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ABSTRACT
A repeated sequence from the Crithidia fasciculata nuclear genome has been isolated

which is homologous to the mini-exon genes of other kinetoplastid protozoa. Sequence
analysis of the 417 bp monomeric unit confirmed the presence of a 35 nt sequence within
the repeat that is 77% homologous with the Trvpanosoma brucei 35-mer mini-exon or
spliced leader sequence. The repeat is present at approximately 250 copies per cell and is
organized into one, or a few, large head to tail tandem clusters predominantly on a single
chromosome. The mini-exon repeat unit hybridizes to a major 84 nt and a minor 87 nt
poly (A)- steady state transcript, the first 35 nts of which comprise the mini-exon
sequence found at the 5' end of mRNAs in several other kinetoplastid species. The 3'-
termini of the transcripts map to positions on the DNA sense strand directly preceeding a
stretch of 8 thymidine residues. Crithidia represents the most primitive kinetoplastid
species which apparently possesses a discontinuous type of mRNA processing, implying
that this represents a conserved feature in possibly all genera of kinetoplastid protozoa.

INTRODUCTION
One of the most interesting and unique features of the molecular biology of

kinetoplastid protozoa is the presence of a 35 nt mini-exon or spliced leader sequence at
the 5' ends of apparently all nuclear-derived messenger RNAs (reviewed in 1). This mini-
exon sequence is encoded by a repeated nuclear DNA sequence which varies in size from
1.35 kb to 0.4 kb in different species, and is present in tandem arrays of around 200
copies. The sequence of the mRNA mini-exon is known in several kinetoplastid species:
Trvpanosoma brucei (2-4), T. vivax (3), T. cruzi (3, 5), Leptomonas collosoma (5, 6), and
Leishmania enrietti (7). The sequence of the complete repeat unit is known for several
stocks of T. brucei (8, 9), T. vivax (3), T. cruzi (3) and L. enrietti (7), and a partial
sequence is known for L. collosoma (5). Hybridization evidence for theexistence of a
mini-exon repeat has been reported for T. eouinum. T. conaolense. Leishmania trooica.
Heroctomonas muscarum. Phvtomonas davidi and Crithidia fasciculata (3, 5, 6).

Transcription of the mini-exon repeat leads to a steady state transcript, termed mini-
exon derived RNA (medRNA), which varies in size from 140 nt in T. brucei to 105 nt in
T. cruzi. 95 nt in L. collosoma (1), and 85 nt in L. enrietti (7). The mechanism for the
transfer of the 35 nt mini-exon sequence from the medRNA to the 5' ends of mRNAs is
not known, although two models have been proposed involving priming and trans
(bimolecular) splicing. Evidence for the latter mechanism has recently been obtained (10,
11). The biological function of the mini-exon sequence in the kinetoplastid protozoa is
not known. We show in this paper the sequence of the mini-exon repeat in C. fasciculata.
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a primitive, monogcnetic kinetoplastid protozoan and perform a comparative analysis of
this sequence with all other reported mini-exon repeat sequences as an approach to
understanding the biological role of this phenomenon and the evolution of the different
genera within the family, Trypanosomatidae.

MATERIALS AND METHODS
Cell culture

Cultures of C. fasciculata were grown in either Kidder-Dutta defined medium (12) or
Brain-Heart Infusion medium (Difco) supplemented with 10 ug/ml hemin, at 25 C with
gentle shaking.
RNA and DNA Isolation

Total cell RNA was prepared from exponential phase cultures by the guanidine HC1
method of Berk and Sharp (13) and then incubated with 20 ug/ml DNase I (iodoacetatc-
treated) for 30 min at 37 C. Poly(A)+ enriched RNA was prepared by poly(U) Sephadcx
(Bethesda Research Labs) chromatography of whole cell RNA.
C. fasciculata nuclear DNA was prepared from stationary phase cells by lysis with 1%

sarkosyl and digestion with 1 mg/ml pronase CB (autodigested, 30 min., 37 C) at 60 C for
2 hours. Nuclear DNA was separated from the bulk of the kinetoplast network DNA by
CsCl/ethidium bromide isopyenic centrifugation.

Nucleate digestions and nucleic tcld hybridisations
SI nuclease (BRL) protection assays were performed as described previously (14). Mung

bean nuclease (P-L Biochemicals) digestions of C. fasciculata genomic DNA were
performed under conditions previously described (15). Filter blojting and nucleic acid
hybridization methods were as described (16). DNA probes were P-labeled in vitro by
either nick translation (17) or T4 polynucleotide kinase treatment (14). P-labeled RNA
complementary to the mini-exon transcript was synthesized in vitro by SP6 polymerase as
described by the supplier (Promega Biotec).
Orthogonal field attroae gel electrophoresls

Orthogonal field gel electrophoresis (OFAGE) was performed in an apparatus designed
by C. Brunk based on the apparatus of Carle and Olson (18). Cells were embedded in 0.7%
low melting agarose at 4 X 10 cells/ml, and 5 X 4 X 1 mm blocks were treated with 1%
Sarkosyl and 1 mg/ml proteinase K. in 0.5 M EDTA (pH 8.0) at 50 C for 48 hours prior to
electrophoresis. Gels were stained in 0.5 ug/ml ethidium bromide and destained for 24 hr
at 4 C before photography. Lambda ladders were obtained by incubation of linearized
lambda monomeric DNA (50 ug/ml) embedded in 0.45% low melting agarose at 37 C in
0.1 M EDTA, 10 mM Tris HC1 (pH 7.9), for 17 hr. The agarose blocks were then used for
OFAGE electrophoresis. A value of 50 kb per lambda monomer was used for the
calculation of band size.
DNA sequence analysis

DNA sequence determinations were performed using the dideoxy-chain termination
method (19) as described previously (20). DNA sequences were analyzed with the SEQH
and SEQA programs of Goad and Kanehisa (21), and the BESTFIT and GAP programs of
the University of Wisconsin Genetics computer group using a VAX 11/750 computer.
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1 AAGCTTCCGG AAACAACCGG CACAAATTTT GAGGCGGAKG 'CTOTITrrr

51 TTGTGTCCGG GGGGGCCTCC TTGGGGTCCCCCTGTCCAGC CCCAGCCGTT
^"^™~" I Xmal

101 CGCCACCACA TAGGAATTTG CGAAGGACCC CCAAAAATCC CGGTCCtCGG

151 GCGAGTTGTC CCAACTTTTT CAAACCTCAT GAAGAGCTAG TTGCGTCATT

201 GAAAAGTTCG TGTGCAGAAA CCCCCTCCCC CACGTTTCTA CAATGGAAGA

251 GTTTACGATA CAGGTrTTCT CACGGTTTTC AGCTGTTTTT TCGAAAAACA
301 AAAAATATAG AGCTGTATAG CGCTTATTTT TGACACCCCC CTCAAAACAT

351 GCTGGGGGTA TAGGTCCITC CAAClfrACGC TATATAACTA TCAGITTCTG

401 TACTTTATTGJ GTATAAG

Figure 1. Nucleotide sequence of the 417 bp Cf-2 Hindlll mini-exon repeat from £L
fasciculata. The box indicates the position of the 35 nt mini-exon. The arrows indicate
the positions of the 3'-termini of the major, 84 nt (large arrow) and the minor, 87 nt
(small arrow) medRNAs as mapped by SI protection analysis using the Xmal mini-exon
repeat, clone Cf-3 (the single Xmal site is indicated in the Cf2 sequence). The Cf-3
sequence contained an additional GC at positions 82 and 83 (the first A of the mini-exon
is considered +1) on the Cf-2 mini-exon transcription unit. The oligo-T 8 mer adjacent to
the 3' end of the medRNA is indicated, as are two 7 mer repeats of unknown
significance, and three TATA sequences located 5' of the medRNA initiation site.

RESULTS
The C. fasciculata genome encodes a 35 nt mini-exon sequence

Hybridization of a synthetic 22 nt probe complementary to the T. brucei mini-exon
(Fig. 7) (kindly provided by K. Stuart) occurred under reduced stringency conditions to
C. fasciculata genomic digests, as expected from previous results by De Lange et al (3).
The 22 nt T. brucei mini-exon probe hybridized (in 0.75 M NaCl, 20% formamide, 37 C)
with a 400 bp fragment of C. fasciculata nuclear DNA which had been digested with
either Hindlll or Xmal (data not shown).

To isolate the potential mini-exon encoding fragment from the C. fasciculata genome, a
size-selected library of Hindlll digested C. fasciculata genomic DNA fragments averaging
400 bp in length was constructed in M13 mplO. Eighteen plaques hybridizing with the L
brucei mini-exon probe were recovered. Sequence analysis of the 417 bp insert of clone
Cf-2 (Fig. 1) revealed the presence of a 35 nt sequence which is 77 percent (27 out of 35
nt) homologous with the T. brucei mini-exon sequence.

Sequence analysis of a second cloned Xmal-released fragment, Cf-3, confirmed the
presence of an identical 35 nt mini-exon sequence, and revealed an additional GC
dinucleotide between positions 39 and 40 of the Cf-2 mini-exon repeat sequence (Fig. 1),
implying the existence of minor sequence heterogeneity among the mini-exon repeats.
The C. fasciculata mlnl-exon repeat codea for a imall. polvCA -̂ iteadv state transcript
(medRNA)

The C. fasciculata mini-exon repeat hybridized with an approximately 85 nt transcript
which was present in total Crithidia RNA but absent from the poly(A)+ RNA fraction
(Fig. 2). The absence of a smear of high molecular weight poly A+ mRNA species
hybridizing with the mini-exon repeat, as would be expected if cellular mRNAs were 5'-
terminated with the 35mer mini-exon, probably is due to the fact that the entire 417 nt
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Figure 2. Northern analysis of C. fasciculate RNA. Twenty micrograms of total cell
RNA and six micrograms of poly(A)+ enriched RNA were electrophoresed through a 1.5%
agarose-2.2 M formaldehyde gel, blotted onto nitrocellulose, and probed at a high
stringency with P-labeled Cf-2 insert. Following autoradiogtaphy, the filters were
briefly boiled to remove the probe and then rehybridized with a P-labeled Leishmania
tropica beta-tubulin probe (kindly provided by T. Spithill) as a control for the absence of
poly(A)+ RNA degradation.
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Figure 3. Determination of the steady state size of the mini-exon repeat transcript by SI
protection analysis. 32P-labeled RNA complementary to the mini-exon transcript was
synthesized in vitro by SP6 polymerase transcription of a SP6 promoter/Cf-3 mini-exon
template. The labeled, SP6 run-off transcripts were annealed with 5 ug of total Crithidia
RNA and the mixture digested with the indicated units of SI nuclease. The digestion
products were sized on a 6% acrylamide-7 M urea sequencing gel adjacent to a dideoxy-
sequencing ladder of a Leishmania tarentolae maxicircle fragment of known sequence.

repeat was used as a probe instead of the 35mer alone and to the stringent hybridization
conditions used.

To more accurately size the medRNA and to map the transcript termini, total cell RNA
was hybridized with uniformly labeled (SP6 RNA polymerase-transcribed) RNA
complementary to the mini-exon transcript, and then digested with SI nuclease. The run-
off probe RNA was synthesized from a Cf-3 template that encompassed the entire mini-
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