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I N T R O D U C T I O N  

Differentiat ion of several cell types is inhibi ted  by 
5-bromodeoxyuridine  (BUdR)  (1-3, 9, 12). Since 
B U d R  can  be incorpora ted  into D NA in place 
of thymidine  (TdR)  (12), the inhibi t ion of dif- 
ferent ia t ion may be due to the presence of B U d R  
in the DNA of the cell. 

In  Acanthamoeba castellanii, DNA synthesis con- 
t inues t h rough  overt  different iat ion of the t ropho-  
zoite into the  d o r m a n t  cyst. 1 Since cell division 
is t e rmina ted  before encystment  is induced,  
cont inua t ion  of D N A  synthesis suggested t ha t  the 
DNA synthesized at  this t ime migh t  be impor t an t  
for normal  differentiation. Consequently,  we 
under took experiments  to de termine  whe ther  
B U d R  would interfere wi th  different iat ion of A. 
castellanii. The  present  repor t  deals with  prel imi-  
nary  observations on the effects of B U d R  on 
growth,  encystment ,  and  excystment.  

Culture Conditions 

A. castellanii (Neff strain) was grown axenically in 
optimal growth medium (OGM) in aerated suspen- 
sion culture as described by Neff et al. (5). The 
modifications introduced for inoculation and sampling 
of the cultures were described by Stevens and O'Dell 
(10). Cell counts were made on appropriately diluted 
samples of the cultures using a Coulter Counter model 
B (Coulter Electronics Inc., Fine Particle Group, 
Hialeah, Fla.). The kinetics of growth and spontan- 
eous encystment in the optimal growth (OG) cul- 
tures have been reported previously (11). All manipu- 

1 Roti Roti, L. W., and A. R. Stevens. 1974. DNA 
synthesis during growth and encystment of 
Acanthamoeba castellanii. Submitted for publication. 

lations for growth, encystment, and excystment were 
performed under sterile conditions. 

Induction of Encystment 

Using cells from exponentially growing cultures at 
a density of 1-2 X l06 cells/ml, encystment was 
induced by using the medium replacement method 
(constant pH 8.9) described by Neff et al. (5). Cell 
density in the encystment medium (EM) was between 
2 and 2.5 )~ l05 cells/ml. Encystment synchrony was 
evaluated morphologically by phase-contrast micros- 
copy (5). More than 95% of the cells formed mature 
cysts within 24 h after induction under these condi- 
tions (5, 11). 

Induction of Excystment 

Approximately 5 days after induction of encyst- 
ment, samples were removed from the encysted cul- 
ture, and the cysts were collected by centrifugation at 
800 )< g for 4 min. The cysts were washed, resus- 
pended in OGM, and inoculated into aerated sus- 
pension culture at a final density of 4-6 X 104 
cysts/ml. Conditions for growth in the excysting cul- 
ture were as described above. Excystment was moni- 
tored morphologically using the staining method 
described by Mat tar  and Byers (4). 

Inhibitor Studies 

Solutions of BUdR (Sigma Chemical Co., St. 
Louis, Mo.) and 5-fluorodeoxyuridine (FUdR) 
(Calbiochem, San Diego, Calif.) at 100 times the final 
concentration were prepared in 0.14 M NaC1 and 
sterilized by filtration before addition to cultures. All 
cultures containing BUdR-treated cells were shielded 
from visible light by covering the culture flask with 
aluminum foil. 
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R E S U L T S  

The effect of B U d R  on growth of A. castellanii 
was evaluated after addition to exponentially 
growing suspension cultures (Fig. I). Initially, 
the normal  population doubling time of 7 h was 
maintained for a period which depended upon 
the concentration of BUdR.  After six genera- 
tions with 3.3 × l0 -5 M BUdR,  or three to four 
generations with 3.3 × l0 -4 M, the doubling 
time increased to 13 h. Before the culture reached 
stationary phase, the ceils treated with 3.3 × 10 -4 
M B U d R  were subcultured into fresh medium, also 
containing B U d R  (3 .3 )<  I0 -4 M). Exponential  
growth in the presence of B U d R  was maintained 
in this way through three subcultures for a total 
of 29 cell generations with a doubling time of 
10-13 h. The  culture was then allowed to enter 
stationary phase without further subculture. Nor- 
mal stationary phase density was reached in all 
BUdR-conta in ing cultures. 

To determine whether B U d R  had an effect 
on differentiation of A. castellanii into dormant  
cysts, spontaneous encystment was evaluated 

4 0  

I0 

E 

% 4 

O 

0.4 

0.1 I I I J 
0 25 5 0  75 I 0 0  

Time (h)  after addition of BUdF~ 

FtG~RE 1 Effect of BUdR on growth. BUdR, 3.3 )< 
10 -5 M (--D--)  or 3.3 >( 10 -4 M (--A--) ,  was added 
to exponentially growing cultures. An equivalent 
amount of 0.14 M NaC1 was added to the control 
culture (--©--).  The results shown for 3.3 >( 10 -5 M 
are from a single experiment, and those for 8.3 >( 10 -4 
M are typical of four similar experiments. 

after the cultures containing B U d R  (3.3 X 10 -4 
M) reached stationary phase. Even after the cells 
had been maintained in B U d R  for up to 29 
generations, the time required for encystment 
induction and the degree of encystment were 
approximately the same in BUdR-conta in ing 
as in control stationary phase cultures. Also, 
B U d R  had no effect on experimentally induced 
encystment (see Materials and Methods). Cells 
that had been maintained in exponential  growth 
for 7-20 generations in the presence of 0.25- 
3.3 × l0 -4 M B U d R  encysted within the normal 
24-h period after transfer to EM. Further, ex- 
perimentally induced encystment of cells not pre- 
viously exposed to B U d R  was not affected by 
addition of 0.25 × 10 .4 M B U d R  at the t ime 
cells were transferred to EM. 

The failure of B U d R  to affect encystment of A. 
castellanii could have been due to a limited incor- 
poration of the analogue into DNA. If  endogenous 
synthesis of T d R  were inhibited by addition of 
F U d R  to the cultures along with BUdR,  the 
degree of substitution might be increased relative 
to that in cultures treated only with BUdR.  
When B U d R  and F U d R  were added simultane- 
ously to exponentially growing cultures of A. 
castellanii, cell growth continued longer than 
with F U d R  alone (Fig. 2). After addition of 
F U d R  and B U d R  together, growth continued 
for two generations at the normal rate and for one 
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FIGURE ~ Effect of BUdR on inhibition of growth by 
FUdR. FUdR (3 X 10 -6 M) alone (--©--) or con- 
comitantly with BUdR (3.3 X 10 -4 M) ( - -~- - )  was 
added to exponentially growing cells. Results shown 
are a composite from two experiments. 
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more generation at a reduced rate, whereas with 
F U d R  alone growth was terminated after only 
one generation. This alteration of the F U d R  effect 
by B U d R  might  have been due to a reduction 
in the amount  of F U d R  that entered the cell, 
especially since B U d R  was added at 100 times the 
F U d R  concentration. To test this possibility, 
B U d R  was added 7 h after F U d R ,  when growth 
(Fig. 2) and DNA synthesis 1 had already been 
terminated. Under  these conditions, addition of 
B U d R  still led to a second doubling of the popula- 
tion, indicating that B U d R  did indeed substitute 
for T d R  in FUdR-t rea ted  cells. As in cul tures  
treated with only BUdR,  spontaneous encystment 
was essentially unaffected in cultures containing 
both F U d R  and BUdR.  After growth termina- 
tion by simultaneous addition of F U d K  and 
BUdR,  the time-course of encystment was quite 
similar to that in untreated stationary phase 
cultures, or in cultures where F U d R  and T d K  
had been added simultaneously. In cultures where 
the F U d R  effect was circumvented by addition 
of B U d R  after 2-7 h, the time-course of encyst- 
ment  was closely comparable to that in corre- 
sponding cultures containing F U d R  and TdR.  

Although B U d R  had no effect on the formation 
of morphologically identifiable mature cysts, the 
possibility remained that cysts formed from 
BUdR-treated cells might be physiologically 
defective. Therefore, excystment of the cysts 
formed by BUdR-treated cells was evaluated. 
The numbers of cysts in the various morpho- 
logically defined stages of excystment (4) were 
scored at intervals after transfer of cysts to O G M .  
"Act ivat ion"  is defined as the change in staining 
properties of the cysts that is indicative of the 
preliminary, stages of excystment of A. ¢astellanii 
into viable trophozoites (4). The  results are shown 
in Fig. 3 for control cells and for cells that had 
been grown seven generations in the presence of 
3.3 X i0 -4 M B U d R  before encystment induc- 
tion. In the control cultures, about 70% of the 
cysts were "act ivated"  within the time period of 
observation. On  the other hand, only about 25% 
of the cysts formed by BUdR-treated ceils were 
activated and the remaining cysts stayed dormant  
for the duration of the experiment. Eventual  
emergence of the activated forms as evaluated by 
the increase in the number  of empty cyst walls, 
however, did not appear to be impaired by BUdR. 
In both control and BUdR-trea ted  cultures 
roughly half of the activated cysts emerged within 
the time of the experiment (Fig. 3). 
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FIGURE 8 Effect of BUdR on excystment. Cells were 
grown without (control) or with (BUdR) 8.8 X 10 -4 M 
BUdR for seven generations before induction of encyst- 
ment (in the absence of BUdR). Excystment was in- 
duced 5 days later, and the number of dormant cysts 
(--O--) ,  activated cysts (--[]--),  and empty cyst walls 
(--A--)  was evaluated at intervals as percent of total 
cysts. The number of "preemergent" cysts observed at 
any one time was quite small or zero, and was included 
in the number of activated forms. The points represent 
average values from two similar experiments. 

D I S C U S S I O N  

The effects of B U d R  on differentiation of A. 
castellanii were first studied using a concentration 
of B U d R  (3.3 X l0 -4 M) which caused lengthen- 
ing of the population doubling time, but per- 
mitted continuation of exponential growth at 
the new rate (Fig. 1). Encystment, either spon- 
taneous or experimentally induced, occurred nor- 
mally in the BUdR-trcated cells, but  when the 
cysts formed by experimental induction were 
returned to O G M ,  their excystment was reduced 
(Fig. 3). The inhibition of excystment appears 
analogous to the inhibition of differentiation ob- 

served in other eukaryotic cells (1-3, 9, 12), where 
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differentiation is also impaired at concentrations 
of B U d R  that  do not interfere with growth, or 
retard it only slightly. 

The  possibility remained that B U d R  might  
inhibit  encystment as well as excystment if the 
degree of substitution of B U d R  for T d R  could be 
increased. When F U d R  and B U d R  (at 100 times 
the F U d R  concentration) were added simultane- 
ously to exponentially growing cultures, growth 
continued longer than in the presence of F U d R  
alone (Fig. 2), apparently analogous to circum- 
venting F U d R  inhibition by adding TdR.  There- 
fore, the degree of B U d R  substitution in these 
cultures must have been greater than in cultures 
containing B U d R  alone. Furthermore,  simul- 
taneous addition of B U d R  and F U d R  led to 
termination of growth after three population 
doublings, whereas when T d R  was added to 
FUdR-conta in ing  cultures, normal stationary 
phase density was reached. Since spontaneous 
encystment of these cells proceeded normally 
once cell division was terminated, even a growth- 
limiting degree of B U d R  substitution apparently 
did not interfere with this form of differentiation 
in A. castellanii. Indeed, the effect of combined 
t reatment  with F U d R  and B U d R  might be 
interpreted as induction of differentiation, such 
as occurred in the case of mouse neuroblastoma 
cells treated with B U d R  (8). However,  encystment 
in A. castellanii normally occurs when growth is 
terminated, either in stationary phase cultures 
or when encystment is induced experimentally. 
Encystment in the cultures treated with both 
B U d R  and F U d R  was, therefore, probably sec- 
ondary to the cessation of growth. 

Both encystment and excystment of A. castellanii 

can be considered as forms of differentiation. 
Both involve morphological and physiological 
changes in the ceils and require synthesis of R N A  
and protein (4, 6, 7). Thus, in A. castellanii one 
type of differentiation was inhibited by the pres- 
ence of B U d R  in the cell, while the other seemed 
to be completely insensitive to it. The reason for 
the difference in the action of B U d R  on two forms 
of differentiation in the same unicellular organism 
remains obscure. Further  work with this system 
may provide basic information about the mecha- 

nism of action of BUdR,  and about the role of 

DNA in differentiation of A. castellanii. Physical- 

chemical studies of DNA isolated from A. cas- 

tellanii are being undertaken to determine the 

degree of B U d R  substitution in the various frac- 

tions of DNA from cells in different states with 
respect to growth and differentiation. 

S U M M A R Y  

When A. castellanii was grown in the presence of 
3.3 X l0 -4 M BUdR,  the population doubling 
time was increased from the normal  7 h to 10-13 
h, and was maintained for as many as 29 genera- 
tions. Nevertheless, the cells retained the capac- 
ity for differentiation into dormant  cysts, either 
when it was allowed to occur spontaneously in 
stationary phase cultures, or when it was induced 
experimentally by starvation. Excystment, on 
the other hand, was significantly impaired when 
cysts formed by experimental  induction of BUdR-  
grown ceils were returned to O G M .  

When F U d R  (3 X 10 .6 M) was added c o n -  
comitantly with B U d R  (3.3 × 10 -4 M) to ex- 
ponentially growing cells, cell division continued 
for three generations instead of only one genera- 
tion as in cultures treated with F U d R  (3 X 10 .6 
M) alone. Although incorporation of B U d R  into 
DNA must have been much greater under these 
conditions than in the presence of B U d R  alone, 
spontaneous encystment of the F U d R - B U d R  
cultures was still unaffected. Thus, it appears that 
of the two types of differentiation observed in A. 
castellanii, only excystment is sensitive to the 
presence of B U d R  in the cell. 
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