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Summary

We have hybridized total cellular RN A of Crithidia luciliae with the
kinetoplast DN A of this organism. To allow the discrimination of DNA from
mini-circles (2300 base pairs) and maxi-circles (33 000 base pairs), kinetoplast
DN A was digested with restriction endonucleases and the fragments were
separated by electrophoresis through an agarose gel and transferred to nitro-
cellulose filters by blotting. No mini-circle transcripts were found under condi-
tions where maxi-circle fragments showed extensive and specific hybridization.
Since maxi-circle sequences are present at less than 1% of the concentration of
mini-circle sequences, we conclude that mini-circles may not be transcribed at
all. Predominant hybridization with the maxi-circle fragments is obtained with
a segment of only 2300—2500 base pairs. The possibility that this segment
codes for unusually small mitochondrial ribosomal RN As is discussed.

The kinetoplast DNA (kDNA) of trypanosomes consists of a large net-
work of catenated circles, found in the single mitochondrion of these unicel-
lular flagellates. Analysis of the networks from the insect trypanosome
Crithidia luciliae with restriction endonucleases and electron microscopy has
revealed the presence of two structural components: mini-circles (1.5-10°
daltons) make up about 95% of the network, while maxi-circles (22 +10°
daltons) form the remainder [1]. Analogous results have been obtained with
kDN A from other trypanosomes [2—4].

Indirect evidence suggests that the maxi-circles are the trypanosome equiv-
alent of mtDN A in other organisms (see ref. 4). They resemble other mtDN As
in size and complexity; their sequence evolution is restricted; they are absent
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Abbreviations: KkDNA, kinetoplast DN A; SSC, 150 mM NaCl/15 mM sodium citrate (pPH 7.0).
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from some trypanosome species that have lost the ability to make functional
mitochondria; no other DNA than kDN A has been found in trypanosome
mitochondria. The function of mini-circles on the other hand is unknown.
Their sequence micro-heterogeneity and rapid sequence evolution [5] are hard
to reconcile with a coding function and various other unorthodox functions
have been considered [4].

To get more information on the possible function of kDN A we have
analysed C. luciliae for the presence of maxi-circle and mini-circle transcripts.
To avoid the possible loss of transcripts during cell fractionation, we have used
total cellular RN A, directly isolated from a lysate by the hot phenol extrac-
tion procedure described by Penman [6]. After removal of DN A by extensive
treatment with deoxyribonuclease (Worthington, ribonuclease free), the RN A
was degraded with alkali to a size of about 500 nucleotides, phosphorylated in
the presence of [y->P] ATP and polynucleotide kinase [7] (from phage T,-
infected Escherichia coli) to a specific activity of 20-10° cpm/ug and
hybridized to Crithidia DN As. To distinguish hybridization with maxi-circle,
mini-circle and nuclear DN A sequences, the DN As were digested with various
restriction endonucleases as described [1,8] and the fragments were separated
by agarose gel electrophoresis and transferred to nitrocellulose filters by the
Southern [9] blotting procedure. RN A hybridized to the DNA, immobilised
on the filters, was detected by autoradiography.

The results of one of these hybridization experiments 1s presented In
Fig. 1. The photograph of ethidium-stained gels in panel A shows the character-
istic (ci. ref. 1) faint maxi-circle bands in the upper half of the gel (lanes 6—11)
and the prominent mini-circle bands in the lower half. After a short exposure,
the corresponding autoradiograms in panel B show only one labelled maxi-
circle band (lanes 6—11) in each digest. After long exposure more maxi-circle
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Fig. 1. Hybridization of Crithidia RN A with restriction fragments of Crithidia DNA. Nuclear DN A (1 ug)
and kDNA (2.5 ug unless stated otherwise) of C. luciliae and C. fasciculata were digested with various
restriction endonucleases and the fragments separated by electrophoresis on a horizontal 0.5% agarose
gel [3]. After denaturation in situ and blotting of the DN A to a nitrocellulose filter by the method of
Southern [9], the DNA on the filter was allowed to hybridize with 3?P-labelled total cell RN A (1.5 ug)
of C. luciliae for 2 days, at 56—60° C in 2 X SSC/0.1% sodium dodecyl sulphate and 0.2% ficoll/0.2% poly-
vinylpyrrolidone /0.2% bovine serum albumin and 25 Mg yeast RN A per ml. Denatured phage ¢ 29 DNA,
labelled with *?P by nick translation [10] was added to the hybridization mix to label the marker bands.
After hybridization, filters were washed three times in 2 X SSC and 0.1% sodium dodecyl sulphate at
56—60° C for 15 min and four times in 2 X SSC at room temperature. Panel A, Photograph of a gel
stained with ethidium bromide. Lanes 1 and 12 contain molecular weight markers: phage T, DNA,
pPhage ¢ 29 DNA and ¢ 29 DN A after digestion with endonuclease EcoRI [8]. Lanes 2—4 contain nucleaxr
DNAs of C. luciliae digested with BamHI, BamHI + HindIII and HindlIII, respectively. Lane 5 contains
nuclear DN A of C. fasciculata digested with HindIII. Lanes 6—10 contain KDN A of C. luciliae digested
with endonucleases Xbal, HindIII, Sall, EcoRI and Hapll, respectively. Lane 11 contains KDNA of

C. fasciculata treated with EcoRI. Panel B, Autoradiogram of the DNAs in panel A after transfer to a
nitrocellulose filter and hybridization with *?P-labelled Crithidia RN A. The numbers of the lanes corre-
spond to those in panel A. Panel C, Lanes 1 and 2 show a photograph of a gel stained with ethidium
bromide containing kDN A (3 ug) of C. luciliae (lane 1) and C. fasciculata (lane 2) digested with endo-
nuclease HaplIl. Lanes 3 and 4 show the corresponding autoradiogram of the filter after long exposure

(3 weeks). Panel D, Lanes 1—3 show the ethidium bromide-stained gel with molecular weight markers in
lane 1 (as in panel A), a HindIII digest of nuclear DNA of C. luciliae in lane 2 and a HaplII digest of
KDNA of C. luciliae in lane 3. Lanes 4—6 show the corresponding autoradiogram of the hybridized filter.
Before hybridization (conditions as in panel A) the labelled RN A was treated with pancreatic ribo-
nuclease (50 ug/ml)for 1 h at 37° C. Panel E, Lanes 1—4 show the stained gel with molecular weight
markers in lane 1, nuclear DNA of C. luciliae after digestion with endonuclease HindIII in lane 2, and
KDNA of C. luciliae treated with EcoRI (lane 3) and HapII (lane 4). Lanes 5—8 show the corresponding
autoradiogram of the filter, after hybridization with denatured kDN A labelled with 2P by nick transla-
tion [10] mixed with *?P-labelled phage ¢ 29 DNA, but without labelled RN A added.

bands are labelled, e.g. four bands in the HapII digest, comprising >50% of the
maxi-circle sequence (panel C, lanes 1 and 3). Even at the longest exposure
time the mini-circle bands are not labelled. Similar results were obtained with
digests of kDNA from C. fasciculata (panels A and B, lane 11 and panel C,
lanes 2 and 4).

Hybridization to maxi-circle bands is not due to DN A contamination, be-
cause 1t 1s completely removed by ribonuclease under conditions that leave
DN A-DNA hybrids intact (panel D). The specific hybridization to different
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bands in different digests shows that it is not attributable to non-specific bind-
ing of nuclear transcripts or to contamination of kDN A with nuclear DNA.
This 1s confirmed by the hybridization with nuclear DN A digests in lanes 2—5
of panels A and B, which give entirely different patterns. The absence of
hybridization of the mini-circle bands 1s not due to poor transfer of smaller
DNA.fragments to nitrocellulose: panel E shows that kDN A labelled by nick
translation in vitro [10] hybridizes efficiently to mini-circle fragments.

Our results show that major segments of the maxi-circle are transcribed
and this 1s In agreement with the hypothesis that the maxi-circles are the equiv-
alent of mtDNA 1n other organisms. The most prominent hybridization in
each digest is found with a single fragment and in the case of the EcoRI digest,
this 1s a fragment with an estimated size of 2300—2500 base pairs (not visible
in the photograph of the gel, because it runs just behind the mini-circle band).
(A fragment of the same size is also found in C. fasciculata kDNA (lanes 11 in
panels A and B.) In all organisms studied up till now the major mtRN As are
the RN As of the mitochondrial ribosome (see ref. 11). We, therefore, infer
that the 2300—2500 base pairs segment codes for a set of ribosomal RN As
(rRN As), which could even be smaller than the rRN As of animal mitochondria,
which are estimated to be about 2400 nucleotides together (see ref. 12). This
inference fits the observation by Nichols and Cross [13] that the two largest
and most prominent RN As found in a mitochondrial (kinetoplast) fraction
from Crithidia are only 14.6 and 11.4 S. The transcripts present at lower con-
centrations could be mitochondrial tRN As and mRN As. Specific hybridiza-
tion to maxi-circle fragments of the 12 S and 9 S RN As found in a kinetoplast
fraction of another trypanosome, Leishmania tarentolae, has recently been re-
ported by Simpson and Simpson [14].

Although negative experiments are usually not very persuasive, we con-
sider our inability to find mini-circle transcripts significant. Mini-circle se-
quences are present at a concentration that 1s at least two orders of magnitude
higher than the maxi-circle sequence. If mini-circle transcripts exist, one would
expect them to show up under conditions where even the more infrequent
maxi-circle transcripts hybridize. The base composition (43 mol percent G + C,
ref. 15) of mini-circles is not unusual, under our hybridization conditions
kDNA fragments hybridize preferentially with mini-circle fragments and we
have not used any procedure in the purification of the RN A known to lead to
differential losses. Of course, it is possible that mini-circles are only transcribed
under unusual physiological conditions, not present in our log-phase cultures,
or that the transcripts are too short for hybridization under our experimental

conditions. The simplest interpretation, however, is that mini-circles do not
have a coding function.
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