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ABSTRACT

Although the anticodon is the primary element in
Escherichia coli tRNAVa for recognition by valyl-tRNA
synthetase (ValRS), nucleotides in the acceptor stem
and other parts of the tRNA modulate recognition.
Study of the steady state aminoacylation kinetics of
acceptor stem mutants of  E.coli tRNAVa demonstrates
that replacing any base pair in the acceptor helix with
another Watson—Crick base pair has little effect on
aminoacylation efficiency. The absence of essential
recognition nucleotides in the acceptor helix was
confirmed by converting  E.coli tRNAA®2 and yeast
tRNAPhe whose acceptor stem sequences differ
significantly from that of tRNA Va to efficient valine
acceptors. This transformation requires, in addition to

a valine anticodon, replacement of the G:U base pair in
the acceptor stem of these tRNAs. Mutational analysis

of tRNA V@ verifies that G:U base pairs in the acceptor
helix act as negative determinants of synthetase
recognition. Insertion of G:U in place of the conserved
U4:A69 in tRNAVal reduces the efficiency of amino-
acylation, due largely to an increase in  Ky,. A smaller but
significant decline in aminoacylation efficiency occurs
when G:U is located at position 3:70; lesser effects are
observed for G:U at other positions in the acceptor helix.
The negative effects of G:U base pairs are strongly
correlated with changes in helix structure in the vicinity

of position 4:69 as monitored by 19F NMR spectroscopy
of 5-fluorouracil-substituted tRNA Va. This suggests
that maintaining regular A-type RNA helix geometry in
the acceptor stem is important for proper recognition of
tRNAVal by valyl-tRNA synthetase. 19F NMR also shows
that formation of the tRNA ValvalyltRNA synthetase
complex does not disrupt the first base pair in the
acceptor stem, a result different from that reported for
the tRNA GIn_glutaminyl-tRNA synthetase complex.

INTRODUCTION

synthesis. Each synthetase must distinguish its cognate tRNA(S)
from structurally similar non-cognate tRNAs.vivoandin vitro
methods of functional analysis have been developed (reviewed in
1-3) to identify those nucleotides or structural features essential
for accurate tRNA recognition and aminoacylation (positive
determinants) and those that block recognition of non-cognate
tRNAs (negative determinants). Only a limited number of
nucleotides contribute to tRNA recognition. Their location in
tRNA varies and their distribution and relative contributions to
synthetase recognition differ from one tRNA to another. They
may be scattered throughout the tRNA molecule as in yeast
tRNAPPe(4) yeast tRNASP (5), Escherichia coltRNAP"e(6),
E.colitRNAAT (7) andE.colitRNASE(8), but are often localized

in the first few base pairs of the acceptor stem, e.g., ffaNg)

and tRNATS (10,11), or in the anticodon loogE(coli tRNAMeY)

(12) or both E.coli tRNASIN (13) and tRNAEY (14)].

Major recognition elements essential for correct aminoacylation
of E.coli tRNAYa by-valyltRNA synthetase (ValRS) are located in
the anticodon(2,15,16), but nucleotides in the acceptor stem and
in other parts of the tRNA (Liwet al, unpublished) may also
contribute to synthetase recognition. Computer assisted comparison
of E.coli and Salmonella typhimuriumtRNA sequenceg17)
indicated that one of the distinguishing characteristics of valine-
specific tRNAs is a conserved U4:A69 base pair in the acceptor
stem. 19 NMR studies of the interaction of ValRS with
5-fluorouracil-substituted tRNA! (18), and nuclease V1 foot-
printing experimentslE, Liu et al, unpublished), have shown that
valyl-tRNA synthetase either contacts the U4:A69 base pair
directly or induces structural changes in that region of the acceptor
stem.

To directly determine the contribution of nucleotides in the
acceptor stem d&.colitRNAYa! and in particular of the U4:A69
base pair, to recognition by ValRS, we have analyzed the steady
state aminoacylation kinetics of mutant tRRAranscripts by
purified ValRS. No positive synthetase recognition determinants
were found in the acceptor stem. Substituting Watson—Crick base
pairs for any base pair in the acceptor stem has little effect on
aminoacylation. However, a G:U wobble base pair at any of
several positions in the acceptor stem reduces catalytic efficiency.
19 NMR experiments with 5-fluorouracil-substituted tR&QIA

Correct aminoacylation of tRNAs by aminoacyl-tRNA synthetase§FUra]tRNAY2) suggest that maintaining regular A-type RNA
is crucial to maintaining the fidelity and efficiency of proteinhelix geometry in the acceptor stem is important for proper
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recognition of tRNA?! by ValRS. These results are supported byl0 mM KCI, 7 mM ATP, 1 mM DTT, 99uM [3H]valine
transferring identity elements of tRMA into the framework of (5 Ci/mmol) and 0.5-6.uM transfer RNA (determined by

E.colitRNAA and yeast tRNAE measuring valine acceptance at high ValRS concentration).
Reactions were initiated by addition of 1 nM ValRS, andill0
samples were removed at the indicated times, spotted on Whatman

MATERIALS AND METHODS 3MM paper, and processed as described by Bruce and Uhlenbeck

Transcription of tRNA (25). Results are averages of at least three experiments. The

estimated error of the measuremente2i8%.
Escherichia coltRNAYa was transcribeh vitro (19) from the
recombinant phagemid, pVAL119-21, which contains the wild4g
type E.coli tRNAYA gene linked directly to an upstream T7
promoter (9). Methods similar to those described for tRRA  For NMR spectroscopy, tRNA samples were dissolved in a
(19,20) were used to construct a phagemid containing the gene f@jinimum volume of standard buffer (50 mM sodium cacodylate,
E.coli tRNAA2 (UGC); a plasmid with the yeast tRNgene  pH 6.0, 15 mM MgGl, 100 mM NaCl and 1 mM EDTA), and then
(21) was the gift of Dr O.C.Uhlenbeck (University of Colorado).djalyzed against two changes of the same buffer. The sample volume
Mutations were introduced into the cloned tRNA genes bwas then adjusted to 0.405 ml, and 10% (vAQ Was added as an
site-directed mutagenesi&) using mutagenic oligonucleotides internal lock signalt% NMR spectra were collected at°8on a
synthesized by the Nucleic Acids Facility at lowa Stateyarian Unity 500 FT NMR spectrometer at 470 MHz by using 16K
University. Mutants were selected by dideoxy DNA sequencgata points, with no relaxation delay and a pulse angle optimizing
analysis £3). Transcription was catalyzed by T7 RNA polymerasehe Ernst condition6). 19 chemical shifts are reported downfield

(24) in the presence of 4 mM of each nucleosidishosphate  from free 5-fluorouracil dissolved in standard buffer.
[FUTP replaced UTP for synthesis of (FUra)tRRPand 16 mM

GMP, to produce tRNA with a%erminal monophosphaté ).

AMP replaced GMP in transcription of the tR¥\ariant having RESULTS

a S-terminal adenylate; yields of this transcript are low, but . . .
sufficient quantities were obtained for aminoacylation assays. TRYSENCe Of synthetase recognition determinants in the
transcripts were purified by HPLC as described earlié). ( acceptor helix ofE.coli tRNA

Nucleoside triphosphates (ATP, CTP, GTP and UTP) werg many tRNAs, synthetase recognition determinants are located
products of the United States Biochemical Corporation (Clevelang, e acceptor stemi{3). It has been suggestet] that the

O.H); 5—f!uorouridine triphosphate was synthesized by_ Sierrgonserved U4:A69 base pair found in bacterial t\and, to a
Biochemicals (Tucson, AZ). Transfer RNA was quantified bYesser extent the G3:C70 base pair, serve as minor determinants for
s%elcg/trophotometnc measurements at 260 nm, assuming a valu§QRs recognition. Our studies of the steady state aminoacylation
B> 260 = 24. kinetics of acceptor stem mutantsiofvitro transcribedt.coli
tRNAVal show that replacing the conserved U4:A69 with any other
Aminoacylation kinetics Watson—Crick base pair yields tRMvariants that are almost as
active as wild-type tRNY&! (Table1). The somewhat low activity
Initial rates of aminoacylation witlE.coli ValRS, purified to of the G4:C69 mutant, relatidea{Ky = 0.31, may be due to
homogeneity 18), were measured at 3Z, in 60 pl reaction rigidity of the acceptor stem as a result of the five consecutive G:C
mixtures containing 100 mM HEPES, pH 7.5, 15 mM MgCl base pairs in this mutant tRMN#A

F NMR spectroscopy

Table 1. Aminoacylation kinetics of acceptor stem variant&afoli tRNAV!

tRNA Km Keat kealKm Relative
(L) (sech kealKm
Wild-type tRNAYA! 14 9.0 6.4 (1.0)
G1.C72 - Al1:U72 16 9.4 5.9 0.91
- A1*C72 15 8.3 55 0.86
G2:.C71 - C2:G71 1.7 7.7 4.6 0.71
- U2:A71 16 9.0 5.6 0.87
G3:.C70 - A3:U70 15 8.3 55 0.86
- C3:G70 14 7.2 51 0.80
U4:A69 - A4:U69 1.6 8.8 55 0.86
- C4:G69 14 7.7 55 0.86
- G4:C69 6.2 12.2 2.0 0.31
AB:U67 - G6:C67 2.3 10.3 4.5 0.69

U7:A66 - C7:G66 1.6 6.8 4.3 0.67
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Table 2. Aminoacylation ofE.coli tRNAA2 and tRNAhevariants with valine

tRNA Km Keat kealKm Relative
(M) (sech kcalKm
Wild-Type tRNARI(UAC) 1.4 9.0 6.4 (1.0)
Escherichia colitRNAAR
tRNAAIR(UGC)G3:U70 (wild-type) No detectable aminoacylafion
tRNAAIR(UGC)G3:C70 46.7 0.49 0.01 0.0016
tRNAAIR(UGC)A3:U70 - - 0.0043 0.00067
tRNAAIR(UAC) 1.1 0.31 0.51 0.079
tRNAAIR(UAC)G3:C70 0.80 4.3 5.4 0.84
tRNAAIR(UAC)A3:U70 0.73 5.0 6.9 1.07
Yeast tRNAPhe
tRNAPN{GAA)G4:U69 (wild-type) - - 7.x 105 1.1x 105
tRNAPN{GAA)A4:U69 - - 2.3x 104 3.6x10°
tRNAPhGAC)G4:U69 3.3 3.1 0.93 0.14
tRNAPhQGAC)A4:U69 2.1 7.6 3.6 0.56

8 ess than 0.02 pmol valine per pmol tRNA.

Substitution for other base pairs in the acceptor helix also has littiéwild-type tRNA@! (Table2) despite the absence of U4:A69 and
effect on the kinetics of aminoacylation. Replacing G1:C72 witlother differences in acceptor stem sequence. Replacing the wobble
A1:U72 does not significantly lower the aminoacylation of A base pair (G3:U70) in the acceptor stem of tRRAoes little to
(Tablel), indicating that the identity of the first base pair plays nancrease valine charging efficiency unless the valine anticodon is
appreciable role in tRNA! recognition by ValRS. Furthermore, it also present (Tab®. The results confirm the absence of positive
is not essential that the first base be paired; the mutanMRNth  synthetase recognition determinants in the acceptor héixalf
an A1*C72 mismatch is an excellent substrate for ValRS (Table tRNAYa!, and also suggest that G:U wobble base pairs in the
Liu et al.have reported?) that G1*A72and G1*G7Xubstitutions ~ acceptor stem act as negative determinants of YR dientity.
also have no effect on the rate of tRRIAaminoacylation. These conclusions are reinforced by experiments in which yeast
Replacement of G2:C71 by either A2:U71 or C2:G71, and dRNAPh{GAA) is transformed into a valine accepting species.
G3:C70 with either C3:G70 or A3:U70, generates mutant tRNAShis tRNA differs fromE.coli tRNAY(UAC) at 28 positions; its
with relative keafKm Vvalues close to that of wild-type tRMA  sequence includes a G:U base pair at 4:69 in the acceptor stem
(Table 1). Mutant tRNA@ with Watson—Crick base pair-substitu- (Fig. 1c). Wild-type yeast tRNB'§GAA) is a very poor substrate
tions for A6:U67 and U7:A66, in the lower part of the acceptor heliXpr ValRS (Table?). Introducing a valine anticodon by substituting
have moderately reduced specificity constants (Tableut remain  C36 for A36, to form tRNR'YGAC), improves the ability of the

good substrates for ValRS. tRNA to accept valine (TabB. The efficiency of tRNA'YGAC)

as a substrate for ValRS is increased further by conversion of the
Conversion of E.coli tRNAA”2 and yeast tRNAMe to valine G4:U69 wobble base pair in the acceptor stem to an A4:U69 base
acceptors pair; tRNAP'§GAC)A4:UB9 is quite a good substrate for ValRS

- i . Table?2).
Additional evidence to support the conclusion that the acceptor ste(m )

of wild-type tRNAI(UAC) lacks essential synthetase recognition

determinants was obtained by converfingplitRNAAR(UGC) and  Effect of non-standard base pairs in the acceptor helix on

yeast tRNAN{GAA) into efficient valine-accepting tRNAs. The synthetase recognition

acceptor stem sequences of both tRNAs differ considerably from

that of tRNA@! (shaded areas in Fith and c). Because the secondNegative effects of G:U base pairs on recognition by ValRS were

and third positions of the anticodon are major synthetase recognitifumther characterized by introducing wobble base pairs at several

nucleotides of tRNX (12,15,16), we first prepared tRNA- positions in the acceptor stem Bfcoli tRNAYA. The results

Aa(UAC) and tRNAP'GAC), in which the alanine and (Table3) indicate that the reduction in aminoacylation efficiency

phenylalanine anticodons were changed to valine anticodons. depends on the position and orientation of the G:U base pair. It is
Wild-type E.coli tRNAARUGC) is not aminoacylated by most pronounced with G:U at position 4:69. Mutants of tHNA

ValRS (Table?). Changing the alanine anticodon to that of valinewith G4:U69 and U4:G69 substitutions are, respectively, 40- and

creating tRNA2(UAC), increases valine charging efficiency 6-fold less efficient as substrates of VaIRS than wild-type tRNA

somewhat (also see réf) but thekeafKm of tRNAARUAC) is  (Table 3). This is due primarily to significant increaseskim

still more than 12 times lower than that of wild-type tRRlAlue  values. The negative influence of G:U base pairs on

to a 16-fold decrease kg, (Table2). aminoacylation activity is also evident when the wobble base pair
Conversion of tRNAR(UAC) to an even better substrate for is positioned at 3:70 (Tabl®), and the effect decreases as the

ValRS requires replacing the G3:U70 wobble base pair in thobble base pair is moved further from position 4:69. The G1:U72

acceptor stem with a Watson—Crick base pair (also sé@yefhe  variant of tRNA@ is as good a substrate for VaIRS as wild-type

resulting tRNAs, tRNARUAC)G3:C70 and tRNA- tRNAY (Table3); Liu et al (27) also observed no reduction in the

Ala(UAC)A3:U70, are aminoacylated at a rate comparable to thaite of tRNA? aminoacylation as a result of mutating C72 to U72.
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Table 3. Aminoacylation kinetics oE.coli tRNAYa! with noncanonical base pairs in the acceptor stem

tRNA Km Keat KealKm Relative
(uM) (sec?) kealKm
Wild-Type tRNAV 1.4 9.0 6.4 (1.0)
G1:.C72 - G1:U72 15 10.3 6.8 1.06
G2:C71 - G2:U71 2.7 9.5 35 0.55
G3:C70 - G3:U70 1.8 34 1.9 0.30
U4:A69 - G4:U69 20.0 3.4 0.17 0.027
- U4:G69 10.4 11.2 1.1 0.17
- U4*C69 29 10.4 3.6 0.56
- A4*G69 8.9 11.0 1.2 0.19
A6:U67 - G6:U67 3.2 10.6 3.3 0.52
U7:A66 - U7:G66 41 13.0 3.2 0.50

Base mismatches at the 4:69 position of the acceptor stem ajgusitions 1:72, 6:67 and 7:66, have little effect on the chemical
affect aminoacylation. A purine—purine mismatch, A4*G69,shift of resonance FU4. G:FU at 6:67 induces an upfield shift of
decreases aminoacylation activity 5.5-fold, whereag i, for  the resonance corresponding to the adjacent FU73giand f;

a pyrimidine—pyrimidine mismatch, U4*C69, is closer to that offable4); FU7 is also shifted upfield by a G:FU base pair at 4:69
wild-type tRNA (Table3). (Fig. 2e; Tabled4). FU67 is shifted downfield by G:FU at 7:66
(Fig. 2g; Table4).

There is a strong correlation between the valine accepting
activity of tRNAY! variants with G:U base pairs in the acceptor
To determine whether base mismatches reduce aminoacylatisem and the downfield shift of the FU4 resonance int$ge
efficiency of tRNA/a' by perturbing tRNA structure, the effect of NMR spectrum (Tablet). The larger the downfield shift, the
G:U base pairs on acceptor helix geometry was prob€dfby |ower the aminoacylation efficiency (Tabkg. No relationship
NMR of tRNA% |abeled with fluorine by incorporation of petween aminoacylation efficiency and chemical shift change is
5-fluorouracil.19F NMR is Ideally suited for this purpose becaUSQ)bserved for othe¥®F resonances in the acceptor stem.
of the resolution ofF NMR spectra and the high sensitivity of ~ Supstituting A:FU for G:C base pairs in the acceptor helix of
the fluorine nucleus to changes in its environment. 5-Fluorourgeura)tRNA! causes only small changes in the chemical shift
cil-substituted tRNX! retains full aminoacylation activity position of the FU4 resonance and results in litle change in
despite replacement of all uracil residues by the base analgginoacylation activity of the tRNA (results not shown).
(19,28,29). There are 14 fluorouracil residues distributed
throughout every stem and loop of the tRNA molecule (. ; . ; ; ; ~
and thelF NMR spectrum of (FUra)tRNA! shows a resolved Isr;/tﬁtghrgégé t\?vﬁhlig?\lg%?e pair on interaction of valy-tRNA
peak for every incorporated FUrd%(30,31; Fig.2a). The
spectrum has been completely assigri3@) and the assign- The G1:U72 mutant of tRNA retains full aminoacylation
ments are indicated in Figua. 19 signals from fluorouracils activity, with a relative specificity constarkc4/Km) of 1.06
paired with guanine resonate 4-5 p.p.m. downfield of those froffiable3). Incorporation of fluorouracil into this tRNA introduces
fluorouracils paired with adeningg). In thel%F NMR spectra of an additional°F probe that enables us to examine the effect of
G:FU-containing (FUra)tRNY! variants these appear in the ValRS binding on the first (1:72) base pair in the acceptor stem
region between 6.5 and 7.5 p.p.m. downfield of free FUra@Fig. of tRNAYa. Crystallographic studies have shown that the
and are readily assigned by comparison to the spectrum of tteminal U1:A72 base pair of tRN#D is disrupted when
wild-type tRNA (Fig.2a). glutaminyl-tRNA synthetase associates with the tRRIAJID).

The presence of a G:FU base pair in the acceptor helix ofThe 19 NMR spectrum of (FUra)tRNA(G1:U72) shows
(FUra)tRNA induces spectral shifts in thA&F NMR spectrum little difference from the spectrum of wild-type (FUra)tRY\dA
(Fig. 2) in addition to the downfield shift of resonances fromexcept for the additional resonance at 7.31 p.p.m. due to FU72 in
fluorouracils paired directly with guanine. These are limited tahe G1:FU72 base pair (compare Fg.and b). ValRS binding
signals from FUra in the acceptor helix, and presumably refletd the tRNA causes general line broadening as a result of the
structural changes in the acceptor stem that alter the environméariger motional correlation time of the tRNA/ValRS complex
of thel9F nucleus in the major groove of the helix. The resonandgig. 3). Spectral changes induced by the enzyme are the same as
of FUra in the FU4:A69 base pair is affected most. It shiftthose observed previously with wild-type tRIA(18): loss of
downfield when G:U is introduced at positions 2:71 or 3:70ntensity of 19 resonances corresponding to FU34, FU7 and
(Fig.2c and d; Tabled). In the spectrum of tRNA! mutant  FU67 with FU34 being affected most; broadening and shifting of
G2:FU71 it is shifted 0.39 p.p.m. downfield to partially overlapFU12, FU4 and/or FU8 at higher ValIRS/tRNA ratios; and a
with FU67; it shifts 1.92 p.p.m. downfield, overlapping with splitting of FU55 and FU64 (Fi@). No specific effects on peak
FU7, in the spectrum of mutant G3:FU70. G:U base pairs &U72 are observed. The corresponding resonance continues to be

Valyl-tRNA synthetase recognizes acceptor helix structure
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Figure 3. 1% NMR spectra of the 5-fluorouracil-substitutédcoli tRNA-
Val(G1:U72)-valyl-tRNA synthetase complex. Spectra recorded in the absence of

. . . ValRS @) and in the presence of ValRS at a molar ratio to tRNAYTOL5,
Figure 2. 19 NMR spectra of acceptor stem mutants of 5-fluorouracil-substituted () 0.4, ) 0.55, € 0.75 andf) 0.95.

E.coli tRNAR. (a) wild-type; b) G1:FU72; ¢ G2:FU71; () G3:FU70;

(6) FU4:G69; ) G6:FUG7; ¢) FU7:G66. Spectra of (FUra)tRMA with G:FU

base pairs at 4:69, 6:67 and 7:66, obtained under conditions different from those
used here, were reported previously (19).

stem remains intact when ValRS interacts with t®N4pening
of the G1:FU72 wobble base pair would shift the FU72 peak

upfield to the central region of tA8F NMR spectrum, which has
visible and remains unshifted on addition of increasing amounkgeen assigned to resonances from unpaired 5-fluorouracils
of ValRS (Fig.3), indicating that the first base pair in the accepto(32,33).
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Table 4.19F chemical shifts of resonances in the acceptor stem of 5-fluorouracil-subdfitttdidaline tRNA variants

tRNAVa! Chemical shift 4 p.p.m. from Relative
variant (p.p.m.) wild-typ@ KeafKmP
FU4 FU67 FU7 FU4 FU67 FU7

Wild-type 2.06 2.70 3.98 0 0 0 1)
G1:FU72 2.06 2.66 3.97 0 -0.04 -0.01 1.06
G2:FU71 2.45 2.57 3.98 0.39 -0.13 0 0.55
G3:FU70 3.98 2.61 3.98 1.92 -0.09 0 0.30
FU4:G69 6.49 2.68 3.82 4.43 -0.02 -0.16 0.17
G6:FU67 2.01 7.54 3.09 -0.05 4.84 -0.89 0.52
FU7:G66 2.06 2.93 6.64 0 0.23 2.66 0.50

aDownfield shift is expressed as a positive number; upfield shift is expressed as a negative number.
bFor uracil-containing tRNY!,

DISCUSSION It seems likely that G:U wobble and mismatched base pairs
inhibit aminoacylation of tRNY? by distorting the conformation

of the acceptor helix. The geometry of a G:U base pair, compared

Although the acceptor helix is the site of identity determinants faf, 5 standard Watson—Crick base pair, involves displacement of the
many tRNAS, steady state aminoacylation kinetic studies Wltauanine toward the minor groove. This influences stacking

E.coli t_RNA\_/al failed to identify any syntheta_se recog_nition interactions with adjacent base paif36,87) in a sequence-
nuplgotldes in this part of th<=T tRl_\IA (Talle Aminoacylation dependent manner 3§). Crystallographic 6,39,40) and
efficiency of tRNA is not significantly affected by Watson— pigh resolution NMR 41,42) investigations of tRNAs and short
Crick base pair substitutions at any position in the acceptor helggna duplexes have shown that G:U base pairs induce local
The U4:A69 base pair, conserved in bacterial valine-specifigariations in helix geometry at and around the mismatch. Such
tRNAs (17), can be substituted by other Watson—Crick base paithanges in helical structure are reflected in distinct chemical shift
or even by the pyrimidine—pyrimidine mismatch, U4:C69, withchanges in th&8F NMR spectra of G:U-substituted (FUra)tRA
only relatively small decreases in the specificity conskast{m)  (Fig.2). Introduction of G:U base pairs into the acceptor stem results
for aminoacylation. The some\llvhat lower aminoacylation activity shifts of resonances assigned to FUra residues in the acceptor
of the G4:C69 variant of tRNA! (Table1) is probably the result pelix. The most prominent spectral change is the downfield shift of
of increased acceptor stem rigidity due to the presence of fiygs signal from FU4 when G:FU substitutions are made at 2:71, 3:70
consecutive G:C base pairs, rather than to loss of a specifify 4:69 (Fig2; Table 4). The direct relationship between the
recognition element. ) ] . magnitude of this shift and the decrease in amino acid accepting
Th% ?bsence.qf identity elements in the aA$ceptor helix Qfctivity of the tRNA (Table4) strongly suggests a correlation
tRNA T] was verified by transforming.coli tRNA™@ and yeast  petween aminoacylation efficiency and acceptor helix conformation
tRNAPI © into good subﬁtrates for ValRS. Wild-tygecoli i the vicinity of the 4:69 base pair. These results lead us to conclude
tRNAA and yeast tRNA®are very poorly aminoacylated by that \alRS does not specifically recognize the U4:A69 base pair and
ValRS (Table?). Converting the anticodons to a valine anticodoRnat an unperturbed A-form helical structure in the middle of the
improves valine accepting activity. But only when the G:U basgcceptor stem iquired for productive interaction of the enzyme
pairs in the acceptor stem are replaced with Watson—Crick baggn trnAVal,
pairs do these tRNAs become good valine acceptors (Fable  soution of the X-ragtructure of the complex of tRNA! with
despite the absence of U4:A69 and other differences in accepiijtaminyl-tRNA synthetase, a class | synthetase like ValRS,
stem sequence. These results support the conclusion tRfbws that the '3end of the tRNA loops back toward the
nucleotides in the acceptor helix of tRW¥are not specifically  anticodon, disrupting the 1:72 base pair in the acceptor stem
recognized by ValRS, and suggest that G:U base pairs in tes,35). Availability of the G1:FU72 variant of (FUra)tRNA,
acceptor helix act as negative determinants to prevent propghich is fully active in aminoacylation (Tal#, permitted us to
recognition by ValRS. _ ~ usel% NMR to investigate the effect of ValRS binding on the
Mutational analysis of tRNY& demonstrates that introduction integrity of the acceptor helix of tRN&. 19F spectra of this
of G:U wobble base pairs or a purine—purine mismatch into theNAVal variant show that the 1:72 base pair remains intact as
acceptor stem at or in the vicinity of the 4:69 base pair, at 2:Thcreasing amounts of ValRS bind the tRNA (Fg.Evidently,

3:70 or 4:69, lowers the aminoacylation eﬁi?i_enkaé(Km) of  synthetase-induced disruption of the first base pair in the acceptor
the tRNA (Table8). The G4:U69 mutant of tRNAis 40 times less  stem is not a general characteristic of class | synthetases.

efficient as a substrate for ValRs than wild-type R Aorimarily

because of an increase K (Table 3); the aminoacylation AckNOWLEDGEMENTS
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purine—purine mismatch, decreases aminoacylation activigupport for this investigation was provided by grant MCB
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