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ABSTRACT:. We report here evidence for mutations that break domdemain functional communication

in a synthetasetRNA complex. Each synthetase is roughly divided into two major domains that are
paralleled by the two arms of the L-shaped tRNA structure. The active-site-containing domain interacts
with the acceptor arm of the tRNA. The second domain frequently interacts with the anticodon-containing
arm. By an induced-fit mechanism, contacts with the anticodon can activate formation of a robust transition
state at a site over 70 A away. This induced-fit-based activation is thought to occur through domain
domain signaling and is seen by the enhancement of aminoacylation of the anticodon-containing full
tRNA versus a substrate based on the acceptor arm alone. Here we describe a rationally designed mutant
methionyl-tRNA synthetase containing two point substitutions at sites that potentially link an anticodon-
binding motif to the catalytic domain. The double mutation had no effect on interactions with either the
isolated acceptor arm or the anticodon stem-loop. In contrast to interactions with the separate pieces, the
mutant enzyme was severely impaired for binding the native tRNA and lost much of its ability to enhance
the rate of charging of the full tRNA over that of a substrate based on the acceptor arm alone. We propose
that these residues are part of a network for facilitating domdomain communication for formation of

an active synthetaseRNA complex by induced fit.

Aminoacyl-tRNA synthetases (aaRSgatalyze the at-  ample of the two-domain organization of a class | aaRS, with
tachment of amino acids to their cognate tRNA molecules, the catalytic domain contained in the N-terminal hal2)(
thereby establishing the rules of the genetic code. The 20Functional contacts with the tRN/&! CAU anticodon are
aaRSs can be divided into two classes of 10 enzymes, eaclmade by the predominantty-helical C-terminal domain of
based on sequence and structural similarities of their catalyticthe protein, where a loop containing a highly conserved
cores (—3). The class | family is defined by an active site  Trp461 (W461) plays an important rol&3—15). Although
Rossmann nucleotide binding fold containing a dodecapep-the tRNAYet CAU anticodon is a strong determinant for
tide signature sequence ending in HIGH as well as a secondaminoacylation by MetRS8( 15—17), substitution of the
motif having the sequence KMSKS,(2, 4, 5). In addition N73 discriminator base or a G72G73 substitution in the
to the class-defining catalytic domain, many aaRSs also acceptor stem severely reduces aminoacylation efficiency
contain a second major domain that is idiosyncratic to each (18). |ndeed, small RNA substrates based on only the
synthetase. The two-domain structural organization parallelsgcceptor stem of tRN¥e! are methionylated at a low rate in
the arrangement of the two arms of the L-shaped tRNA 5 sequence-dependent way9( 20). Interestingly, even
molecule. These arms contain theagceptor end and the  qygh the anticodon arm in isolation binds to the C-terminal
anticodon, respectively. In the syntheta$®NA complex,  jomain of MetRS 15, 21), no enhancement of microhelix
the two arms of the tRNA make contacts with, respectively, 5minoacylation occurs upon its additic?]. Thus, efficient

the two major domains (.)f the enzyme. catalysis requires covalent continuity of the tRNA structure.
In some cases, the anticodon portion of the tRNA molecule

makes no contact with the enzyme. Examples include Alars  Significantly, functions specific to the catalytic core of
and SerRSJ, 6, 7). In contrast, other aaRSs such as MetRs the enzyme do not require an intact anticodon-binding
make critical contacts with their cognate tRNA anticodons domain. For example, deletion of 11 amino acids surrounding
(8—11). Methionyl-tRNA synthetase is a well-studied ex- W461 in thg _anthodon—blndlng domam. produces a mutant
MetRS deficient in tRNA aminoacylation and anticodon
t Supported by Grant GM15539 from the National Institutes of binding, but nonetheless competent for methionyl-adenylate
He§1|§h- F;-W-A- was an c'j\“H poitdolfét%fal Ijeolllow- 4 Ph (@58) 784 synthesis and microhelix aminoacylatid®8). These results
0 whom correspondence snou € adaressed. one: i H _ H H
8972. Fax: (858) 784-8990. E-mail: schimmel@scripps.edu. point to_the nece_SSIFy for Iong_range Commumca.tlon.betwe.en
1 Abbreviations: aaRS, aminoacyl-tRNA synthetase; MetRS, me- the anticodon-binding domain and the catalytic site. This
thionyl-tRNA synthetase; AlaRS, alanyl-tRNA synthetase; SerRS, seryl- communication may be at the heart of the induced-fit

tRNA synthetase; GInRS, glutaminyl-tRNA synthetase; IPTG, isopropyl- i i i ; i
1-thio3-p-galactopyranoside; Ni-NTA, N-nitrilotriacetic acid; EDTA, meCh.a nism of SynthetaSERNA. ImeraCt!on descr!bed garller
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N'-2-ethanesulfonic acid; BSA, bovine serum albumin. the 3-terminus of the tRNA molecule to properly present
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the acceptor end to the active site of the enzy@ 5, (pH 7.5), 100uM Na;EDTA, 150 mM NH,CI, 4 mM ATP,
26). 10 mM MgCh, 100uM methionine, $°S]methionine [NEN-
To evaluate how the protein architecture contributes to DuPont (50 mCi/mL; 1 Ci= 37 GBq)], and varying
domain-domain signaling and induced fit, we mutated a site concentrations of wild-type or mutant MetRS. RNAs were
in the anticodon-binding domain and in a helix joining that annealed before use by heating to &Dfollowed by slow
domain to the catalytic core of the enzyme. These sites wereC00ling to room temperature in the presence of 1 mM MgCl
chosen because a structural model suggested that, while wellThe tRNAMt was typically assayed at a concentration of 5
separated in the sequence, they were close enough in spaceM, while micrd“* was assayed at 16@00 uM. MetRS
to link together the two parts of the proteitd). In addition, ~ variants were used at concentrations of 50 nM opDfor
one of the sites was reported earlier to be in the structural@minoacylation of tRNA* or Micro™®', respectively. For
unit that is particularly sensitive to induced-fit dependent Kinetic characterizations, enzyme concentrations were 50 nM
interactions {0, 27). Our results show that these residues for wild-type, N387A and N452A MetRS, and 500 nM for
contact neither the anticodon stem-loop nor the acceptorN387A/N452A MetRS. For these experiments, tRNA
stem. The lack of a direct contact with tRNA is consistent concentrations were 0-820 M for the wild-type enzyme,
with a model of the complex that shows these residues are1l—50 uM for N387A, 1-75 uM for the N452A enzyme,
not at the enzymetRNA interface 26). Yet, together these ~ and 1-100uM for N387A/N452A MetRS. Reaction aliquots
residues are shown here to contribute significantly to the (5xL) were quenched by spotting on Whatman filters soaked
stability of the synthetaseRNA complex and to the in 5% trichloroacetic acid and 1 mM methionine. The filters
catalytic efficiency of aminoacylation. We propose that these Were washed for five 10 min periods in ice-cold 5%
sites may be important for induced-fit-directed binding of trichloroacetic acid/1 mM methionine before liquid scintil-
the active conformation of the two domains of methionine- lation counting.

specific tRNA. ATP—PP, Exchange Assaythe formation of methionyl-
adenylate was monitored in the methionine-dependent ATP-
MATERIALS AND METHODS pyrophosphate exchange reaction according3i). (Reac-

tions were carried out at 25C in 100 mM Tris-HCI (pH
7.5), 10 mM KF, 7 mM 2-mercaptoethanol, 5 mM MgCl

2 mM ATP, 100ug/mL BSA, 200uM methionine, 2 mM
NaPR, and P?P] NaPR (NEN-DuPont). Wild-type and
mutant MetRS enzymes were assayed at 50 nM. Reaction
aliquots (10 uL) were quenched into microfuge tubes
gontaining 0.2 M PR 7% HCIQ,, and 3% charcoal and
mixed thoroughly. The charcoal was washed three times with
10 mM PRand 0.5% HCIQ, and the tubes were spun briefly

. . . . after each wash to recover the charcoal, which was then
(22)] using mutagenic primers and the polymerase chain analvzed by scintillation countin
reaction. The resulting variant plasmids were confirmed by y y ) g.. o
sequencing and transformed irffo coli strain JM109 28) Fluorescence QuenchinQuenching of intrinsic MetRS
for protein overexpression and purification. After induction {ryPtophan fluorescence in the presence of tRf¢Awas
of protein expression with 1 mM IPTG, cells were harvested carried out essentially according to Blanquet and co-workers

at mid-log phase. Proteins were purified by-WTA agarose (27, 32). Fluorescence measurements were made using a
affinity chromatography according to the manufacturers Perkin-Elmer LS 50 Luminescence Spectrometer (Perkin-

protocol [Qiagen (Chatworth, CA)]. Protein concentrations Elmer Ltd, Beaconsfield, Buckinghamshire, England). Samples

were determined in a Bradford assay using Bio-Rad protein Were stirred continuously at room temperature. Wild-type
reagent and a standard curve of BS9) or N387A/N452A MetRS (0.2M) was excited at 295 nm,

. fMet and fluorescence emission was detected at 328 nm in 20 mM
Synthesis of_RN_A Substrat?‘fﬁe tRNAY _ substrat_e_was Tris-HCI (pH 7.6), 10 mM 2-mercaptoethanol, 8 mM MgCl
overproduced in vivo as previously describ&@)( purified

on a 16% native polyacrylamide gel, and passively eluted and 0.1 mM EDTA. Intrinsic fluorescence was quenched by

i titration of tRNAMet in 5 L aliquots in the same buffer
from the gel in 0.5 M NHOAc (pH 5.4) and 1 mM EDTA. . A . . ’
Microhelix™et and hairpin helices corresponding to the with each addition increasing the tRNA concentration by 0.2

s ; : uM. Correction for dilution and inner-filter effects was
anticodon stem and loop of tRNY! were chemically . .

X . . . accomplished by subtracting the fluorescence quench ob-
synthesized on a Pharmacia GeneAss_embIer _Spe(_:|al USIN%ained by titration with an equivalent solution of tRRYA
N-phenoxyacetyl-protected-ert-butyl-dimethylsilyl ribo- digested with RNase [DNase-free; Boehringer Mannheim
nucleoside 3cyanoethyl phosphoramidites from ChemGenes Bi%chemicals (Indianapolis, IN)] a’E a conce%tration of 40
(Waltham, MA). Deprotection and gel purification were units/mL POLIS,
carried out as described?d). The anticodon stem-loop '
hairpin based on tRN¥¢t had the sequencé-6UCGGGCU-
CAUAACCCGAC-3, with the wild-type CAU anticodon
indicated in bold. A GAU-containing hairpin was also  Rationale for Mutations That Could Affect Domain
constructed wh a C to Gsubstitution at the first anticodon  Domain Signaling. E. colinethionyl-tRNA synthetase is a
position. dimer of identical 676 amino acid polypeptide33(. A

Aminoacylation AssaysAminoacylation of tRNAVet or C-terminal deletion removes the region required for dimer-
microhelixMet was carried out at 25C in 20 mM Hepes ization and results in an N-terminal fragment of 547 amino

Construction and Purification of MetRS VarianEor ease
of purification, the highly active monomeric N-terminal
fragment of 547 amino acids &scherichia colMetRS was
used for all investigations reported here. All MetRS proteins
studied here incorporated a 6-His tag at their N-terminus.
(We showed that tagged and untagged enzyme had the sam
value ofk.f/Ky for tRNA™Met in the aminoacylation assay.)
Amino acid substitutions were introduced into the gene (6H
MRS 547) for MetRS [that was cloned into pBluesrip}(

RESULTS
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Ficure 1: Secondary structure diagram (top) and crystal structure [botB&h ¢f T. thermophilusMetRS. In the secondary structure
diagram, helices are designated with cylinders Arslrands are indicated with arrows. Numbering is given forEheoli enzyme, with
corresponding residues for tie thermophilusenzyme in italics.

acids that is monomeric and has almost the same catalyticbetween these residues has not been established, in the
activity as the native dimeBd). The gene for this fragment  structure of the homologouk thermophilusnzyme, these
also complements a null allele that removes the gene fortwo residues are sufficiently close~{ A) that their
methionyl-tRNA synthetase from the. coli chromosome  functional groups could provide at least some of the basis
(35). To study domair-domain signaling within the catalytic =~ for communication between the two domains of MetR6).(

unit itself and to isolate this signaling from potential effects Thus, the functional side-chain atoms of N387 and N452
of the dimer interface, the monomeric N-terminal fragment were replaced with a methyl group by making single and
of MetRS was used in all investigations reported here. The double alanine replacements within MetRS.

robust in vitro and in vivo activity of this fragment provided Expression and Purification of MetRS Variant¥ild-type,
additional justification for this strategy. N387A, N452A, and N387A/N452A MetRS were overex-

Within the monomeric 547 amino acid fragment, the pressed from a pBluescript] plasmid that encoded each
N-terminal approximately 350 amino acids is organized into of the genes for the respective proteins behind an inducible
a Rossmann nucleotide binding fold that is characteristic of lac promoter. Although the proteins were expressedin
all class | enzymes1Q). The alternatings-strands and  coli strain IM109, which harbors the gene for the wild-type
a-helices of this fold form the active site for adenylate native MetRS on the chromosome, the (ltg)g on the
synthesis and for attachment of methionine to therfl of variant proteins afforded an easy way to isolate them away
tRNAMet A [inker joins the C-terminal end of the active- from the native enzyme. Enzymes purified by NiNTA-
site-containing domain to the C-terminal domain that is affinity chromatography were confirmed to be homogeneous
largely made up of-helices (Figure 1). In particular, a by SDS-PAGE under conditions where any contamination
critical helix for anticodon interactions extends from K439 of the plasmid-encoded proteins (547 amino acid monomer)
to A459. A loop sandwiched between this helix and a second by chromosome-encoded wild-type enzyme (dimer of identi-
helix that starts at A471 contains P460, W461, and K465, cal 676 amino acid polypeptides) would have been evident.
each of which is essential for anticodon interactioh8) ( Each MetRS variant was purified with a yield approximating
We sought to identify positions in the structure of MetRS that of the plasmid-encoded wild-type MetRS monomer. This
that would influence the conformation and position of this observation showed that the N387A, N452A, and N387A/
loop, on one hand, and communicate with the N-terminal N452A substitutions cause no structural instabilities that
active-site-containing domain on the other. would lead to protein degradation within the cell.

For this purpose, we focused on the highly conserved tRNAMetBinding Is Significantly Perturbed by the Double
N452, because this asparagine is within the aforementionedN387A/N452A MutationTo determine the effect of the
helix and had been shown previously to contribute to mutations in the C-terminal domain of MetRS on binding
anticodon recognition, possibly by affecting the orientation of tRNA™et we used intrinsic tryptophan fluorescence in
of one or more members of the critical P460, W461, and the absence and presence of tRNA to measure apparent
K465 triad (L0, 27). With the intact tRNA, the interactions  dissociation constants for the MetRERNA™et complex. A
with this part of MetRS appear to be induced-fit dependent hyperbolic fit of the relative quenching of fluorescence upon
(24). The rationale was that N452 might be a place where titration with tRNA demonstrated that wild-type MetRS
another conserved residue would potentially interact and link bound tRNAMet with an apparenky of 0.41+ 0.03uM at
the helix back to the catalytic domain. In this connection, pH 7.6, 25°C. In contrast, addition of tRN¥¢t to the
N452 is close in space to the conserved N387, which itself N387A/N452A enzyme produced no binding-dependent
is in a helix that joins the C-terminal structural unit to the change in fluorescence, indicating negligible complex forma-
active-site domain (Figure 1). Although an interaction tion under the conditions used (data not shown).
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FIGURE 2: Aminoacylation of tRNAet with MetRS variants at Ficure 3: Methionyl-adenylate formation of MetRS variants. Wild-
pH 7.5, 25°C. Wild-type MetRS, D52A, and N387A/N452A mutant  type MetRS and N387A, N452A, N387A/N452A, and D52A mutant
enzymes were assayed at 50 nM in the presencedf RNAMet enzymes were assayed at 50 nM enzyme andi@00nethionine
and 100uM methionine. The efficiency of aminoacylation by the at 25°C in an ATP-PR exchange assay.
double mutant N387A/N452A is significantly decreased relative
to the wild-type enzyme. methionyl-adenylate formation was identical for N387A,
) N452A, N387A/N452A, and wild-type enzymes (Figure 3).

Our results with the N387A/N452A mutant enzyme are ag g negative control, we also prepared a D52A variant of
compatible with fluorescence titrations of tRRA with the MetRS. The D52A replacement is known to disrupt binding
N387 and N452 mutant protein®,(27). These studies  of methionine and thereby inhibit synthesis of methionyl

reported a decrease in affinity of the mutant proteins for adenylate 7). We confirmed that the D52A variant is
tRNA™®., This decrease was attributed, however, to an effect gignificantly inhibited in methionine activation relative to

on MetRS interactions with the anticodon. To check further ¢ wild-type enzyme. Thus, the N387A, N452A, and

the validity of our own studies with the double mutant, we N387A/N452A mutations have no effect on the active site,
used a different assay to study directly the interaction of the i, the absence of tRNA.

anticodon with the wild-type and mutant enzymes. These  Effect of N387A/N452A Mutation on Charging of Micro-
studies showed that the N387A/N452A double mutation has pajivimet The effect of the N387/N452 mutation on charging
no effect on anticodon interactions (see below). of tRNAMet could be due to domairdomain signaling that
Loss of tRNA Aminoacylation Enhancement by Double specifically perturbs the orientation and binding of the
Mutant Having established that tRNA-binding contacts were acceptor stem per se to the active-site region, in the absence
significantly perturbed by the N387A/N452A double susti- of any contribution from anticodon interactions. With this
tution in MetRS, we investigated the effect of the N387, in mind, we studied the effect of these substitutions on the
N452, and N387/N452 mutations on the aminoacylation of aminoacylation of an RNA substrate that interacts solely with
tRNA™et, The rate of aminoacylation of the full-length  the N-terminal catalytic domain. We chose microh®fx
tRNA™Met substrate by N387A/N452A MetRS was reduced pecause it is charged specifically by methionyl-tRNA syn-
more than 30-fold relative to the wild-type enzyme (Figure thetase and because it lacks the anticodon-containing domain
2). To determine whether the large reduction in the rate of of tRNA™et (19, 20) (Figure 4). The double mutant N387A/
aminoacylation was caused primarily by the N387A or the N452A MetRS aminoacylated a microhdli® with an
N452A substitution, we studied each of the single-substituted efficiency nearly identical to that of the wild-type enzyme
enzymes. Each of the proteins bearing a single mutation had(Figure 5). The N387A and N452A enzymes also amino-
a catalytic efficiency Kea/Ku) that was decreased less than acylate microheli®#t with no loss in efficiency relative to
3-fold. Thus, the effect of either of the single substitutions the wild-type enzyme (not shown). Thus, the effect of the
was to make the activity of the enzyme especially vulnerable N387/N452 double substitution on charging of tRN#A
to the second amino acid replacement. This behavior is requires interactions outside of the microhelix. These interac-
consistent with N387 and N452 jointly forming part of the  tions presumably require the anticodon-containing domain
connection that links the anticodon-binding domain to the of tRNA™et which is missing in the microhelix substrate.
active site. No Effect of N387A/N452A Substitution on Binding of
Activation of Methionine by Variant EnzymeBecause  Anticodon Stem-LoopThe results obtained to this point
N387 and N452 were potentially linked back to the catalytic showed that the N387A/N452A substitution did not perturb
domain, we were aware that alanine replacements of thesehe active site either in the absence of an RNA substrate or
residues might perturb the tRNA-dependent step of amino- in the presence of a microhelix substrate. The full-length
acylation because of an effect on amino acid activation. Were tRNA molecule differs from the microhelix in that the former
amino acid activation to be directly affected by the N387A has the second, anticodon-containing domain. Because our
and N452A substitutions, the analysis of the tRNA-dependentinterests focused on the possibility of signaling from the
part of domair-domain signaling would be difficult to  anticodon to the active site about 75 A away, we wanted to
interpret. To determine whether amino acid substitutions investigate further the possibility that anticodon-binding
outside the active site of the enzyme had any effect on theinteractions were perturbed by the N387A/N452A double
methionine activation function of the variants, methionyl- substitution. To investigate this point, we prepared an RNA
adenylate formation was measured in the classical ATP hairpin that recreated the anticodon stem-loop of tRIA
PR exchange assay. According to this assay, the rate of(Figure 4). This stem-loop structure is known to be a
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FiIGURE 4: Sequences of tRN¥et and microheli#et substrates and of the anticodon stem-M#&phairpin. The cloverleaf sequence of
tRNAMet (left) folds up into an L-shaped molecule in solution (center). Shading in the acceptor stenWahtb®p indicate the portions
of tRNA™Met recapitulated in the microhelMet substrate (top right) while the shading in the anticodon stem and loop indicates the sequence
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Ficure 5. Aminoacylation of micoheli¥et with enzyme variants
at pH 7.5, 25°C. Wild-type, D52A, and N387A/N452A MetRS
were assayed at @M in the presence of 200M microhelixMet
and 100 uM methionine. The double mutant N387A/N452A

aminoacylates the microhelix substrate at the same rate as the wild-

type enzyme.

competitive inhibitor of aminoacylation of tRN¥t (15).
We confirmed this inhibition with the wild-type enzyme and
then went on to find that the N387A/N452A MetRS was
inhibited by the anticodon stem-loop hairpin with a similar
Ki as that of the native proteirK( for aminoacylation by
wild-type enzyme, 8&M; K; for aminoacylation by N387A/
N452A enzyme, 134M). As a control, we showed that a
CAU — GAU change of the anticodon triplet resulted in a
hairpin oligonucleotide that no longer caused inhibition, as
shown in Figure 6. Thus, the inhibition observed with the
CAU-containing hairpin oligonucleotide is sequence specific.
These results, together with the lack of an effect of the double
substitution on the aminoacylation of the microh®lgk

addition to Hem® d a C toform a G—C pair.

wild-type
151 tRNA only 1
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FIGURE 6: Inhibition of tRNAMet aminoacylation by CAU-

containing anticodon stem-loop hairpin. Wild-type MetRS and the
N387A/N452A mutant enzyme were assayed at pH 7.5Q@5n
the absence of any added oligonucleotide or in the presence of 140

uM CAU- or GAU-containing anticodon stem-loop hairpin. Wild-

type MetRS was assayed at 30 nM in the presence ofuM7
tRNAMet (top); N387A/N452A MetRS was assayed at QM in
the presence of ZM tRNAMet (hottom). The CAU-containing
hairpin inhibits tRNA aminoacylation while the GAU-containing
hairpin has no effect on aminoacylation.

substrate, collectively demonstrate that the mutations do not

affect any proteirr RNA binding contact.

Kinetic Parameters for Aminoacylation of Wild-Type
versus N387A/N452A Mutant Enzynide sharp decrease
in the efficiency of chargingkta/Km) of tRNAM™et by the
N387A/N452A enzyme is due at least in part to a weakening

of the synthetasetRNA complex. We were interested in
determining in more detail the nature of the change in kinetic
parameters for aminoacylation caused by the mutant enzyme.
We measured the concentration dependence of the rate of
aminoacylation with respect to tRNA over a range of-0.5
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Table 1: Kinetic Constants for Aminoacylation of tRN\et by Wild-Type and Mutant MetRS

MetRS variant Ka (uM) (tRNAMet) Kwv (uM) (tRNAMet) Keat (S7Y) KealKm (M~1s79) relative efficiency
wild-type 0.41+ 0.03 7£1 1.11+ 0.09 1.4x 1¢° 1
N387A/N452A NM 68+ 8 0.33+ 0.02 4800 0.03

aEach value is determined from a hyperbolic fit of two independent data sets. NM, not measurable.

20 uM for the wild-type and 100 uM for the N387A/
N452A enzyme. For the mutant enzyme, g parameter
was raised almost 10-fold, while,:was reduced more than
3-fold (Table 1). Together, the two parameters altgfKn,
by more than 30-fold.

The Ky, of 7 uM for the wild-type enzyme is nearly 20-
fold higher than thé&y measured in our tRNA-binding assay
(Table 1). The large discrepancy between the kingtiand
the thermodynami&q suggests that kinetic steps that occur carboxyl oxygen of Asn452 and the amine hydrogen of
after the initial binding interaction affect th&, parameter ~ Asn387 are separated by 6.1 A [we estimate that the
and that these steps compete kinetically with the dissociationcorresponding distance in the newly solvedhermophilus
of the tRNA from the enzyme. Thus, the N387/N452- MetRS structure is comparabldg)]. If fixed, this spacing
dependent linkage between the anticodon-binding domainwould rule out a direct (or water-mediated) hydrogen-
and the active site establishes a complex &ndK,) kinetic bonding interaction between the two side chains. However,
communication between the anticodon-containing domain a small repositioning of either or both of these side chains
and the active site. could easily bring about a direct or water-mediated interac-
tion. This repositioning could be induced by the bound tRNA
and may be critical for the communication between the
anticodon and the active site.

By way of possible analogy, the G10:U25 base pair in
the D-stem of tRNASP is important for aminoacylation
efficiency @6). And yet, this base pair makes no direct
particularly informative regarding specific RNAprotein contact with aspartyl-tRNA synthetase. Like N387 and N452
contacts 25, 38, 39), and provides a rationale for many of 1" MetRS, the G10:U25 pair of aspartyl-tRNA synthetase
the effects seen upon substitution of amino acid residues thafM@y be important for generating the active (and distorted)

N387 nor N452 is at the enzym¢RNA interface. Thus, this
model is consistent with our data showing that neither N387
nor N452 makes contact with the two major loci for tRNA
contacts. For these reasons, we favor the idea that N387 and
N452 are an important part of the induced-fit-based mech-
anism of generating the active conformation of bound
tRNAMet,

In the 2.5 A crystal structure d&. coli MetRS (L2), the

DISCUSSION

A comparison of the crystal structures Bf coli MetRS
and GInRS reveals significant similarities between the two
enzymes despite an overall lack of sequence iden2idy. (
The structure of the tRNA"—GINRS complex has been

make either direct or water-mediated contacts with tRNA
(40—44). In particular, the loop-strand-helix subdomain of

bound conformation4(7).
Earlier we showed that the sum of the interaction free

GInRS serves to physically connect the anticodon-binding energies for association of the isolated arms of tRNA

and active-site domains44, 45). The g-strand of this
subdomain in GInNRS was proposed to be structurally
homologous to residues 35859 of E. coli MetRS @6).

To investigate whether a residue in this region of MetRS
was important for domaindomain signaling, we replaced
a highly conserved (in MetRS) Tyr357 with Phe and saw
no significant effect on either tRNA or microhelix amino-

(microhelix and anticodon stem-loop) with MetRS is con-
siderably more than needed to account for the free energy
of binding of the native tRNA48). The excess free energy
from favorable acceptor helix and anticodon stem-loop
contacts is thought to offset the cost of induced fit, where
the tRNA structure is strained to create the active conforma-
tion for aminoacylation. [The distortion of the acceptor stem

acylation efficiency (data not shown). While further analysis and anticodon of tRNA" complex is another example in
of this region of the structure may be warranted, this result point (25).] The N387A/N452A substitutions do not affect
encouraged us to think in terms of a network of interactions interactions with the isolated anticodon stem-loop or micro-
between residues separated in space and not simply in ahelix. This observation suggests that the binding of these
linker sequence. Thus, N387 and N452 were examples ofisolated components to MetRS is without the price of induced
residues that could be part of such a potential network thatfit. Only when there is covalent continuity of the tRNA
was essential for induced-fit-dependent generation of an structure can its two domains bind simultaneously, and it is
active synthetasetRNA complex. under those circumstances that the active conformation is
We cannot rule out the possibility of a direct interaction associated with induced fit and distortion is generated.

between N387 and N452 with tRNA&. However, all A complete disruption of the communication between the
previously described functional contacts between MetRS andanticodon and active site should reduce aminoacylation
tRNAMet are localized to the anticodon and acceptor stem. efficiency by several orders of magnitude. While the 30-
They do not involve nucleotides outside of these regions. In fold decrease in anticodon-activated aminoacylation we
the structure of glutaminyl-tRNA synthetase with tRRA observed with the N387A/N452A mutant enzyme is far
proteinr—tRNA contacts are also concentrated in the acceptor below the reduction in efficiency one might expect for a
stem and anticodor2b). Because MetRS is related to GInRS complete loss of communication, a signaling pathway
by virtue of both enzymes having the class | architecture, dependent on only a few side-chain interactions would
the GInRS-tRNA®" complex was used to develop a model presumably be disadvantageous to the enzyme. It is likely
for the MetRS-tRNAMet complex 6). In this model, neither  therefore that N387 and N452 are but two of several residues
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in E. coli MetRS responsible for interdomain communication.
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