RNA Editing—A Novel Genetic
Phenomenon?

LLARRY SIMPSON

HE THEORY THAT GENETIC INFORMATION IS ENCODED IN
nucleic acid (DNA or RNA) and flows in a unidirectional

manner to determine the primary amino acid sequences of’

proteins has suftered few, if anv, conceptual challenges since the
original formulation (). Reverse transcriptase which transcribes
R\!-\ mto DNA, added an mtgrcsrmg detour to the pathwayv. The
discovery of RNA enzyvmes (2, 3) was a major conceptual change,
but had no effect on the int'ormatl()n flow paradigm.

The discovery of RNA editing in the mitochondria of kinetoplas-
tid protozoa (reviewed in 4) at first appeared to directly challenge
the theory of information flow. In this process, uridine (U) residues
are added or deleted art multiple, precise sites within the coding
regions of mRNA's. There appeared to be no nucleic acid templates
that encoded the edited mformarion, and it was difficult to envision
how such extensive and precise modifications of mMRNA sequences
could occur without a template. These findings raised the possibility
that the information for editing could be encoded in a cryptic form

in the mRNA or m proteins (4, 3). Soon thereatter, other types of

apparently nontemplated editing of coding sequences of mRNA
molecules were reported: (i) a single, precise, developmentally
regulated cyrosme (C)-to-U change in mammalian apolipoprotein B
mRNA (6); (ii) multiple C-to-U or U-to-C changes (7) in several
plant mitochondria mRNA’s; (iii) nontemplated G residues in
paramyxovirus P mRNA () Jnd (1v) 54 extra C residues in mRNA
for the alpha subunit of adenosine triphosphate synthetase in
Physarum mitochondria (9).

The most striking examples of RNA editing are found in kineto-
plastid mitochondria, which contain a large network of catenated
minicircles (465 to 2500 base pairs) and maxicircles (23 to 36
kilobases) (the kinctoplastid DNA nucleoid body) (10). The func-
tion of minicircle DNA has been a mystery since its discovery (11,
12), as there was no obvious conserved coding capacity. The
mavicircle molecules are homologs of informational mitochondrial
DNA molecules m animal and fungal cells, and encode at least 13
genes (10).

Several of the maxicircle genes represent crvptogenes (4) in which
the DNA sequences specifv primary transcripts that have reading
tframe shifts, lack canonical translation initiation codons, and must
be edited to produce translatable mRNA’s. There are at least three
pan-cdited (4) crvptogenes in I'rypanosoma brucei maxicircle DNAJ
which lack more than 50% of the U residuces present in the mature
edited transcripts (13, 14). Six short G-rich regions exist in both
Leishmania tarentolac and "I brucei, which may also encode pan-edited
RNA’s, but the gene products are not vet known (4). RNA editing
of at least four mitochondrial crvptogenes in 1. brucei is develop-
mentally regulated (15, 16) and is utilized as a translational control
mechanism by regulating the abundance of translatable mRNA’s.

A new class ot small kinetoplastid mitochondrial RNA molecules,
guide RNA' (gRNA'), was recently described (17). The gRNA’s
are short RNA molecules that can torm pertect hvbrids with edited
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mRNA sequences and possess nucleotide sequences at ther 57 ends
that are complementary to the sequences of the mRNA’s immmediate-
v downstream of the pre-edited regions (PER). The gRNA' do not
represent classical templates for edited RNA sequences, due to the
presence of abundant noncanonical G-U base pairs. The gRNA's,
some of which appear to represent primary transcripts, posscss
unique 57 ends and a 3’ oligoU rtail added postrranscriptionally,
which varies in lv.ngth from 5 to 24 nucleotides (18). The gRNA
genes are tound in the maxicircle genome and within the variable
regions of the minicircles (19), suggesting a function for these DNA
molecules. The gRNA’s are specific for cach edited mRNA and
encode the additional U residues as complementary A or G residues.
In the proposed model (17) (Flg 1), a hybrid is formed between the
5" end of the gRNA and a region of the mRNA that is adjacent (37)
to the PER (3" anchor). A stabilizing hybrid then torms between the
3" oligoU il of the gRNA and the GA-rich PER (5" anchor) (18).
Editing occurs by specific endonuclease cleavage of the mRNA
within the PER at a position 3’ to the first mismatched nucleotide.
Addition of U residues to, or, more rarcly, deletion from the
liberated 3" hydroxyl terminus is followed by formation of a base
pair between the guide A or G and the added U residues, and
religation of the cleaved mRNA molecule. The putative editing
enzyme complex then migrates to the next mismatch and the evele is
repeated.

The evidence for this model is circumstantial but convinemg: (i)
gRNA’s for five crvptogenes in L. tarentolac exist that can form
pertect hybrids with edited mRNA’s, with the unique 5" ends of the
gRNA’s localized close to the beginning of the hybrid regions; (ii)
multiple partially edited molecules have been detected in steady-state
RNA, which show the expected 3’ to 57 polarity of partial editing
(20, 21); (ii1) enzymes for several of the predicted activities exist in
purlhcd mitochondria of L. tarentolac (22)—a terminal uridvlyl
transterase (TUTase), an RNA ligase, and a cryptic, site-specific
endonuclease (23); and (iv) imprecise editing of synthetic pre-cdited
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mRNA’s has been detected with crude mitochondrial lysates from
L. tarentolae (23).

A variant of the gRNA cditing model has been proposed to
account for the presence, in T brucei mitochondria, of a high
frequency of partially edited cvtochrome  oxidase subunit 11
(COIII) and cytochrome b (Cvb) RNA’s, which exhibit unexpected
(that is, not precisely 3’ to 5') patterns of editing (24). In this
model, random insertion and deletion of U residues occur between
every nucleotide within editing domains, which are defined by
specific gRNAs. Editing oceurs as a result of sclection of the
correctly edited mRNA sequence by the formation of a perfect
hvbrid with the gRNA rather than by a directed unidirectional
mismatch repair. A fairlv high percentage (42%) of unexpected,
partiallv edited mRNA’s was also observed in L. tarentolae for the
COIII gene (21). However, the majority of these patterns may arise
from correct editing with incorrect gRNA’s that may guide the
editing of vet unidentified crvptogences (19). It may be that function-
al modulation of amino acid sequences of mitochondrial proteins
occurs through the use of different gRNA’s for editing.

More compelling support for the gRNA model remains to be
obtained. For example, isolation of an editing complex that contains
gRNA, riboendonuclease, TUTase, exonuclease, and RNA ligase is
crucial. In addition, the following questions are of interest: (i) Are
gRNA’s complexed with proteins, thus representing the functional
cequivalent of small nuclear ribonucleoproteins in the splicing para-
digm? (i1) What 1s the mechanism for the sequential interaction of
the multiple gRNA’s, proposed to be required for editing of the
CYb or MURF2 transcripts in L. tarentolae or for editing of the pan-
edited mRNA’s (COIIL, ND7, and ATP6) in T. bruccei? (ii1) How
are the secondary structures of mRNA and gRNA involved in the
specific binding of an editing complex? (iv) Are ribozymes involved
in the editing process?

The recent discovery that kinetoplast minicircle DNA encodes
gRNA’s that function in the editing of maxicircle transcripts remains
to be investigated, especially in view of the extensive minicircle
sequence divergence observed between species of kinctoplastids.
Putative gRNA genes have been identified in T brucer (14, 25), and
gRNA-like transcripts have been identified in T equiperdum that are
precisely located between pairs of 18-bp inverted repeats (26) in the

variable regions of the minicircles. These inverted repeats could
represent remnants of transposition events that involved the migra-
tion of mobile gRNA genes between maxicircle and mmicircle
DNA.

One function of RNA editing in kinctoplastids 1s to provide
translational rcguhti()n of mitochondrial gene expression. However,
the evolutionary origin of this type of cediting and the effect of such
split genes on the evolution of the mitochondrial g genome remain to
be explored. It is possible that this process originally represented a
general mechanism for the modification or repair of RNA sequences
prior to the origin of polymerase enzymes. Perhaps modcern mito-
chondrial RNA cditing in trypanosomes in an atavistic remnant of a
primitive RNA sequence modification process. It remains to be seen
it the trvpanosome tvpe of RNA editing is present in higher
cukarvotes.
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The AAAS-Newcomb Cleveland Prize is awarded to the
author of an outstanding paper published in Science. The value of
the prize is $5000; the winner also receives a bronze medal. The
current competition period began with the 1 June 1990 issue and
ends with the issue of 31 May 1991.

Reports and Articles that include original research data, theo-
ries, or syntheses and are fundamental contributions to basic
knowledge or technical achievements of far-reaching conse-
quence are eligible for consideration for the prize. The paper must
be a first-time publication of the author’s own work. Reference
to pertinent earlier work by the author may be included to give
perspective.

AAAS—Newcomb Cleveland Prize

To Be Awarded for an Article or a Report Published in Science

Throughout the competition period, readers are invited to
nominate papers appearing in the Reports or Articles sections.
Nominations must be typed, and the following information
provided: the title of the paper, issue in which it was published,
author’s name, and a brief statement of justification for nomina-
tion. Nominations should be submitted to the AAAS—Newcomb
Cleveland Prize, AAAS, Room 924, 1333 H Street, NW,
Washington, D.C. 20005, and must be received on or before 30
June 1991. Final selection will rest with a panel of distinguished
scientists appointed by the editor of Science.

The award will be presented at the 1992 AAAS annual
meeting. In cases of multiple authorship, the prize will be divided
equally between or among the authors.
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