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The anticodon of the tRNALY gene (trnK) in the liverwort, Marchantia polymorpha, was artificially converted to an amber anticodon. This mutant
tRNAL(CTA) gene carrying either the intron or the C,,~C,; mismatch at the anticodon-stem is not functional in Escherichia coli, but without
both of them, it does work as a tRNALYs amber suppressor.
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1. INTRODUCTION

Expressional machinery of the chloroplast in plants
is basically prokaryotic. RNA polymerase, ribosomal
proteins, rRNAs and tRNA show a strong homology to
those of E. coli at the DNA sequence level [1,2], and
display the same sensitivity for antibiotics [3]. With
respect to the tRNA genes, however, they have 3 major
differences when compared with the tRNA genes of E.
coli. First, all chloroplast tRNA genes have no CCA
tail. Second, the stem of some tRNA genes from
chloroplast contains one or more mismatches for base-
pairing. Finally, like other genes in chloroplast, some
tRNA genes are split by the group I or II introns [4].

Interestingly, the trnK (a structural gene for
tRNAL**(UUU)) in the liverwort has all these features:
it has no CCA tail, a mismatch (Cy,—C,3) at the first
pair of the anticodon-stem, and a group II intron com-
posed of 2111 base pairs at between the anticodon-roop
and the anticodon-stem [5].

In this paper, it is shown how we converted the an-
ticodon (TTT) of the tRNAM™® gene from the
chloroplast to an amber anticodon (CTA) by in vitro
mutagenesis. The expression of a set of derivatives
originated from this mutant was tested by suppression
of the amber mutations in E. coli.

2. MATERIALS AND METHODS

E. coli K12 strain, BT3 (1acZam1000 trPam Metams str’ T6%am Bf23'3m)
and BT235 (1acZam1000 trPam CYSam23s str’) [6], and CA274 (lacZam2s
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trpam) [7] were used as a host for detection of the amber suppression.
JM109 (recAl endA1 gyrA96 thi hsdR17 supE44 relAl A(lac-pro)/F’
proAB lacl® lacZAMI1S5 traD36) and CJ236 (dut ung thi relA;
pCJ105(cm”)) [9] were used for plasmid manipulations. Amber
mutants of phage A, Pam3, Sam7, Pam80, Uam413, and Ram216, us-
ed for testing the suppression pattern, were from our laboratory
stock.

M9 minimal medium and LB broth [10] were used for cuitivation
of bacteria.

In order to construct the mutant tRNA gene, a 2307 bp Sau3Al-
Hincll fragment from liverwort chloroplast DNA, the position
26010~28316 [11], was cloned into pBS* plasmid, which was pur-
chased from Stratagene. Primer 1, GGTAGAGTACTACTCG-
GCTCTAAAGTGCGAGTTGG, for converting the anticodon;
primer 2, GAGTACTCGGCTCTAAACCGACGAGTTCCGGGA,
for deleting the intron; primer 3, CTTCATCCGAG-
GAGTTCCGGG, and primer 4, GATTTATTTAAAAAATTGTT-
TAGAGTTTTTAAACAGTC, for converting the anticodon-stem
and the exon binding sequence (EBS), respectively, were synthesized
by using ABI 380B DNA synthesizer. In vitro mutagenesis was per-
formed as described in [9]. For a deletion of the intron region, the
primer 4 was hybridized to ssDNA, and then the complementary
strand was synthesized with Klenow-enzyme. Looped out intron and
unhybridized ssDNA were digested with mung-bean nuclease and the
products were transformed to JM109 competent cells, All the mutant
tRNA genes, which were ligated downstream of the lac promoter on
pUC18, were confirmed by DNA sequencing.

3. RESULTS

3.1. Expression of the chloroplast tRNA mutants
constructed in vitro in E. coli

Plasmids used in this study are shown in Fig. 1.
pLY113 contains a wild-type trnK gene. pLY123 con-
tains a mutant tRNA gene, in which the anticodon was
changed to an amber anticodon. pLY223 contains a
mutant with the amber anticodon but without an entire
intron region. Those genes have been inserted under the
lac promoter on each plasmid. E. coli strain CA274 was
transformed with those plasmids. If the mutant tRNA
genes are functionally expressed, Amp” transformants
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GGGTTGCTAACTCAATGGTAGAGTACTCGGCTTTTAR-~~2111bpIVS---CCGACGAGTTCCGGGTTCGAGCCCCGGGCAACCCA
trirIrorrIsiesrostiiricsiiertiiCTAL:-~--2111bpIVS-—--citiniiirizrririirraitaiiiiagt

no IVS
no IVS HEHH SRS S S N S R T S

Fig. 1. (a) Sequence of the tRNA gene region. LY113, a wild-type trnK gene with 30 bp at the 5'- and 57 bp at the 3'-flanking region; LY123,

the anticodon was removed; 1.Y223, the intron was removed; 1.Y223-2, C;3 at the anticodon-stem was changed to Gas. (b) Structure of plasmids.

Each tRNA gene described in (a), was inserted into the BamHI-Hincll sites of pUC18. They are transcribed by a lac promoter in pUC18. (c)

A clover-leaf structure model of a wild-type trnK gene of the chloroplast. The anticodon and the C;7—~Gas mismatch in the anticodon-stem is
enclosed in squares. An arrow indicates the position of the intron.

should grow on the minimal Iactose plates, showing the
suppression of two amber markers of CA274. In ex-
periments, no growth was observed in all 3 cases.

3.2. Isolation of the Sup® mutants from pL Y223

CA274 carrying pLY223 were plated on the minimal
lactose plates containing ampicillin, and spontaneous
Lac*Trp* colonies were isolated. To eliminate the
mutants on the host chromosome, plasmid DNAs were
extracted and re-transformed to the original CA274
bacteria. 8 out of 16 clones examined exhibited amber
suppressor activity. To demonstrate whether or not the
mutations in those plasmids were dropped in the tRNA
gene, their DNA sequences were determined. In all mu-
tant clones, C residue which corresponds to the posi-
tion 43 of the tRNA molecule was changed to G,
restoring a normal C—G pair at the anticodon-stem. We
designated those plasmids and the suppressors as
pLY223-2 and supMp, respectively.

3.3. Are the chloroplast tRNAY(CUA) molecules
charged with lysines in E. coli?

To test this, E. coli strains carrying the well-known
amber mutations were transformed with pLY223-2 and
the suppression spectrum of supMp was compared with
the authentic suppressors, as shown in Table I. SupMp
shows the same suppression pattern as supD and supG.
On the other hand, bacteria carrying pL.Y223-2 were in-
fected with a set of amber mutants of phage A, and their
growth was examined. Table II represents the results,
showing that the suppression pattern by supMp is the
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same as that by supG, which is derived from a tRNAL
gene of E. coli. From these experiments, it was suppos-
ed that the mutant tRNAYS(CUA) encoded by the
supMp on pLY223-2 could be charged with a lysine in
E. coli.

3.4. Expression of the mutant tRNAY*(CTA) gene
with the intron
Because the anticodon-stem of the chloroplast tRNA
gene in pLY123 has a C—C mismatch, no suppression
may be expected even if the transcripts from pl.Y123

Table I

Suppression patterns of the supMp and the authentic suppressors on
E. coli amber mutations

Suppressor Amino acid E. coli amber mutation
gene inserted
laCamiooo tTPam  CYSam235s Metams

supD Ser - + - -
supE Gln + + - -
supF Tyr - + + +
supG Lys - + - -
supP Leu - + + —
supU Trp, Gln + + + +
supMp - + - -

All suppressors except supG are amber suppressors. supG is an ochre
suppressor. Bacteria possessing a specific amber mutation were
transformed with pLY223-2, and their growth on minimal plates
after 2 days incubation at 32°C were examined. The authentic
suppressors were described in [6]. + indicates growth; —, no growth.
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(b)

Fig. 2. IBS—EBS pairing model. IBS and EBS are in upper case. The anticodon bases are enclosed in a square. An arrow indicates the exon-intron
junction. Numbers are the positions in the intron. (a) LY113 (wild-type); (b) LY123-22.

were spliced in E. coli. Moreover, it has been reported
that a group II intron contains both an intron binding
sequence (IBS) in the 3 end of the 5’ exon and an exon
binding sequence (EBS) within the intron, and that
their pairing is necessary for splicing [14]. Fig. 2a
shows the IBS—EBS structure model of the trnK intron.
Because a putative IBS in most chloroplast tRNA in-
trons overlaps the anticodon region, conversion of the
anticodon might inhibit the splicing. From these
respects, we introduced another two mutations into the
tRNA! gene on plasmid pLY123; namely, one muta-
tion restores the mismatch at the anticodon-stem, and
the other at the EBS matches with the altered IBS, as
shown in Fig. 2b. Regardless of these considerations,
this mutant tRNA gene on the plasmid, designated as
pLY123-22, could not show the suppressor activity, in-
dicating that no splicing of such an intron occurred in
E. coli.

4. DISCUSSION

In this paper, we have described how E. coli can
functionally express an intron-less chloroplast
tRNA(CTA) gene, where a C27—Ca3 mismatch at the
anticodon-stem was corrected to a normal pairing,
C27—Ga3. Considering that many tRNA genes in
chloroplast have some mismatch at the same position,
we suppose that a translational machinery of the
chloroplast could utilize even such tRNAs in the plant

Table 11

Suppressor patterns of the supMp and the authentic suppressors on
A amber mutations

Suppressor A amber mutation
gene

Pam3 Sam7 Pam80 Uam413 Pam2l6
supD + - - + -
supG - - - + -
supMp - - - + -

Suppression was determined by growth of the mutant phages (1 x 10°

PFU/spot) spotted onto the lawn of CA274 bacteria carrying

pLY223-2. Suppression by the authentic suppressors has been

described in: [6] for Pam3s, Pamso and Sam7; [11] for Uamais; [12] for

Ram216. The plates were incubated at 37°C overnight. + indicates
growth; —, no growth.

cell. In E. coli, only one tRNA gene, tRNAT™(CGU),
which has a mismatch (G27—Ays) at the same position,
has been reported [15]. It would be interesting to know
whether or not this tRNA™/(CGU) of E. coli is func-
tional. Once the mismatch of the chloroplast
tRNAYS(CUA) was repaired, E. coli can correctly
charge a lysine to the mutant tRNA molecule, judging
from the suppression pattern.

We analyzed the sequence of 8 Sup* mutants isolated
independently from pLY223. Interestingly, all of the
mutants had the same base change from Ca3 to Gas.
Nevertheless, an equal frequency of the mutation at the
position 27 from C to G could be expected. It is possi-
ble that the mutant tRNA™$(CUA), having a pairing
G27—Css3, is not a good amber suppressor. If this is the
case, it could be proposed that only a pairing at the
position 27—-43 is not sufficient to restore activity in
vivo.

Although we have not yet succeeded in detecting the
splicing of a group II intron in E. coli, the system
described in this report may be useful for investigating
some cis- and/or trans-acting requirements for splicing
of the group II intron.

Acknowledgements: This work was supported by grants from the
Ministry of Education, Science and Culture of Japan.

REFERENCES

[1] Bedbrook, R.A. and Bogorad, L. (1976) Proc. Natl. Acad. Sci.
USA 73, 4309-4313.

[2] Watson, J.C. and Surzycki, S.J. (1982) Proc. Natl. Acad. Sci.
USA 79, 2264-2267.

[3] Stutz, E. and Boschetti, A. (1986) Handbook of Genetics, vol.
5 (King, R.C. ed.) pp. 425-450, Plenum Press, New York.

[4]) Sprinzl, M., Hartman, T., Weber, J., Blank, J. and Zeidler, R.
(1989) Nucleic Acids Res. 17, r1-r172.

[5] Ohyama, K., Fukuzawa, H., Kohchi, T., Sano, T., Sano, S.,
Shirai, H., Umesono, K., Shiki, Y., Takeuchi, M., Chang, Z.,
Aota, S., Inokuchi, H. and Ozeki, H. (1988) J. Mol. Biol. 203,
281-293.

[6] Yamao, F., Inokuchi, H. and Ozeki, H. (1988) Jpn. J. Genet.
63, 237-249.

[7] Russell, R.L., Abelson, J.N., Landy, A., Gefter, M.L.,
Brenner, S. and Smith, J.D. (1970) J. Mol. Biol. 47, 1-13.

[8] Yanisch-Perron, C., Vieira, J. and Messing, J. (1985) Gene 33,
103-119.

[9] Kunkel, T.A., Roberts, J.D. and Zakour, R.A. (1987) Methods
Enzymol. 154, 367—382.

61



Volume 265, number 1,2

[10] Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) Molecular

Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY.

[11] Umesono, K., Inokuchi, H., Shiki, Y., Takeuchi, M., Chang,

62

Z., Fukuzawa, H., Kohchi, T., Shirai, H., Ohyama, K. and
Ozeki, H. (1988) J. Mol. Biol. 203, 299-331.

FEBS LETTERS June 1990

[12] Yoshimura, M., Kimura, M., Ohno, M., Inokuchi, H. and
Ozeki, H. (1984) J. Mol. Biol. 177, 609—625.

[13] Shimura, Y., Aono, H., Ozeki, H., Sharabhai, A., Lamfron,
H. and Abelson, J.N. (1972) FEBS Lett. 22, 144-148.

[14] Jacquier, A. and Michel, F. (1987) Cell 50, 17-29.

[15] McClain, W.H., Seidman, J.G. and Schmidt, F.J. (1978) J.
Mol. Biol. 119, 519-536.



