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KINETOPLAST DNA AND RNA OF TRYPANOSOMA BRUCEI
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Kinetoplast DNA (kDNA) and kinetoplast RNA (kRNA) were isolated from bloodstream and
procyclic culture forms of two clonal strains of Trypanosoma brucei. No differences were observed in
kDNA (maxicircle) restriction profiles between bloodstream or procyclic culture forms of the same
strain. Some differences were observed in kDNA maxicircle restriction sites between the two strains.
Buoyant density analysis of Pst I digested KDNA showed the release of a minor low density band
representing unit length linearized maxicircle DNA. Pst I or Bam H1-linearized maxicircle DNA was
isolated by the Hoechst 33258 dye—CsC1 method and a restriction enzyme map of the maxicircle was
constructed. Closed monomeric minicircles released from kDNA networks by sonication sedimented
with a molecular size of around 1100 base pairs. A substantial minor length heterogeneity was evident
in acrylamide gel electrophoresis of once cut minicircles. Several minicircle sequence classes and two
Hind III maxicircle fragments representing approx. 50% of the maxicircle were cloned in the bacterial
plasmid, pBR322, in Escherichia coli. A purified kinetoplast-mitochondrion fraction was isolated from
procyclic culture forms by the Renografin flotation method. The major kRNA components were
two small RNAs which comigrated with Leishmania tarentolae 9 and 12 S kRNAs in denaturing gels.
These RNAs hybridized to the maxicircle component of the KDNA, specifically to the smaller cloned
Hind II maxicircle fragment. This cloned fragment had substantial sequence homology with the
cloned maxicircle fragment from L. tarentolae which contains the 9 and 12 S RNA genes, implying
an evolutionary conservation of the 9 and 12 S gene sequences. Identical kRNAs were observed in
cultured bloodstream forms of T. brucei.

Key words: Trypanosoma brucei, Kinetoplast DNA, Kinetoplast RNA, Recombinant DNA, Maxicircle
DNA.

INTRODUCTION

The hemoflagellate protozoa contain an unusual mitochondrial DNA known as kineto-
plast DNA (kDNA) [1, 2]. This DNA consists of a single large network of catenated mini-
circles and maxicircles. KDNA has been isolated from several species belonging to the
genera Crithidia [3—6], Leishmania [7, 8], Phytomonas [9] and Trypanosoma [10].
Apparent phylogenetic changes can be seen in the size and complexity of the minicircle

Abbreviations: EthBr, ethidium bromide; kDNA , kinetoplast DNA; kRNA, kinetoplast RNA; kb,
kilobase pairs; SSC, saline-sodium citrate solution.
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component and in the size of the maxicircle component, with the presumably more
primitive species possessing larger, less complex minicircle DNA, and the more advanced
species possessing smaller, more complex minicircle DNA; the maxicircle DNA on the
other hand id generally larger in the more primitive species and smaller in the more ad-
vanced species (with the exception of Trypanosoma cruzi where the maxicircle is rela-
tively large [11]).

The kDNA of the trypanosomes belonging to the Trypanosoma brucei group repre-
sents an extreme in terms of the minicircle complexity and the size of the maxicircle
DNA. The minicircles, which are approx. 1000 nucleotides in size, are present in approx.
200 semihomologous sequence classes [12], two of which have been recently cloned and
sequenced [13]. The maxicircle DNA is approx. 20—22 kilobase pairs (kb) in size, and
restriction maps of maxicircle DNA from two strains of T. brucei [14, 15] and from one
strain of the closely related species, Trypanosoma equiperdum [16] have recently been
reported. The rate of sequence evolution of the minicircle component of the kDNA is
extremely rapid and the function of the minicircle is as yet unknown [17—19]; different
strains of the same species have been shown to differ considerably in minicircle sequences
[20]. Maxicircle DNA sequences are more conserved, but small variations have been re-
ported for different brucei strains [10, 14, 15]; maxicircle DNA appears to represent the
homologue of the informational mtDNA molecules found in other eukaryotes [17].

The unusual nature of the kDNA of the trypanosomes may have some relation to the
unique biphasic parasitic life cycle of these protozoa, which involves the alternating loss
and biogenesis of mitochondrial enzymes in the different stages [1]. This hypothesis is
consistent with the finding of Riou and Saucier [16] of an apparent absence of KkDNA
minicircle sequence heterogeneity in a strain of T. equiperdum, a species that lacks an
insect vector phase of the life cycle.

Some of these results have been reported in abstract form (6th Annual Meeting on
Basic Research on Chagas Disease, Caxambu, Brazil, 1979) and in a symposium summary

paper [21].
MATERIALS AND METHODS

Cells and cell culture.Clonal strains of T. brucei, STIB 367H and STIB 366D were
kindly provided by Dr. Leo Jenni of the Swiss Tropical Institute in Basel in September,
1976. STIB 367H is a clone from Lump 227. STIB 366D is a clone from S42/030 which
was isolated in 1966 from a warthog in Uganda. Both STIB 367H and 366D were derived
from single metacyclic trypanosomes from infected tsetse flies injected into irradiated
mice. In our laboratory at UCLA, bloodstream trypanosomes were obtained by infecting
v-irradiated rats (800 rad) with 1 X 10° trypanosomes from frozen stabilates and
harvesting the blood at peak parasitemia. The trypanosomes were isolated by the DEAE-
cellulose method [22].

Bloodstream trypanosomes of strain 366D were cultured in the presence of a y-irra-
diated (5000 rad) fetal lung fibroblast cell line (Flow F2000) in RPMI 1640 medium
supplemented with 10% fetal calf serum by the method of Hirumi et al. [23].
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Procyclic trypanosome cultures of strains 366D and 367H were obtained by trans-
formation of bloodstream forms from the rat in modified Steiger’s medium at cell den-
sities of 3—5 X 10%/ml as described previously [24]. The procyclic cultures were grown
at 27°C in rolling bottles or T25 flasks. Maximum cell densities of 50—70 X 106 cells/
ml were obtained.

Isolation of kDNA. Cells were harvested and washed in cold 0.15 M NaCl-0.1 M EDTA.
kDNA was isolated by the hot sarkosyl-pronase method [8,25] with the addition of two
successive EthBr—CsCl gradients. Mild shearing of the lysate was performed to fragment
nuclear DNA. The yield of closed network kDNA from procyclic trypanosomes or blood-
stream forms varied from 1.2 to 4.0 ug/10° cells. Unless otherwise indicated, all results
shown in figures refer to kDNA from strain 366D procyclic cells.

Isolation of maxicircle DNA. This was performed by Hoechst 33258 dye—CsCl centri-
fugation of Bam H1 or Pst I digested network DNA as described previously [25]. A no.
50 Beckman anglehead rotor was used to achieve a greater separation of the bands. Two
successive gradients were used to achieve complete purification (Fig. 2).

Sonication of network DNA.This was performed as described previously [8]. T. brucei
KDNA from procyclic cells was labeled in vivo with 10 uCi/ml [*H]thymidine. The kDNA
was isolated, sonicated briefly and cosedimented in 5—20% alkaline sucrose gradients
with sonicated unlabeled Leishmania tarentolae KDNA as an internal A,q marker. The
L. tarentolae KDNA was isolated as described previously [8].

Restriction enzyme digestions and gel electrophoresis. The digestions were performed
with excess enzyme in the buffers suggested by the supplier, New England Biolabs. After
digestion the fragments were ethanol-precipitated and resuspended in loading buffer for
electrophoresis as described previously [9,26]. Electrophoresis was performed in horizon-
tal agarose gels or in vertical acrylamide gradient gels as described previously [9]. Photog-
raphy of gels was as described previously [27]. Reference molecular weights are as
follows: ADNA — 49 kb; T, DNA — 38 kb; A/Hind IIT — 23.7,9.5,6.6,4.3,2.1, 1.9 kb;
¢XRF/Hae III — 1353, 1078, 872, 603, 310, 271, 281, 234, 194, 118, 72 base pairs
(Bethesda Research Labs, 1980 Catalog).

Isolation of kinetoplast-mitochondrion fraction. This was performed as described pre-
viously [17, 28]. The kinetoplast-mitochondrial fraction from procyclic cells banded in
approximately the same location in the Renografin gradient as that from L. tarentolae.

Isolation of RNA. This was performed as described previously [17]. Methylmercury
hydroxide agarose denaturing gels were run and RNAs were eluted from gels and labeled
in vitro with 3P as described previously [17].
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Southern transfers and hybridizations. Two methods were used for transfer of DNA
fragments from agarose to filters and hybridization with 32P-labeled probes. Method 1:
After staining with EthBr and photography, the gel was irradiated with short wavelength
UV (Model C51 without filter at distance of 14 c¢cm, UV Products, Inc., San Gabriel,
CA) for 10 min, denatured in 0.5 NaOH for 45 min and neutralized in 0.14 M citrate—
phosphate buffer (pH 4) for 1 h. The gel was then blotted onto diazotized [29] APT
paper (aminophenylthioether paper, prepared by a method provided by Brian Seed,
pers. commun.) with 0.02 M citrate—phosphate buffer (pH 4). The filter was preincu-
bated in 50% formamide, 5 X SSC (0.75 M NaCl/0.075 M sodium citrate, pH 7.0), 0.2%
sodium-dodecyl sulfonate, 0.02% bovine serum albumin, 0.02% Ficoll and 0.02% poly-
vinylpyrrolidine [30], 1% glycine, at 42°C for 4 h. Hybridization was then performed in
2 X SSC (0.3 M NaCl, 0.03 M sodium citrate, pH 7.0) at 47°C with 3 P-labeled RNA pro-
bes for 24 h. The filters were then washed in 2 X SSC at 25°C and incubated with RNAase
A + T1(20 pg/ml and 20 u/ml) for 30 min at 25°C, and then washed again in 2 X SSC.
Exposure to preflashed Kodak RP-5 film in the presence of a Cronex Quanta II intensi-
fying screen was for several days at —70°C. Method 2: The gel was blotted as above,
but the hybridization was performed in prehybridization buffer minus glycine at 37°C
for 56 h. The filters were washed in 50% formamide, 2 X SSC at 25°C for 2 h and then in
2 X SSC for 1 h.

Cloning and colony hybridization. kDNA from 366D procyclic cells was digested with
Bam H1 or Hind III, and the fragments were ligated to Bam H1 or Hind IIl-linearized
pBR322 plasmid DNA. Ligation, transfection of E'scherichia coli RR1 cells and double
antibiotic selection of recombinant clones were performed as described previously [26].
Amp, Tetg clones were then selected for the presence of kDNA sequences by colony
hybridization, using *P-labeled nick translated total KkDNA or nick translated gel puri-
fied Bam HI maxicircle DNA as probes. All Bam H1 recombinant clones proved to con-
tain minicircle inserts. Several Hind III clones contained maxicircle inserts, which were
sized by gel electrophoresis of digested purified plasmid DNA. Colony hybridization
and nick translation of DNA probes were performed as described previously [26]. The
specific activity of the DNA probes was approx. 5 X 107 cpm/ug.

RESULTS

Network kDNA-isolation

Closed network kDNA was isolated by our standard hot sarkosyl-pronase method, in-
cluding a final EthBr—CsCl banding step. In vivo [®H]thymidine labeled network DNA
was subjected to band sedimentation in neutral sucrose gradients together with L. taren-
tolae network DNA as an s value marker. The T. brucei network DNA sedimented with a
major peak of approx. 1700 S and a minor peak of approx.2200 S implying a high degree
of integrity of the isolated network DNA.
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Maxicircle DNA-isolation

Total cell DNA in buoyant CsCl showed a major peak of nuclear DNA at 1.708 g/ml,
a nuclear satellite peak at 1.702 g/ml and a high molecular weight KkDNA network peak
at 1.690 g/ml, as reported previously [10]. Digestion of purified covalently closed kDNA
with Pst I or Bam H1 released a minor band with a density of 1.682 g/ml representing
approx. 39% of the network DNA (Fig. 1). A minor low density band (1.664—1.669
g/ml) was reproducibly released (also by Hpa II) but this was not studied further.

The 1.682 g/ml band consisted of linearized unit length maxicircle DNA as shown
by agarose gel electrophoresis. This linearized maxicircle DNA could be isolated by the
Hoechst dye—CsCl method [25] (Fig. 2). Comigration of the Pst I or Bam H1 linearized

ML
1.690 1.731

1.682

1.665

Fig. 1. Analytical CsCl buoyant analysis of 366D procyclic 7. brucei kDNA digested with Pst I.
The reference DNA is from Micrococcus lysodeikticus (M.1.)

Fig. 2. Hoechst 33258—CsCl gradient of Bam H1 digested 366D procyclic T. brucei KkDNA. Condi-
tions: no. 50 rotor, 40 h, 40 000 rpm, 20°C, long wavelength UV illumination, initial Np?*° = 1.3935.
The maxicircle band is indicated by the arrow.

T. brucei maxicircle DNA with Eco RI linearized L. tarentolae maxicircle DNA in 0.5%
agarose showed the T. brucei maxicircle DNA to be smaller than that of L. tarentolae
(Fig. 3). In this same gel the Eco RI, Hae III and Hind IIT digests of T. brucei circular
maxicircle DNA are also presented.

Minicircle DNA-isolation

Closed monomeric minicircles were isolated by alkaline band sedimentation of soni-
cated closed network DNA. Cosedimentation of closed monomeric minicircles with
closed minicircles of L. tarentolae KDNA (870 base pairs [7]) yielded a molecular size of
approx. 1100 base pairs.
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Minicircle DNA was also released from network DNA by digestion with several re-
striction enzymes: Hind III, Hha I, Eco RI, Bgl II, Hae III, Pst I, Hpa II and Bam H1.
The relatively extreme sequence heterogeneity of minicircle DNA in T. brucei noted by
others [10, 12, 15, 20] was evidenced by the limited release of unit length linearized mini-
circles by any of the enzymes tested. Maxicircle fragments were also evident as were un-
digested catenanes remaining at the origin (Fig. 4). The apparently single minicircle bands
seen in agarose gels were shown by acrylamide gradient gel electrophoresis to consist
of 5—10 closely spaced bands, implying a substantial minicircle minor length hetero-
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Fig. 3. Comparison of mobility of unit length 366D procyclic T. brucei (T.b.) maxicircle DNA with
Eco RI linearized unit length L. tarentolae (L.t.) maxicircle DNA (30 kb [26]) in 0.5% agarose. T.
brucei kDNA digested with Hind III, Eco RI and Hae III is also included. The molecular weight
references are T, DNA, ADNA and A/Hind III fragments.

Fig. 4. Comparison of digestions of kDNA from two clonal strains (366D and 367H) of T. brucei
procyclics in 0.8% agarose. The minicircle (mc) and maxicircle (Mc) regions are indicated by arrows.
The molecular weight references are A/Hind III and ¢XRF/Hae III fragments.
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geneity more extensive than that previously found in Phytomonas [9], Crithidia [5] or
Leishmania [25] (Fig. 5).

Bam H1-linearized minicircles were cloned into pBR322,and 25 Amp, Tetg minicircle
clones were selected by colony hybridization with nick translated total kDNA probe and
by direct gel analysis of insert size after Bam H1 digestion (data not shown). The mini-
circle inserts in clones pTb-5 and pTb-7 were isolated by isopycnic banding in Hoechst
33258—CsCl gradients [25] and the insert pTb-7 was labeled in vitro with 32P and used
as a hybridization probe in colony hybridization. Four of the 25 minicircle clones showed
substantial sequence homology with clone pTb-7, but all showed some extent of ho-
mology. This indicates the existence of more than one semihomologous minicircle se-
quence class possessing a single Bam H1 site. No hybridization was observed with a
32p.labeled total minicircle probe from L. tarentolaze KDNA implying a lack of cross
species minicircle sequence homology at least for those particular clones (Fig. 7).

Restriction mapping and cloning of maxicircle DNA
Restriction enzyme profiles of kDNA from bloodstream forms or procyclic culture
forms of a single strain were identical (data not shown). However, differences were

Fig. 5. Demonstration of heterogeneity of the major unit length minicircle band 366D procyclic
T. brucei kDNA in an acrylamide gradient gel. Conditions: 3.5—-10% acrylamide with a 3.0% stacking
region. The molecular weight references are pXRF/Hae I1I fragments.
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apparent in the maxicircle region of the kDNA restriction profiles of the two clonal
strains examined, 367H and 366D (Fig. 4). The differences could be explained by the
deletion of a single Eco RI site and a single Bgl II site in 367H maxicircle DNA. Mini-
circle patterns were uninformative due to the limited extent of digestion.

A restriction map of the maxicircle of 366D was constructed for several enzymes by
means of both double and triple digestions and the RNA Southern hybridizations de-
scribed below (Fig. 6). Digestions were performed both on total network DNA and on
purified linearized maxicircle DNA. The restriction map was constructed by using an as-
sumed total size of 28 kb which was obtained by averaging the summations of fragments
produced by the following enzymes: Hpa II + Bam H1, Hpa II + Pst I, Bgl IT + Bam H1,
Bgl IT + Pst I, Pst I + Bam H1, Hind III + Bam H1, Eco RI + Bam HI, Eco RI + Pst I,
Hha I + Bam H1, Hha I + Pst I. However, comigration of digested maxicircle DNA from
strain 164 T. brucei (kindly provided by Dr. Kenneth Stuart) with digested maxicircle
DNA from strain 366D showed that the only difference in fragment size was in the third
Eco RI fragment. The third Eco RI fragment of strain 366D was 200—300 base pairs
larger than that of strain 164. Furthermore, following a suggestion of Dr. Piet Borst
(pers. commun.) size normalization of the published maxicircle restriction maps of T.
brucei strains 164 and 427-60 to 20 kb yielded an excellent fit of most restriction sites.
Therefore we concluded that our original 28 kb size was an overestimate due to size
calibration error or to anomalous migration of certain maxicircle fragments in our gel
system. Size normalization of our 366D maxicircle map to the 427-60 map yielded an
excellent fit of most restriction sites.

The two smaller Hind III maxicircle fragments, B and C, of 366D were cloned into
the bacterial plasmid pBR322. Colony hybridization of the cloned maxicircle fragments
indicated sequence homology of the cloned Hind III C fragment with purified L. tarento-
lae maxicircle DNA probe and especially with the cloned maxicircle fragment of L.
tarentolze KDNA (pLt-120) that contains the 9 and 12 S kRNA genes [24] (Fig. 7).
Digestions of the cloned Hind III maxicircle fragments aided in the construction of the
restriction map in Fig. 6. The lack of visible hybridization of the pLt-120 and pLt-30
clones with the total kDNA probe in Fig. 7A is due to the low percentage (approx. 5%)
of maxicircle DNA in total kDNA of L. tarentolae [25].

Isolation of kRNA

A Kkinetoplast-mitochondrion fraction was isolated from procyclic culture forms of
strain 367H (and 366D) by the Renografin flotation method. Total kRNA was isolated
from this fraction as described in Materials and Methods. Two major RNA species were
seen in nondenaturing 5—10% acrylamide gels, the smaller of which migrated somewhat
faster than the 9 S kRNA of L. tarentolae and the larger of which migrated somewhat
slower than the 12 S kRNA of L. farentolae (Fig. 8). These differences were due to
secondary structure since in methylmercury hydroxide-agarose denaturing gels, the T.
brucei kRNAs comigrated with the L. tarentolae kRNAs (Fig. 9).

Two RNAs with the same mobility as the 9 and 12 S kRNAs were observed in 5%
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Fig. 6. Restriction map of the KDNA maxicircle from strain 366D. The molecule was arbitrarily
linearized at an Eco RI site. The positions of the 9 and 12 S genes are indicated, as are the B and
C Hind III fragments that have been cloned in pBR322. The circled Eco RI site and one of the circled
Bgl II sites is missing in the 367H maxicircle DNA. Total length set at 20 kb.

Fig. 7. Colony hybridization of recombinant clones containing .. tarentolae kDNA fragments and
366D procyclic T. brucei KkDNA fragments. The clones were spotted in triplicate on each of four
filters as indicated. The filters were processed as described in Materials and Methods. The **P-labeled
probes were: A. Total kDNA from L. tarentolae. B. Total closed monomeric minicircle DNA from
L. tarentolge. C. Purified Bam H1-linearized maxicircle DNA from L. tarentolge. D. Purified insert
DNA from pLt-120 plasmid which contains a 4.4 X 10° dalton fragment of L. tarentolae maxicircle
DNA which contains the 9 and 12 S RNA genes [24]. pLt-19, 26 and 154 are L. tarentolae kDNA
unit length minicircle clones; pLt-120 and 30 are L. farentolae Eco RI1+ Bam H1 and Hind III maxi-
circle clones. TbM-1 is the Hind III C fragment maxicircle clone from T. brucei; TbM-2 is the Hind
III B fragment maxicircle clone from T. brucei. Tb-7 is a unit length minicircle clone from T. brucei.
The original filters were inserted under the autoradiographs for photography. The relative positions
of the colonies are as indicated in A by circling the three colonies of each type. In B, C and D only
those colonies showing strong positives are circled.
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Fig. 8. Nondenaturing acrylamide gel of 367H T. brucei (T.b.) KRNA. L. tarentolae (L.t.) partially
purified 9 and 12 S kRNAs and E. coli 4 S and 5 S RNA were corun as standards. Conditions: upper
layer 5% acrylamide, lower layer 10% acrylamide.

acrylamide gels of total cell RNA from cultured bloodstream trypanosomes of strain
366D (data not shown).

Purified 9 and 12 S kRNAs of procyclic T. brucei were obtained by elution of ethi-
dium-stained bands from a 5% acrylamide gel and were labeled in vitro after mild alkali
hydrolysis using 5'kinase with 3*P. These labeled RNAs were used as hybridization
probes in Southern transfer experiments to localize the transcriptional origins on the
kDNA maxicircle. Agarose gel profiles of total kDNA digested with Hind III, Hae III
or Hha I were blotted onto filters and the filters hybridized with T. brucei 9 S RNA,
T. brucei 12 S RNA, and L. tarentolae 9 + 12 S RNA labeled probes (Fig. 10). Specific
maxicircle hybridization of all probes was observed. The heterologous L. tarentolae
kRNAs hybridized to the same restriction fragments as the homologous brucei probes.
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Fig. 9. Methylmercury hydroxide agarose gel (1.5%) of T. brucei kRNA. The size standards were
E. coli IRNA, chicken rRNA, rabbit globin mRNA, and L. tarentolae 9 and 12 S kRNA. Note that
the L. tarentolae ‘12 S’ RNA is contaminated with 9 S RNA, and that the T. brucei small kRNA
was corun with the chicken rRNA. The T. brucei large and small kRNAs were purified by elution of
ethidium bromide stained 5% acrylamide gels.

A similar experiment was performed with the cloned maxicircle Hind III fragments
(Fig. 11). Purified cloned Hind III fragment C was digested with Hpa II, Hae III and
Bam H1 and run in agarose. Purified cloned fragment B was also run as a control. The gel
was blotted onto a filter and the filter hybridized with 32P-labeled T. brucei 9 and 12 S
kRNA probes. Hybridization was observed only with fragment C and with subfragments
of this fragment. Localization of the 9 and 12 S probes was identical. These blotting
results allowed the approximate localizations of the 9 and 12 S genes on the restriction
map as shown in Fig. 6.
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Fig. 10. Hybridization of in vitro labeled 367H T. brucei large and small kRNAs and L. tarentolae
9 and 12 S kRNAs to Southern blots of total kDNA digested with several enzymes. The gel was
1% agarose.

DISCUSSION

Our preliminary characterization of the kDNA of T. brucei was carried out as the
initiation of a project to study the possibility of transcriptional regulation of kDNA
genetic activity during the biphasic life cycle of this organism. During the course of this
work, several studies [10, 14, 15, 31] on the kDNA of T. brucei appeared. Our re-
sults confirm and extend the results of these authors and also provide several new obser-
vations. The high AT content of maxicircle DNA relative to the minicircle DNA has
proven to be a general phenomenon among the hemoflagellates [14—16, 25]. In T.
brucei the difference is less than in the lower hemoflagellates but is still sufficient to
allow the isolation of the linearized maxicircle DNA by the Hoechst dye—CsCl method
[25]. In a comparison of the kKDNA in the two stages of the life cycle in a single strain
(bloodstream forms and procyclic culture forms), no differences in maxicircle restriction
sites were apparent, and a detailed restriction map of the maxicircle DNA of the procyclic
form of strain 366D was derived. However, minor differences were observed in the num-
ber of restriction sites on the maxicircle DNA of strains 366D and 367H, and these dif-
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Fig. 11. Hybridization of in vitro labeled 376H T. brucei large and small kRNAs to Southern blots of
cloned Hind III maxicircle fragments B and C digested with several enzymes. A, small RNA probe.
B, large RNA probe.

ferences could be explained by the loss of single sites for Eco RI and Bgl II in the DNA
of 367H as indicated in Fig. 6.

As mentioned in the Results section, when the three maxicircle maps for T. brucei
strains 366D, 164 and 427-60 are normalized to the same size (20 kb), there is an excel-
lent fit of most restriction sites. The 0.2—0.3 kb size variation between 366D and 164
occurs within the so-called ‘silent region’ [14] of the map that has few restriction sites.
By analogy with the AT heterogeneity in the maxicircle of L. tarentolae, this region may
prove to contain a higher percentage of AT than the remainder of the molecule.

Two Hind III fragments of the maxicircle DNA of 366D were cloned in the bacterial
plasmid, pBR322, including the fragment that contains the 9 and 12 S RNA genes.
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Several semihomologous Bam H1 cut minicircles were also cloned in pBR322. No ho-
mology was observed between the cloned brucei minicircles and total minicircle DNA
from L. tarentolae.

kRNAs have been isolated that comigrate in denaturing gels with the 9 and 12 S
kRNAs from L. tarentolae. The genes have been localized on the maxicircle restriction
map of 366D and were shown to cross hybridize with the 9 and 12 S maxicircle genes
of L. tarentolae. The genes map near to each other as is the case in L. tarentolae. Al-
though no evidence was presented in this paper that the 9 and 12 S genes are distinct
and not overlapping, evidence has been obtained for the distinct nature of the homolo-
gous genes in the maxicircle DNA of L. tarentolae [33] and there is no reason to believe
that this differs in T. brucei. Borst and Hoeijmakers [32] have reported a predominant
hybridization of in vivo labeled total cell T. brucei RNA with a 2000 nucleotide T. brucei
maxicircle fragment. They also showed that this sequence is conserved in trypanosome
evolution since T. brucei RNA cross hybridizes with the predominantly transcribed seg-
ment of C. fasciculata maxicircle DNA [18]. This segment corresponds to the 9 and 12 S
maxicircle genes that we have localized. The presence of conserved 9 and 12 S RNAs in
the kinetoplast seems to be universal among the hemoflagellates; we have isolated these
RNAs from L. tarentolae [17], P. davidi [9], C. fasciculata (unpubl. exper.) and now T.
brucei. The evolutionary sequence conservation of these genes, the absence of polyadeny-
lation of the RNA transcripts, and the fact that the 9 and 12 S transcripts are the major
stable RNA species in the mitochondrial fraction all imply a mitochondrial ribosomal
role, but this conclusion has to be verified by the isolation and characterization of kineto-
plast ribosomes, which has proven to be a difficult problem.

The presence of 9 and 12 S kRNAs was demonstrated in cultured bloodstream try-
panosomes which lack a mitochondrial respiratory chain as well as in procyclic culture
forms which contain a full complement of mitochondrial respiratory enzymes. This re-
sult is consistent with the hybridization results of Borst and Hoeijmakers [32] since they
used RNA from bloodstream trypanosomes for their maxicircle hybridization studies.
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