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Kinetoplast DNA minicircles from various species of trypanosomes are heterogeneous in nucleotide sequence
to various degrees but in all instances contain a conserved sequence region of 100 to 200 base pairs present in
one, two, or four copies per minicircle. Comparison of the conserved sequence regions of minicircies from eight
species of trypanosomes revealed a common sequence motif consisting of three conserved sequence blocks
(CSBs) present in the same order and with similar spacing in all species. In addition to the invariant
12-base-pair universal minicircle sequence (CSB-3), a 10-base-pair sequence (CSB-1) and an 8-base-pair
sequence (CSB-2) are highly conserved in all minicircies. The overlap of CSB-1 and CSB-3 with previously
identified 5' termini of newly synthesized minicircle H and L strands, respectively, and the presence of this
conserved sequence motif in minicircles from diverse species suggest that these CSBs may determine a common
mechanism of mjnicircle replication.

The mitochondrial DNA of trypanosomes consists of two
types of circular DNA species, minicircles and maxicircles,
catenated into an enormous network (for recent reviews, see
references 20, 23, 25, and 26). Individual networks contain
thousands of minicircles but only a few maxicircles. Maxicir-
cles have been found to contain mitochondrial genes analo-
gous to those of other eucaryotic cells, whereas the minicir-
cles have no known function. Despite the lack of an
established role for minicircles, the abundance of these
circular molecules and their replication free of the DNA
network (8) has stimulated interest in the study of minicircle
replication mechanisms (20, 23).
Although minicircles of most species are heterogeneous in

sequence, a common feature of minicircle sequence organi-
zation is the presence of a conserved region of about 100 to
200 base pairs in all minicircles of a given species. Thus,
although minicircles from Trypanosoma brucei and Leish-
mania tarentolae have extensive sequence heterogeneity, in
each instance there is a single conserved region and a
variable region (10, 11). In Crithidia fasciculata and Trypa-
nosoma lewisi there are two copies of the conserved se-
quence present as direct repeats located 1800 apart on the
minicircle (19, 27)- In Trypanosoma cruzi there are four
copies of the conserved sequence present as direct repeats
located 900 apart (7).
The longest sequence conserved among species is a 12-

nucleotide sequence, designated the universal minicircle
sequence (UMS) (16). In both Trypanosoma equiperdum
(16, 17) and C. fasciculata (3) a small gap of 4 to 8
nucleotides containing ribonucleotides at the 5' terminus has
been found in the light (L) strand within the UMS in newly
replicated minicircles. It has therefore been proposed that
the UMS serves as the origin for the continuous synthesis of
the L strand of the minicircle.

Synthesis of the minicircle heavy (H) strand is discontin-
uous (2, 12, 13). Minicircles having a nascent H strand are
highly gapped and release short H-strand fragments upon
denaturation. Gaps in the nascent H strands are filled and
covalently joined after separation of the daughter molecules.
Specific discontinuities remain in the minicircle H strand of
C. fasciculata even after all other gaps have been repaired.
These remaining H-strand discontinuities are nicks and are

located at specific sites about 100 base pairs away from each
of the two UMS sequences in the C. fasciculata minicircle
(2, 3). Unlike the single discontinuity found in the newly
synthesized L strand, the specific nicks in the nascent H
strand are frequently present in both of the conserved
regions of the Crithidia minicircle in individual molecules.
The 5' termini at these specific nick sites in the H strand
appear to have an unusual structure which might account for
their persistence (3). We have proposed a unidirectional
D-loop replication model in which these specific nick sites
represent specific origins of H-strand synthesis distinct from
the initiations of the Okazaki-like fragments (3, 20).
We have compared the organization of the conserved

sequence regions from various species of trypanosomes and
report here the existence of a common sequence motif in the
conserved regions of minicircles from eight species. In
addition to the 12-base-pair UMS, two additional conserved
sequence blocks (CSB-1 and CSB-2) have been identified,
including one (CSB-1) which oyerlaps the 5' termini of newly
synthesized minicircle H strands in C. fasciculata (2).
Conserved sequence motif shared by minicircles from di-

verse species of trypanosomes. We examined the nucleotide
sequences of the conserved regions of minicircles from eight
species of trypanosomes. In addition to the conservation of
the 12-base-pair UMS in all instances, two additional CSBs
are present in the conserved regions from these species
(Table 1). CSB-1 is a 10-base-pair sequence in which a core
hexanucleotide sequence and residues 1 and 10 are highly
conserved in all of the minicircle sequences. The conserva-
tion of this particular sequence block is significant in view of
the previous identification of a putative H-strand replication
origin within this CSB in C. fasciculata (2). Specific discon-
tinuities in the newly replicated H strand of C. fasciculata
minicircles were observed within each of the two copies of
CSB-1 (one in each of the two conserved regions). CSB-1
also lies within a 29-base-pair sequence in which 26 of 29
residues are identical between C. fasciculata and L. taren-
tolae minicircles (27).
CSB-2 is an octanucleotide sequence which is almost

perfectly conserved at six of the eight residues. CSB-2 is
located from 27 to 30 base pairs on the 3' side of CSB-1 in six
of the eight trypanosome species. The CSBs of T. brucei and
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TABLE 1. Minicircle CSBs

Organism or consensus CSB-1 .r" CSB-2 ! CSB-3 CSRsl per Reference~~~~~~~~~minicircle
C. fasciculata Cf-Cl" AGGGGCGTTC 28 TCCCGTTC 45 GGGGTTGGTGTA 2 27
L. mexicana amazonensise .......... 30 C.. 48 ..........1 21
L. tarentolaef .......... 27 C ..47 ............ 1 11
T. bruceig .T. G 20 ....... G . 41 ............. 1 10
Trypanosoma congolenseh . A .. ..... . 29 t c A 47 ............ 1 15
T. cruzi' .......... 29 C. A. 49 .......... . . 4 7
T. equiperdumi .T. G 21 ..A .G 38 ..........1 1
T.iewisik g a. t c 29 C. AT 47 ..........2 19

Consensus' AgGGGCGTTC cCCCGTNC GGGGTTGGTGTA

" Average distance (in base pairs) between CSB-1 and CSB-2.
b Average distance (in base pairs) between CSB-2 and CSB-3.
C CSRs, conserved sequence regions.
d These sequences are identical in both of the conserved sequence regions on opposite sides of minicircles from the major sequence class.
e CSB-1 and CSB-3 are identical in at least five minicircle clones. One T residue is deleted from CSB-2 in one of five minicircle clones.
f Consensus sequence based on three minicircle clones.
g Consensus sequence based on six minicircle clones.
h CSB-1 and CSB-3 are identical in two minicircle clones. The first two residues of CSB-2 are TC in one clone and CG in the other.
iConsensus sequence based on five minicircle clones (total of 20 conserved regions).
From direct sequence analysis of the single sequence class of minicircles.

k Consensus sequence based on two minicircle clones (total of four conserved regions). The first residue is CSB-1 is G in three of four copies of CSB-1; the
second residue is A in two of four copies. The last two residues of CSB-1 are TC in both copies of CSB-1 in one minicircle and CA in both copies in the other.

' Capital letters indicate identical residues at the indicated position for at least five of eight species; lowercase letters indicate identity for at least four of eight
species.

T. equiperdum have a slightly different spacing between the
CSB elements. In these species, CSB-1 and CSB-2 are
separated by only 20 or 21 base pairs. The spacing between
CSB-2 and CSB-3 is also highly conserved, ranging from 45
to 48 base pairs in six of the species. Again, T. equiperdum
and T. brucei have smaller spacings of 38 and 41 base pairs,
respectively, between these CSBs.
Comparison of the conserved sequence regions of minicir-

cles from eight species of trypanosomes shows the presence
of two additional CSBs in addition to the 12-base-pair UMS
(CSB-3). RNA-primed initiation of the minicircle L strand
occurs within CSB-3 in both C. fasciculata (3) and T.
equiperdum (16). In addition, specific nicks in the H strand
within CSB-1 in C. fasciculata have unusual 5' termini and
possibly represent specific origins of H-strand synthesis.
The significance of CSB-2 remains to be determined, but its
conservation and positioning between CSB-1 and CSB-3
could reflect a role in minicircle replication as well.
CSBs are common features of viral (6, 9, 14, 18, 22, 24)

and mitochondrial (4, 5, 28) origins of replication. The
adenovirus replication origin consists of three functionally
distinct domains (A, B, and C) which are essential for
initiation of replication. Specific sequence blocks within
these domains are conserved among all adenovirus sero-
types and have been shown to represent binding sites for
sequence-specific DNA-binding proteins. The cellular pro-
teins NF-I and NF-III bind to specific sites within domains B
and C, respectively, and are both required for efficient
initiation at the adenovirus origin (18, 22). In addition to their
role in initiation of replication, both proteins have been
shown to function as activators of eucaryotic transcription.

Evolutionarily conserved sequence blocks (CSBs I, II,
and III) have also been identified in mammalian mitochon-
drial genomes in the region of the H-strand origin (4, 5).
Primer RNA for H-strand synthesis begins at a promoter
adjacent to CSB-III and involves endonucleolytic cleavage
of the RNA at a unique position between CSB-II and
CSB-III. While the precise roles of these CSBs in the
mitochondrial initiation mechanism remain to be deter-
mined, the fixed distance between the RNA cleavage site

and CSB-II in both mouse and human mitochondrial DNAs
implicates CSB-II in the recognition process (4).
The apparent utilization of common mechanisms of mini-

circle DNA replication by various species of trypanosomes,
the conservation of the order, spacing, and sequences of the
CSBs, and the location of specific 5' termini of each of the
strands of newly synthesized minicircle DNA within specific
CSBs strongly suggest that this conserved sequence motif is
a determinant of a universal minicircle replication mecha-
nism. The identification of proteins that bind to specific sites
within the conserved sequence motif could provide new
opportunities for testing this hypothesis.

This work was supported by Public Health Service research grant
A120080 from the National Institutes of Health.
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