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1. Introduction

The ribosomal RNA genes in the chloroplast DNA
{cpDNA) of Euglena gracilis strain Z are organised in
3 tandem repeats {1 —3]. The genes for the 16 STIRNA,
tRNAlle, tRNAAl2 23 STRNA, and 5 S rRNA are
arranged in the same order as in the Escherichia coli
rrnl) operon [4—7]. Apart from the normal rRNA
operons an extra gene for the 16 S rRNA was found
in the cpDNA of Euglena gracilis strain Z using filter
hybridizations {8].

We have used electron microscopy to determine
the size and the coding strand of the extra 16 STRNA
gene and to look for possible 16 S—23 S spacer
sequences near the 3'-end of this gene.

For this analysis we prepared heteroduplexes
between Euglena gracilis strain Z cpDNA and DNA
restriction fragments containing different heterologous
rRNA operons: (a) with the E. coli rrnD operon; (b)
with the E. coli rrnB operon; and (c) with the Sa/l
fragment 3b of Vicia faba chloroplasts. It could be
demonstrated that the extra 16 S rRNA gene has the
same size and the same orientation as the other 16 S
rRNA genes. No sequence was found adjacent to the
3'-end of this gene which had a homology with the
tRNAle. the tRNAA2. or the tRNAG.genes from
the E. coli 16 S—23 S spacers or with the Vicia chlo-
roplast spacer. Two small inverted repeats (125 base-
pairs) were detected and localised relative to the posi-
tions of the TRNA genes.

2. Materials and methods

2.1. Preparation of supercoiled DNA from Euglena
chloroplasts

Euglena gracilis strain Z was grown in a vitamin

B12-deficient medium [9]. The cells of a 5-day-old

culture (200 ml) were pelleted at 2000 rev./min in a
Beckman J6 centrifuge, suspended in 100 ml medium
A (300 mM sorbitol, 50 mM Tris—HCl (pH 8.0),
3mM EDTA) and centrifuged again. The pellet (~8 g)
was resuspended in 20—30 ml medium A, 50 mg solid
trypsin (Worthington) were added, and the mixture
was incubated in an ice bath for 4560 min. The cells
were spun down and resuspended twice with 100 ml
medium A, and then broken with a homogenizer,
made of 10 razor blades fixed onto a vertical rotating
axis. The cpDNA was isolated as described for Vicia
faba cpDNA [10].

2.2. Preparation of self-annealed DNA

Of the fraction from the CsCl gradient containing
the supercoiled DNA, 20 ul were passed through a
Sephadex G-100 column (45 X 2 mm), which was
equilibrated with the spreading mixture (30% form-
amide, 0.1 M Tris—HCl (pH 7.5), 1 mM EDTA). The
DNA was denatured by boiling for 2 min, incubated
for 15 min at 37°C to allow self-annealing, and then
spread with cytochrome ¢ [11].

2.3. Preparation of heteroduplexes

Isolation of DNA fragments from pBK8, A rif 18,
Vicia faba chloroplasts was done by electroelution
from agarose gels [12]. The preparation of heterodu-
plexes, the electron microscopy and the length mea-
surements were done as in [10,13].

3. Results and discussion

Intact supercoiled Euglena gracilis strain Z cpDNA
was prepared. The supercoils were nicked and dena-
tured by heating, then self-annealed and spread with
cytochrome to visualize possible inverted repeats.
Fig.1 shows an intact single-stranded circle with 2 small

Published by Elsevier Biomedical Press
86 00145793/82/0000—0000/$02.75 © 1982 Federation of European Biochemical Societies



March 1982

FEBS LETTERS

Volume 139, number 1

Fig.1. Cytochrome spreading of a single-stranded, self-annealed circular molecule of Fuglena cpDNA. The arrows point to the

ted repeat I1, forming a smaller loop, and 12, forming a larger loop.
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inverted repeats labeled I1 and 12. The stem formed
by I1 has a size of ~125 basepairs. 12 is varying in
length between a simple crossing and a stem of

~125 basepairs. In cytochrome preparations spread
from 30% formamide it is displayed by a minority of
the circles. In preparations spread from 60% form-
amide this loop is absent contrary to I1 which remains
stable.

To analyse the structure of the extra 16 S TRNA
gene [8] and to determine the position of these
inverted repeats on the cpDNA circle heteroduplexes
were prepared between Euglena cpDNA and restriction
fragments containing heterologous rRNA genes. The
plasmid pBK8 [14] which contains the E. coli rrnD
operon with the tRNAI®. and tRNAA2.genes in the
16 S—23 S spacer [7,14], was cut with restriction
endonuclease BamHI and denatured. To increase the
yield of heteroduplexes with the cpDNA without
excessive formation of pBK8 homoduplexes the com-
plementary strands of the fragment were isolated by
agarose gel electrophoresis [12]. The slower migrating
strand was reannealed with circular Euglena cpDNA.
The position of the rRNA genes on this fragment
were described in [13]. The 5'-end of the 16 S IRNA
gene is situated ~300 basepairs from the end of the
fragment. Fig.2a shows 3 pBK8 fragments annealed
to one Eugleng circle. The 16 S—23 S spacer in the
pBK8 fragment is ~200 basepairs longer than the
Euglena spacer, but it includes the same tRNA genes
[7,6,15]. Therefore a small asymmetrical loop is
formed in that region. The inverted repeat I1 is visible
upstream of all 3 operons. Another molecule of the
same heteroduplex preparation (fig.2b), with 2 pBK8
fragments annealed to the cpDNA, shows that 12 is
located upstream of I1, and, therefore, upstream of
all 3 rRNA operons with respect to the direction of
rRNA transcription. A pBK8 fragment which annealed
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to the extra 16 S rRNA gene first and then to the

16 S—23 S spacer and the 23 S rRNA gene of the first
complete operon is shown in fig.2c. A large single-
stranded loop is formed, which includes the 16 STRNA
gene of the first complete operon and the inverted
repeat I1. No molecules were found, in which the
pBK8 spacer annealed close to the extra 16 S gene. It
always annealed to the homologous spacer sequences
within the compiete operon.

The same heteroduplex preparation was spread
from 60% formamide instead of the normally used
30% to analyse the degree of base mismatching. In
the example shown in fig.2d one pBK8 fragment has
annealed to the extra 16 S rRNA gene alone, while a
second fragment has annealed to the first complete
operon. Under these spreading conditions the 23 S
rRNA heteroduplex is unstable and forms a series of
loops, but the normal as well as the extra 16 S TRNA
heteroduplexes remain stable.

Heteroduplexes of Euglena cpDNA with the
A rif 18 BamHI fragment B which includes the E. coli
rrnB operon with the tRNAGI gene in the 16 S—23 S
spacer [16,17] were prepared. The positions of the
rRNA genes on this fragment were described in {13].
The heteroduplex shown in fig.3a is formed with the
first complete rRNA operon. Heteroduplexes with
the second, and third operon were distinguished by
their distance from the inverted repeat I1 (not shown).
The asymmetrical loop in the 16 S—23 S spacer
region is larger and accordingly, the length of the
duplex in the region of the 16 STRNA genes is shorter,
as compared with the pBK8 heteroduplexes (see fig.4).
In fig.3b a A rif fragment has annealed to the extra
16 S rTRNA gene and to the 23 S rRNA gene of the
first complete operon but not to the 16 S—23 S spacer.
The heteroduplex structure is similar to the one
shown in fig.2c, but in this case the spacer region

Fig.2. Cytochrome spreadings of heteroduplexes between Euglena cpDNA and the fragment of the plasmid pBKS8, which contains
the E, coli rrnD operon [14]. (a) A cpDNA circle to which 3 pBK8 fragments have reannealed. Part of the circle is double-stranded
since it has reannealed with a homologous cpDNA fragment. I1 is visible upstream of all 3 rRNA operons with respect to the
direction of rRNA transcription. (b) The same preparation with 2 pBK8 fragments annealed to the cpDNA, showing 12 upstream
of I1. (c) A heteroduplex from the same preparation showing a pBK8 fragment which annealed first to the Euglena extra 16 S
1RNA gene, and then to the spacer and the 23 S rRNA gene of the first complete operon. A single-stranded loop is formed, which
includes the inverted repeat I1 and the 16 S rRNA gene of the first operon. (d) The same heteroduplex preparation was spread
from 60% formamide instead of the normally used 30%. One pBK8 fragment has annealed to the first complete operon showing
loops within the 23 S rRNA heteroduplex, which reveal regions of partial non-homology, but none in the 16 S tRNA gene. A sec-
ond fragment has annealed to the extra 16 S rRNA gene alone, forming a duplex which is as intact as the 16 S rRNA duplex
within the complete operon. 11 is located between the two heteroduplexes. The dashed arrows indicate the 16 S—23 S spacer.
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remained completely open, showing no homology,
either to the spacer of the complete operon, or to the
sequence downstream of the extra 16 S rRNA gene.
Fig.2c shows a heteroduplex of Euglena cpDNA
with Vicia cpDNA Sall fragment 3b, which carries the
chloroplast TRNA genes with a long 16 S—23 S spacer
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of 2300 basepairs [10]. This spacer forms 3 loops
with the Euglena spacer. Fig.3d shows a Vicia frag-
ment which annealed to the extra 16 S rRNA gene
and to the first complete operon. The long single-
stranded loop connecting the two double-stranded
regions, represents Euglena cpDNA, while the short

Fig.3. Cytochrome spreadings of heteroduplexes between Euglena cpDNA and the A rif918 BamHI B fragment, which contains
the E. coli rrnB operon [16], and the Vicia faba cpDNA fragment Sall 3b, which contains the chloroplast rRNA genes [10]. (a)
One A rif fragment has annealed to the first complete rRNA operon, as can be deduced from its distance to I1. The dashed arrow
points to the non-homologous 16 S—23 S spacer. (b) The same preparation showing a A rif fragment which annealed to the extra
16 S rRNA gene and to the 23 S rRNA gene of the first complete operon. The 16 §—23 S spacer of the A rif fragment did not
anneal either to the complete operon, or to the region downstream of the extra 16 S rRNA gene (——-). (c) A heteroduplex
between the Vicia fragment and the first tRNA operon. The long Vicia spacer (2300 basepairs [13]) formed 3 loops with the
Euglena spacer (———). (d) A heteroduplex from the same preparation with the extra 16 S rRNA gene, corresponding to fig.2¢
and 3b, The smallest of the 3 loops next to the 16 S TRNA duplex in fig.3¢ is extended and connects the duplex of the extra 16 S
rRNA gene region with the duplexes formed with the spacer (———) and the 23 S rRNA gene of the first complete operon.
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Fig.4, Length measurements on the heteroduplexes between Euglens cpDNA and (a) the pBK8 fragment, (b) the A rif fragment
(as in fig.2,3). Double-stranded T7 (39 400 basepairs [20}) DNA and single-stranded M13 DNA (6400 basepairs [ 21]) was used as

internal length standard, All values are given in basepairs.

single-stranded connection is formed by one of the

3 small Vicia cpDNA loops, seen in the spacer region
in fig.2c. The other 2 loops are part of the heterodu-
plex within the 16 S—23 Sspacer of the first complete
operon. Again the Vicia spacer did not anneal near
the extra 16 S rRNA gene, but always to the com-
plete operon.

The absence of any larger inverted structures in
the self-annealed circular molecules (fig.1) as well as
the heteroduplexes combining the 23 S rRNA gene of
a complete operon with the extra 16 S TRNA gene,
demonstrate that the latter has the same orientation
as the other 3 operons,

Length measurements were done on the pBK8 and
the A rif heteroduplexes to determine the size and the
exact position of the extra 16 S rRNA gene. A sche-
matic representation of these measurements is given
in fig.4. The length of the duplex formed with the
extra 16 S rRNA sequence in the pBKS8 as well as in
the A rif heteroduplexes is 1450—1500 basepairs
which is identical to the size of the E. coli 16 STRNA
{18] and to the length of the duplexes between the
16 S rRNA genes of the complete operons and the
A rif gene (1500 basepairs). In both types of hetero-
duplexes the distance from the 3'end of the extra
16 S rRNA gene to the inverted repeat 11 is identical.
Measurements of the distance between the 2 inverted
repeats place 12 at the position where a region of vari-
able size (Z-region) was found [19]. It remains to be
seen whether there is any correlation between these

structural features. In summary we conclude that the
extra 16 S rRNA gene in Euglena gracilis strain Z has
the same orientation, the same length, and probably
the same sequence as the 16 S rRNA genes in the
complete operons. No sequence homology to the
tRNA!le _tRNAAl2.spacer nor to the tRNAG!U.spacer
is present downstream of the 3'-end of this gene.
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