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Abstract The amino acid sequences of Gcd10p and Gcd14p, the
two subunits of the tRNA:(1-methyladenosine-58 ; m1A58)
methyltransferase (MTase) of Saccharomyces cerevisiae, have
been analyzed using iterative sequence database searches and
fold recognition programs. The results suggest that the `catalytic'
Gcd14p and `substrate binding' Gcd10p are related to each other
and to a group of prokaryotic open reading frames, which were
previously annotated as hypothetical protein isoaspartate
MTases in sequence databases. It is predicted that the
prokaryotic proteins are genuine tRNA:m1A MTases based on
similarity of their predicted active site to the Gcd14p family. In
addition to the MTase domain, an additional domain was
identified in the N-terminus of all these proteins that may be
involved in interaction with tRNA. These results suggest that the
eukaryotic tRNA:m1A58 MTase is a product of gene duplication
and divergent evolution of a possibly homodimeric prokaryotic
enzyme. ß 2001 Federation of European Biochemical Soci-
eties. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

The majority of structurally characterized S-adenosylme-
thionine (AdoMet)-dependent methyltransferases (MTases)
adopt a very similar three-dimensional fold (comprehensively
reviewed in [1]). Nevertheless, apart from several motifs delin-
eating the AdoMet-binding face of the common catalytic do-
main, MTases show minimal sequence conservation between
families and therefore are di¤cult to analyze using conven-
tional searches alone [1^3]. In distinct families the catalytic
domain is usually fused to unrelated auxiliary domains that
participate in target recognition and binding. Thus, even if the
sequence similarities help to pinpoint the likely substrate of a
given enzyme (e.g. a nucleic acid base, a protein or some low
molecular weight (MW) molecule), the precise prediction of
reaction speci¢city is usually not possible, unless a su¤ciently
closely related homolog of known function is found [3].

This problem is particularly evident for MTases modifying

nucleic acids, especially RNA. A large number of distinct
enzymes are present in the cell, catalyzing similar reactions
but in di¡erent classes of RNA or at di¡erent locations in
an RNA molecule. The methylated nucleotides are believed
to play key roles in the function of the ribonucleoprotein
particles in vivo, in£uencing processes such as maturation of
various pre-RNAs, stabilizing the assembly and transport of
ribosomes and spliceosomes, and modulating splicing and
protein synthesis (reviewed in [4]). However, only a very lim-
ited number of RNA MTases have been identi¢ed and char-
acterized to date. To aid in characterization of novel RNA-
modifying enzymes, we and others have been searching se-
quence databases and carrying out phylogenetic inference
and, in certain cases, molecular modeling. This e¡ort resulted
in the identi¢cation of candidates for novel RNA MTases and
correlation of these sequence data with known enzymatic ac-
tivities [3,5^11]. Still, many RNA MTase families remain un-
identi¢ed.

The occurrence of 1-methyladenosine (m1A) at position 58
of the T8C loop has been reported in tRNAs from all three
domains of life, suggesting an evolutionarily conserved role in
tRNA structure or function [12]. In the yeast Saccharomyces
cerevisiae, the two-subunit tRNA:m1A58 MTase Gcd10p/
Gcd14p has been found to be essential for cell growth under
normal conditions [13]. It has been shown that Gcd14p is
required for the catalytic activity and AdoMet binding, in
agreement with the presence of the typical AdoMet-binding
motifs, while Gcd10p is essential for tRNA binding [14]. In
tRNA, m1A has been also found at position 9 (in eukaryotic
mitochondria), 14 (in Eukaryota) and 22 (in few prokaryotes)
(reviewed in [4]), but the genes encoding the MTases respon-
sible for these modi¢cations have not been identi¢ed to date.

2. Sequence analysis and structure prediction

As a part of a systematic in silico analysis of the MTase
superfamily, the non-redundant database at the National Cen-
ter for Biotechnology Information (http://www.ncbi.nlm.nih.
gov) was searched using sequences of Gcd10p and Gcd14p as
queries. Seeding the PSI-BLAST program [15] with Gcd10p
(with the expectation (e) value pro¢le inclusion threshold of
1033) retrieved no homologs with signi¢cant e-values besides
its obvious eukaryotic orthologs. The ¢rst non-Gcd10 hit was
the open reading frame SSO0427 from Sulfolobus solfataricus,
reported with the e-value of 0.061 at ¢rst detection. However,
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using Gcd14p as a query with the same parameters resulted in
a multitude of hits to various MTases. Using a stringent e-
value threshold of 10320 resulted in retrieval of eukaryotic
orthologs of Gcd14p and a family of uncharacterized MTases
from Eubacteria and Archaea that are annotated as putative
protein isoaspartyl MTases (PIMT). These sequences showed
signi¢cant e-values on ¢rst detection (for instance 10315 for
the S. solfataricus SSO0427) and retained the conservation
pattern typical of the Gcd14p proteins (Fig. 1) rather than
that of the PIMT family [16]. In addition to this, reciprocal
searches initiated with the newly retrieved prokaryotic sequen-
ces detected Gcd14p with higher e-values (10324) than the
bona ¢de PIMT family members (10312).

The weak link provided by the SSO0427 sequence suggested
that the Gcd10p and Gcd14p families might be related. There-
fore, to identify the homologs of Gcd10p among structurally
similar proteins, its sequence was submitted to the Structure
Prediction Meta Server [17,18] (http://bioinfo.pl/meta/).
Threading results revealed that the Gcd10p sequence is com-
patible with the MTase fold, according to the ¢rst hits re-
ported by FFAS [19] (high score 14.14) and other servers
(albeit with low scores). Querying the Meta Server with the
sequence of Candida albicans Gcd10p resulted in even higher
scores reported by FFAS (19.38), mGenTHREADER [20]
(100%), and INBGU [21] (15.5%). The presence of putative
MTase motifs in Gcd14p has been reported previously [14]
and its similarity to MTases was con¢rmed by threading
(scores: FFAS-28.9, mGenTHREADER-100%, INBGU-
43.5). The presence of the common motifs in Gcd10p and
Gcd14p sequences was con¢rmed using the Gibbs sampling
procedure [22] ; motifs VI, VIII and the carboxy-proximal part
of motif I were detected with probability of occurring by
chance 6 10312). A good correlation of secondary structure
elements predicted independently for the Gcd10p and Gcd14p
families was discovered using PSIPRED [23] (Fig. 1). Taken
together, these ¢ndings strongly suggest that the two subunits
of the eukaryotic tRNA:m1A58 MTase evolved from a com-
mon ancestor, presumably from a duplicated prokaryotic-type
gene.

The multiple sequence alignment revealed a conserved ex-
tension to the N-terminus of the common MTase domain.
Threading analysis (scores: INBGU-11.8, FFAS-5.42) as
well as secondary structure prediction suggests that the se-
quence and structure of this region is compatible with the
OB-fold, characteristic for domains often found in proteins
interacting with nucleic acids [24,25]. Interestingly, there is
an additional small domain inserted into the N-terminal do-
main in the Gcd10p family (Fig. 1B). In many RNA MTase
families, the predicted RNA-binding domains are found N-
terminally of the catalytic domain [3,8^10,26^29]. A strong,
analogous hypothesis is that the predicted N-terminal domain
of tRNA:m1A58 MTases is involved in target recognition by
these enzymes. It will be interesting to determine what role is
played by the non-identical N-terminal domains in each of the
subunits of the heterodimeric eukaryotic enzyme and by the
additional domain in the Gcd10p subunit.

3. Prediction of functionally important residues

Predictions based on tertiary fold data and multisequence
alignment indicate that invariant or nearly invariant residues
E116, E139, and D168 (numbering for S. cerevisiae Gcd14p) are

involved in cofactor binding, while residues D98, D203, Q235,
H354, and T355 are involved in catalysis. These residues are
conserved in the Gcd14p family and in prokaryotic proteins,
strongly suggesting that the latter are not paralogs of PIMT
(which uses di¡erent residues for catalysis [16]), but
tRNA:m1A58 MTases. However, they are absent from
Gcd10p, which is consistent with the role of Gcd14p being
the catalytic subunit.

4. Conclusions

I predict that the two-subunit yeast tRNA:m1A58 MTase
evolved from a duplicated, possibly dimeric enzyme, in which
one of the subunits lost the ability to bind tRNA on its own
and in the other the catalytic site degenerated. The hypothesis
of the dimeric structure of prokaryotic enzymes is in good
agreement with the experimental estimation of the MW for
tRNA:m1A58 MTases from Thermus £avus [30] and Thermus
thermophilus [31] (78 kDa and 60 kDa, respectively). No se-
quences of Gcd14p homologs are available from these organ-
isms, however the calculated MW for all sequences of pre-
dicted prokaryotic tRNA:m1A58 MTase analyzed in this
work are in the range of 27.8 kDa (Aeropyrum pernix) to
35.2 kDa (Rhodococcus erythropolis).

Analogous evolutionary scenarios have been suggested for
eukaryotic and prokaryotic tRNA splicing enzymes and
tRNA adenosine deaminases. It is believed that the heterote-
trameric yeast Sen nuclease evolved from the homotetrameric
archaeal EndA enzyme, in which the structurally identical
subunits have non-equivalent roles in tRNA binding and cat-
alysis [32,33]. Similarly, the heterodimeric yeast Tad2p/Tad3p
adenosine-34 deaminase has a single counterpart in Escheri-
chia coli [34]. It seems that replacement of homomultimeric
tRNA modi¢cation enzymes with heteromultimers encoded
by duplicated and diverged genes is a common evolutionary
mechanism in eukaryotic organisms. Since the tRNA molecule
is asymmetric, the use of di¡erent subunits in the multimeric
enzyme probably allows more £exible optimization of the
binding surface and provides e¤cient means to circumvent
the problem of concerted amino acid substitutions in structur-
ally identical, but functionally non-equivalent subunits of the
homomultimeric proteins. Although the detailed modeling of
mechanism of substrate binding and catalysis or the possible
mode of subunit interaction in tRNA:m1A58 MTases is be-
yond the limits of the present study, I hope that this analysis
will facilitate further structural, functional, and phylogenetic
studies of this protein family and its relationship to other
MTases.
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