DE52) column chromatog- 
raphy. Blood stream forms then were collected by cen- 
trifugation, resuspended in fresh medium at 7-9 x lo5/ 
ml, and transferred to new flasks. Subcultures were 
maintained by readjusting the BSF density to 7-9 x 
105/ml every 24 hr. Concentrations of FBS were re- 
duced gradually at 5-7-day intervals by alternating the 
amounts of FBS and SP in HMI-9 with 5% FBS and 
15% SP, with 2% FBS and 18% SP, and finally with 
20% SP (HMI- 18). By this method, 2-3 x lo6 BSFs/ 
ml were obtained consistently every 24 hr, for more 
than 80 days. This system also has been applied suc- 
cessfully to the cultivation of BSFs of Trypanosoma 
brucel gamblense IL2343. 

The development of in vitro techniques for 
cultivating African trypanosomes may be divid- 

ed into 3 phases. Phase I, from 1903 to 1976; 
during this period only uninfective procyclic 
forms of Trypanosoma brucei and Trypanosoma 
congolense were cultivated continuously ( ~ v a n s ,  
1978). Phase 11. from 1977 to 1988; during this 
period basic techniques were developed fo; cul- 
tivating all developmental stages of the 3 major 
pathogens causing African trypanosomiasis, 
namely T .  brucei, T.con@lenseJ and Trypano-
soma vivax. Most of the stocks and clones tested 
to date were cultivated successfully (Hirumi et 
al., 1980; Brunand Jenni, 1987; Gray et al., 1987). 
Phase I11 is presently underway. The main ob- 
jectives in Phase 111 are the development of a 
mammalian serum-independent culture system; 
a feeder layer-free system, particularly for cul- 
tivating blood stream forms (BSFs) of the par- 
asites; and a combination ofboth. If such systems 
become available reliably, they will facilitate in- 
vestigations of factors that promote growth of 
the parasites and regulate their stage differentia- 
tions, and of mechanisms that underly parasite 
resistance to trypanocidal drugs. Along these lines, 
Baltz et al. (1985) demonstrated that BSFs of 10 
stocks of the T. brucei subgroup could be culti- 
vated in a feeder layer-free system using a mod- 
ified Eagle's minimum essential medium (MEM) 
that was supplemented with 10% (viv) mam- 
malian serum derived from various animals. In 
that system, BSFs were maintained initially in 
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the presence of a macrophage feeder layer during 
an "initiation stage" and then in a subsequent 
"adaptation stage." Duszenko et al. (1985) also 
reported that L-cysteine is 1 of the essential fac- 
tors to support the growth of BSFs of T. brucei 
MTIatl.4 and that the BSFs can be subcultured 
continuously and axenically by adding cysteine 
at regular intervals (twice a day) and in appro- 
priate concentrations in a modified MEM. The 
present paper reports an improved method that 
supports the continuous propagation of BSFs of 
T. b. brucei GUTat3.1 in a relatively simple man- 
ner for more than 80 days in the absence of feeder 
cell layers, using a medium containing a low con- 
centration of serum proteins. 

Trypanosoma b. brucei GUTat3.1 is a cloned 
derivative of a stock (EVE 10: Edinburgh Vet- 
erinary Expedition) that was isolated originally 
in 1966 from a naturally infected bovine in 
Uganda (Onyango et al., 1966). Eighteen culture 
media, HMI- 1 to HMI- 18 (listed in Table I) were 
tested. These were modified either from MEM 
(GIBCO, Scotland), Leibovitz's L- 15 medium 
(GIBCO), or from Iscove's modified Dulbecco's 
MEM (GIBCO) by supplementing with various 
amounts of bathocuproine sulfonate, L-cysteine, 
hypoxanthine, 2-mercaptoethanol, sodium py- 
ruvate, thymidine, and heat-inactivated fetal bo- 
vine serum (FBS) (Flow Laboratories, Scotland) 
and/or Serum Plus@ (SP) (Hazleton Biologics, 
Lenexa, Kansas). According to the manufacturer, 
the latter (lot no. 14001004) contained a low 
level of FBS proteins (1 3 pg/ml), specific growth 
promoting factors, transport proteins, hormones, 
a high level of glucose (12.24 mg/ml), and low 
amounts of hemoglobin (10 pg/ml) and endo- 
toxin (5.8 ng/ml) with a pH of 7.32 and osmo- 
larity of 378 mOsm. Blood stream forms were 
isolated from GUTat3.1-infected Balb/c mouse 
blood by suspending the blood in each culture 
medium tested (1 part of the blood and 9 parts 
of the medium), centrifuging at 200 g for 5 min 
at 4 C, transferring BSF-containing supernatants 
to 25-cmZ T-type flasks (Costar, Cambridge, 
Massachusetts), keeping the flasks for 2-3 hr at 
37 C to settle small amounts of remaining blood 
cells on the bottom of the flasks and then col- 
lecting the BSF-containing medium from the 
flasks by gentle pipetting. Concentrations of BSFs 
were adjusted by adding appropriate volumes of 
the medium. In all experimental groups, each 
primary culture was initiated by placing 3.5-4.0 
x lo6 BSFS in a flask containing 5 ml of 1 of the 
media. Flasks were maintained at 37 C by re- 

placing 2-3 ml of the medium every 24 hr for 
5-7 days. During this period, many BSFs died. 
However, from day 4 onward, long slender BSFs 
increased in number in cultures with appropriate 
media. On days 5-7, trypanosome suspensions 
in such cultures were pooled, generally from 4 
primary cultures in each experimental group, and 
cell debris was removed by means of diethyl- 
aminoethyl cellulose (DE52; Whatman, En- 
gland) column chromatography (Lanham and 
Godfrey, 1970). Blood stream forms were then 
collected by centrifugation at 1,630 g for 10 min 
at 4 C, resuspended in fresh medium at different 
BSF densities, and subcultured in new flasks (5 
ml/flask). Subcultures were maintained at 37 C 
by replacing 3.0-3.8 ml ofthe medium, and read- 
justing the BSF density every 24 hr as described 
below. Caps of culture flasks were kept loose so 
that the media were exposed to 2% CO, in air 
in a C0,-incubator for 3-4 hr immediately after 
subcultivation. Then they were tightly closed. 
The improvement in this system was carried out 
in 4 steps. 

Step I: To establish an optimal basic medium 
for initiating the primary culture, 15 modified 
media (HMI- 1 to HMI- 13, HMI- 15, and HMI- 
16) were tested initially in primary cultures (4 
flaskdmedium). Many trypanosomes trans- 
formed to stumpy forms but subsequently died 
during the primary cultivation. By day 8, no try- 
panosome was seen in cultures that were main- 
tained with HMI- 1 to HMI-6, HMI- 12, HMI- 
13, HMI- 15, and HMI- 16. However, in cultures 
with HMI-7, and HMI-9 to HMI- 1 1. long slen- 
der BSFs increased in number from day 4 on- 
ward. Of these 4 media, HMI-9 supported the 
best growth of long slender BSFs. These 4 media 
were tested further in subcultures (4 flaskdgroup) 
that were prepared by placing 7 x lo5 BSF/ml 
in new flasks (5 ml/flask) after the DE52 column 
separation. They were maintained by replacing 
1.7 ml of the medium every 24 hr for 5 days. 
Results of 1 such test are shown in Figure 1A (a, 
b), indicating that the growth rates of BSFs in 
HMI-9 were higher than those in HMI-7, mod- 
ified from MEM with the same amounts of all 
the supplements used in HMI-9. Similar results 
were obtained in the other 2 media. Thus, HMI-9 
was used as the initiation medium as well as the 
control medium for further improvements. 

Step 11: Although HMI-9 supported the best 
growth of BSFs among the 15 media tested in 
step I, the yields of BSFs declined after day 3. A 
similar growth pattern of T. brucei BSFs also was 
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DSD In (b) 

DSD In (a)......................................................................  

FIGURE1. Yields of blood stream forms (BSFs) of Trypanosoma brucei brucei GUTat3.1 propagated at 37 
C under various culture conditions in the absence of feeder cell layers. Data expressed as the mean of 4 replicates 
i SD in (A, C); SDs < i0 .38 in (B). A. BSF populations maintained either in HMI-7 medium (a) or in HMI-9 
medium (b, c), by diluting the population density to % (a, b) or by readjusting to 7 x lo5 BSFs/ml (c) every 
24 hr. B. BSF populations maintained by readjusting the daily seeding density (DSD) to 7 x lo5 BSFs/ml every 
24 hr in HMI-9 supplemented with 10% (v/v) fetal bovine serum (FBS) and 10% (v/v) Serum Plus@ (SP) (a), 
HMI- 10 medium with 5% FBS and 15% SP (b), HMI- 14 medium with 2% FBS and 18% SP (c), and HMI- 18 
medium with 20% SP (d). C. BSF populations maintained in HMI-9 medium by adjusting the DSD to 7 x lo5 
BSFs/ml (a), and in HMI-18 medium to 9 x lo5 BSFsIml (b). 

observed earlier (Hirumi et al., 1980) in the pres- were slightly lower than those (1.9-3.0 x lo6 
ence of feeder cell layers and was improved by BSFs/ml; Fig. lB, a x )  obtained in the other 3 
adjusting the daily seeding density (DSD). In step media. 
11, various DSDs, therefore, were examined in Step IV: T o  retain consistent daily yields of 
subcultures (4 flasks/group) for 5 days using HMI- above 2 x lo6 BSFs/ml in HMI- 18, DSD was 
9. It was established that consistent yields of 2- readjusted to  9 x lo5  BSFs/ml, and the growth 
3 x lo6 BSFs/ml could be obtained by seeding rates were compared with those readjusted at  
the subcultures with 7 x lo5  BSFs/ml every 24 DSD 7 x 10S/ml in HMI-9 for 5 days (4 flasks/ 
hr (Fig. 1 A, c). group). The readjusted population in HMI-18 

Step 111: T o  minimize the amount of FBS in (Fig. lC,  a) consistently produced BSFs at  the 
culture medium, concentrations of FBS were same level (2.0-2.5 x 106/ml) as  obtained in 
gradually reduced at  5-7-day intervals by alter- HMI-9 (Fig. lC, b). 
nating the amounts of FBS (10%) and SP (10%) Blood stream forms also could be cultivated 
in HMI-9 with 5% FBS and 15% SP (HMI- lo), with HMI- 18 in 24-well culture plates (Costar) 
with 2% FBS and 18% SP (HMI- 14), and finally with 2% C 0 2  in air using a similar method to 
with 20% SP (HMI-18). After being adapted to that employed in the flask cultures. 
these media, the growth rates of BSFs in each Trypanosomes propagated in subcultures re- 
medium were compared by seeding subcultures tained the morphological characteristics of long 
(4 flasks/group) with 7 x lo5 BSFs/ml every 24 slender BSFs seen in the infected mouse blood, 
hr for 5 days. The results demonstrated that al- and those harvested on day 7 1 (56 days in HMI-
most consistent daily yields could be obtained 9, HMI- 10, and HMI-14. and 14 days in HMI- 
in all media during this period, although the yields 18) were covered with an electron-opaque sur- 
in HMI-18 (1.6-2.1 x lo6  BSFs/ml; Fig. lB, d) face coat as examined by transmission electron 



microscopy. They gave rise to  infections in all 
mice, which were inoculated intrapentoneally 
with tenfold dilutions of suspensions, containing 
5 x l o 3  to  5 x 10 such trypanosomes (4 mice/ 
group), within 10 days after inoculation. In the 
group inoculated with 5 BSFs/mouse, 3 of 4 mice 
became infected. The same results were obtained 
with trypanosomes harvested on day 84. The 
subcultures were maintained in this system until 
the experiment was terminated on day 86. 

This system also has been applied successfully 
to  the cultivation of BSFs of Trypanosoma brucei 
gambiense IL2343, a derivative of a clone 
STIB386AA that was isolated originally in 1978 
from a patient in the Ivory Coast (Jenni et al., 
1986). 

The present study confirmed the findings in 
the earlier work by Baltz et al. (1985) that in- 
dicated a requirement for hypoxanthine, sodium 
pyruvate, and thymidine for cultivating T. brucez 
BSFs in a feeder layer-free system, although a 
higher amount  of hypoxanthine (10 times higher 
than in Baltz's medium B) was found to be op- 
timal in HMI-18. Although the original Iscove's 
modified Dulbecco's MEM contained 1 m M  of 
sodium pyruvate, a final concentration of 2 m M  
was required to  support the growth of BSFs dur- 
ing the primary cultivation even though BSFs 
could be maintained in subculture without such 
addition. 

Duszenko et al. (1985) demonstrated that 
L-cysteine is a n  essential factor for the cultiva- 
tion of BSFs of T.brucei axenically. T o  minimize 
toxic effects of hydrogen peroxide produced by 
the autoxidation of  L-cysteine, they added fresh- 
ly prepared L-cysteine solution t o  the culture me- 
dium twice a day a t  appropriate concentrations, 
depending on  the density of  BSFs a t  the time of 
medium change. In the present study it was found 
also that L-cysteine is a n  essential supplement 
in the H M I  media. Furthermore, the addition of 
L-cysteine was simplified by adding bathocu- 
proine sulfonate (a chelating agent) and by reg- 
ulating the DSDs a t  the standardized levels (7- 
9 x l o 5  BSF/ml). In this way, the final medium, 
containing L-cysteine, could be used for a t  least 
10 days after its preparation (the maximum shelf 
time has not been established) and 1 medium 
change was sufficient to  produce 2-3 x 1O6 BSF/ 
ml  every 24 hr. The  chelating agent has been 
used earlier by Tegoshi (1988) in a modified MEM 
containing L-cysteine for the cultivation of  Pneu-
mocystis carinii in  a feeder layer-free system. 

The final maintenance medium (HMI- 18) de- 
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veloped in this study still contained a low level 
of FBS proteins (13 pg/ml) in SP. Thus, further 
improvement will be needed to establish a com- 
pletely se rum- independent  cul ture system. 
Nevertheless, differing results that often have been 
due to variability between FBS batches have been 
minimized by using HMI- 18 containing no ad- 
ditional FBS. 

We thank Dr.  M.  K. Shaw for his assistance 
in the electron microscopic examination of the 
cultured trypanosomes. 
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