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Abstract:

Transfer RNA (tRNA) structure, modifications and functions are evolutionary and established in bacteria, archaea and eukaryotes.
Typically the tRNA modifications are indispensable for its stability and are required for decoding the mRNA into amino acids for
protein synthesis. A conserved methylation has been located on the anticodon loop specifically at the 37t position and it is next to
the anticodon bases. This modification is called as m'G37 and it is catalyzed by tRNA (m!G37) methyltransferase (TrmD). It is
deciphered that G37 positions occur on few additional amino acids specific tRNA subsets in bacteria. Furthermore, Archaea and
Eukaryotes have more number of tRNA subsets which contains G37 position next to the anticodon and the G residue are located at
different positions such as G36, G37, G38, 39, and G40. In eight bacterial species, G (guanosine) residues are presents at the 37th and
38th position except three tRNA subsets having G residues at 36t and 39th positions. Therefore we propose that m'G37 modification
may be feasible at 36th, 37th, 38th, 39th and 40th positions next to the anticodon of tRNAs. Collectively, methylation at G residues
close to the anticodon may be possible at different positions and without restriction of anticodon 3 base A, C, U or G.
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Background:

tRNA is an intermediate molecule and it is a class of small RNA
being present in Bacteria, Archaea and Eukaryota [1, 2].
Generally it consists of 73 to 93 RNA nucleotides which are
involved in the translation process along with the complex of
ribosome, mRNA, tRNA with amino acids and co-factors
involved in the synthesis of proteins [3]. It has special segments
such as amino acid attachment site, TPC loop; variable loop,
anticodon loop and D loop thereby forming a tertiary structure
designated in the form of a cloverleaf model [4, 5, 6]. In these
segments, several modifications occur resulting in
posttranscriptional modification of tRNA which influences the
tRNA folding, stability and accuracy of translation process [7,
8]. In 1960s, an RNA modification enzyme was first identified
by Borek and coworkers (1960) as the tRNA m>Ub54
methyltransferase and now it is being called as TrmA in
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Bacteria and Trm2 in Eukarya [9, 10]. In tRNAs, more than 100
modifications have been identified particularly in the highly
conserved anticodon stem and loop (ASL) domain base at
position 37 which is next to the anticodon site and it is highly
prone to modification by tRNA m!G37 methyltransferase
(TrmD) which results an addition of methyl group (CH3) to
guanosine (G) base next to the anticodon [7, 11, 12]. A modified
1-methylguanosine (m!G37) at position 37 plays a vital role in
tRNA function and it acts as a classical frameshift suppressor
that leads to the accuracy of translation [13]. The modified
nucleosides m!'G37 position of tRNA are present in all
organisms including the smallest organisms like the Mycoplasma
genitalium and this modification occurs in chloroplast and
mitochondrial tRNAs as well [7]. The wobble position next to
the anticodon of 37t position is frequently modified with a
plethora of diverse nucleotides being found at those positions.
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A modified m'G37 enhances proofreading in the ribosome and
aminoacylated tRNA selection in a tRNA dependent manner [7,
14]. All these suggest that m!G37 had been present in the tRNA
of the primitive organisms and it is a part of the minimal set of
genes required for life that existed before emergence of these
three domains namely the Bacteria, Archaea and eukaryota [15,
16].

tRNA binding protein - TrmD

TrmD is one of the RNA modification enzymes which catalyze
the transfer of a methyl group from S-adenosyl methionine
(AdoMet) to the N1 atom of guanosine base at position 37 next
to the anticodon of tRNA subsets. TrmD is a member of the
TrmH methyltransferase family [6]. Most of this modification
occurs in selected amino acid tRNAs for example, tRNALey;
anticodon CAG, GAG, UAG, tRNAP; anticodon CCG, GGG,
UGG and tRNAArg; anticodon CCG [17, 18]. An in vivo method
has proven that the three modifications such as pseudouridine
(W), 1-methylguanosine (m!G) and 2-methylthio-N6-(4-
hydroxyisopentenyl) adenosine (ms2io6A) promote the
selection of aa-tRNAs for translation process. Hence, it is
believed that one of the modification m!G37 strongly influences
selection of tRNAPr and tRNAArg but not much on the selection
of tRNALeu such as specific tRNAs [14]. Deficiency of m!G37 in
tRNAPro and tRNAArs has reduced the selection of A-site on
ribosome-mRNA complex on the translation process [13]. The
first crystal structure of Haemophilus influenza TrmD was
introduced by Ann ef al, (2003) which modifies the m!G37
position in tRNAs. The tRNA anticodon stem loop is possible to
make a tight fit on the active site of TrmD on both positions at
G36 and G37 [10].

Bacterial TrmD enzyme recognizes the tRNA specifically
G36pG37 base nucleotides because at G36th position it might be
involved in stabilizing the enzyme-tRNA complex [19]. Aquifex
aeolicus TrmD enzyme recognizes and catalyzes the tRNA at
anticodon site in the presence of both G36pG37 and A36pG37
nucleotides (20). Mostly purine bases (G or A) at position 37 in
tRNA stabilize the codon-anticodon interactions in ribosome
attachment. Sequence analysis of more than 3000 tRNA genes
from various organisms confirmed that purine base A is found
at position 37 in ~80% and purine base G is found in ~20% [20,
21]. TrmD enzyme binds to tRNA subsets even in the absence
of GpG residues at positions 36 and 37. This enzyme-tRNA
binding complex might be stabilizing the tRNAs. Recently,
bacterial m'G37 has been found in tRNAs with G or A base at
position 36 [22]. In Archaea and eukaryotes, tRNA (m!G37)
methyltransferase called as aTrm5 and eTrm5 respectively, are
responsible for the m!G37 modification in all tRNAs [23, 24].
TrmD methylates G residues are nearer to the anticodon in
Bacterial, Archaea and Eukaryotes but TrmD, aTrm5 and eTrm5
structures, active sites and types of methylation are quite
different among them [25]. In bacteria, m'G37 has been found in
the amino acid specific tRNAs which are having anticodons, on
the base site, either G36 or A36. For instance, in tRNALeu \ag,
tRNAPro g, tRNAHis sug, tRNAAS nyog and tRNAPhe gaa
anticodons, the third bases are G36 and A36. In Eukaryotes and
Archaea, ml!G37 occurs in broad tRNAs subsets with
corresponding anticodon base of G36 and A36, tRNALeuy,c,
tRNAProygg,  tRNAHisguyg, tRNACGInyyg, tRNAAgycg and
tRNAPhegp, tRNASer coasucascca, tRNATY'Gua, tRNACYSGea,
tRNATpcca, and tRNALeuyaa. Hence, these findings suggest
that tRNA anticodon positions at A36 or G36 promotes the
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m!G37 in all organisms. When there occurs a defect in m!G37
modification, a frameshift mutation may occur which leads to
retarded growth in the organisms [23].

Methodology:

For the three domains, randomly 10 organisms were selected
and their tRNA gene sequences were retrieved from Genomic
tRNA database in the FASTA format [26]. BioEdit software has
been used for multiple sequence alignments and for
identification of the Guanosine base, next to the anticodon in
tRNA susbets at different positions such as at 36th, 37th, 38th, 39th
and 40th.

Results:

Guanosine base next to the anticodon

Previous studies reported that guanosine residue is being
present at 37th position next to the anticodon at three different
tRNA susbets such as tRNAArg, tRNAPro and tRNALeu [18, 27].
Contradictory to this fact, organisms belonging to Archaea and
eukayotes have been shown to contain G residue at different
positions (36, 37, 38, 39 and 40) next to the anticodon on various
tRNA subsets (tRNAArg, tRNALeu, tRNAPro, tRNAHis, t{RNAGI,
tRNAPhe, tRNACys, tRNASer, tRNATp, tRNATy and tRNAGIY) as
shown in Table 1 (see supplementary material) and thus the
tRNAs codons do not show consistent positions in all tRNA
subsets. Even at different positions of codons in tRNAs, the G
residues are present next to the anticodon Table 1. E. coli K12
and H. influenzae have only 3 types of tRNA subsets (tRNAArg,
tRNAPr and tRNALeu) and both organisms have G residue at 38
positions Table 1. Besides, M. tuberculosis H37Rv, S. aureus and
S. pneumoniae D39 revealed 6 types of tRNAs, tRNAAr,
tRNAPro and tRNALeu, tRNAHis, tRNAGn and tRNAPhe are
having G residue at 37th and 38t positions. A. phagocytophilum
has 5 types of tRNA subsets (tRNAArg, tRNAPro, tRNALey,
tRNAHis, and tRNAVal) and its tRNAs have G residue at 37, 38
and 39 positions. Similarly A. aeolicus has 4 types of tRNAs
(tRNAArg, tRNAPro, tRNALeu and tRNAHis) and it is holding G
residue at the same positions. On the contrary B. Houston-1 is
having tRNAs (tRNAGh, tRNAHs, tRNAPro, tRNALew) with G
residues at 36 and 38 positions. Analysis of eight bacterial
species, revealed the conserved three tRNA subsets (tRNAArs,
tRNAPre and tRNAlew) and to some extent other tRNA
sequences also contain G residue close to the anticodon and
may be susceptible for m!G modification Table 1. The M.
jannaschii and H. sapiens hgl9 tRNAs are having numerous
tRNA subsets (tRNAArg, tRNALeu, tRNAPro, tRNAHis, tRNAVal,
tRNAGIn, tRNAPhe, tRNACys, tRNASer, tRNATwp, tRNATy and
tRNAG) with their G residues at 36, 37, 38, 39 and 40th
positions. However, M. jannaschii tRNACys is the only tRNA
having G36 position present next to the anticodon. The hg19 of
H. sapiens does not have tRNA with G residue at 40t position
Table 1. Furthermore, a schematic structure (Figure 1) has been
depicted for m!G37 modification at various positions close to
the anticodon of tRNAs. The proposed m'G37 modification in
tRNAs at G36pG37 positions is shown in FigurelA. Without
m!G37, modification in tRNAs occurs by +1 frameshift
mutation in mRNA codons (Figure 1B). Thus the, m!G37
modification is possibly found in tRNAs having A36pG37
segments (Figure 1C), Our analysis of tRNA sequence of these
structures confirm that m1G38, m1G39 and m!'G40 modifications
are possibly present in tRNAs in their respective sites for their
functional significances (Figure 1D, E & F).
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Figure 1: Schematics of m'G modifications by TrmD at diverse posi

Distinct tRNAs codons and wobble position

The various types of amino acid specific tRNAs and its GpG
sequences have been listed in Table 1. Eventually the GpG
sequence position is defined as the anticodon third residue
(wobble position) with NNG carrying the guanosine (N with
any one of four bases A, C, G, U) or G. This structural position
(GpG) is the hallmark of methylation site being present at
G37th position next to the anticodon [10, 28]. Escherichia coli K12
and Haemophilus influenzae have GpG sequences in the
anticodon position in the selected tRNAs subsets as in tRINAArs,
tRNAPro and tRNALeu, Furthermore Anaplasma phagocytophilum
HZ, Aquifex aeolicus, Bartonella henselae Houston-1, Mycobacterium
tuberculosis H37Rv,  Staphylococcus aureus MRSA252 and
Streptococcus pneumoniae have GpG sequence on the additional
tRNAs such as tRNAArg, tRNAPro and tRNAley, tRNAHis,
tRNAVal, tRNAGIn, tRNAPhe Table 1. Methanococcus jannaschii
and Homo sapiens hg19 has GpG sequences on various types of
tRNAs has been listed in the Table 1. Consequently it is
proposed that guanosine (G) residue can possibly be present
next to the anticodon, at the wobble position having G, C, A or
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tions of guanosine next to the anticodon in tRNAs.

U. This structural sequence might be present on different
nucleotide numbers such as G35pG36, G36pG37, G37pG38,
G38pG39, G39pG40 and G40pG4l. Staphylococcus —aureus
MRSA252 and Streptococcus pneumoniae D39 tRNAFPhe have GpG
and ApG sequences next to the anticodon. Similarly Archaea
Methanococcus jannaschii is having GpG, ApG, CpG structure
sequences in the tRNAs. Eukaryote, Homo sapiens hg19 tRNA
holds GpG, ApG, UpG residues having positioned next to the
anticodon in tRNA subsets. However, in bacterial population (8
species) there is a lack of A, C, U residues at the third position
of anticodon in all tRNA susbets. Conversely in Archaea like
Methanococcus jannaschii the m'G may possibly be in tRNAs
(tRNACYSGCA, tRNATyGra, tRNASergga, tRNASerpgs, tRNATPccy,
tRNALeu TAG/TAA) at A35/37/38/39th pOSitiOHS and tRNAGlupre
at C39 (third base of anticodon) Table 1. Similarly in eukaryotes

the m!G is found in tRNAs (tRNAGsgca, tRNATPccy,
tRNATY'GTs, tRNASer  aga,  tRNACYS  gea, tRNALeu  pan,
tRNAPhegrn, tRNATyrATA, tRNASerpga, tRNATPcc A) at the

positions of A35/36/37/38 and tRNAArsccrat C35.
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Discussion:

Computational analysis of tRNAs in three domains disclosed
that m'G37 modification might occur at different positions (36,
37th, 38th, 39th, or 40th) and the anticodon position is not constant
in all the tRNAs. The above modification restricts its location
next to the anticodon. Furthermore the m'G37 modification can
occur in any of the four possible nuceltodies (G, A, C, U) at the
position 36 (anticodon). In the case of E. coli and H. influenza, it
has been reported that tRNAs m!G37 modification of G
residues occurs at 37th position [22]. The study also revealed
that the Escherichia coli K12 and Haemophilus influenzae tRNAs
(tRNAArg, tRNAPre and tRNALew) are having the G residues at
38th position, thus confirming that the modification would be
possible at G38 also. Initially it was also believed that all three
domains the m'G37 are present in the three tRNA subsets like
tRNAArs, tRNAPro and tRNAleu [15, 27]. Analysis of tRNA
squences in bacteria, archaea and eukaryota reveals that m'G
modification may occur in other amino acid specific tRNA
subsets also. Sprinzl et al.,, (2005) and Goto Ito et al., (2008)
reported that A36 base at anticodon is possible in all three
domains [21, 23]. For instance, in bacteria, tRNAFPhegap with A36
has been identified and in the same way in archaea, m!G is
found in tRNACysgea with A36. Similarly in eukaryotes the m'G
may exist in tRNAPhegya, tRNASergGa/uca/cea, tRNATYIGUA,
tRNASsgcs, tRNATPges, tRNAReuyss. Besides, the eukayotic
tRNAAsPgyc contains m!G37 with C base at third position of
anticodon. As per the present study, it is evident that in
bacterial populations the m!G37 may occur in tRNAs with G
residue at 35, 36, 37 or 38 positions. Generally the mlG
preferably occurs on the GpG sequence and this implies that the
G residue usually occurs at third base of anticodon. In bacterial
populations it has been found that the tRNAs is holding GpG
sequence in diverse positions Table 1. In Archaea like
Methanococcus jannaschii the m!'G might as well be in tRNAs
having GpG, ApG and CpG sequences. In eukayotes, the m!G
might exist in tRNAs containing GpG, ApG or UpG. The
sequence UpG is not mentioned in previous report and it is
unique as its (m'G37) mechanism can possibly be in tRNAArsccr
(Homo sapiens hg19) at U35 position. Therefore it may be
concluded that in Archaea and eukaryotes, the ml!G
modification might not be restricted to nucleotides G, A, C and
U which may be present on the third base of anticodon.
Furthermore, the position of m!G can occur at different
positions of tRNAs. Nevertheless in Archaea and eukayotes, the
m!G might possibly be without restriction for the three tRNA
subtypes (tRNAPro, tRNALeu, tRNAATE),
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Supplementary material:

Table 1: The positions of guanosine residues close to the anticodon in tRNAs
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S.No Organisms tRNA types and occurrence of amino acid specific tRNAs anticodon and its GpG, CpG, ApG &
UpG sequences next to the anticodon at different positions 36, 37, 38, 39 and 40
G36 G37 G38 G39 G40
1 Anaplasma NA tRNAHs GTGG tRNAAs ACGG tRNAAs CCGG NA
phagocytophilum HZ tRNAVal GACG tRNALeu CAGG, tRNAPre GGGG
GAGG, TAGG
tRNAPro TGGG
2 Aquifex aeolicus NA tRNAPro CGGG, tRNAA1g ACGG, NA NA
GGGG, TGGG GGGG
tRNAHs GTGG  tRNALew CAGG,
GAGG
3 Bartonella henselae tRNAGKH TTGG NA tRNAHs GTGG NA NA
Houston-1 tRNALeu CAGG,
GAGG
tRNAPr TGGG,
GGGG
4 Escherichia coli K12 NA NA tRNAArgs CCGG NA NA
tRNALeu CAGG,
TAGG, GAGG
tRNAPro CGGG,
TAGG, GGGG
5 Haemophilus NA NA tRNAArgs CCGG NA NA
influenzae tRNALet GAGG,
TAGG
tRNAPro TGGG
6 Mycobacterium NA tRNAArs CCGG tRNALeu TAGG NA NA
tuberculosis H37Rv tRNAGKh CTGG, tRNAPro CGGG,
TTIGG TAGG, GGGG
tRNALen CAGG,
GAGG
7 Staphylococcus NA tRNAArs CCGG tRNAAg ACGG NA NA
aureus MRSA252 tRNAHs GTGG tRNALeu TAGG
tRNALes GAGG ~ tRNAPre TGGG
tRNAPhe GAAG
8 Streptococcus NA tRNAA CCGG  tRNAlLew AAGG, NA NA
pneumoniae D39 tRNAHs GTGG TAGG
tRNAPhe GAAG  tRNAPro TGGG
9 Methanococcus tRNACs GCAG tRNAHs GTGG tRNAGh TTGG tRNAArs TCGG tRNAPro
jannaschii tRNAA TCGG tRNATy GTAG tRNAPro GGGG TGGG
tRNASer GGAG tRNAClu
TTCG
tRINASer
TGAG
tRNATrp
CCAG
tRNALeu
GAGG,
TAGG,
TAAG
10 Homo sapiens hg1l9 ~ tRNAAs CCTG tRNAAs ACGG  tRNALeu AAGG, tRNAProe GGGG NA
tRNACys GCAG tRNASsGCAG  CAAG, TAGG, tRNAGTTGG
tRNAPro AGGG, tRNAHs GTGG AAGG tRNATr CCAG
CGGG, TGGG tRNALes TAAG ~ tRNASh CTGG
tRNATr CCAG tRNAPre GAAG  tRNASer AGAG
tRNATyr GTAG tRNAGIh TTGG
tRNASer AGAG tRNATyr ATAG,
GTAG
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