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Summary. A fully kinetoplastic strain of 3kyl;rozo ~msecj+&has beenrrade 
dyskinetoplastic by successive treatments of infected rats with berenil. The 
loss of kDNA sequences is stable and complete as proven by reassociation kine- 
tics of ti v& labeled kDNA. Moreover these trypanosomes exhibit the same in- 
fectivity as the wild-type. 

The kinetoplast DNA (LDNA) condensed in the single mitochondrion of the try- 

panosome can be seen in Giemsa or Feulgen stained preparations as a dense granu- 

le situated at the base of the flagellum. In .7. erjuQxx&un the kDNA is composed 

of about 3OGC minicircles of 1 kilo base pairs (kb) and about 50 &circles of 

23 kb linked together to form a large network of high molecular weight (1). This 

organization is common to all members of kinetoplastida studied so far (reviewed 

in 2,3). The biological function of kDNA is not yet understood. The maxicircles 

are transcribed and may contain genes similar to those of mitochondrial DNAs in 

other eukaryotic cells (4)(5). The minicircles are also transcribed. Recently an 

RNA molecule complementary to about 10 % of the minicircle was described in 

C&&.d~ acxm&+L (6) . 

Mutant trypanosomes with apparently defective kDNA have been often described 

(reviewed in 2,7,8). These mutants can occur spontaneously or be induced by drugs. 

In my case they lack the stainable kinetoplast granule and are called dyskine- 

toplastic mutants. The study of these mutant tr&anoscxnes with defective kDNA may 

provide new information about its role. 

In this wcrk we have induced the loss of kDNA of 3 ~mzeriuipeadumin 

the bloodstream of infected rats by treatment with berenil, a potent trypanocidal 

drug (9). We present the results of reassociation kinetics of in V&&J labeled 

kDNA mini and maxicircles from untreated trypanosomes in the presence of total 

cell DNA from berenil treated cells. We demonstrate the complete and irreversi- 

ble loss of kDNA sequences in these trypanosomes (akDNA trypanosomes). 

MATERIALS AND METHODS 

Isolation of akDNA trypanosomes. Female Wistar rats of about ZOO g were in- 
fected with a fully kinetoplastic strain of .Y ryparwmma~uipe& from the an- 
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tigenic variant called BoTat 24 (Bordeaux-Trypanozoon-Antigenic Type 24). This 
variant was isolated and characterized as previously described (10). The nun&r 
of trypanosomes injected to each rat was about 106 in order to obtain the maxi- 
mum parasitemia in 3 to 4 days. Two days after injection of trypanosoms each 
rat received intraperitoneally 1 mg of berenil (4,4' diazo amino dibenzamidine 
diaceturate) in solution in 0.1 ml of 0.15 M NaCl. The rats were sacrificed 8 
to 10 days later and their parasitized blood was used to infect new rats then 
treated with 1 mg of berenil in a similar manner. Successive infections and be- 
renil treatments were continued 5 times. The trypanosomes obtained are conside- 
red as 100 % dyskinetoplastic from cytological staining , and are named ak-Teq 
ber. The trypanosomes were purified as described by Lanham and Godfrey (11) and 
washed three times with 0.15 M NaCl - 0.015 M Na3 citrate. 

Preparation of total DNA and fractionation of kDNA. Total DNA was extracted 
from the kinetoplastic and from akDNA strain as previously described (12). kDNA 
networks can either be purified in CsCl-Ethidium bromide (EthBr) gradient as co- 
valently closed molecules or in the presence of the bisbenzimidazole dye Hoechst 
33258 in conditions previously described (13). This dye enhances the separation 
on the basis of its ,preferential birding to AT rich DNA (14). 

Analytical ultracentrifugation. A Spinco model E analytical ultracentrifuga- 
tion was used. Equilibrium density centrifugation in CsCl gradient was performed 
during 24 h at 44 CCC rpm and 25OC with ?&crococcx~ m DNA as density 
rrarker. Scans were obtained at 265 nm using the Beckman photoelectric scanning 
system. 

3n v& synthesis of 3H-labeled kDNA and reassociation kinetics. After in- 
cubation of kDNA network with &m Hl restriction endonuclease,the maxicircles are 
cleaved in one linear fragment of 23 kb and the minicircles which are not cleaved 
are maintained intact under a core-kDNA network form I (1). The minicircles and 
linearized maxicircles are fractionated in a CsCl-EthBr gradient and then purified 
in a CsCl-Hoescht 33258 dye gradient as described above. 'Ihe minicircles were 
cleaved into linear frwnts of 1 kb size by &f I endonuclease (15). Both com- 
ponents of kDNA were nick-translated as described by Mackey EL aR. (16) in the 
presence of [3H] dCTP (An-ersham, specific activity 19 Ci/mnole)and PH] TTP 
(Amersham, specific activity 41 Ci/nmole). The size of the nick-translated DNA 
fragments was estimated by comparison with sheared 3H-labeled ~sylrawto&rm cFuiii 
nuclear DNA (nDNA) of known size (Sio w= 5.9). The DNA polymerase I was purcha- 
sed from Boehringer-Mannheim, the ' DNase I frcm Worthington, and the res- 
triction endonucleases from Biolabs. The labeled DNAs,which gave at alkaline pH 
single-stranded fragments of about 400 nucleotides,were treated as described by 
Pellicer et &. (17) to remove the fast reannealing n-aterial(about 20 % of the 
probe DNA).3H-labeled DNAs were heated for 20 min. at loO°C in 30 IT&I Na phosphate 
pH 6.8 and reassociation was carried out at 68OC in 0.86 M NaCl, 80 IT&I Na phos- 
phate pH 6.8 and 0.08 % SDS. Aliquots of 100 ~1 fractions were collected at va- 
rious times and diluted with 0.9 ml of 0.14 M Na phosphate pH 6.8, 0.4 % SDS. 
The fractions of single and double-stranded DNA was determined by hydroxyapa- 
tite chromatography as described by Sharp et &. (18). About 90 % of probe mini- 

circle and 85 % of probe maxicircle were capable of reassociation at satura- 
tion. 

RESULTS AND DISCUSSION 

When the total DNA extracted from 7. q&+e&wn BoTat 24, is analysed by 

equilibrium density centrifugation in CsCl gradient (fig. lA), the kDNA with a 

density of 0 = 1.690 g/cm3 and nDNA banding at 0 = 1.707 g/cm3 are observed as 

previously described (1). The kDNA which amounts to about 6 % of total DNA can 
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Figure 1. Equilibrium density gradient centrifu&.ion in CsCl of 7. equ,@eg&m 
DNA. (A) Total DNA of BoTat 24. (B) Total DNA of berenil-treated trypanosares 
(ak-Teq her). 

be isolated from total DNA in the form of covalently closed, high molecular 

weight network by oreparative CsCl-EthBr gradient. The kDXA which is richer in 

AT than nDNA can also be efficiently fractionated in the upper band of a CsCl- 

Hoechst 33258 dye gradient (photogra& not shown). When the total DNA extrac- 

ted from ak-Teq ber trypanosomes was analysed by isopycnic CsCl gradient cen- 

trifugation, no trace of kDNA of density P = 1.690 g/cm3 was found (fig. 1B). 

Neither CsCl-Ether nor CsCl-Hoechst dye gradients showed the usual kDNA band. 

Extensive examination of the DNA at the electron microscope does not reveal 

the presence of minicircles or maxicircles. Furthermore typical kDNA struc- 

tures of 7. erjuipesclwn (1) could not be seen in ak-Teq her trypanosomes even 

after extensive ex;anination of ultrathin sections. 

These data suggest that the kDh!A usually found has been lost in ak-Teq ber 

trypanosonnes. To confirm the ccnnplete loss of kDNA sequences in these dyskine- 

toplastic trypanosomes we have studied the reassociation kinetics of &I V&-U 

labeled kDNA mini and maxicircle from untreated trypanosomes with total DNA 

from berenil-treated trypanosomes. The molecular weight of 9. ~~u.+QP& EDNA 

is about 4.3 x 10 lo (19). The molecular weight of the kDNA minicircle is about 

6.4 x lo5 (1). We have performed the reassociation kinetics under such condi- 

tions that the equivalent of one kDNA minicircle (in probe DNA) is incubated 

in the hybridization mixture with the equivalent of 2.6 total cellular genome 

of ak-Teq ber cells. The reannealing of labeled kDNA minicircles alone (control) 

and in the presence of 1 fold molar excess of unlabeled kDNA minicircles follows 

a simple second order kinetics as previously shown (1). The results presented in 

figure 2A show that the kinetics of reassociation of the labeled kDNA minicircle 

are not significantly modified by the unlabeled DNA from ak-Teq ber trypanoscees. 

Similar experiments have been carried out using &I vi,?50 
3 

H labeled kDNA maxi- 

circle fragments. The reannealing reaction follows also a simple second order 

kinetics as previously shown (1). The kinetics of reassociation of maxicir- 

clec,molecular weight 15.4 x lo6 (1) has been studied in the presence of the 
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Figure 2. Reassociation kinetics of & vitro 3H-labeled kDNA minicircle (A) 
snd maxicircle (B) fragments fnxn 7. e+&uwLn BoTat 24 in the presence of to- 
tal DNA from berenil-tEated trypanosomes. (A) The reaction mixtures contained 
2 ng/ti of labeled minicircle DNA (specific activity 7.4 x 106 cpn/ug) : dlone 
(-a-) or in tlie presence of 344 &ml of unlabeled DNA from berenil-treated 
tqmanosmes (-A-). The time required for the reannealing of half of the 3H- 
labeled DM alone was 72 h. (B) The reaction mixtures contained 5 r&ml of la- 
beled maxicircle DNA (specific activity 1.5 x lo7 cpn/ug), alone c-0-1, or 
in the presence of 177 ug/ml of unlabeled DNA from berenil-treated trypanosanes 
(-A-). The time required for the reannealing of half of the %-l-labeled DNA 
alone was 46 h. The unlabeled frwnts were prepared by sonication and contai- 
ned 400 to 500 nucleotides, as treasured by analytical ultracentrifygation at 
alkaline PH. The data are plotted according to Sharp eL c&. (18) where 
represents the reciprocal of the fraction of probe DNA which is single- 

l/fss 

stranded at time t, and t !$ is the time required for half of the probe DNA to 
renature alone cr in the presence of berenil-treated cells DNA. 

equivalent of 12.7 total cellular genome from ak-Teq her per equivalent 

of one kDNA maxicircle (in probe DNA). The results are not significantly diffe- 

rent from the control (figure ZB). From these experiments we conclude that ak- 

Teq ber trypanosomes are akinetoplastic DNA (akDNA) cells. 

Berenil which is a potent trypanocidal drug (9) has a specificity for base 

composition and does not intercalate between base pairs (20)(21). This dryq in- 

duces dyskinetoplasty in trypanosomes and inhibits kDNA replication (9)(22). In 

kDNA isolated from 7. cauzL treated with beRni many three-branched minicircles 

of the Cairns-type have been detected and assumed as being replicative interme- 

diates (22). 

In this paper we haveshownafter equilibrium density CsCl gradients that 

berenil induces the loss of kDNA structures in .7. e++.eaxfum. Furthermore, the 

reassociation kinetics of in vitro-labeled kDNA mini and maxicircles indicates 

the absence of kDNA sequences in the total DNA of berenil-treated cells. The 

353 



Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

corrq>lete loss of kDNA is stable for at least 6 additionnal passages in rats, in 

the absence of berenil (maximum tested). The infectivity of these trypanosomes 

has been studied in mice and rats and no difference has been found with the ki- 

netoplastic strain. The results we presented in this paper show that both corn- 

ponents of kDNA coqlex netcu3rks are not apparently essential to the viability 

of bloodstream 7. equipzsdum . Similar results were obtained with 7. erju+e&um 

treated by EthBr and acriflavine (19). The problem of the biological function 

of kDNA remainsopen. 
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