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Editing in plant mi to chon driacon sists in C to U changes and mainly af fects mes sen
ger RNAs, thus provid ing the cor rectge netic in for mation for the biosynthesis of mi to
chon drial (mt) pro teins. But ed it ing can also af fect some of the plant mt tRNAs en-
coded by the mtge nome. Indicots,aCtoUeditingeventcorrectsaC:Amismatchinto
a U:A base-pair in the acceptor stem of mt tRNA Phe (GAA). In larch mitochondria,
three Cto U ed it ing events re store U: A base-pairs in the ac cep tor stem, D stem and
anticodon stem, re spec tively, of mt tRNAMIS (GUG). For both these mttRNAs ed iting
of the pre cur sorsis a pre req ui site for their pro cess ing into ma ture tRNAs.

Inpotato mttRNA Cys (GCA),editingconvertsaC28:U42 mismatchintheanticodon
stem into a U28:U42 non-canonical base-pair, and reverse transcriptase
minisequencing has shown that the mature mt tRNAQ'S is fully edited. In the
bryophyte Marchantia polymorpha this U res i due is en coded in the mt ge nome and
evolutionarystudiessuggestthatrestorationoftheU28residueisnecessarywhenit
isnoten coded in the gene. How ever, invitro stud ies have shown that nei ther pro cess
ing of the pre cur sor nor amino acylation of tRNAYS re quiresCtoUeditingatthis po
sition. Butsequencingofthepurified mttRNASY® has shown that W is presentatpo sk
tion 28, indicating that C to U editing is a prerequisite for the subsequent
isomerization of U into W at po si tion 28.
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RNAediting

RNAeditingisusuallydefinedasamodifica
tion of the RNA pri mary se quence, thus caus
ing a divergence from the coding DNA se-
quence. Rather than an un usual phe nome non
re stricted to a few ge netic sys tems, RNA ed it
ing ap pears more and more to be an es sen tial
step in gene ex pres sion inawide vari ety of or-
ganisms such as protists, an i mals and plants,
and in different compartments such as mito-
chon driaand chloroplasts (re viewed by Smith
et al.,, 1997). This was again recently illus-
trated when ed it ing of an RNA from HIV was
de scribed by Bourara et al. (2000).

For each type of RNA ed it ing the same ques
tions have to be con sid ered: How did RNA ed
iting appear and evolve? How do nucleotide
deletionsandinsertionsornucleotideconver
sions oc cur? What is the func tion of RNA ed it
ing?

RNAeditinginplantmitochondria

Inplants,asimilar kind of RNAediting, con
sisting in C to U con ver sions, has been iden ti-
fied in both chloroplasts and mitochondria
(reviewed by Maier et al., 1996). One of the
striking differences, however, is the number
of editing sites per genome. In a chloroplast
ge nome only a few ed it ing sites can be iden ti-
fied. In plant mitochondria, studies based on
singletranscript led to the pre dic tion that sev
eral hundreds of ed it ing sites could be present
in a genome. This was recently confirmed by
Giegé & Brennicke (1999) who found 441 ed it
ing sites in tran scripts cov er ing the whole mi-
tochondrial genome of Arabidopsis thaliana.
Editing has been observed in all the major
groups of land plants, but not in al gae (Hiesel
et al., 1994; Malek et al., 1996).

AhypothesistoexplainhowRNAeditingap
peared and was maintained in plant orga-
nelles is to con sider that the fac tor(s) re spon
sible for this nucleotide conversion first de-

rived from another RNA processing activity.
Following this event, mutations were con-
served in the genome while being compen-
sated at the RNA level. This ideaorig i nates es
sentially from the fact that editing often
makes it possible to maintain sequence con-
servation at the protein level.

The ques tion of how RNA ed iting oc curs has
only partially been answered. Yu & Schuster
(1995) were able to demonstrate that editing
results from the deamination of a C residue
into U, rather than nucleotide replacement,
but until now attempts to identify a nuclear
gene coding for the cytidine deaminase in-
volved have been unsuccessful (Faivre-
Nitschke et al.,2000). An other ma jor as pect of
the editing mechanism remains completely
unknown in plant mitochondria: the
deamination reaction has to be restricted to
specific C residues and the cis- and/or
trans-acting factors involved in the selection
oftheseeditingsitesstill have tobe iden tified.

The func tion of ed iting can vary. Most of the
editing sites are in the coding sequences of
messenger RNAs, so that editingresultsina
mod i ficationatthe proteinleveland of tenin
creasesthe conservationof proteinsequences
be tween dif fer ent spe cies. How ever, the ques
tion of their ne ces sity should be ad dressed for
each protein. The role of ed it ing in non-coding
se quencesiseven more dif fi cult to iden tify, as
the importance of 5" and 3’ untranslated re-
gions of mitochondrial mMRNAs in mecha-
nisms such as RNA stability, processing or
degradation and translation initiation re-
mains poorly documented. However, a study
ofaneditingeventinan intron showed that it
was a prerequisite to splicing (Borner et al.,
1995).

Al though ed it ing mainly af fects mMRNAs, ed
iting sites have also been identified in three
different plant mitochondrial tRNAs. In this
re port, we sum marize the re sultsob tained on
the ed it ing of these three tRNAs.
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tRNA EDITING
MITOCHONDRIA

IN PLANT

The three ed ited tRNAs

IndicotmitochondriaaCtoUeditingevent
correctsaC: A mis match intoaU: A base-pair
in the acceptor stem of tRNAPe (GAA)
(Binder et al., 1994; Maréchal-Drouard et al.,
1993). In the mitochondria of the gymno-
sperm Larix leptoeuropaea, three C to U con-
ver sions re store U : A base-pairs in the accep-
tor stem, D stem and anticodon stem, respec-
tively, of tRNAM'S (GUG) (Maréchal-Drouard
et al., 1996b). The third exam ple is the na tive
tRNACYS (GCA) expressed in dicot mitochon-
dria where a C28:U42 mis match is con verted
into a U28:U42 non canonical base-pair
(Binderetal., 1994; Feyetal., 2000). These ed
iting sites are indicated in Fig. 1.

editing event could be ob served (Schocket al.,
1998) Thus, a mis match alone in a tRNA arm
is not sufficient to lead to a specific editing
event.

FunctionoftRNAediting

In the case of both tRNAP" and tRNAHS,
editingof pre cur sor tran scripts was shown to
be a prerequisite for 5' and 3’ processing to
generate mature tRNA (Maréchal-Drouard et
al., 1996a, 1996b; Marchfelder et al., 1996,
Kunzmann et al., 1998). These experiments
wereconductedbyincubating in vitro syn the
sized RNA (corresponding to a tRNA precur-
sor tran script) in the pres ence of par tially pu
rifiedmitochondrial proteinscontainingboth
RNase P and RNase Z processing activities
(Fig. 2). In the case of mt tRNAPhe, sinceed it
ing of the C4-A69 mispairing into the normal
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Fig ure 1. Editing sites in plant mi to chon drial tRNAs and their func tions.

About the mechanism conferringspecificity

Aseditingoccursindouble-stranded regions
of these tRNAs and restores base-pairing, it
could be hy poth e sized that tRNA ed iting isdi
rected by the presence of a mismatch in a
tRNA arm. However, similar mismatchesare
present in tRNA®Y (GCC) and tRNAS®'
(GCA) of peaand po tato mi to chon dria, but no

U4-A69 base pair appeared to promote effi-
cientpro cess ing of the cor re spond ing pre cur
sor RNA in vitro, we wondered whether the
same ef fect would be ob tained when this mis
match is changed into another base pair
C4-G69. Although less efficiently, a mature
tRNA-size prod uct was also ob tained when the
C4-G69 in vitro transcript of this mutated
gene was in cu bated in the pres ence of the mi
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tochondrial lysate, suggesting that proper
fold ing of the tRNA pre cur sor is probably re
quired for recognition by RNase P and/or
other processing enzymes.

More re cently we have stud ied the ed iting of
potato mitochondrial tRNA®YS (Fey et al.,
2000). In that case, invitro processingexperi
ments showed noevidencethateditingwasre

polymorpha, we first se quenced this gene from
several plant species. While the ancestral U
cod ing se quence was also found in a fern and
in the Prespermaphyte Gingko biloba, two Cy-
cads (also Prespermaphytes) and Magnolia
grandiflora (belonging to the earliest dicot
sub-class) ex hib ited a C in the same gene at po
sition 28. If this tRNA was not edited in the

A

# ¢t s i
Us, 12, 41
E NE

Mtprotein  _ T, _

exktract
-“' prEcUrsor

SR 1)

"~ mature tRMNA

B
202 nt
L—-—FF
ES
T- P
2 i Foo RI
Us
E NE
Mt protein _ | _
extract

gl RGN0

= mafiure tRNA

Figure 2. Editing is a pre req ui site for the pro cess ing of tRNAMS and tRNAPPE precursors.

The up per part of the fig ure shows sche matic rep re sen ta tions of the gene con structs used as tem plates for the syn

the sis of A) tRNAMS and B) tRNAPP

® pre cur sors. Lower part |n vitro-syn the S|zed labeled pre cur sor RNAs cor re
spond ing to the nonedited (NE) or ed ited (E) forms of A) tRNA

®and B) tRNAP™ were in cu bated in the presence (+)

orabsence (—)ofapotatomitochondrial proteinextract. Processing productswereanalyzed on 15% polyacrylamide

gels.

quired for tRNA mat u ration. Otherinvitro as-
says were developed, but again editing
seemed to affect neither the aminoacylation
of this tRNA, nor the addition of the 3'-CCA
se quence. We then de cided to study the evo lu
tion of this tRNA sequence. Having noticed
thatthe CtoU editing at po sition 28 re stores
the an ces tral se quence found in the mitochon
drial trnC gene of the Bryophyte Marchantia

two Cy cads, it would have sug gested that this
editingsiteisnotes sen tial. On the con trary,
we found that tRNA®YS is also edited in the
two Cycads. As this study clearly indicated
thated iting hasal lowed the conservationofa
Uresidueatposition28duringevo lution,we
re con sid ered the im por tance of thistRNA ed
iting. Theidentificationofeditingsitesisusu
ally based on reverse transcription of tRNA
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and sequencing of the resulting cDNA. To
check the in vivo se quence of tRNA®YS we pu-
rified it from potato mitochondria and found
that the residue at position 28 was not a
uridine but rather a pseudouridine (W). This
re sult raises the ques tion whether the mech a
nism allowing the conversion of a C residue
into W could still be considered as RNA edit-
ing. Only one simi lar case has been pre viously
described in Escherichia coli, where tRNASE"
(GGA)undergoesaconversionofthe C20rest
due into dihydrouridine (Motorinetal., 1996),
prob ably due to a two-step mech anism in volv
ing first a C to U deamination (personal com-
munication of H. Grosjean in Price & Gray,
1998). As C to U deamination and U to W
isomerization (by a W synthase) af fect dif fer
entatomsinthe py rimidine ring, we pro pose
a two step model to explain how W28 can be
gener ated in po tato mt tRNACYS (Fig. 3). The
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1999). More generally, these residues could
rep resentfavorablesitesfor tRNA hydration,
where awa ter mol e cule can be in volved in hy
drogen bonds with the phosphate backbone
and with the Nl atom in theWpyrimidinering
(Arnez & Steitz, 1994; Westhof & Moras,
1988).

CONCLUSION

We have come to a point where a more de-
tailedunderstandingofthefunctionofediting
inthese three tRNAs is re lated to other bi o log
ical processes. In the case of tRNAPM® and
tRNAM'S the identification of the sequence
and structural features required for a tRNA
precursor to be recognized as a substrate by
RNase P and/or RNase Z will probably ex-
plain the importance of these editing events.
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Fig ure 3. A two-step model pro posed to gen er ate W at po si tion 28 in po tato mt tRNASS,

necessity for this editing event could be re-
lated to the function of this W28. It is gener-
ally assumed that W residues provide a fine
improvement of the tRNA structure. For in-
stance, it has been shown that Wresiduescan
stabilize RNA by improving RNA stacking
(Davis, 1995).

Stabilization of tRNA structure by a Wrest
due at po si tion 39 was also shown in the case
of E. coli tRNAP" (Davis & Poulter, 1991)
and human tRNAYS? (Durant & Davis,

In the case of tRNA®YS, moreex perimentalev
idence for the importance of W residues in
tRNAs will be required before one can con-
clude on the necessity of this editing site to
stabilize the structure of this tRNA in vivo.
Other editing sites in mt tRNAs might be
identified in the future, but our studies have
already provided evidence that the impor-
tance of RNA ed it ing is not re stricted to mes
senger RNAs in plant mitochondrial gene ex-
pression, but also to structural RNAs.
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