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Chioroplasts of the unicellular flagellate eukaryote Euglena
graahs contain several copies of a circular 135-140-kilobase
pair DNA' which codes for chloroplast-speclﬁc stable RNAs
(16S, 23S (refs 2, 3), 5§ rRNAs* and tRNAs®) and for an
unknown number of chloroplast-specific proteins. The rRNA
genes are located within three tandemly repeated DNA regions
of approximately 5.6 kilobase pairs each®™® and the arrangement
of the structural genes within each repeat follows the prokary-
otic pattern, being 5'-168-238-58-3' (ref. 9). Total chloroplast
tRNA hybridizes to fragments of rDNA® and it was suggested
that the 16S8-23S spacer region contains tRNA coding
sequences as is observed in Escherichia coli'®"" and in spinach
chloroplast'* rDNA. We have therefore analysed E. gracilis
strain Z 16S-23S spacer DNA at the nucleotide level, hoping
this would allow identification of tRNA genes together with the
processing sites of the respective primary transcripts. Maize
chloroplast 16S rDNA shows strong sequence homology with E.
coli 16S rRNA™, Sequence analysis of a total spacer in E.
gracilis should demonstrate whether such similarities are also
preserved in the chloroplast rDNA spacer region, or if this
region has suffered a higher genetic drift rate. The latter is
suggested from the 189 bases which have been sequenced from
the 2.4-kilobase pair rDNA spacer from maize chloroplasts'.
Flanking sequences, coding for the 3'-terminal region of 168
rRNA and for the 5'-terminal region of 23S rRNA have also
been sequenced, to compare the drift rates between the spacer
and its adjacent structural genes.

Figure 1 shows the protocol which was followed for mapping
and identification of the spacer region within the restriction
fragment BamHI-D. This fragment, which contains one of the
three rDNA repeats, has previously been cloned using the
plasmid pBR322 as vector'” and the respective clone pEgcl1
(formerly pEgcKS11) was used for isolation of fragment
BamHI-D and its subfragments. Partial sequencing of several of
the subfragments'® revealed strong homology with regions from
E. coli'”'® and maize chloroplast'®> 16S TRNA (rDNA) and
thereby allowed location of the 3'-terminal region of the 16S
rRNA gene on the right-hand third of fragment Haelll,,s. Since
hybridization and fine-mapping data had indicated®”'* that the
spacer should not exceed 300 base pairs, the left-hand two-
thirds of fragment Haelll,,s together with the neighbouring
portion of fragment Bgl1I-Haelllss, should comprise the entire
spacer sequence. These fragments were therefore chosen for
sequence analysis according to the dimethylsulphate /hydrazine
procedure” and the necessary overlap between the two Haelll
fragments was obtained by sequencing the left-hand portion of
fragment Hinfl,s,.

In Fig. 2 the RN A-like strand of the E. gracilis spacer DNA
sequence is depicted alongside the respective sequences from
the E. coli rrnD operon. The first 63 positions comprise the
3'-terminal region of the 16S rRNA gene, the ‘prokaryotic
character’ of which is documented by its high degree of
homology with the corresponding rDNA region from E. coli.
The reported 3'-terminal oligonucleotide AACAACUCN of E.
gracilis 168 rRNA?' allows exact positioning of the 3'-terminal
end of the structural part of this gene. The reported T, oligo-
nucleotidle UAACAAG?' which is highly conserved in pro-
karyotic 16 S rRNA?? is found at position 22-28. The non-
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Fig. 1 a, Position of the E. gracilis rDNA region and of the
spacer-containing fragment BgllI-Hpal; 500 within the cloned
fragment BamHI-D (pEgcl1)® b, Fine mapping of fragment
Bglll-Hpal, 500 using the enzymes Haelll, Hpall and Hinfl. ,
Fragments used for sequence analysis of the spacer region. The
arrows represent portions of 5'-terminally labelled single frag-
ments from which unambiguous sequences could be obtained by a
series of overlapping gels. Nearly all positions of fragment
Haelll,, s have been analysed from both strands. Sequences of the
right-hand portion of fragment Bgllll-Haelllgs, could be
confirmed by analysing part of the complementary strand of frag-
ment Hinfl,30, which also gives the necessary overlap between
fragments BgllI-Hpalgso and Haelll,,s. Positions of rRNA and
tRNA coding sequences and of the intergenic regions A, B and C
are indicated. {], BamHI; ¥V, Hpal; A, Haelll; C, Bgll; @, Hpall,
A, Hinfl.

conserved position 59 is of particular interest, as it partly
changes the recognition sequence for translational initiator
regions®*. This suggests that E. gracilis chloroplast ribosomes
have a slightly altered pattern of recognition for mRNA in
comparison with E. coli whereas in maize chloroplast ribosomes
the corhr‘esponding sequence is identical to the E. coli 16S rRNA
3 end™”.

A stretch of 66 nucleotides shown in the lower part of Fig. 2
represents the 5'-terminal portion of the 23S rRNA gene as
evidenced by its extensive homology with the 5’-terminal region
of E. coli 23S tDNA'>"'. However, since the 5'-terminal oli-
gonucleotides of E. gracilis 23S rRNA are not known, exact
positioning of the 5’ terminus of the 23S rRNA gene is not
possible. The 16S-23S spacer DNA is thus represented by the
259 base pairs confined within positions 63 and (probably) 322.
The analogous region in the E. coli rrnD operon is considerably
larger with 437 nucleotide positions. In E. coli the spacer region
is known to be transcribed as a part of the single transcriptional
unit of the rrnD operon'®. A large rRNA precursor containing
both the 16S and 23S rRNA sequences was also observed in
spinach®*?® and Chlamydomonas®’ chloroplasts. A rRNA of
similar large size has been observed also in E. gracilis chloro-
plasts®® and therefore it is reasonable to assume that a similar
situation exists in this case although direct experimental evi-
dence for transcription of the intergenic spacer is lacking.

Screening for GTTC sequences, which are indicative for the
GTWC sequence present in the ¥ loop of all tRNA species”™
and for homology with the E. coli TDNA spacer region reveals
two tRNA genes coding for an isoleucine (AUY)- and an alanine
(GC&)-accepting species, respectively. The tRNA primary
structures deduced from the two tRNA genes allow foldingto a
cloverleaf model completely consistent with all other structural
criteria of tRNAs?® (see Fig. 3). The deduced cloverleaf models
contain several compensating base changes in the stem regions
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Fig.2 Nucleotide sequence of the 16S-23S intergenic spacer re%ion and of the flanking region of the 16S and 23S rRNA genes from E. gracilis

chloroplast DNA (top row) and from the rrnD operon of E. coli 1! Only the sequences of the RNA-like strands are depicted. Homologous

sequences are marked by boxing. Within the E. coli sequence the symbols A, A and I indicate single point deletions, multiple deletions and

insertions in respect to the E. gracilis sequence. The number a of inserted bases is indicated by I,,. Note that the E. gracilis sequence is depicted in
the opposite orientation from that of Fig. 1. Cleavage sites for the restriction enzymes used in Fig. 1 are indicated.
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Fig. 3 Possible secondary structure of the dimeric tRNA pre-

cursor region as predicted from the corresponding DNA sequence

of Fig. 2. The two tRNA cloverleaf structures are depicted without

modifications of the bases except for the TV sequences in_the

T-arms. Bases different in the respective E. coli tRNA speciesm‘“
are indicated within boxes.

in addition to changes in the unpaired regions, which excludes
the possibility that the two genes are derivatives of the E. coli
genome due to a cloning or recombinational artefact. Also, the
two chloroplast tRNA genes lack the CCA termini found in the
respective E. coli tRNA genes'™''. The two tRNA genes are

separated from each other by only six base pairs, which is
reminiscent of the clustering of tRNA genes on the phage T,
genome™’. Within the precursor transcript, the two acceptor
stems together with their neighbouring sequences can form a
continuous stack of 24 base pairs (plus 2 X 5 base pairs of the two
T-stems according to the tRNA tertiary model*’-**) as drawn in
Fig. 3. A possible hairpin structure directly preceding the 5" end
of the tRNA™ is also depicted in Fig. 3, since its stem region
could possibly also form an uninterrupted stack with the accep-
tor stem {and the T-stem>'-*?) of this tRNA within the precursor
molecule. It is tempting to speculate that some of these possible
secondary structures constitute at least part of the signal struc-
tures necessary for proper processing of the common precursor
chain. Alternatively, or in addition to this, recognition of the
sequence GGUUUUG, which is common to both the tRNA
precursors immediately beyond the 3’ ends, may act as a signal-
ling step during the processing events.

A comparison of the TRNA and tRNA coding sequences with
the intergenic regions (Fig. 2) shows that the former are highly
conserved contrary to the latter which are subject to many
alterations, mainly by deletions but including some base substi-
tutions. The short homologous stretches in the intergenic
regions may have some functional significance for processing
steps. Furthermore it is interesting that, similar to E. coli
rDNA'*!" the G+ C content is high in the structural and low in
the intergenic parts.
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