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SYNOPSIS. Short pulse-labeling of log phase Crithidia fasciculate cells with ["H]thymidine allowed the autoradiographic
visualization of 2 sites of replication of kinetoplast DNA situated at the periphery of the networks and separated by 180°.
Longer pulse-labeling led to the previously reported total peripheral labeling pattern. Pulse-labeled nctworks possess an inter-
mediate density in ethidium bromide-CsCl cquilibrium gradients between the densities characteristic of closed networks and
open or lincar DNA. Removal of ethidium bromide by several methods and treatment of internnediate band networks with
RNase and pronase had no effect on the eguilibriuth rebanding pattern. Closed miinicircles of Leishmania tareniolae are not
labcled by a short pulse of intact cells with [PH]thymidine. A chase of ~ 54 hr is required for the nppearance of radivactivity
in closed minicircles, a time delay which implies the existence of intermediate events between replication and eventual covalent

closure of the minicircles.

Index Key Words: Crithidia fasciculata; Leishmania tarentulae; kDNA networks; minicireles; DNA replication.

HE replication of the kinetoplast DNA  (kDNA) of the
hemoflagellate protozoa remains an unsolved problem. Fwi-
denee huas been presented that the catenated aninicirele, the ma-
jor molecular component of the kDNA newwork (6}, replicates
semiconservatively and remains enmeshed in the network, lead-

* This investigation was supported in part hy Research Grant
Al 09102 (to L. 8.) from NIAID, U.S. Public Health Service;
by Univ. of California Research Grant Ne. 2456 (te L. 8.); and
by a USPHS Biomedical Research Support Grant to the Univ. of
California.

ing 10 an enlargement of the network surface area (1, 4, 9). It
also appears likely that all network minicireles replicate aach
cell eycle (4, 2). We have also reportud, however, that KDNA
replicition s resiricted to the periphery of the network struc-
ture at all times in the kincloplast 8§ phase (9) and have
preseated a preliminary working hypothesis 1o explain this ap-
parent paradox. The hypothesis postulates the existence of exten-
sivi: recombination between adjacent minicircles leading to the
formation of lurge cireular wolecules which permit the move-
ment of inner network ntolecules past the peripheral loci of rep-



Fig. 1. Light microscope autoradiographs of kDNA netwaorks
isolated froan C. fasciculata log-phase cells that had been pulse-
labeled with [PH]thymidine (51.5 C/mM, 33 pc/ml) for 1 min or 3
min at 27 C.

lication. Evidence for recombination between minicireles has
been reported in‘the case of the kinctoplast DNA of Crithidia
acanthocephali (4). A 2nd series of recowbinationnl and ligase
events wauld lead to a recircularization and closure of the mini-
cirele units in u cotenated configuration,

Tn this report we show that there are actually 2 separate loci
of kDNA replication at the periphery of the neuvork of C. fas-
ciculata. We also show thut in L. terentolac several hours are
required for [3Hithyvmidine label o appeay in covilently clased
minicircles after an in vive pulse, a fact which is consistent with
our working hypothesis.

MATERIAL AND METHODS

Protozoan Straing and their Cultivetion—Crithidia [ascicu-
lata {clonal strain CR-C1) and L. tarentelac {clonal sirain T.t-
C1) cells were grown in Difco Brain heat infusion medium as
described proviously (5, 7). Crithidia cells were lubeled with
"B Tithymicdine in the defined mediom of Kiddee & Dutta (3),
and L. tarentolac cells were lubeled in o medium composed of
cqual volumes of NeoYE and 199+ (2). Tn both cases, cells
were allowed 1o divide several times in the respective media
before lubcling was attempted. '
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Fig. 2, Ethidium Lromide-CsCl equilibrinm gradients of kKDNA
networks isolated from cells pulse-labeled with PH]thymidine. Log-
phase ©. fasciculata cells werc pulse-labeled for 10 min at 27 C
with 15 gc/ml ["H]thymidine (13 C/m) in a defined medium (3).
KDNA was isolated and centrifuged as described in Methods. (a)
The initial run of the kDNA pellet. (b) The indicated fractions
of gradient {a) were ponoled, the dye removed by dialysis versus 1.5
M NaCl-0.15 M Na citrate plus Dowex 50, and the DNA recentri-
fuged to equilibrium in ethidium bromide-CsCl.

Light Microscope Autoradiography of Isolated Notworks—
Autoradivgraphy was performed as deseribed previously (9).
Mecthyl [8H]thymidine (51.5 C/mn) was purchased fron New
England Nuclear Co. Log-phase C. fasciculate cells were cx-
posed to 33 ue/ml [*H]thymidine in the defined medium (3) for
30 sec and 1, 3, 5, and 10 min, To, terminate the pulse, unla-
huled thymnidine wus added to 200 pg/ml and the cells were di-
luted with cold 0.15 a1 NaCl-0.05 m NaPO,-0.02 » glucose (pl1
7.9) and centrifuged. ‘The pellet was resuspended in 0.15
NaCl-0.5 a1 EDTA {pH 8.0} and rapidly frozen for later isolu-
tion of kDNA newworks. The final kKDNA pellet was resus-
pended in 1% {w/v) bovine serum albumin-0.15 ar NaCl-0.01
31 Na citrawe (pH 7) lor preparation of snicars on gelatin subbed
slides. Slides were covered with Tlferd L-4 cmulsion and x-
posed for 3 weeks at 5 C. Slides were developed and the net-
works stained through the emulsion with Giemsa.

Isolation of Kinetoplast DNA—This was performed as de-
scribed previously {5, 7). Crithidia fasciculate networks were
obtained for autoradiography by centrifuging the lysate twice in
the SW 39 rotor for 23 min at 20,000 rpm (32,64 g,.) at 5 C.
These networks were prepared for cthidivan bromide-CsCl gra-
dicnt centrifugation by centrifuging the Tysate twice in the SW
27 rotor for 1.5 hr at 24,000 rpm (76,056 g,.) at 5 C. Tn both
cases, the pelleted DNAs were not treated with RNase o avoid
any possible brenkdown of replicating networks.

Lcishmania tarentolue networks were recovered by centrifuging
the lysate for 2 hr at 26,000 vpm {89,261 g,.) in the SW 27 rotar
at 5 C. The pelleted L. tarentolaec networks were treated with
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Fig. 8. Ethidium bromide-CsCl equilibrium gradients of kDNA networks isulated from cells pulse-labeled with [Hjthymidine (10

gc/ml) for 15 min at 27

fractions b, €, d were pooled and the DNAs rebanded directly in ethidium bromide-CsCL

C. KDNA was isolated and centrifuged as in Fig. 2. (a) The initial run of the isolated kDNA. The indicated

(b) Rebanding of the lower band of (a).

(c) Rebanding of the intcrmediate regivn of (a). {d) Rebanding of the upper Land of (a).

RNase A plus Ty and then with pronase, afier which the DNA
was repelleted by centrifugation at 22,000 rpm (34,662 g,,) for
1 hr at 5 C in the SW 65 rotor. The final DNA pellet was re-
suspended in 0.2 il of 0.15 m NaCl-0.015 M Na citrate (pH 7).
This solution wus sonicated for 5 sec with the microprobe of
the Biosonic TIT sonicator (power of 10) and theri subjected to
banel sedimentation on a 5 ml alkaline sucrose gradient in the
SW 65 rotor at 60,000 rpm (257,587 g,,} for 5 hr at 5 C. The
gradient was froctionated in the 1seo Model D Fractionator as
deseribed previously (7).

Ethidium Bromide-CsCl Equilibrium Gradient Cenirifuga-
tion—"This procedure was performed us described previously
(7. 8}). MP-lubeled upper band and lower band markers for the
gradients were, respectively, L. tarentolae nuclear DNA and
closed monomeric minicircles. These reference DNAs were iso-
lated as previously described from cells grown for 4 days in
NeoYTE medium containing 30 pefml #2Pi (carrier-free, ICN').

The tubes were centrifuged for 72 he at 40,000 rpm in the
No. 50 Spince rotor at 20 C. The initial ng®* was 1.3875 and
the initial dye concentration was 300 pg/ml. Fractions were
collected onto Whatman No. 3 filter discs, processed through
5% (w|v) trichlaroacetic acid, ethannl and cther, and counted
in a toluene scintillation fhuid.

RESULTS AND DISCUSSION

Pulse-lubeling of log-phase C. fasciculata cclls with high spe-
cific activity [*H]thymidine for 1 min yielded kDNA nctworks
that had 2 peripheral loci of replication, as scen by light micro-
scope autoradiography of isolated networks (Fig. 1). The loci

were simmted ~ 180° oppositc cach other. A 3-min labeling
period yielded networks which had broader peripheral loci of
silver grains, and a 5~ or 10-min labeling period led to the pre-
viously reported complete peripheral labeling pattern. We spec-
ulate that these loci of replication niy represent sites of mem-
branc atiachinent to the network.

Pulse-labeled networks have been shown to band in an imerme-
diate position in ethidium bromide-CsCl enuilibrium gradients.
Several preliminary experiments were performed on  pulsc-
labeled C. fasciculata networks to define some physical praper-
tics of the intermediate band in these gradients. It was demon-
strafed in the experiments whose results are summarized in Fig.
2 that the dye could be removed from the DNA and the equi-
librium position of the DNA remnained the same on rebanding,
indicating the absence of handling-indiced nicking of network
ninicircles. There was some contamination of the kDNA with
mclear DNA in the gradient shown in Fig. 2(a), but this would
not affict the results.

In the experiment shown in Fig. 3, three separate regions
were recovered fram a preparative gradient, and the DNAs were
then rebanded in ethidium bromide-CsCl. The equilibriumn posi-
tions remained unchanged. The lower and intermediate bands
(Fig. 3b, c) were recovered, divided into 2 parts, one of which
was treated with RNase A plus T, and then with pronase. Both
DNA preparations were then subjected to band sedimentation
in neuiral sucrose gradients. The DNA sedimented as a single
homogencous peak in cach case. There was no effect of the
RNasc and pronasc treatments o the shape of the peak or on
the Sy w value, and no radioactive DNA was released from
the networks. These results imply that neither RNA nor protein
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Fig. 4. Band sedimentation profiles in alkaline sucrose gradicnts
of sonicated L. tarentofae kDNA isolated from cells pulse-labeled
with ['H]thymidinc and chased in unlabeled medium. (a) 150 mi
of log-phase cells (98 X 10° cells/m!) were pulse-labeled for 30 min
at 27 C with 38 uc/m] PH]thymidine in NéoYE-199+4 medium, and
were then mixed with 370 ml of unlabeled culture. KDNA was
isolated, sonicated and centrifuged in alkaline sucrose gradients as
described in Methods. The optical density at 254 nm was used to
mark the position of the closed monomeric circles and to normalize
the graphs. (b) Cells were pulse-labeled for 30 min as in (a) and
were then resuspended in unlabeled medium for & hr. KDNA was
isulated, sonicated and centrifuged as in (a).

play a structural role in the compeosition of the pulse-labeled
intermediate band, .

In order to exawmine the rate of appearance of the [*II]thymi-
dine pulse label in covalently closed minicircles, we performed a
pulse-chase experiment with log-phase L. farentolac cclls. This
specics was sclecled due to the availability of effective methods
to isolate closed monomeric minicircles from networks {7, 10).
Cells were pulse-labeled with [*Hlthymidine for 30 min and
were then washed by centrifugation and resuspended in unfa-
beled medium at 27 € for varying periods. Equal aliquots of
the culture were removed onto filter dises and the acid-insoluble
radionctivity was mneasured to confirm the existence of a truc
chase. The radicactivity/unit vol was constant throughont the
chase, Although this method only provides a measurement of
1otal cell incorporation. the kDNA represents such a large por-
tion of the total ccll DNA that continned incorporation into
kDNA from n seqnestered isotope pool would have been clearly
apparuit.

To meansure the specific activity of covalently closed monon-
meric minicircles, at each chase time an aliquot of cells was re-
moved and kDNA networks werce isolated, sonicated, and sub-
jucted to bund sedimentation in alkaline sucrose gradients. Both
the optical density at 254 nm and the acd-insoluble radioactiv-
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Fig. 5. Band sedimentation profiles in alkaline sucrose gradicnts
of sonicated L. tarentolee kDNA isolated from cclls pulse-labeled
with [H]thymidine and chased in wunlabeled medium. Three
hundred ml of log-phase cells (29 X 10" cells/ml) were pulse-
labeled Tor 30 min at 27 € with 10 mc [PH]thymidine. The cells
were then lpcllctcd and washed hy centrifugation and mixed with
1200 ml nof unlabeled culture (29 X 10° cells/inl). At cach time
point, 400 nl of culture were harvested for isolation of kKDNA.
{a) Immediately after the 30 min pulse. (b) After 1 hr of chase.
(e} After 3 hr of chase.

ity were measured. The results of 2 separate experiments are
shown in Figs. 4 and 5. It is clear that the specific activity of
closed minicircles does not increase significantly until after 3 te
4 hr of chase. This is a striking delay, since Brack et al. (1)
calculated thal only a few seconds are required for the complete
replication of the larger 0.4% pm winicircles from Trypanosamea
cruzi. This time delay for the appearance of radiouctivity in
closed minicircles in L. tarentolae after an in vive pulse with
[H]thymidine implies the existence of intermediate events be-
tween replication and final closure of the circular molecules. Tt
is cniircly consistent with our working hypothesis that extensive
recombination occurs after replication but, of course, does not
prove this hypothesis.
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SYNOPSIS. Short pulse-labeling of log phase Crithidia fasciculata cells with [PH]thymidine allowed the autoradivgraphic
visualization of 2 sites of replication of kinetoplast DNA situaled at the periphery of the networks and separated by 180°.
Longer pulse-labeling led to the previously reported total peripheral labeling pattern. Pulse-labeled networks possess an inter-
mediate density in ethidium broinide-CsCl equilibrium gradients between the densities chamcieristic of closed networks and
open or lincar DNA. Removal of ethidium bromide by several methods and treatment of intermiediate band networks with
RNasc and pronase had no effect on the equilibrium rebanding pattern. Closed minicircles of Leishmania tarentolas are not
labeled by a shurt pulse of intact cells with ["Hlthymidine. A chase of ~ 3-4 hr is required for the appearance of radicactivity
in clused minicircles, a time delay which implies the existence of intermediate events between replication and eventual covalent

closure of the minicircles.

Index Key Words: Crithidia fasciculata; Lgishmania tarentvlae; kKDNA networks; minicircles; DNA replication,

HE replication of the kinetoplast DNA (kKDNA) of the
hemoflagellae protozea remains an unsolved problimn. Evi-
denge has been presented thar the eatemated minicircle, the ma-
jor molecular component of the kDNA newwork (6), replicates
semiconservatively and reinaing emmnshed in the nelwork, lead-

* This investigation was supported in part by Research Grant
Al 09102 (10 L. S.) from NIATD, US. Public Health Service;
by Univ. of Califurnia Research Grant Na. 2456 (to L. 5.); and
by a USPHS Biomedical Rescarch Support Grant 1o the Univ. of
California. '

ing to an enlargement of the network swface aren (1, 4, 9). It

“also appuears likely thar all network minicircles replicate each

cell eyele (4, 9). We have also reported, however, that kDNA
replication is restricted to the periphery of the network struc-
tuee aL all dmes in the kinctoplust S phase {9) and have
presented a preliminary working hypothesis ra explain chis ap-
parent paradox. The hypothesis postuliates the existence of exten-
sive recombination between adjacent minicircles leading 10 the
formation of large circular mwlecules which permit the inove-
ment of inner network malecules past the peripheral loci of rep-
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Fig. 1.
isolated from C. fasciculata log-phase cells that had been pulse-
labeled \;ign PH]thymidine (31.5 C/mat, 53 pc/ml) for 1 min or 3
min at 27 C.

Light microscope autoradiographs of kDNA networks

lication. FEwvidence for recombination between minicireles has
been reporied in the case of the kinctoplast DNA of Crithidia
deanthocephali (4). A 2nd serics of recombinational and lignse
events would lead to a recircularization and closure of the mini-
cirele units in a cutenated configuration,

Tn this report we show that there are actually 2 separate loci
of KDNA replication at ihe puriphery of the network of €. fes-
ciculata. Wu also show that in L. tarentolae several hours are
required for [H]thymidine label to appear in covalenily closed
minicireles after am v vive pulse, a fact which is consisrent with
our working hypothesis,

MATERIAL AND METHODS

Protozoan Strains and their Cullivation—Crithidie fascicu-
luta (clonal sumiin Cf-Cl) und L. tarentolac {clonal strain Ti-
C1) cells were grown in Difco Brain heat infusion medium as
described previously (3, 7). Crithidia cells were labuled with
Al hymiding in the defined medium of Kidder & Duta (3},
and L. tarentolae cells were labeled in a medium composed of
equal volumes of NeoYE and 1994 (2). In both cases, cells
wuere allowed 10 divide several 1imes in the respective media
bufore labuling was attempred.
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Fig. 2, Ethidium bromide-CsCl equilibrivun gradients of kDNA
nebworks isolated from cells pulse-labeled with PH]thymidine. Log-
phase C. fusciculata cells were pulse-labeled for 10 min at 27 C
with 13 pe/m] PH]thymidine (13 C/ms) in a defined medium (3).
KDNA was isnlated and centrifuged as described in Methods, {a)
The initial run of the kDNA pellet. (b) The indicated fractions
of gradient {a) were pooled, the dye remnoved by dialysis versus 1.5
M NaCl-0.15 a Na ciirate plus Dowex 50, and the DNA recentri-
fuged to equilibrium in ethidium bromide-CzGl.

Liglht Microscope Aulorediography of Isolaied Networks—
Autoradiography was performed as described previously (9).
Mecthy! [#H]thymidine (31.5 C/mm) was purchased from New
England Nuclear Co. Log-phuse C. fasciculata cells were ex-
posed 19 33 pc/ml [FH]thymidine in the defined medium (3) for
30 sec and 1, 3, 5, and 10 min. To terminatec the pulse, unla-
beled thyntidine was added to 200 pg/ml and the cells were di-
luted with eold 0115 s NaCl-0.05 s NaPQ-0.02 » glucose (pH
7.9) and cowurifuged. The peller was resuspended in 0.15 M
NaCl-0.5 ar EDTA (pH-8.0) and rapidly frozen for later isola-
tion of kDNA nciworks. The final kDNA pellet was resus-
pended in 1% (w/v) Dbovine secrum albumin-0.15 s NaC1-0.01
at Na citeate (pt 7) for prepuration of smeurs on gelatin subbed
stices.  Slides were covered with Tiford L-4 emulsion and ex-
pased for 3 weeks at. 5 €. Slides were devcloped and the net-
works stained through the emulsion with Giemsa.

Isolation of Kinctoplast DNA.—This was perforined as de-
scribed previously (5, 7). Crithidia {asciculate networks were
obtained for autoradiography by centrifuging the lysate twice in
the S¥W 39 rotor for 25 min at 20,000 rpm (32,644 g,.} at 5 C.
Thuse networks were prepared for ethidium bromide-CsCl gra-
dient centrifugation by centrifuging the lysate twice in the $W
27 rotor for 1.5 Iir ur 24,000 rpm {76,056 g,,) at 5 C. Tn hoth
cases, the pelleted DNAs were not treated with RNase 10 avoid
any possible breakdown of replicating networks.

Leishmania tarentolae networks were recavered by cenrifuging
the lysate for 2 hr a1 26,000 rpm (89,261 g,.) in the SW 27 rotor
at 5 €. The pelleted L. tarentolae notworks were treated with
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Fig. 3. Ethidium bromide-CsCl equilibrium gradicnts of kDNA networks isvlated from cells pulse-labeled with PH]thymidine (10

ucfml) for 15 min at 27 C. KDNA was isolated and centrifuged as in Fig. 2. (
fractions 1), ¢, d were pooled and the DNAs rebanded dircctly in ethidium bromide-CsCl.

{a) The initial run of the isolated XDNA. The indicated
b) Rebanding of the lower band of (a).

{c) Rebanding of the intermediate region of (a). (d) Rebanding of the upper band of (a).

RNase A plus Ty and then with pronase, after which the DNA
was repelleted by centrifugation at 22,000 rpm (34,662 g,,) for
1 hr at 5 C in the W 65 rotor. The final DNA peller was re-
suspended in 0.2 ml of 0.15 at NuC1-0.015 M Na citrate (pH 7).
This solution was sonicated for 5 sce with the microprobe of
the Biosonic 11T sonicator (power of 10) and then subjected to
band sedimentation on a 3 ml alkaline sucrose gradient in the
SW 65 rotor at 60,000 rpm (257,587 g,.) for 5 hr at 5 C. The
gradient was fractionated in the Isco Model D Fractionalor as
described previously (7).

Ethidium Bromide-CsCl Equilibrium Gradient Centrifuga-
tion.—This procedure was performed as deseribed previously
{7, 8). #P-labeled upper band and lower band markers for the
gradieins were, respectively, L. tarentolae nuclear DNA and
closed 1onomeric minicircles. These reference DNAs were iso-
lated as previously described from cells grown for 4 days in
NecoYE medium containing 30 we/nd 82Pi (carrier-free, ICN}.

The tubes were centrifuged for 72 hr at 40,000 rpm in the
No. 50 Spinco rotor at 20 C. The initial v;,®%° was 1.3875 and
the: initial dyc concentration was 300 pgfml. Fractions were
collected onto Whatman No. 3 filter discs, processed through
5% (w/v) trichloroacciic acid, ethanol and ether, and counted
in a toluene scintillation fluid.

‘RESULTS AND DISCUSSION

Pulse-labeling of log-phase C. fasciculate cells with high spe-
cific activity [*H]ihymidine for 1 min yielded kDNA networks
that had 2 peripheral loci of replication, as seen by light micro-
scope autoraciography of isolated networks (Fig, 1). The loci

were situated ~ 180° opposite cach other. A 3-min labeling
puriod yielded networks which had broader peripheral loci of
silver grains, and a 5- or 10-nin labeling period led to the pre-
viously reported complete peripheral labeling pattern. We spee-
ulate that these Inci of replication may represent sites of mem-
brane attachinent to the network.

Pulse-labeled networks have been shown te band in an internmie-
diate position in cthidium bromide-CsCl equilibriumi gradients.
Several prcliminary experiments were performed on  pulse-
Iabeled G. fasciculata networks to define some physical proper-
ties af the intermediate band in these gradients. Tt was demon-
strated in the experiments whose results are summarized in Fig.
2 that the dye could be removed from the DNA and 1he equi-
libriumi position of the DNA remaited the same on rebanding,
indicating the ahsence of handling-induced nicking of network
minicircles. There was soine contamination of the kDNA with
muclear DNA in the gradient shown in Fig. 2(a), but this would
not affect the results.

In the experiment shown in Fig. 3, three separate regions
were recovered from a preparative gradient, and the DNAs were
then rebanded in ethidium bromide-CsCl. The equilibrium posi-
tions remained unchanged. The lower and intermediate bands

" (Fig. 3b, ¢} were recovered, divided into 2 parts, onc of which

was treated with RNase A plus T, and then with pronase. Both
DNA preparations were then subjected to band sedimentation
in nentral sucrose gradients. The DNA sedimented as a single
homeogencous peak in each caze. There was no effect of the
RNuse and pronase teeaunents on the shape of the peak or on
the Ssq, w value, nnd no rdioactive DNA was released from
the networks, These results imply that neither RNA nor protcin
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Fig. 4. Band sedimentation profiles in alkaline sucrose gradients
of sunicated L. larentolae kDNA isolated from cells pulse-labeled
with FH]thymidine and chased in unlabeled mediun.  (a) 130 ml
of log-phasc cells (98 X 10* cclls/ml) were pulse-labeled for 30 min
at 27 C with 38 pc/ml ["H]thymidine in NeoYE-199+4 medium, and
were then mixed with 370 ml of unlabeled culture. KDNA was
isolated, sonicated and centrifuged in alkaline sucrose gradients as
described in Methods. The optical density at 254 min was used to
mark the position ol the closed monemeric circles and to normalize
the graphs. (b) Cells were pulse-labeled for 30 min as in {a) and
were Lhen resuspended in unlabeled medium for 4 hr. KDNA was
isolated, sonicated and centrifuged as in (a).

play a structural role in the composition ol the pulse-labcled
intermediate band.

In order to cxamine the rate of appearance of the [3H]thymi-
dine pulse Tabel in covalently. closed minicircles, we performed a
pulse-chase experiment with log-phase L. tarentolae cells. This
species was selected due to the availability of effective methods
to isolate closed monomeric minicircles from networks (7, 10).
Cells were pulse-labeled with [BH]thymidine for 30 min and
were then washed by centrifugation and resuspended in unla-
beled medium at 27 C for varying perieds. Equal aliquots of
the culture were removed onto filier discs and the acid-insoluble
radioactivity was measured to confirm the cxistence of a true
chase. The radioactivity /unit vol was constant throughout the
chasc. Although this method only provides a measurement of
total cell incorporation. the kDNA represents such a large por-
tion of ihe total cell DNA that continued incorporation into
kDXA from a sequestered isotope pool would have been clearly
appareni. _

To measure the specific activity of covalently closed mono-
meric minicireles, at each chase time an aliquot of cells was re-
moved and kKDNA networks were isolated, sonicated, and sub-
jected to band sedimentation in alkaline sucrose pradients. Both
the optical density at 254 nm and the acid-insoluble radioactiv-
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Fig. 5. Band sedimentation profiles in alkaline sucrose gradients
of sonicated L. tarentolae kDNA isclated from cells pulse-labeled
with ["H]thymidine and chased in unlabeled medium. Three
hundred ml of log-phase cells (29 ¢ 10° cells/ml) were pulsc-
labeled for 30 min at 27 C with 10 me [PH]thymidine. The cells
were then pelleted and washed by centrifugation and mixed with
1200 ml of unlabeled culture {29 X 10* cells/ml). At cach time
point, 400 wl of culture were harvested for isclation of kDNA.
{a) Immediately after the 30 min pulse. (b) After 1 hr of chase.
(c) After 3 hr of chase.

ity were measured. The results of 2 separate experiments are
shown in Figs. 4 and 5. It is clear that the specific activity of
closed minicircles does not increase significantly wntil after 3 tw
4 hr of chase. This is a striking. delay, since Brack et al. (1)
calculated that only a few seconds are required for the complele
replication of the larger 0.45 pmn minicircles from Trypanosoma
cruzi. This time delay for the appearance of radioactivity in
closed minicircles in L. tarentolae after an in vive pulse with
3H]Jthymidine implies the existence of intermediate events be-
tween replication and final closure of the circular molecules. Tt
is entirely consistent with our working hypothesis that extensive
recombination occurs after replication but, of course, docs not
prove this hypothesis, .
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