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ABSTRACT: Mammalian lysyl-tRNA synthetase (LysRS) has an N-terminal polypeptide chain extension
appended to a prokaryotic-like synthetase domain. This extension, termed a tRNA-interacting factor (tIF),
possesses a RNA-binding motif [KxxxK(K/R)xxK] that binds nonspecifically the accepié€ Btem-

loop domain of tRNA and provides a potent tRNA binding capacity to this enzyme. Consequently, native
LysRS aminoacylates a RNA minihelix mimicking the amino acid acceptor-steop domain of tRNAYS,

Here, examination of minihelix recognition showed that mammalian LysRS aminoacylates RNA minihelices
without specificity of sequence, revealing that none of the nucleotides from the accép@istem-

loop domain are essential determinants of tRNAacceptor identity. To test whether the tIF domain
reduces the specificity of the synthetase with regard to complete tRNA molecules, aminoacylation of
wild-type and mutant noncognate tRNAs by wild-type or N-terminally truncated LysRS was examined.
The presence of the UUU anticodon of tRNAappeared to be necessary and sufficient to transform
yeast tRNASP or tRNAMetinto potent lysine acceptor tRNAs. Thus, nonspecific RNgkotein interactions
between the acceptor stem of tRNA and the tIF domain do not relax the tRNA specificity of mammalian
LysRS. The possibility that interaction of the full-length cognate tRNA with the synthetase is required to
induce the catalytic center of the enzyme into a productive conformation is discussed.

Aminoacyl-tRNA synthetases are responsible for interpret- anticodon is an important contributor to the identity of a
ing the genetic code. They esterify amino acids to therfl tRNA, specific aminoacylations of minihelix substrates were
of the appropriate tRNAsLJ. The fidelity of protein synthesis  observed. For instance, sequence-specific aminoacylation of
is dependent, in part, on the accuracy of aminoacyl-tRNA RNA minihelices mimicking the acceptorIC stem-loop
synthesis. The 20 aminoacyl-tRNA synthetases have a com-domain of tRNA"t by Escherichia coliMetRS has been
mon overall structural organization. The catalytic domain observed T) despite the fact that the CAU anticodon has a
contains the conserved class-defining sequence motifs. Aprominent role in tRNA®t identity (8). Similarly, although
second nonconserved domain is appended to the N- orthe GUC anticodon is the strongest identity determinant of
C-terminus of the active site domain. In general, the two- yeast tRNASP, RNA minihelices with the G73 discriminator
domain architecture of tRNA synthetases mirrors the two base are efficiently and specifically aminoacylated by yeast
domains (the acceptor#C stemr-loop domain and the  AspRS @).
anticodon D stemtbiloop domain) of the L-shaped tRNA Compared with bacterial LysR'She mammalian enzyme
molecule @). possesses a polypeptide chain extensior®® amino acid

Aminoacyl-tRNA synthetases attach a single amino acid residues appended to the N-terminus of the protedn11).
to the 3-end of the adequate tRNA species. Formation of a We previously reported that this eukaryote-specific N-
discrete tRNA-protein complex involves recognition signals terminal domain has the properties of a tRNA-interacting
on the tRNAs termed identity determinants. Because nucle-factor (tIF) and participates in tRNA bindind2). The native
otide sequences responsible for adequate pairing between @nzyme has the capacity to bind and to aminoacylate a mini-
synthetase and a tRNA eventually relate an anticodon to anhelix mimicking the acceptor PC stem-loop domain of
amino acid, they have been termed a second genetic codeRNA3Ys. The functional tRNA binding capacity of mamma-
(3). A wealth of structural and biochemical data have pro- lian LysRS is lost upon removal of this domain (2 order of
vided a detailed knowledge of the identity proble#-6). magnitude increase ig). The RNA-binding motif with the
The anticodon of the tRNA molecule may or may not con- sequence KxxxK(K/R)xxK has been identified within the
tribute an essential identity signal. However, even if the N-terminal domain of LysRS; it provides nonspecific tRNA
binding properties to the enzymg3). A similar RNA bind-
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By contrast withE. coli LysRS, the human enzyme shows for 30 min, aminoacylation mixtures were subjected to two
no preference for the discriminator base at positionI73. ( extractions with phenol equilibrated in 0.1 M NaOAc (pH
Positions U35 and U36 are major identity determinants of 4.5), and nucleic acids were recovered by precipitation with
human tRNAYs (16). To determine whether the general tIF  ethanol. The pellets were dissolved in 0.1 M NaOAc (pH
appended to mammalian LysRS decreases its tRNA amino-5.0) and analyzed by electrophoresis on an-aaiega poly-
acylation specificity, we constructed a series of RNA sub- acrylamide gel as described previoushp). After electro-
strates designated to search for identity determinants within phoresis, the gel was incubated in 3% acetic acid for 1 h,
the acceptor WC stem-loop structure of tRNA. We found  and in Amplify solution (Amersham Biosciences) for 30 min,
that mammalian LysRS aminoacylates RNA minihelices with dried, and subjected to autoradiography.
low efficiency but without specificity of sequence. Full-
length noncognate tRNAs bearing the corresponding mini- RESULTS
helix sequences were also poor substrates for LysRS as
compared with tRNAWS. Introduction of the UUU anticodon
into chimeric tRNAs was sulfficient to trigger aminoacylation
by mammalian LysRS.

Lysylation of Noncognate Acceptor Minihelices by LysRS.
The discriminator nucleotide A73 is a strong identity element
of tRNAYS in E. coli (20, 21). By contrast, the nucleotide at
position 73 is generalla G among eukaryotic tRNAS, but
U and A are also found among natural substrates (Figure
1A). Mutagenesis of G73 to any other nucleotide showed
that N73 is not an important recognition element for human
LysRS (@1). LysRS of mammalian origin possesses an
auxiliary tIF appended to the N-terminus of the protein and

MATERIALS AND METHODS

EnzymesNative LysRS from hamster was expressed in
yeast and purified as described previoushO)( Its N-
terminally truncated derivative (LysRSN) was obtained
by elastase treatment of the native enzym#).( is able to aminoacylate a minihelix substrate (A&} derived

RNA Substrate PreparatiorThe DNA templates were  from the acceptor PC stem-loop domain of tRNAYS (12).
assembled from synthetic oligonucleotides and cloned into The capacity of LysRS to aminoacylate Ag€ depended
HindIll —BanHlI sites of pUC18 (oligonucleotide sequences on the presence of the N-terminal tIF. To investigate the basis
used in this study available upon request). Linearization of of tRNAYS recognition by LysRS of mammalian origin, we
plasmids carrying RNA genes was performed vB&iNI or first wanted to determine if any nucleotide determinant is
Fokl. Digestion was followed by in vitro transcription with  located within the acceptor WC stem-loop domain of
T7 RNA polymerase as previously describdd)( tRNA. We took advantage of the ability of the native enzyme

Aminoacylation AssayAminoacylation of RNA minihelix to aminoacylate an Agt’s RNA minihelix (Figure 2A), and
substrates was performed at 26 in 20 mM imidazole- we synthesized a series of minihelices that, collectively,
HCI buffer (pH 7.5), 0.5 mM DTT, 12 mM MgG| 2 mM allowed us to assess the contribution of all conserved
ATP, and 150uM 4C-labeled lysine (309 Ci/mol). The nucleotides.
reaction was conducted in the presence ofi BORNA sub- Among the 35 nucleotides of Age¢s, 25 are strongly
strates and 2.aM enzyme appropriately diluted in 10 mM  conserved in all eukaryotic lysine tRNAs (Figure 1A). If the
Tris-HCI (pH 7.5), 10 mM 2-mercaptoethanol, and 4 mg/ 13 invariant nucleotides that are present at the same position
mL bovine serum albumin. At different time intervals, 20 in all tRNA species are excluded, 12 nucleotides are highly
aliquots of the reaction mixture were transferred onto pieces conserved (more than 95% of the occurrences) and were good
of Whatman 3MM paper presoaked with ice-cold 5% tri- candidates for representing identity elements. Thus, the essen-
chloroacetic acid (TCA) and 1 mMAC]lysine. After incu- tjal targets for our studies were guanines at positions 1 and
bation fa 1 h onice, filters were washed five times for  69—71, cytosines at positions 2, 3, and 72, pyrimidines at
10 min with ice-cold 5% trichloroacetic acid containing positions 4 and 68 in the acceptor stem, as well as guanines
1 mM lysine and washed once with 95% ethanol to remove at positions 51 and 59, and cytosine at position 63 in the
free [1“Cllysine. Filters were dried, and the amount of radio- TyC stem-loop domain. The aim of this study was also to
labeled aminoacyl-tRNA was measured by liquid scintillation address the problem of accuracy of tRNA aminoacylation

counting.

For the determination d../Kn, values, the RNA substrate
concentrations ranged from 10 to 88M for minihelix
substrates and from 0.1 tqiM for chimeric tRNAs. Amino-
acylation reactions were performed for-180 min. When
the initial rates of tRNA charging increased linearly with an
increasing tRNA concentration (to §BV), indicating that

by eukaryotic aminoacyl-tRNA synthetases in a cellular
context. Therefore, to analyze in vitro the specificity of the
aminoacylation of RNA minisubstrates by LysRS, we chose
a series of RNA minihelices derived from naturally occurring
tRNAs from mammals and yeast. Indeed, we previously
observed that hamster LysRS can be overproduced in hamster
or human cells without impairing either the viability or the

this concentration is much lower than the Michaelis constant growth rate of the cells (ret0 and unpublished results).
Km for the tRNA, accurate values for the kinetic parameters Moreover, the mammalian enzyme is able to functionally
could not be obtained. The slope of the linear plot of the replace a null allele of the yeast KRS1 gerid)( These
initial rate versus tRNA concentration gave a good approxi- results suggested that tRNA aminoacylation by LysRS is

mation of the catalytic efficiencykfa/Knm).
Data for aminoacylation of minihelices are the result of

highly specific, even if the mammalian enzyme possesses
an N-terminally appended, nonspecific tRNA-binding do-

at least three independent determinations. Standard errorgnain.

were in the range of 2030% of the values.

Analysis of Aminoacylated Substrates by Adiffea
Polyacrylamide Gel Electrophoresiéfter being incubated

Minihelices Ace™9, AccVe!, and AcésP have a limited
set of modifications as compared with AB€, as far as
conserved residues are concerned. The conserved pyrimidine
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Eukaryotic consensus Acc"'® Acc,*™ Acc,®"
58 58 58
EBY = 68 72 GU 63 73 Au e 73
ChELN Y GGGCl A cccaucydeedycccAa A CUCGGUGGAAICcucCA
R R IO A R G N el e I Ol i e o A LI O O I |
[n nnnnfggE C GGGUGGACCCCG C GAGccaccUUGe
@ 51 497 1 uu 51 43 1 uu 51 1
Human Accs"’® u Acc M= AccMet
59 59 59
GU &3 73 c 83 73 IEA 63 73
|
A CCCUGUUCGGGCGCCA A~ CUCACAC[GGGGCACCA A cclgacedddgcuacca
A | T T T T T I I O A G Trrer e 1 G R
C GGGACAGGCCCG C GAGUGUGCUCCG ¢ cgducacclgcge
uu 51 48 uu 51 49 1 UA 51 1
. As
A Acc Acc,*®
58 58
EU 63 73 u e3 73
A ccccaucdceGeaeca A cclUeccugelcuccecca
A {1 e e I P o o] R ot | G LI O N T O O I T |
C GGGGCAGUGCCG ¢ GoAcccAaccldee
uu st 1 Uu 5 1

Ficure 1: Nucleotide sequences of acceptdPT stem-loop minihelices (Acc) derived from the different tRNAs used in this study. (A)
Nucleotides that are conserved in eukaryotic tRNAmore than 95% of the occurrences) are indicated with black boxes (shaded boxes for
invariant residues). The structure of the accept®CI'stem-loop region of human tRN4Ys is shown. Nucleotides that are conserved in
eukaryotic tRNAYs are shown with bold letters. Arrows indicate substitutions introduced into the"A&&U72 mutant. (B) Nucleotide
sequences of the acceptdPT stem-loop minihelices derived from beef tRNA9, rabbit elongator tRNA®L and yeast tRNASP. Nucleotide
positions that differ from the consensus sequence ofYAace boxed. (C) Nucleotide sequences of the accepta Stem-loop minihelices
derived from human tRN£&", yeast initiator tRNAet, and human tRNA9. To improve the efficiency of in vitro transcription, the
U1A72 pair of yeast Act? and the Al nucleotide of yeast Atet were replaced with the G1C72 pair and the G1 nucleotide, respectively.

at position 68 is replaced whita G in thethree minihelices.
Acc et and AcésP also introduce a G59U mutation into the
TWC loop. C72U and G69C mutations are also introduced
into Acc* and AcésP, respectively. These three RNA
minihelices were synthesized by in vitro transcription and

among tRNAYs sequences. This GH5163 base pair may
correspond to a minor identity element of tRNA
Because all the constructs used above conthan& at
position 1 to improve the efficiency of the in vitro transcrip-
tion reaction, we also constructed a mutant of Atowith

were tested in aminoacylation assays with LysRS (Figure a G1:C72 to A1U72 change. This mutation had an only

2A). Surprisingly, Acés® was aminoacylated as efficiently
as Acg™s. Moreover, the initial rates of aminoacylation of
Acc®t and Ace”™? by LysRS were 3- and 6-fold higher
than that of Acg™s, respectively. This resulted in 6.5- and
8.9-fold increases in the catalytic efficiencle4/Km) for
aminoacylation of Acg'®t and Acg”'9, respectively, com-
pared with that of Acg¥s (Table 1). Thus, conserved nucleo-
tides at positions 59, 68, 69, and 72 of tRN#are not crucial
for aminoacylation of minihelices. Itis not clear why At
and Ace”'9 were better substrates than A¢e It may be
noticed that these two minihelices comta G atposition
49, a nucleotide that is present in more than 60% of the
tRNAYS sequences, ia C in tRNAZYS,

A second set of RNA minihelices introduced a large num-
ber of modifications within the acceptor arm of tRj&:
seven conserved residues were exchanged in®Aceight
in Acc,A'9, and nine in Acg®. As shown in Figure 2B, these
three constructs were efficiently aminoacylated by LysRS,
with akeafKm similar to (Acg®™) or only 6.6-fold lower than
(Acc™9) that of AcgWs (Table 1). The later substrate
(Acc,A9) contains an A51J63 base pair within the PC
stem, instead of a ® base pair which is highly conserved

limited effect on the aminoacylation efficiency of AE¢
(Figure 2C and Table 1). Collectively, all the permutations
that were tested (Figure 2) suggested that native mammalian
LysRS does not strongly distinguish tRNAs according to
nucleotides from the acceptoMPIC stem-loop domain of
tRNA.

Because the yield of'{C]lysine incorporation was very
low compared with that of a standard tRNAaminoacyla-
tion assay, we wanted to ascertain that lysyladenylates
synthesized by LysRS effectively reacted with theBd of
cognate or noncognate Acc minihelices. Indeed, it has been
reported in bacterial 22) and yeast Z3) systems that
adenylates poorly bound to the enzyme may diffuse outside
the catalytic center of the synthetase and therefore may react
with nucleophilic amino acid residues of the protein. First,
in the absence of a RNA minihelix in the Acc aminoacylation
reaction, no radioactivity was recovered in the TCA-
precipitable fraction (Figure 2C). Therefore*¢]lysine
recovery was dependent on the presence of RNA. Second,
the reaction mixture was treatedrfth h at 37°C in 1 M
Tris-HCI (pH 8.0) before TCA precipitation, a condition
designated to hydrolyze the ester bond formed between the
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25

LA . Table 1: Kinetic Constants for Lysylation of RNA Substrates by
[ A
LysRS
A

Arg

initial rate of aminoacylation

20 [ Accz kealK
al m
Acc Mt ] RNA substrate min~t relative (s uM™)

beef AcgA™ (45+1.2)x 108 577 7.1x10°®
rabbit AcgMet (25+0.5)x 108 3.20 5.2x10°®
yeast Acésp (9.7+25)x 10* 124 9.1x 107
[ | human Acg® (9.0£2.2)x 104 1.15 5.1x 1077
10 4 human Accs (7.8+2.0)x 10* 1.0 8.0x 1077
- 1 yeast Acg'et (7.5+£22)x 10 0.96 nd

human Acg¥sA1U72 (4.0+0.8)x 10 0.51 4.2x107
L Acc human Acg''? (3.7£0.9)x 10 0.47 1.2x 107
5 | 3 human tRNALs (1.65+ 0.15)x 1 2.1x 10 2.07

A
Acc P

15- A (m] _-

Lys

Lysyl-Acc formed (pmol)

aValues for tRNAYS were determined previousiyl2).

Accy Y*A1U72

ACC Mef
tRNA,Y*

e
<
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Lys
Accy
ACCiMe'I‘
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{
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Lysyl-Acc formed (pmol)
a

[ /‘ ] Ficure 3: Control of aminoacylation of minihelices by acidrea
g [ 1 polyacrylamide gel electrophoresis. Aminoacylation of minihelices
[ C 1 was conducted as described in Materials and Methods. Fractions
[ ] of [*C]lysine-labeled RNA minihelices or tRNy%s (containing
sk Acc ® o approximately 5000 cpm) were subjected to aaidea polyacryl-
! 3 amide gel electrophoresis and visualized by fluorography.

4 | L ] close to that of human Ages (7-fold lower for Acg”™ to

[ ] 9-fold higher for Acg”9).

We showed previously that the N-terminally appended
] tRNA-interacting factor of LysRS interacts with the amino
[ o ° ] acid acceptor stem of tRN&S and that its removal results
2 F O ] in the inability of the truncated enzyme to aminoacylate a
[ o ] minihelix mimicking the tRNAYS acceptor armi2). Simi-
[ - ] larly, the initial rate of aminoacylation of A¢¥¢t, a non-
e without RNA 7] cognate minihelix, by the N-terminally truncated LysRS was

[ ° ] decreased more than 4-fold as compared with that of the
Y e TR TR T full-length enzyme and thus was barely detectable (data not
0 10 20 30 40 50 60 shown). Thus, additional contacts provided by the N-terminal
extension of the native enzyme largely contribute to the
Ficure 2: Time course of aminoacylation of RNA minihelices by aminoacylaﬂon O.f t.he nonco'gnate mipihelices. Nevertheless,
LysRS. The reactions were conducted at’€5with the indicated efficiencies of mlnlhellx aminoacylation were alwaysb
RNA substrates (5:M) and 2.54M LysRS as described in  Orders of magnitude lower than those of tRIA

Lysyl-Acc formed (pmol)
w
>
O
wn
>
C
~

Time (min)

Materials and Methods. Lysylation of Noncognate tRNAs by LysHS test if the
lack of specificity of aminoacylation of RNA minihelices
carboxylic group of the amino acid and thét8rminal by native eukaryotic LysRS is also observed for aminoacyla-

hydroxyl group of tRNA. This chemical deacylation treat- tion of complete tRNA molecules, we determined whether
ment resulted in a complete loss dfQ]lysine recovery. yeast tRNASP and tRNAVet are efficient substrates for native
Finally, aminoacylation of RNA minihelices was directly LysRS. These two tRNAs were selected because (i) their
visualized by acie-urea gel electrophoresis (Figure 3). Thus, corresponding minihelices were good substrates as compared
the eukaryotic native LysRS species does aminoacylate RNAwith Accs™s (Table 1) and (ii) yeast tRN&P possesses a
minihelices without specificity of sequence. The acceptor uridine at position 35 in the anticodon and tRN#&a uridine
minihelices from the natural tRNAs that were tested (Table at position 36, which are present in the tRN# anticodon.

1) can be aminoacylated by LysRS with catalytic efficiencies Because the three nucleotides of the anticodon of tRNA
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20 T T . T T T T tRNAMet could stimulate lysylation of these noncognate
T tRNAs. tRNAMeU and tRNASPU are mutants of yeast
tRNAMet and tRNAP carrying the UUU anticodon (Figure
5). These chimeric tRNAs exhibited 22000- and 6800-fold
increases in the catalytic efficiency for lysylation compared
with that of wild-type tRNAs, respectively, for tRN4U
and tRNASPU (Table 2). Thek../Km values of the mutants
10l i were only~50-fold reduced compared with that of tRi
(as compared with an-10°-fold reduction for wild-type
tRNAAP and tRNAMeY). Thus, addition of the anticodon
] sequence of tRN4AYS alone leads to a strong increase in the
5+ ] aminoacylation efficiency by LysRS as compared with
T acceptor minihelices or wild-type tRN¥# and tRNAMet,

We next determined whether the replacement of the com-
plete anticodon D stemloop structure of tRNASP with the
corresponding tRN4Ys domain could further improve the
aminoacylation efficiency of tRN&P as compared with that

Time (min) of tRNAAPU (Figure 5). The ability of tRNASPK, containing
FicURe 4: Time course of aminoacylation of noncognate tRNAs the anticodon D stemloop structure of tRNAYS, to be

by eukaryotic LysRS. Aminoacylation of yeast tRRKA (B and aminoacylated by LysRS was comparable with that of

0) and yeast tRNA't (@ and O) was conducted at 25C, with Asp) ; i _ ; i
50 uM tRNA substrates and 2,4M LysRS @ and®) or LysRS- IRNAU (with an only slight 2-fold increase ika/Km),

15 N,

Lysine-tRNA formed (pmol)

0 10 20 30 40 50 60 70 80

AN (@ andO). suggesting that the UUU anticodon alone is necessary to
confer on tRNASP a much higher level of aminoacylation
Table 2: Kinetic Constants for Lysylation of Wild-Typand by LysRS.
Hybrid tRNA Substrates by LysRS and LysR® Because none of the conserved residues of the acceptor
LysRS LysRSAN arm is essential for aminoacylation of ABE by native
kalKm  relative KeadKn relative LysRS (Table 1) and because the UUU anticodon of
tRNA STuM™Y  kealKm  (STuMY)  KealKim tRNA3YS is sufficient to confer on tRNAP an aminoacyla-
human tRNAYS  2.07 100 067 100 tion efficiency comparab!e to tha@ of tRMNZK, we con-
yeast tRNAYe  1.9x 10  0.00009 3.8< 1077 0.00006 cluded that the anticodon is the major and potent discriminant
yeast tRNAS®  4.7x10° 0.0002 1.18 10°®  0.0002 of tRNA3YS identity in the mammalian lysylation system,
yeast tRNAU® 0.042 2 0.036 5.4 despite the presence of the nonspecific tIF appended to
yeast tRNASPUP  0.032 15 0.025 3.7 . . - .
yeast tRNASKS  0.061 29 0.036 54 E;Jl:s:\yllztlc LysRS that interacts with the acceptor domain
a Lys H i b Met] )
and\ﬁ‘z'&i?siﬂ t;g‘ Aéhyirxﬁﬁ ?Rem'ﬂi“fﬁdp[ﬁﬂ%‘fp'%ﬁ;t ;ESS’ZSS the However, these chimeric tRNAs still exhibit a significantly
UUU anticodon of tRNA"s, respectively tRNAASPK is a chimeric lower catalytic efficiency than tRNAYS. One possible expla-
tRNA”SP that possesses a tRNA anticodon D sterloop domain. nation could be that the chimeric tRNA molecules do not

fold into ternary structures identical to a genuine tRNA
and thus cannot be aminoacylated as efficiently as tRRNA
An alternative possibility would be that, in the presence of a
cognate anticodon, LysRS does display some extent of speci-
ficity toward the tRNA acceptor domain. To test for the
involvement of the tIF domain in acceptor domain discrimi-
tnation, we also measured the catalytic efficiency of LysRS-
AN toward tRNAMeU, tRNAAPU, and tRNA'SPK (Table 2).
The keofKnm values of the mutants were onty20-fold re-
duced compared with that of tRNAS, as compared with
an ~50-fold reduction when full-length LysRS was used.
Thus, the contribution of the tIF domain to the tRNA discrim-
ination problem appears to be only minor.

are strong identity elements in lysine-specific aminoacylation
in prokaryotes and eukaryotesy( 20, 21), we surmised that

these two tRNAs might be less efficiently distinguished by
native LysRS. Aminoacylation of these tRNAs was con-

tRNA”P and tRNAVet could be aminoacylated by LysRS
(Figure 4), but their initial rates of aminoacylation fell in
the range of those observed for aminoacylation of RNA
minihelices. The removal of the N-terminal tIF of LysRS
had a significant effect on the aminoacylation efficiency of
tRNAAP and tRNAMet with decreases of-4—7-fold (Fig-
ure 4). These two tRNAs exhibited a (6:4.1 x 1(f)-fold
reduction in the catalytic efficiency for lysylation compared pscuUssioN
with tRNA3Ys (Table 2). Therefore, addition of the anticodon
D loop domain of tRNA to Act*? or AcgMe did not improve Identity Determinants of Mammalian tRNA As com-
the aminoacylation capacity of either. This result suggested pared with the prokaryotic enzyme, mammalian LysRS dis-
that no additional productive contact is formed between the plays an additional N-terminal domain that binds the acceptor
anticodon D stemtloop domains of these tRNAs and LysRS, TWC stem-loop structure of tRNA 12). The eukaryote-
as compared with the acceptor minihelices alone, which specific appended domain contributes a tRNA-interacting
resulted in their efficient discrimination. factor that triggers the formation of a stable RNprotein
Addition of an UUU Anticodon to tRN¥P and tRNAVet complex. The native enzyme binds tRBH and a RNA
Improves Their Lysylability We investigated whether the  minihelix mimicking its acceptor arm witKy values of 75
addition of the UUU anticodon of tRNA'S to tRNAASP or and 500 nM, respectively, that differ by less than 1 order of
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yeast tRNA"® human yeast tRNA*P
(A1G) tRNA;"S (U1G:A72C)
A A A
(o3 C Cc
C C C
A G G
Ge U G-C G- C
G-C C-G C-G
C-G C-G C-G
G- C C-G G- C
C-G G- C U, G
C-G Gs U G- C
G-C AA A-U UG A-U uu
GA GU GAGCC A
U CGCG LI I | G
G 1 CUCGG C
G GCcGC C AU
AA G U
C-GA G
A-U U
G-C
G-C
G-C
(o] A
V) A
call
tRNAMEU &/ tRNAAPY

tRNAASPK

am Quw)

FicURE 5: Sequence and cloverleaf structure of human tB¥4nd of chimeric yeast tRNMet and tRNA'SP, Nucleotides that are conserved
with tRNAsLYs are indicated in bold letters. Nucleotides conserved with the anticodon of #RN¥e boxed in black. The UUU anticodon
of tRNAZYs was introduced into tRNA®t and tRNASP to give tRNAMeU and tRNASPU, respectively. tRNASPK was constructed by
insertion of the anticodon D stentoop domain of tRNAYS into tRNAASP,

magnitude 13). The removal of the appended domain did mammalian LysRS, with the contribution of its N-terminal
not induce a significant perturbation of the catalytic site of tIF domain, binds noncognate tRNAs as strongly as tRNA
the enzyme, as deduced from the catalytic parameters mea{12), efficient esterification of lysine to thé-&nd of a tRNA
sured in the lysine activation reactiof3j. However, the molecule is only achieved with tRNAs that present the
capacity of the N-terminally truncated mammalian LysRS cognate anticodon. We showed previously that eukaryotic
to bind and to aminoacylate tRN)& or Accs was signifi- LysRS is able to aminoacylate a RNA minihelix. However,
cantly weakened1@). In this study, we showed that LysRS the k.o/Kn value for aminoacylation of A¢¢s is decreased
aminoacylates a series of minihelices mimicking the acceptor more than 16fold relative to theke.a/Km, for tRNAzYS. This
TWC stem-loop domain of several noncognate tRNAs. The reduction essentially resulted from a large decreadeain
best of these substrates (At®) is aminoacylated with an  (65000-fold reduction irk.s, as compared with a modest
efficiency 60-fold higher than that of Agt9 (Table 1), 40-fold increase irKy,) (12), which suggested that a poor
suggesting that some identity determinants, nucleotide G49enzyme-transition state complementarity is obtained with
and the G5iC63 base pair, are located in the acceptor a minihelix substrate. In the study presented here, we also
domain of tRNA. However, because all minihelices that were show that LysRS aminoacylates minihelix substrates without
tested were very poor substrates, these nucleotides could havepecificity of sequence and with efficiencies comparable to
only a role of a minor identity element. that of Acd»s.

The two nucleotides, U35 and U36, from the anticodon  Binding of the anticodon domain of tRNA is not sufficient
of tRNAzYS have been shown to be major identity determi- to stimulate charging of an acceptor minihelix by LysRS3, (
nants (6). Accordingly, when the UUU anticodon was 16), and efficient aminoacylation requires covalent continuity
transferred to yeast tRNA or tRNAMe!, each became a  between the two domains of the tRNA moleculis)
good substrate of LysRS even if the aminoacylation efficien- However, as shown here with chimeric tRNAs, binding of a
cies remained 50-fold lower than that of tRj% (Table UUU anticodon to the anticodon binding domain of the

2). The transfer of the complete anticodon D stdoop synthetase is not sufficient to confer a full aminoacylation
structure of tRNAYS into yeast tRNASP did not further capacity on a tRNA. The geometries of the tRNA molecule
improve the efficiency of the chimeric molecule. or nucleotide elements located outside the anticodon are also

Role of the tRNA Molecule in Promoting Aminoacylation required for optimal catalysis. Thus, a specific anticodon
Noteworthy is the fact that binding of a tRNA molecule or synthetase interaction seems to be important for the improve-
of a minihelix mimicking the acceptor domain is not suffi- ment of the enzymetransition state complementarity in the
cient to warrant its aminoacylation. Indeed, even though aminoacylation reaction.
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