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ABSTRACT

In this work, we probe the role of the anticodon in
tRNA recognition by human lysyl-tRNA synthetase
(hLysRS). Large decreases in aminoacylation effi-
ciency are observed upon mutagenesis of anticodon
positions U35 and U36 of human tRNA Ls3. A mini-
helix derived from the acceptor-T WC stem-loop
domain of human tRNA bs3 was not specifically
aminoacylated by the human enzyme. The presence
of an anticodon-derived stem —loop failed to stimulate
aminoacylation of the minihelix. Thus, covalent
continuity between the acceptor stem and anticodon
domains appears to be an important requirement for
efficient charging by hLysRS. To further examine the
mechanism of communication between the critical
anticodon recognition elements and the catalytic
site, a two piece semi-synthetic tRNA 3 construct
was used. The wild-type semi-synthetic tRNA
contained a break in the phosphodiester backbone in
the D loop and was an efficient substrate for hLysRS.

In contrast, a truncated variant that lacked nucle-
otides 8 —17 in the D stem—loop displayed severely
reduced catalytic efficiency. The elimination of key
tRNA tertiary structural elements has little effect on
anticodon-dependent substrate binding but severely
impacts formation of the proper transition state for
catalysis. Taken together, our studies provide new
insights into human tRNA structural requirements
for effective transmission of the anticodon recogni-
tion signal to the distal acceptor stem domain.

INTRODUCTION

primarily within the acceptor stem and anticodon domains (1).
These two domains are located at opposite ends of the L-
shaped tRNA tertiary structure (2). Precisely how communica-
tion between the critical anticodon recognition elements and
the catalytic site located ~76 A away occurs is in general an
open question for the synthetases, and undoubtedly involves a
complex set of protein—RNA interactions outside the primary
recognition sites (1).

Based on both primary sequence and structural data the
aminoacyl-tRNA synthetases have been divided into two
major classes each containing 10 members (3). The two classes
of synthetases have been further organized into distinct
subclasses. Class Il aminoacyl-tRNA synthetases are charac-
terized by a highly degenerate set of sequence elements known
as motifs 1, 2 and 3. The enzymes that belong to subclass llb
(asparaginyl-, aspartyl- and lysyl-tRNA synthetases) are
further distinguished by an N-terminal oligonucleotide-
binding (OB) fold that recognizes anticodons with uridine at
the second position (U35) (4). The specific molecular interac-
tions between this N-terminal domain and the anticodon have
been characterized using biochemical and structural methods
for yeast aspartyl-tRNA synthetase (AspRS) (5-7) and both
Escherichia coli and Thermus thermophiluslysyl-tRNA
synthetases (LysRS) (8-10). Moreover, in the casg&.obli
LysRS, mutagenesis of anticodon nucleotides 35 and 36
resulted in=100-fold decrease im vitro aminoacylation effi-
ciency, whereas mutagenesis of U34 to G had a less dramatic
effect (17-fold) on activity (11).

In the case of yeast AspRS, in addition to the anticodon, the
acceptor stem contains important recognition elements that are
known to make specific contacts with the enzyme (5,7). In
particular, mutations at the so-called ‘discriminator’ base
located at position 73 result in decreasesnirvitro catalytic
efficiency that are similar in magnitude to those observed upon
anticodon mutagenesis (6). In this system, a minihelix derived
from the acceptor stem domain is a substrate for aminoacyla-

The relationship between aminoacyl-tRNA synthetases antion, albeit with &, that is reduced ~9000-fold relative to full-
tRNAs establishes the genetic code whereby specific aminiength tRNA'P (12). Attempts to further stimulate miniheti®
acids are esterified to cognate anticodon-bearing tRNAs duringminoacylation by addition of a separate anticodon stem-loop
translation. All tRNAs have similar secondary and tertiarywere unsuccessful (12). Thus, in this subclass IIb yeast system,
structures. Synthetase interaction with the cognate tRNA isovalent attachment of the anticodon domain to the acceptor
based on the presence of identity elements within the tRNAlomain appears to be a requirement for effective communica-
that allow for specific binding and catalysis (1). Both thetion between these two key sites.

bacterial and yeast recognition systems have been extensivelyin contrast to the yeast ASpRS system, previous investiga-
studied. In general, tRNA identity elements are containedions of another subclass IIb synthetase, namely human LysRS
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(hLysRS), showed that it is relatively insensitive to the identityunmodified tRNAYS:3 concentrations of 0.25-8M. Concen-
of the discriminator base (13). Based on our knowledge ofrations of the inhibitors tested were as follows: QH8 3'-
tRNA recognition by subclass Ilb synthetases and bacteriaixidized tRNAYs3, 0-60 uM U35G tRNAWSS3, 0—100 uM
LysRS in particular, we hypothesized that the anticodon nucleminihelix¥s3 0-20uM UUU anticodon stem—loop; 0—1QM
otides U35 and U36 would be critical for hLysRS recognition.U35G anticodon stem—loop. Dixon plots were produced and
Moreover, all residues observed to interact with the centratheK; values were determined from replots of the slopes versus
U35 base of the anticodon in the known crystal structure ofl/[tRNA] (15).
T.thermophiludysRS complexed with tRNs are conserved ~ T7 RNA polymerase was purified according to Grodberg
in the human enzyme (9,13). In the present study, we confirrand Dunn (16) fronk.coli strain BL-21/pAR 1219, which was
the importance of the anticodon elements and investigate thegift from Dr F. William Studier.
mechanism of anticodon-dependent aminoacylation by
human synthetase for the first time. In particular, we elucidat
tRNA structural requirements for effective communicationUnmodified wild-type human tRNAS3 was prepared byn
between the critical anticodon nucleotides and the catalytigitro transcription fromFokl-linearized plasmid pLYSF119 as
site. previously described (13). Mutant tRNA3 variants as well as
minihelixys3 derived from the acceptortiC stem-loop
domain of tRNAYs3 were prepared by overlap extension PCR
mutagenesis (17) and verified by sequencing (18). The gene
for 3-59mer tRNAYS preceded by a TRNA polymerase
promoter was assembled by ligating together six deoxyoligo-
Two forms of hLysRS were used in this study. Plasmid pM13Inycleotides as previously described (19). This DNA insert was
encodes an N-terminal truncated form comprising amino acidgyen ligated intoEcaRI/BarrHI-digested pLYSF119. DEAE-
66-597 (hLysRRIN65) and was purified fronk.coli strain  grade human tRNAS was purchased from Bio S and T
PM131/PALASAUTR(DE3) that is also devoid oE.coli  (Montreal, Canada). Synthetic RNA oligonucleotides
LysRS activity (13). Although this variant lacks the N-terminal mimicking the human tRNAS2 anticodon stem—loop domain
65 amino acid residues it still contains residues that constitutgnd B-regions of the D loop and acceptor stems were prepared
the entire N-terminalf-barrel OB-fold domain. Plasmid by automated solid phase chemical synthesis on a Gene
pM368 encodes full-length hLysRS (amino acids 1-597) anthssembler Plus (Pharmacia) using the phosphoramidite
an additional N-terminal sequence that includes 3 tdi$ (6H-  method (20).
hLysRS) and was purified from protease-deficiBrtoli strain To determine concentrations of RNAs at 260 nm the
DE3. The proteins were purified as previously described (13)ollowing extinction coefficients were used-3mer, 6.8x 10¢
Enzyme concentrations were estimated by the Bradforg)-% 5-10mer, 8.8x 10* ML 5-14mer, 11.6x 10* ML 5'-
method using the Bio-Rad protein assay kit and bovine serurismer, 12.3x 10* M-% 5'-17mer, 13.6x 10* M-% anticodon
albumin as the standard (14). stem—loops (17mer), 136 10* M-L;, minihelixys3 (35mer),
Aminoacylation assays using hLysRS were conducted &6.0x 10* M-%, 3'-59mer, 42.5¢< 10* ML, full-length tRNAs,
30°C as previously reported (13). For wild-type human60.4x 10* M1,
tRNALS3 assays contained 12.5 nM LysRS and tRNA concen- ) ,
trations of 0.25-18uM. Mutant tRNAs were assayed using 'Native polyacrylamide gel electrophoresis
50nM LysRS and tRNA concentrations of 0.254M  Native gels consisted of a resolving gel containing 12% acryla-
(U36C), 1-12uM (U35C, U36G and U36A) and 10-28M  mide (29:1 acrylamide:bisacrylamide), 25 mM Tris, 0.12 mM
(U35A and U35G). Aminoacylation assays of native humarglycine (pH 7.8) and 10 mM MgGl The stacking gel
tRNALS (partially purified) were carried out using 1.75 nM contained 5% acrylamide (29:1 acrylamide:bisacrylamide),
LysRS and tRNA concentrations of 0.0125-0{#4. Native = 25 mM Tris, 0.12 mM glycine (pH 5.8) and 10 mM MgCl
tRNAYS concentrations were estimated by carrying outRNA samples were annealed using the protocols described
plateau-level charging of the tRNA. Two sets of assay condiabove and glycerol was added to 25% just before loading.
tions were used with the semi-synthetic tRNA construct. Whem\pproximately 7ug of annealed RNA was applied to each
the 17mer and 15met-Bligonucleotides were used, the assaydane. Gels were run at 30 mA for 24 h at room temperature and
were carried out as for wild-type human tRN&3. The trun-  stained with ethidium bromide for visualization.
cated semi-synthetic tRNA constructs prepared with'a 5
14mer, 10mer or 7mer were assayed atQ@sing 50 nM
LysRS. The semi-synthetic tRNAs were annealed by mixing §ESULTS
1.5-fold excess of the 'Sragment with the 359mer and We have previously shown that vitro transcripts of human
heating at 66C for 3 min. MgCl, was added to 10 mM and the tRNAUYS?2 are substrates for both the N-terminal truncated and
sample was incubated at room temperature for 5 min beforill-length forms of hLysRS. Both forms of hLysRS were able
placing on ice. The minihel3 aminoacylation reactions to efficiently aminoacylate both native and unmodifidoli
contained 0.125-1.25M human LysRS and minihel¢3  tRNADS indicating that the base modifications are not critical
concentrations varying from 8 to 2Q@M. For miniheliX¥s3  for cross-species aminoacylation (13). In the present study, we
stimulation attempts an RNA stem-loop mimicking theused partially purified native human tRNA in aminoacyla-
tRNAWS3 anticodon domain was added to the aminoacylatiotion assays to examine the effect of base modifications on
reactions at concentrations varying from 20 to 100. Inhibi-  cognate charging by hLysRS. The,/K, shows a 10-fold
tion assays were carried out using 2.5 nM hLysRS andlecrease for the unmodified transcript compared to the native

ibonucleic acids

MATERIALS AND METHODS

Protein purification and assays
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Table 1.Kinetic parameters determined framvitro aminoacylation of

é human tRNAYs3 variants using hLysR&N65
C
s Cf” tRNADS3variant k(s K, (UM) k. /K, (relative) Fold decrease
(L’(L, Wild-type 0.38 3.4 1
C-G U35A ND ND 0.0003 ~3000
C-G u35C 0.0079 7.8 0.0065 153
g:g o G U35G - - - >3000
U A
G UA_U(.} vuccc " U36A 0.0068 9.5 0.0055 182
U™~ A 12 A CAGGG u36eC 0.046 3.7 0.093 11
C cCUCG C U, C
P GAGCy U U U35G 0.012 16 0.0056 179
Gy A U-A GO
20 g'IGJ 2 Individual kinetic parameters were derived from Lineweaver—Burk plots and
G-C are the average of two or three determinations carried out 4t 80th an
AU average standard deviation £562%. ND indicates that the individual kinetic
A parameters could not be reliably determined because of thejglompared
A A (-182) to tRNA concentrations routinely used in the assay. No entry indicates there
C (-11) was no detectable activity.
G (-179) . . S
Aminoacylation of minihelixys3
A (-3300) Acceptor-TWC stem—loop-derived minihelices are substrates
C (-153) for many aminoacyl-tRNA synthetases despite the fact that
G (->3000) they lack the anticodon and D stem—loop domains (21). Even

in cases where the anticodon is a major recognition element,

Figure 1. Secondary structure of unmodified human tRMA used in this ~ Minihelices have been shown to be specifically aminoacylated.
study. The arrows point to individual mutations at positions 35 and 36 thaHowever, very few human synthetases have been tested for
were tested in this work. The numbers represent the fold decredgg/f,  minihelix aminoacylation to date. We prepared the minihelix
relative to the wild-type unmodified tRNA*. corresponding to the acceptoT stem-loop domain of

o o human tRNAYs3(Fig. 2) and tested it in aminoacylation assays
human tRNAY, indicating that the base modifications make ayith hLysRS. The minihelix was not detectably aminoacylated
modest contribution to recognition of human tRNAby  py the human enzyme even when high concentrations of RNA
hLysRS. (200uM) and hLysRS (1uM) were included in the assay. The
minihelix weakly inhibited aminoacylation of tRNX3 (data
not shown). Based on inhibition experiments we estimate that
Figure 1 shows the structure of unmodified human tRRA  the K, is >100 uM; however, due to the relatively weak
and the individual mutations at the last two positions of thepinding, it was only possible to determine a lower limit for the
anticodon that were prepared and tested using hLy&R65.  K; value. Thus, the lack of charging even at high minihelix
The results show that mutations at either of these two positionsoncentrations may, in part, be attributed to a lower binding
have a significant effect on aminoacylation efficiency, with affinity.
decreases of 150- to >3000-fold at position 35, and 11- to 180- We next determined whether the addition of an RNA stem—
fold at position 36. The most severe effect was observed updaop mimicking the anticodon domain of tRN®&3 (Fig. 2)
U35G substitution, which resulted in a complete loss ofcould stimulate miniheli%s3 aminoacylation. We first estab-
aminoacylation activity. In general, purine substitutions at bothished that the wild-type anticodon was a good inhibitor of
positions resulted in more severe decreases than pyrimidinRNALYS3 aminoacylation, with &; of 5 uM (Table 2), indi-
substitutions (Fig. 1 and Table 1). As shown in Table 1ating that binding to LysRS was similar to the full-length
whereas pyrimidine substitution had little effect &g, and tRNA. Moreover, the specificity of anticodon binding is main-
resulted in moderate decreaseskyp, purine substitutions tained in the context of the RNA stem—loop, since a U35G anti-
affected bottk , andK . Since no aminoacylation activity was codon stem-loop variant is a significantly weaker inhibitor
detected for the U35G variant, the effect of this substitution owith aK; of 33 uM (Table 2). Nevertheless, we were unable to
synthetase binding was examined by carrying out inhibitiorobserve any detectable minihelsé aminoacylation even
studies. As shown in Table 2, whereas #8riodate-oxidized upon addition of 10QuM anticodon stem-loop domain.
tRNALs3 variant is an excellent inhibitor of tRNS:3 amino- ] ] ) ]
acylation with &K; of 1.3pM, the U35G variant has an elevated AMinoacylation of semi-synthetic tRNAY>3

K; (42 uM). Thus, this variant is significantly defective in both Aminoacylation experiments with the miniheli%3 and anti-
binding and catalysis. codon stem—loops suggest that covalent continuity is required
Although the kinetic parameters reported in Table 1 werdor communication between the critical anticodon elements
determined using the N-terminal truncated form of hLysRSand the site of aminoacylation. To elucidate whether the entire
two of the mutant tRNA variants (U35G and U36G) weretRNA structure is required for the anticodon to trigger
tested with the full-length his-tagged enzyme and the resultaminoacylation of the acceptor stem domain, semi-synthetic
obtained were very similar (data not shown). tRNA constructs were prepared. The first semi-synthetic

Anticodon mutations
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namely the G15:C48 Levitt base pair (23). A more careful
kinetic analysis of this variant showed that the defect was due
to an ~2-fold reduction irk_ and a 3-fold elevation irK,
(Table 3). Finally, truncation to a’A0mer resulted in even
lower levels of activity, similar to the'57mer construct (Fig. 4).

Minihelix™¥ o , o _ _
Table 2. Inhibition constants determined froim vitro aminoacylation of

unmodified human tRNAs3 using 6H-hLysRS

Inhibitor K; (M)
tRNALS3 (3'-oxidized) 1.3
tRNALs3 (U35G) 42
Anticodon stem-loop (WT) 5
Anticodon stem—loop (U35G) 33

Anticodon
stem-loop . . . .

K; values are the average of two determinations and were derived from Dixon
plot analysis of the initial rate data (Materials and Methods). All assays were

carried out at 38C. The two trials differed by25%.

To determine if the Boligonucleotides were annealing to the
3'-59mer in the semi-synthetic constructs, migration of the
Figure 2. Structure of stem—loop domains derived from human tRRused annealed tRNA molecules on a native polyacrylamide ge| run
in this work. The anticodon stesioop domain (boxed) was chemically
synthesized while the acceptoT stem-oop minihelixys3 (shaded) was at roogr;gtemperatqre was compar_ed t.o that of the fu”_length
prepared byn vitro transcription. tRNA.y 3. The native gel shown in Figure 5 compares the
mobility of full-length tRNAYS2 (lane 1, arrow), the '359mer

alone (lane 2), and the five annealed semi-synthetic tRNA

construct tested contained a break in the sugar—phosphai@nstructs (lanes 3-7). The-39mer (lane 2) migrates as
backbone between nucleotides 17 and 18 of the D loop (Fig. 3§everal smeared bands, presumably due to conformational
A similar construct was shown to be active in faeoliPrors  flexibility, with the major band migrating significantly slower
system (22). Aminoacylation assays with hLysRS showed thdhan the full-length tRNA (lane 1). Each of the annealed semi-
this semi-synthetic tRN&s3 (3-59mer + 5-17mer) was Synthetic tRNAs (lanes 3-7) migrates as a single compact band
indeed an efficient substrate, wittg/K,, within a factor of 2 and to a similar distance as the full-length tRNA. These results
of the wild-type tRNA (Table 3 and Fig. 4). In contrast, tHe 3 suggest that the semi-synthetic constructs are properly
59mer alone (Fig. 3, top right), which contains the CCA 3 annealed and fold into a conformation that closely resembles
end, was not aminoacylated by the synthetase (Fig. 4). Ahat of the full-length tRNA molecule.
second semi-synthetic tRNA was prepared using only-a 5
7mer ollgom_er annealed to thg—BQmer (Fig. 3). This DISCUSSION
construct maintains covalent continuity between the acceptor
stem and anticodon domains but disrupts the tRNA tertiaryA previousin vitro study ofE.coli tRNAYS recognition found
core structure by deletion of nucleotides 8-17. This construdhatE.coli LysRS required the discriminator base and the anti-
was a very poor substrate for the synthetase wkh#, that  codon for efficient aminoacylation (11). Moreover, a 140-fold
was 2700-fold reduced relative to the intact tRNA (Table 3 andlifference in catalytic efficiency was observed between
Fig. 4). Comparison of the individual kinetic parameters showsinmodified and fully modifiedE.coli tRNAYS. Multiple align-
that the decreased efficiency of the truncated semi-synthetiments of 21 class Il LysRS sequences previously indicated that
construct is primarily due to a 6500-fold decreask.pwhile  the catalytic domain is one of the most highly conserved
the K, is 2-fold lower (Table 3). Upon introduction of the domains among synthetases (13). Nevertheless, in contrast to
U35G mutation into the'359mer fragment the aminoacylation the E.coli enzyme, our earliein vitro work with hLysRS
activity of both semi-synthetic tRNA constructs was elimi- showed it to be insensitive to the identity of the discriminator
nated (data not shown). Thus, despite maintenance of antdase (13). The fact that the human enzyme could efficiently
codon binding specificity, the truncated semi-syntheticaminoacylate both native and unmodifiectoli tRNAYS also
construct was severely defective in formation of the transitiorsuggested that this enzyme is relatively insensitive to base
state for catalysis. modifications. The human tRN#&-2isoacceptor is extensively

To more precisely determine the structural elements thanodified, containing 13 base modifications. In this work,
contribute to thek., defect in the truncated semi-synthetic using a crude preparation of native human tRNAwe
tRNA, three additional constructs were tested (Fig. 3). In albbserved only a 10-fold contribution of base modifications to
cases, a truncated-Bligomer was annealed to thé-329mer. aminoacylation catalytic efficiency of hLysRS. Thus, modified
When a 5-15mer was used, wild-type levels of aminoacylationbases are not essential for hLysRS recognition, but contribute
were observed (Fig. 4). In contrast, deletion of one more nuclenodestly to overall catalytic efficiency.
otide from the 3end (3-14mer) resulted in a significant In this study, we also probed anticodon recognition by
decrease in catalytic efficiency (Fig. 4). This semi-synthetichLysRS. It is well established that the subclass llb synthetases
tRNA lacks the capability to make a key tertiary contact,recognize the anticodon via an N-terminal OB-fold domain (4).
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Figure 3. Scheme showing preparation of semi-synthetic tRNAs. A chemically synthesizgiy@nucleotide (17mer, indicated in larger font and italics) is
annealed to am vitro transcribed 359mer fragment. The solid black line in the folded L-shaped representation indicates a break in the sugar—phosphate backbone
in the wild-type construct prepared with theE/mer. The truncated semi-synthetic variants are shown by numbered arrows indicating the length of each fragment

from the 3-end. The 57mer is also boxed. Dotted lines in the L-shaped representation indicate tertiary interactions and are based on the known structure of yea:s
tRNAPhe(2),

Table 3. Kinetic parameters determined framvitro aminoacylation of full-length and semi-synthetic
tRNAWs3 using 6H-hLysRS

tRNAWSvariant Temperatur€C) K, (S?) Ky (M) ke.ofKiy (relative)  Fold decrease

Wild-type 30 2.0 3.4 1
20 1.7 3.7 1
3'-59mer
+5-17mer 30 1.5 5.1 0.63 1.6
+ 5'-14mer 20 0.88 8.9 0.22 4.5
+ 5-7mer 20 0.00026 1.5 0.00037 2700

Individual kinetic parameters were derived from Lineweaver—Burk plots and are the average of two or
three determinations with an average standard deviatiarb0%. For the 359mer + 5-14mer or 5
7mer optimal activity in the aminoacylation assay was observed &€C.20he aminoacylation

efficiencies of these two constructs are thus reported relative to the wild-type (full-length)-YRENA
which was also assayed at this temperature.
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full-length \

17-mer

, .
359mer, ¥

alone T-mer

15-mer

Lysine (pmol)

7-mer
& 14-mer ) . ) . . )
1 10-mer Figure 5. Ethidium stained, native 12% polyacrylamide gel showing: full-

length tRNAYs3 (lane 1); 3-59mer alone (lane 2);&9mer + 5-17mer (lane
3); + 5-15mer (lane 4); + 514mer (lane 5); + 510mer (lane 6); + 57mer
Y (lane 7).

3'-59-mV

alone

[} 10 20 30 40 50 60 70 80

of the notion that covalent continuity is sufficient for at least
low levels of aminoacylation in the lysine system, yeast and
rabbit liver LysRS were reported to weakly aminoacylate a

Figure 4. Comparison of aminoacylation activity of full-length unmodified ot g _
tRNALs3 and semi-synthetic tRNA constructs. The semi-synthetic tRNAs areSUbStrate consisting 0f-&(U,) CCA-3 (29). In the case of the

indicated by the length of the-Bligonucleotide. The inset shows an expanded Y€ast enzyme, which di_splayed h_igher aCti\{ity than 'Fhe rabbit
view of the results obtained with the shorter constructs. All RNAs wereenzyme in these previous studies, theU3in the single-

assayed at fiM, with the exception of the’8&59mer alone, which was present stranded substrate may mimic N73 of the full-length yeast
at2uM. tRNALS and the 5region of the oligomer may mimic the
UUU anticodon. This result suggests that simply by main-

; - oo . taining covalent continuity between the two distal elements,
The N-terminal anticodon binding domain shows only : : . A :
moderate sequence conservation (8%) among the 21 LysR; e lysine anticodon trinucleotide is able to trigger acceptor

sequences previously examined (13). Our results show that thec™ aminoacylation.

effect of mutations at U36 of human tRNY¥A3 was similar to To probe this idea further, we ha_lve dissec_ted_ human
the decreases in aminoacylation observed irElelitRNALYS tRNADS?in more subtle ways and carried out a kinetic anal-

system (11). On the other hand, mutagenesis of U35 to G or é?hr'ﬁp?; if‘?ggtslgmge;%rteiu?n\;ﬁgasntga(rlilghossr?r?;te-rggg:ib?ghe
if:]atshae lérggﬁ ng:tcetrgn?gn:jn;[gcﬂgtﬁgjgt?:cg:mggns)éslémmia er C17 does not significantly affect aminoacylation catalytic

: A efficiency. However, when sequence elements in the D stem—
have been identified in the acceptor stem of human tRIA loop known to be involved in core tRNA tertiary interactions

. : V&L deleted, hLysRS catalytic efficiency is severely affected
greater anucodqn depgndence than the prokaryotic system.- despite the fact that the global tRNA-like fold is maintained
In the three-dimensional L-shaped tRNA structure, the siteriy 5) Most strikingly, the 2700-fold decrease in catalytic
of aminoacylation and the anticodon are ~76 A apart (2). Th fficiency observed with the 9mer + 5-7mer construct was
mechanistic details of how communication is achievedypirely due to a decreaselg, with binding actually slightly
between the anticodon and the amino acid attachment site &&roved relative to the full-length tRNA (Table 3). Thus, the
not well understood for most aminoacylation systems, and gnticodon domain of this semi-synthetic tRNA construct is
complex set of RNA—protein interactions are likely to bejikely to be properly bound to the synthetase. Specificity of the
involved. To gain some insights into this question, attempt$inding interaction is supported by the fact that a U35
have been made in some systems to stimulate charging of a@pstitution in the semi-synthetic construct abolishes activity.
acceptor stem-derived minihelix with the anticodon stem—loofrhe inhibition trends observed with stem—loops bearing UUU
domain. Most of this V\_/ork has been carried out using class 4nd UGU anticodon sequences also suggest that hLysRS is
synthetases fronE.coli or yeast (24-28). For two of the aple to specifically recognize the major (U35) recognition
systems studied.coli isoleucyl-tRNA synthetase and yeast element in the context of a simple RNA stem—loop (Table 2).
valyl-tRNA synthetase, small increases (2—3-fold) in minihelixThus, the primary effect of deleting key tertiary structural
aminoacylation were observed upon anticodon additioRlements is on the transition state of the aminoacylation reac-
(24,28). The yeast AspRS system is the only subclass llon. The similarity inK; values determined for both full-length
system where minihelix aminoacylation has been reportednd truncated U35G variants is in accord with the critical
(12). Although minihelixsP alone is aminoacylated by yeast nature of the interactions between the central anticodon base
AspRS, a stem-loop mimicking the anticodon of tRN¥was  and the N-terminal OB-fold (9).
not capable of stimulating the aminoacylation further (12). The presence of D stem elements and tRNA tertiary structure
In our experiments with the human lysine system, we findvas also shown to be important for aminoacylation by class |
that a minihelix derived from the accepto/T stem—loop of yeast methionyl-tRNA synthetase, although whether deletion
human tRNAYs3 is not charged and that the anticodon stem-of the D arm affected primarili., or K., was not reported in
loop fails to trigger miniheli¥s3 aminoacylation. These data this study (26). These researchers concluded that although
suggest that covalent continuity between these two keynost of the binding energy is localized in the anticodon region,
elements is required for aminoacylation by hLysRS. In supporprotein contacts with the D arm are required for optimal

Time (sec)



catalysis. In the case of another class | enzyEnegli glutaminyl-
tRNA synthetase, specific amino acids that interact with the
inside of the L-shaped tRNA have been identified. This is one
of the few systems where a high resolution co-crystal structure2.
of the synthetase complexed with tRNA is known (30).
Synthetase mutations at these interaction sites result in relaxed
anticodon recognition, thus providing a connection between,
the acceptor end and the anticodon domain (31).

Subclass llb yeast AspRS is one of two class Il enzymes fors.
which high a resolution X-ray structure in complex with the
tRNA has been reported (5). In this case, the acceptor ste
contains key recognition elements (of approximately equal
importance to the anticodon) and a minihelix is aminoacylated 7.
by yeast AspRS. The addition of a separate anticodon domain
was not able to stimulate catalysis, presumably due to missing®
RNA-protein contacts present in the intact L-shaped structure,
(12). Based on the co-crystal structure, enzyme contacts to

backbone functional groups of U11 and U12 in the D stem areo.

observed (7). However, mutations at a neighboring identity
element, the G10:U25 base pair, affect primarily &g (6),
and itis not clear whether these contacts are needed to commy,

lysine system studied here, we have shown that the anticodon

makes a much larger relative contribution to aminoacylationt#- bloc :
5. Segel,l.H. (1975Enzyme Kineticslohn Wiley & Sons, New York, NY.

6. Grodberg,J.D. and Dunn,J.J. (1988Bacteriol, 170, 1245-1253.
17.

catalytic efficiency than the acceptor stem. Based on thi
observation, it is not too surprising that minihétpé is not
aminoacylated by hLysRS. We show that effective communi-

cation of the anticodon binding energy to the active sitel8.

requires the presence of a relatively small number of key

tertiary structural elements. More specifically, the presence ot
an intact Levitt base pair (G15:C48) contributes 0.88 kcal/mobo

to the apparent free energy of transition state stabilization,

while nucleotides 8-14 in the D arm contribute an additional21-

4.6 kcal/mol.
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