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Structure, genomic organization and transcription of the bifunctional
dihydrofolate reductase-thymidylate synthase gene from
Crithidia fasciculata
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The bifunctional dihydrofolate reductase-thymidylate synthase (DHFR-TS) gene [rom the monogenetic kinetoplastid proto-
zoan. Crithidia fasciculata, was isolated and characterized. The gene is located on a single chromosome of approximately onc me-
gabase, and shows significant sequence similarity to other eukaryotic and prokaryotic DHFR. and TS genes. There is a single low-
abundance polyadenylated DHFR-TS transcript of approximately 3100 nt. One major miniexon splice site was identified by primer
extension analysis. The 5’ flanking region of the gene is divergently transcribed and shows strong similarities Lo a consensus DHFR
promoter as well as to other cukaryotic 'housekeeping” gene promoter regions. A sequence downstream of the DHFR promoter
consensus region is complementary to the 3’ end of the C. fascicufata miniexon-derived RNA. This suggests 2 means by which the
two separately transcribed RNAs may be juxtaposed for trans-splicing. 1n the 3' Ranking region of the DHFR-TS gene, there is
a sequence that is present in all of the chromosomes from this species and also from Leishmania tarentolae.
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Introduction ..

Kinetoplastid protozoa exhibit several interest-
ing phenomena in terms of gene expression in-
cluding the transposition of nonexpressed variant
surface protein genes to telomeric expression sites
in the African trypanosomes [1,2], the trans-
splicing of a separately-encoded 39-nt RNA
(miniexon) onto the 5’ end of all kinetoplastid
mRNAs [3-7], and the ‘editing’ of mitochondrial
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transcripts by insertion and deletion of uridines
at specific sites [8-10]. Many nuclear genes are
tandemly repeated and there is some evidence for
the occurrence of large multicistronic transcrip-
tional units [11,12]. However, no RNA Pol II ini-
tiation site, transcriptional control signal, or any
primary RNA Po! II transcript has yet been iden-
tified. There is no in vitro system available for
functional studies on gene expression.

In order to define the nature of a transcrip-
tional control signal in a kinetoplastid, the dihy-
drofolate reductase-thymidylate synthase (DHFR-
TS) gene from the monogenetic parasite, Crithi-
dia fasciculata, was isolated and characterized. C.
fasciculata is a model kinetoplastid protozoan
which grows readily in defined media [13], forms
colonies on agar, gives rise to drug-resistant mu-
tants at a high frequency after mutagenesis [14],
and has a standard trans-splicing apparatus for
nuclear gene expression [15]. We have found that -
exogenous DNA can be introduced into C. fas-
ciculata by the technique of electroporation and
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that this DNA is stable for 10-20 h (unpublished
results). In addition to providing insight into the
molecular mechanisms controlling gene expres-
sion in the kinetoplastids, the availability of a Pol
II promoter segment wouid facilitate the con-
struction of selectable markers for DNA trans-
formation vectors.

In general, the DHFR gene belongs to the class
of ‘housekeeping’ or ‘growth control’ genes, which
characteristically show high evolutionary conser-
vation, are of low copy number, often have more
than one G+C-rich promoter region, are tran-
scribed at a low level throughout most of the cell
cycle, and have transcripts that display multiple
5 termini [16-25]. The DHFR gene is often am-
plified in antifolate-resistant mammalian cells
[26,27].

In protists, the DHFR gene is contiguous with
the thymidylate synthase (TS) gene [16,28],
expression of which results in a bifunctional pro-
tein that exhibits metabolic channeling [29]. In a
methotrexate-resistant mutant of a related kine-
toplastid, Leishmania major, the DHFR-TS gene
is located on an amplified extrachromosomal cir-
cular element [30]. The 5’ sequence of the L. ma-
jor gene has been examined, and no significant
similarities to other DHFR consensus promoter
elements were observed [31]. In this paper we re-
port on the structure, genomic organization and
transcription of the C. fasciculata DHFR-TS gene.

Materials and Methods

Cell culture. A clonal Crithidia fasciculata strain
(Cf-C1) was grown in Brain-Heart Infusion me-
dium (Difco) supplemented with 10 pg/ml hemin
(Sigma) at 25°C with gentle rotation.

Nucleic acid isolation. C. fasciculata nuclear DNA
was prepared by the Sarkosyl lysis method as de-
scribed [32] and purified by CsCl centrifugation.
Total cell RNA was isolated by the guanidium-
HC! method [33]. Poly(A)* RNA was selected
from total RNA by oligo-dT cellulose (Collabo-
rative Research, Inc.) chromatography.

Nucleic acid manipulations. Agarose gel electro-
phoresis, staining, blotting, and hybridization
were performed by standard procedures [34].

DNA sequencing was performed using the di-
deoxy chain termination method [35] on SsfI and
Sau3A fragments of the 2396-bp DHFR-TS gene
region subcloned into pUCIB. Single-stranded
probes were generated by primer extension on
plasmid pGEM7Z containing Region 2 using the
ML13 forward and reverse primers and the large
fragment of Escherichia coli DNA polymerase 1.

Pulse field gel electrophoresis. C. fasciculata and
Leishmania tarentolae cells were prepared for
electrophoresis by washing in 0.15 M NaCl, 0.1
M EDTA, 0.01 M Tris-HCI (pH 7.9) and embed-
ding in 0.7% low-melting agarose at 0.5 x 10°
cells ml~1. Small blocks were cut and treated with
1% Sarkosyl, 1 mg ml~! proteinase K at 50°C for
40 h and chromosomes were separated on a 1.5%
agarose gel by orthogonal-field-alternation gel
electrophoresis (OFAGE) [36]. The gel was run
at 250 V using an 80-s pulse time.

Primer extension analysis. The 5' terminal end of
the DHFR-TS transcript was determined by the
primer extension technique [37], Briefly, 20 pg of
poly(A)* RNA was hybridized with 5 ng of a 22-
nt synthetic 32P-5'-end-labeled primer corre-
sponding to positions —37 to —58 of the DHFR-
TS gene sequence (Fig. 2). The primer sequence
was: 5'-TTATTGTTGCTGTTGATGGGGA-3'.
Extensions were carried out with AMYV reverse
transcriptase at 42°C for 60 min.

Computer analysis. Analysis of the DNA se-
quences was performed using programs from the
University of Wisconsin Genetics Computer
Group software package. Alignments of the DNA
and protein sequences were performed with the
programs BESTFIT and GAP. Z-values were ob-
tained for fifty random shuffles of two protein se-
quences using the global alignment program,
SEQDP, from the Los Alamos software package
[38]. The Z-value represents the number of
standard deviations the alignment ‘distance’ of
two test sequences deviates from the mean value
for alignments of the randomly shuffled se-
quences. Z-values of greater than five standard
deviation units are considered significant and
suggest that the observed similarities are not due
to chance. The relative size of the Z-value is a
function of the relatedness of two sequences.



Results

Isolation and nucleotide sequence analysis of the
C. fasciculata DHFR-TS gene. C. fasciculata nu-
clear DNA was digested with several different re-
striction enzymes and probed under low strin-
gency hybridization conditions with a DHFR gene
fragment from L. major [39]. A 2.4-kb HindlII
fragmenit that hybridized to this probe was sub-
cloned into pUCS. A partial restriction map of the
gene and its flanking sequences is shown in Fig.
1. .
The nucleotide sequence of the entire 2.4-kb
Hindlll gene fragment was determined on both
strands using the dideoxy chain termination pro-
cedure. Fig. 2 shows the complete sequence along
with the deduced amino acid sequence of the
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Fig. 1. Map of the C. fasciculata dihydrofolatc reductasc

- (DHFR)-thymidylate synthase (TS) gene region. The open

boxes correspond to the open reading frame encoding the
DHFR-TS. The hatched boxes indicate the 5" and 3' flanking
rcgions that have been sequenced. The arrows indicate the
transcript sizes and directions as determined by Northern
analysis (arrow width indicates relative abundance). The lines
under the map represent fragments used as probes. Enzyme
abbreviations: E. EcoRl; X, Xhol; Xb, Xbal: S, Sail; H,
Hindlll; K, Kpnl.
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Fig. 2. Nucleotide sequence of the C. fascicufata DHFR-TS gene region. The boxed region contains sequences similar ta ather
DHFR promoter regions (see Table 1I). The region complementary to the 3' end of the C. fasciculaia medRNA is underscored
with a heavy linc. A sequence element found upstrcam of the C. fasciculata minicxon gene is underscored with a dashed line. A
sequence clement found upstream of several kinetoplastid protein-coding genes is underscored with a dotted line. The ‘degener-
ate” minicxon sequence is underscored with -hatched boxes. The putative miniexon splice site is indicated by an arrow. A potcntial
SP1 binding site is underscored with a thin line. The sequence used as a primer for the primer cxtension analysis is overlined.
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Fig. 3. Amino acid scquence alignment for the DHFR-TS of

Crithidia fasciculata and Leishmania major using the GAP

program of the University of Wisconsin Genetics Computer

Group (UWGCG). The ‘junction’ region between the DHFR
and TS domains is underlined.

1548-bp open reading frame corresponding to the
DHFR-TS gene. The nucleotide sequence pre-
dicts an uninterrupted 516-amino-acid protein
that, as in other protists, consists of a DHFR do-
main at the NH;-end and a TS domain at the
COOH-end.

Comparison of the C. fasciculata and the L.
major amino acid sequences shows a 90% overall
.identity although the C. fasciculata protein is five
residues shorter (Fig. 3). The region between the
two domains (the junction region) is of similar
length in both species and has several amino acid
identities, although it is the least conserved por-
tion of the DHFR-TS protein. As in the case of
the L. major DHFR-TS gene, the junction region
has no significant similarity to other DHFR or TS
genes. Z-value comparisons of the TS domain of
the C. fasciculata gene with the TS protein of
other organisms reveal strong similarities (Table
I). As expected, greater similarity was seen with
the TS protein from other eukaryotes and the eu-
karyotic virus Herpesvirus saimiri than with the
corresponding prokaryotic or bacteriophage pro-

teins. Z-value comparisons of the C. fasciculata
DHFR domain with other DHFR proteins also
revealed significant similarities, although less
conservation than in the case of the TS protein.

Genomic organization of the C. fasciculaia DHFR-
TS gene. Restriction digests of C. fasciculata nu-
clear DNA were probed with a subfragment from
the TS domain (Probe 4, Fig. 1). In most cases
there was weak hybridization to only one or two
bands suggesting that the gene is of low copy (not
shown). The probe hybridized with an equal in-
tensity to two EcoRI + BamHI fragments of ap-
proximately 9.3 and 11 kb. A probe located up-
stream of the coding region of the cloned gene
(Probe 1, Fig. 1) hybridized only to the 9.3-kb
band, suggesting that there are two separate
genes. Further mapping indicated that another
DHFR-TS gene was not located within 3 kb up-
stream or 4 kb downstream of the cloned gene
(Fig. 1).

C. fasciculata chromosomes were separated by
OFAGE (Fig. 4A) and probed with a subfrag-
ment from the DHFR domain (Probe 3, Fig. 1).
This probe hybridized to a single band of approx-
imately 1 megabase (Fig. 4C). This suggests that
the DHFR-TS genes are located on the same

TABLE 1

Z-values of the amino-acid alignments for the dihydrofolate
reductase ond thymidylate synthase of Crithidia fasciculata vs.
other organisms

Organism Z-valuc

DHFR TS
Leishmania major 82.1 98.3
Bovine: 18.6 -
Human 15.3 89.1
Chicken 14.5 -
Herpesvirus sdimiri - 80.4
Mousc 13.2 70.3
Pig 11.8 -
Escherichia colt 8.0 52.4
Neisseria gonorrhoeae 5.0 -
Streptococcus faecium 4.0
Lactobacillus casei 1.2 42.5
Bacteriophage T4 ~0.9 36.9
Bactcriophage $-3T - 17.2

The Z-values arc standard deviation units for fifty shuffles us-
ing the SEQDP program of Kanchisa {38). Sequences which
align with a Z-value of 5.0 or higher arc considered to be sig-
nificantly similar.



TABLE I1 .
Comparison of the 5° flanking region of the C. fasciculata DHFR-TS gene and the 5 flanking sequence of other DHFR genes*

_ 5 3
Species  Ref. Positionb Sequence®,d Position
GC.f, - -366 GCGCGGGTGGCAAGCGTTCTT | GCCATCCGCCGCACGCCGCTITGOGAGCTCCACTGCACGAUCCACAACTCCACTACC. CCACTTCC -272

IHII I II 11 I III N
Mouse (49) -324 | it | | | | | gee. .CCEGCECACGCCTC -281
Mouse (49) -130 GCGCGECEEEE -120
P A LLIEE L L el |
Hamster (48) =633 CCGGCTCCGG Tﬂl‘c‘ﬂfﬁf‘l\fr CCGACCA -603
Mouse (49) -199 ?ﬂ?\c‘;ﬁ?ﬁ -186
Human (48) =110 . CCTCGCCTGCA -97
- IR EN])
Hamster (48) -593 . CTACICTACCTCCACTTCC -575

*Sequences were aligned with the BESTFIT program of UWGCG.
YRelative to the translation initiation codon.

“Vertical lines indicate nucleotide identities with the C. fasciculata sequence.
“The boxed sequences are within the consensus DHFR promoter element.

681
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Fig. 4. Chromosomal localization of the DHFR-TS gene. (A): Crithidia fasciculata and Leishmania tarentolae chromosomes were

separated by OFAGE and probed with: (B) Probe 6; or (C) Probe 3. Probes 2 and 4 hybridized to the same chromosome as Probe

3 (not shown). and Probe 7 hybridized to the same chromosomes as Probe 6 (not shown). Lane |, L. rarentolae: lancs 2-4. C.

fasciculata. The arrow in panel (A) indicates the chromosome that hybridized to Probe 3. Molecular weight standards were ADNA
concatamers. :

chromosome or are on two equivalently-sized
chromosomes. Interestingly, when the same
chromosome blot was reprobed with the entire
2.4-kb Hindlll fragment (Probe 6, Fig. 1), strong
hybridization was observed to apparently all the
chromosomes of C. fasciculata and Leishmania
tarentolae, a distantly related saurian kinetoplas-
tid (Fig. 4B) This indicated that there is a se-
quence(s) on the fragment that is repetitive, dis-
persed and conserved with respect to both the C.
fasciculata and L. tarentolae genomes. Subse-
quent analysis has localized this element to the 3'
untranslated region (Region 7, Fig. 1) where there
is a 30-bp poly-GT stretch that is repetitive and
highly conserved in many cukaryotic genomes
[40].

Sequence analysis of the upstream region. Se-
quence analysis of the 5" flanking region of the C.
fasciculata DHFR-TS gene revealed several in-
téresting features. There are no apparent TATA-
or CCAAT-like elements that are known to func-
tion as transcriptional control signals for many

eukaryotic genes. However, the region between
—366 and —272 is strikingly similar to the DHFR
promoter elements of mouse, human, and ham-
ster (Table I1). This includes a 50-bp region from
—366 to —317 that is 72% identical to a 46-bp se-
quence from the repeated mouse DHFR pro-
moter. Also, there are two short sequence ele-
ments with >75% identity with the ‘GC’ and ‘CA’
boxes of the consensus DHFR promoter [41] at
positions —366 to —356 and —310 to —299, re-
spectively. There is a potential SP1 binding
site(CGCCCC) at positions —299 to —294 (Fig.
2).

The 5’ flanking region was compared to se-
quences upstream of other kinetoplastid protein-
coding genes in order to search for sequence ele-
ments conserved within these organisms. A con-
served sequence element, PyrPyrCCCTCTC (Fig.
2). was found between —45 and —436 bp with re-
spect to the initiation codon of several kineto-
plastid genes including the DHFR-TS gene of L.
major [31], the HSP8S gene of Trypanosoma cruzi
[42], the ATPase gene of Leishmania donovani



[43], and the alpha-tubulin genes of Leishmania
enrietti [44] and Trypanosoma brucei [45]. This
‘CT" motif has no similarity to other known reg-
ulatory signals and its significance is unknown. A
similar motif CTCYTC was reported to be pres-
ent 10-20 bp downstream of the miniexon addi-
tion site in several kinetoplastid genes [31].

The 5’ flanking sequence was also compared to
the C. fasciculata miniexon gene sequence [15].
Beginning at-position —222, there is a 10-bp se-
quence that «is exactly complementary to the 3’
terminal region of the C. fasciculata medRNA
(Fig. 2). This similarity extends 10 more bases to
position =204 to give an overall 15/20 nucleotide
sequence complementarity with the medRNA. A
six bp element within this region is also comple-
mentary to a region just 3’ of the spliced leader
in the C. fasciculata medRNA (not shown). In
addition, a 9-mer AATATAGAG is found at po-

sitions —126.to —118 of the DHFR-TS gene that

is also present 72 bp upstream of the miniexon +
1 site (Fig. 2). Finally, a ‘degenerate’, reverse

161

complement miniexon sequence, with a 64%
(23/36) nucleotide sequence identity to the C.
fasciculata miniexon, is found at positions —43 to

Transcription of the DHFR-TS gene region. C.
fasciculata total cell, poly(A)*, and poly(A)~
RNA were probed with the entire 2.4-kb frag-
ment (Probe 6, Fig. 1). One major poly(A)*:
transcript of approximately 3100 nt and at least
three minor poly(A)* transcripts of approxi-
mately 3800, 2700, and 2200 nt were visualized
(Fig. 5A, lane 1). Probe 3, specific for the DHFR
‘coding region (Fig. 5A, lane 2), and Probe 4 (not
shown). specific for the TS coding region, hybrid-
ized only to the 3100-nt transcript. Probe 5, which
encompasses the C-terminal region of the TS do-
main and 356 bp of the 3’ untranslated region,
hybridized to all four transcripts as well as sev-
eral other minor poly(A)* species (Fig. 5A, lane
3).

The transcription of the 5' flanking region. rep-

zo00— |l |-

1500—|

Fig. 5. Northern analysis of C. fesciculata RNA. Poly(A)* (panel (A). lanes 1-4: panel (B). lanes 1, 2, and 4; panel (C). lanes

1 and 2), or poly(A)~ (pancl (B}, lane 3) RNA from C. fasciculate was electrophoresed on a 1.5% agarose formaldehyde gel.

blotted onto nitrocellulose. and probed with: panel (A): lane 1, Probe 6: lane 2. Probe 3: lane 3, Probe 5; lanc 4. Probe 2. Panel

(B): lanc 1, single-stranded probe from Region 2 that was generated in the opposite sense to the DHFR-TS transcript: lanes 24,

single-stranded probe from Region 2 that was generated in the same sense as the DHFR-TS transcript. Panel (C): lane 1, same
as panel (B) lanc 1; panel {C) lane 2, same as panel (B) lanes 24,
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resented by Probe 2, was complex and varied from
one RNA preparation to another. In six out of
eight independent RNA preparations, Probe 2
hybridized only to the 3100-nt transcript (Fig. 5A,
lane 4). In two independent RNA preparations.
however, Probe 2 also hybridized to a low-abun-
dance 1500-nt poly(A)* transcript. A single-
stranded probe generated from Region 2 in the
same sense as the DHFR-TS transcript hybrid-
ized faintly to the 1500-nt poly(A)™* transcript in
addition to a 3100-nt transcript that was less
abundant than the DHFR-TS transcript (Fig. 5B,

lanes 2 and 4; Fig. 5C, lane 2), whereas a single-

"6 —

Fig. 6. Primcr extension analysis of the 5 end of the DHFR-

TS transcript. Lane 1 is the major extension product. Lane 2

is the identical reaction without RNA. The molecular weight

standard was 2 DNA sequence of Region 2 cloned using the
sumc primer as for the RNA extension.

stranded probe from Region 2 that was comple-
mentary to the DHFR-TS transcript hybridized
only to a 3100-nt transcript (Fig. 5B and C, lane
1). This observation suggested that the 5’ flank-
ing region of the DHFR-TS gene is divergently
transcribed, as is the DHFR gene from other eu-
karyotes. The abundance of the DHFR-TS tran-
script did not vary between RNA preparations as
did the divergent transcript. None of the probes
from the DHFR-TS gene region hybridized to
poly(A)~ RNA.

Primer extension analysis. All kinetoplastid
mRNAs examined so far contain a 3%-nt mini-
exon sequence at their 5’ end. Since C. fascicu-
lata has been shown to have a highly abundant
medRNA, we presumed that the DHFR-TS tran-
script contains a miniexon on its 5’ end. In order
to map the miniexon splice site, we determined
the 5' end of the mRNA by primer extension
analysis (Fig. 6) and inferred the miniexon splice
site by subtracting 35 nt from the total length of
the product (primer extension analysis will not
identify the four modified nucleotides at the 5’
end). Using this approach, the splice site was
mapped to an AG dinucleotide located within the
9-mer, AATATAGAG, that is also found up-
stream of the C. fusciculata miniexon gene.

Discussion

We have isolated and characterized the DHFR-
TS gene from C. fasciculata. The 5' flanking re-
gion of the gene is divergently transcribed and
contains a region that is highly similar to the
DHFR promoter elements from the mouse, ham-
ster, and human DHFR genes. In addition, the
C. fasciculata DHFR-TS mRNA has a 10-nt se-
quence element in the 5’ untranslated region that
is complementary to the 3' end of the C. fasci-
culata medRNA,

No kinetoplastid RNA Pol 11 promoter has yet
been identified. Due to the absence of a func-
tional assay for promoter activity, the identifica-
tion of kinetoplastid promoters is currently de-
pendent on the recognition of conserved sequence
clements at sites suggested to be involved in tran-
scriptional regulation. Such analysis is compli-
cated by the fact that trans-splicing of medRNA



to the 5' regions of primary transcripts appears to
occur rapidly [46] and that primary transcripts
may be multicistronic The C. fasciculata DHFR-
TS 5' flanking region has a G+C-rich region that
displays striking similarity to other eukaryotic
‘housekeeping’ or ‘growth control’ gene pro-
moter regions, including one that has 72% iden-
tity. with a repetitive sequence element that func-
tions as the mouse DHFR promoter [41]. In
addition, short (15-30 bp) sequences are found
within these regions which show similarity to pro-
moter regions of the human adenosine deami-
nase [25] and c-Ha-ras genes (18) and to early-ex-
pressed SV40 genes [47] (not shown). It is thus
possible that transcription initiation occurs be-
tween positions —366 and —272 (Fig. 2), possibly
in a bidirectional manner.

Bidirectional promoters have been reported in
other genes [48,49] including the mouse [50] and
hamster {51] DHFR genes. This -phenomenon
probably reflects the orientation independence of
the G+C-rich promoter elements [47,21]. In the
case of the mouse DHFR gene, the divergent
transcripts display heterogeneous start sites that
are partially overlapping. It is unclear at this point
whether the transcripts upstream of the C. fasci-
culata DHFR-TS gene overlap.

The 5' flanking region of the amplified DHFR-
TS gene of the related kinetoplastid L. major does
not contain a DHFR consensus promoter ele-
ment [31]. It is possible that the L. major gene
utilizes a different promoter sequence than the C.
fasciculata gene, or that a DHFR consensus pro-
moter element lies further upstream of the L.
major gene. Alternatively, the consensus element
may not represent a true promoter for the C. fas-
ciculata DHFR-TS gene. The latter possibility can
be addressed only after the development of an in
vitro transcription system.

The low abundance of the C. fasciculata
DHFR-TS transcript is characteristic of ‘house-
keeping’ genes, as they are often under negative
transcriptional control or are rapidly degraded
[17,21,23]. The size heterogeneity of the tran-
scripts originating from the opposite strand of the
DHFR-TS mRNA may reflect-either processing
intermediates or differences in their termini. The
ability to detect divergent transcripts in only two
out of eight RNA preparations implies that they
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are regulated differently from the DHFR-TS
transcript. There appeared to be no correlation
between the presence of the divergent transcripts
and the growth stage of the cells, as all of the
RNA preparations were performed at the late

-logarithmic stage. It is possible that minor varia-

tions in the preparation of the cells for lysis may
be responsible for this effect. :

The presence of a short sequence near the 5'-
end of the DHFR-TS mRNA that is complemen-
tary to the C. fasciculata medRNA has interest-
ing implications. The rrans-splicing model pro-
posed for the production of kinetoplastid nuclear
mRNAs tequires a mechanism by which the sep-
arately-encoded precursor RNAs are brought to-
gether for splicing. It is possible that the precur-
sor RNAs are assembled into a splicing complex
that is responsible for this function or brought to-
gether by co-complementarity with a snRNA as
in conventional mRNA splicing. It has been
shown, however, in the case of adenovirus, that
introns containing short complementary se-
quences will undergo efficient trans-splicing in vi-
tro via base pairing of these sequences [53,54].
Thus, the complementarity between the medRNA
and 5’ region of the DHFR-TS mRNA suggests a
model by which the precursor RNAs may be as-
sociated for splicing (Fig. 7). This model predicts
a degradation product that is consistent with re-
cent evidence for branched intron side-products
in T. brucei [5,7.57). Base complementarity be-
tween the medRNA and the 5° flanking region of
other kinetoplastid genes has not been observed
as yet. Possibly, in other cases, assembly of the
two separate transcripts occurs by a mechanism
other than RNA:RNA duplex formation. Alter-
natively, the sequence complementarity may ex-
ist further upstream than has been examined.

There is one major miniexon splice site for the
DHFR-TS transcript as determined by primer ex-
tension analysis. In contrast, $1 nuclease experi-
ments identified two major and at least three mi-
nor splice sites for the L. major DHFR-TS
transcript that is encoded from an extrachromo-
somal element. Interestingly. the C. fasciculata
splice site is within a 9-nt sequence that is also
found upstream of the C. fasciculata miniexon
gene. In both cases, this sequence immediately
follows a stretch of A residues. The significance
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Fig. 7. Model for the initial assembly of the medRNA and the 3' DHFR-TS transcript via base complementarity. The 3’ end of
the separately encoded medRNA forms an RNA-RNA duplex with the 5’ region of the primary transcript encoding the DHFR-
TS. Trans-splicing then occurs to generate the mature transcript as well as a degradation product.

of this is unknown at this time.

The degenerate miniexon sequence found im-
mediately upstream of the initiation codon shows
complementarity to the 39-mer of the medRNA.
This raises the intriguing possibility that this se-
quence element is involved in regulation of the
DHFR-TS mRNA via anti-sense RNA [55.56]. In
addition, it is probable that this sequence lies up-

stream of the gene encoding the divergent tran--

scripts. This is consistent with the observation that
several kinetoplastid genes contain a degenerate
miniexon in the upstream region.

We have shown that the 5’ flanking region of
the C. fasciculata DHFR-TS gene is divergently
transcribed and contains sequence elements that
are highly similar to DHFR promoter clements
from other cells., This suggests that the utilization
of standard eukaryotic transcription initiation sig-
nals occurs in the kinetoplastids for the 3’ exon
of at least some mRNA-coding genes. In addi-
tion, the presence of a short sequence in the 5
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