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ABSTRACT. The accuracy of protein synthesis essentially rests on aminoacyl-tRNA synthetases that ensure
the correct attachment of an amino acid to the cognate tRNA molecule. The selection of the amino acid
substrate involves a recognition stage generally followed by a proofreading reaction. Therefore, to change
the amino acid specificity of a synthetase in the aminoacylation reaction, it is necessary to alleviate the
molecular barriers which contribute its editing function. In an attempt to accommodate a noncognate
amino acid into the active site of a synthetase, we chose a pair of closely related enzymes. The current
hypothesis designates glutaminyl-tRNA synthetase (GInRS) as a late component of the protein synthesis
machinery, emerging in the eukaryotic lineage by duplication of the gene for glutamyl-tRNA synthetase
(GIuRS). By introducing GIuRS-specific features into the Rossmann dinucleotide-binding domain of
human GInRS, we constructed a mutant GInRS which preferentially aminoacylates tRNA with glutamate
instead of glutamine. Our data suggest that not only the transition state for aminoacyl-AMP formation
but also the proofreading site of GINRS are affected by that mutation.

Aminoacyl-tRNA synthetases catalyze the esterification three class | enzymes arginyl-, glutamyl-, and glutaminyl-
of tRNAs by the cognate amino acids in a two-step reaction tRNA synthetaseslj. Their strict tRNA-dependent amino
(1), leading to the synthesis of an aminoacyl-adenylate acid activation suggested that a proper tRN#otein
intermediate and to the transfer of the activated amino acid interaction induces an essential conformational change that
on the 3-terminal adenosine of tRNA: confers a productive conformation on the active s8e (

L 10).
aaRS+ aa+ ATP —=aaRSaa-AMP + PR Among the twenty aminoacyl-tRNA synthetases, glutamyl-

aaRSaa~AMP + tRNA = aaRS+ AMP + aa-tRNA and glutaminyl-tRNA synthetases are certainly the most
closely related synthetases. It is generally accepted that the

The selectivity of the overall process implies three major genes encoding GIuR&nd GInRS are paralogous genes that
molecular sieves: selection of the cognate amino acid in thearose through duplication of an ancestral gene of the GIURS-
active site of the synthetase, discrimination of the corre- type and further specialized for two related enzyme activities
sponding tRNA through a large repertoire of nucleic acid  (11). In most of prokaryotic cells, including eubacteria and
amino acid interactions, and an editing mechanism devotedarchaea, a single enzyme of the GIuRS-type aminoacylates
to the rejection of misactivated amino acids or misaminoa- both tRNASM and tRNAE"™ with glutamate, the formation of
cylated tRNAs 2). The latter mechanism has been especially GIn-tRNA®" proceeding through transamidation of Glu-
observed in the case of valyl- and isoleucyl-tRNA syn- tRNA®"(12,13. A noticeable exception concerppurple
thetases, two enzymes which very efficiently activate the bacteria which possess a eukaryotic-type GINRS possibly
isosteric or smaller amino acids threonine and valine, acquired by horizontal gene transfdr). It was therefore
respectively 8—6). The weak discrimination properties of tempting to speculate that the amino acid recognition and
these enzymes toward the amino acid is compensated by theiediting mechanisms of genuine GIURS and GInRS signifi-
very ability to reject the misactivated residues in an editing cantly diverged to confer on the two daughter enzymes
mechanism. The rejection of the misactivated amino acid accurate discrimination properties, but retained a conserved
can be accomplished either before or after its transfer to thegeneral scheme reflecting their common ancestral origin.
cognate tRNA molecule and is usually stimulated following  In the present study, we have investigated the amino acid
RNA interaction with the synthetasg)( Since editing was  selection properties of human GInRS in the amino acid
shown to be an RNA-dependent process (reviewed in ref activation and aminoacylation reactions. On the basis of the
7), itis generally believed that glutaminyl-tRNA synthetase phylogenetic analysis of the conserved Rossmann fold
has no hydrolytic editing mechanism. Indeed, although the domain of the GIXRS (GIURS or GInRS) sequendes (L2,
amino acid activation step can generally be accomplishedand of the crystal structure &scherichia coliGINRS (L4)
in the absence of tRNA, a noticeable exception concerns theand Thermus thermophiluSIuRS (L5), we have introduced
by site-directed mutagenesis a limited set of amino acid
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of our approach was to build a mutant human GInRS with or total brewer’'s yeast tRNA (Boehringer, glutamine ac-
the capacity to aminoacylate tRNA with glutamate instead ceptance of 5 pmoi.eg) were used as tRNA substrates. The
of glutamine. We report that a double mutation led to a incubation mixture contained catalytic amounts (0083
dramatic switch of amino acid specificity from GIn to Glu. uM) of enzymes appropriately diluted in 10 mM Tris-HCI
This conversion of specificity is mainly accounted for by (pH 7.5), 10 mM 2-mercaptoethanol, containing bovine
increased first-order rate constants for amino acid activation serum albumin at 4 mg/mL. One unit of activity is the
and tRNA aminoacylation catalyzed by the mutant GInRS amount of enzyme producing 1 nmol of aminoacyl-tRNA

with glutamate as compared to glutamine. min, at 25°C. Enzyme concentrations were calculated by
using an absorption coefficient of 0.9A1g, units cn? mg-.
EXPERIMENTAL PROCEDURES For the determination oKy values for amino acids in the

tRNA aminoacylation reaction, amino acid concentrations
of 0.02-3 mM were used. Michaelian parameters were

expression of human GInRS in the ye&iccharomyces  gpained by nonlinear regression of the theoretical Michaelis
cerevisiag the CONA encoding its complete coding sequence oy ation to the experimental curve using the KaleidaGraph

(12) was subcloned into pYeDP60 and then used to transform 3.0.4 software (Abelbeck Software). The isotopRe|PR-

to Ura” and Ade" the strain W303-1Bx which was grown  A1p exchange reaction was assayed at@5n 0.1 mL of

in rich galactose medium as describ&@)( All purification 20 mM imidazole-HCI buffer (pH 7.5), 0.1 mM EDTA
steps were performed at€. Cells (15 g) were resuspended 5 5 M 2-mercaptoethanol, 10 mM Mt:lCQ mM ATP 2’

in 22 mL of buffer A (10 mM potassium phosphate, pH 7.5, . \m amino acid, 2 mM £PJPR (DuPont NEN, 0.4 or 10

1 mM EDTA; 10 mM 2-mercaptoethanol; 10% glycerol) and - ¢i/mgo)), and saturating amounts of beef or yeast tRNA. The
lysed in an Eaton press in the presence of protease inhibitors, o 5 ction was initiated by the addition of an appropriate
and nucleic acids were removed from the clear supernatantenzyme dilution (0.0033 «M). One unit of activity in the

by Polymin P (BASF) precipitation. This fraction was gychange reaction is the amount of enzyme producing 1 nmol
applied b a S Sepharose FF column (Pharmacia) developed ATP/min. at 25°C. For the determination dfy values

with a potassium phosphate gradient from 10 to 350 mM. ¢4 the amino acid, concentrations of 0-620 mM were
Fractions with GInRS activity were combined, desalted on | ,qoq.

Sephadex G-25 column, and applieda Q Sepharose FF
column (Pharmacia) equilibrated in buffer A. The active RESULTS AND DISCUSSION

fractions, eluted in buffer A, were directly applied to a Bio- AP : .
. . o ; oorly Aminoacylatable tRNA Fully Aetites the ATP-
Gel HTP Hydroxyapatite column (Bio-Rad) equilibrated in PPi Exchange ReactionHuman GInRS requires tRNA in

butfer B (10 mM potassium phosphate, pH 7.5; 0.01 mM the activation step. Its catalytic efficiency in the glutamine
CaCl; 10 ”?'V' 2—merca}ptoethanol; 10% glycerol) and activation reaction, expressed as the ratio of the catalytic
developed with a potassium phosphate gradlenF from 10 to rate and Michaelis constarks,/Ky of 4.9 x 10° min-1 M-
300 _mM. Combined fractions were 2.5-fold d|_Iuted and (Table 1), is reduced to undetectable values in the absence
ap_phed to a Macro-Prep Ceramic Hydroxyapatlte c_olumn of tRNA. However, the activation and aminoacylation steps
(Bio-Rad) developed as above. .The purified proteln, ho- are not tightly coupled, and interaction with a competent
mogeneous by SDSPAGE analysis, was store_d {?‘QO c . tRNA molecule rather than its potential to be aminoacylated
in 15 mM potassium phosphateopH 7.5, 2 mM dithioerythritol drives its catalytic site into a conformation suitable for the
(DTE), 0.1 mM EDTA, and 50% glycerol. amino acid activation reaction. Yeast tRNA (tRKAs a
Construction of GInNRS MutantsThe Cy$* to Arg poor acceptor tRNA in the aminoacylation reaction catalyzed

mutation was introduced by PCR with primers TCA- by the human GInRS as compared to the cognate beef tRNA
CATATGCGTCTGAC and TGGAATTCCTTGGTGCG- (tRNAB) (Figure 1A), with a 200-fold decrease in they/

GAGTGAGTGAGTG and exchange of the interrdtid- Kw for Gln mainly accounted for by a 31-fold increase in
EcoRl fragment. The second mutation was generated by the K, value for GIn (Table 1). By contrast, yeast tRNA
PCR with primers ACTCCAGCACAGCCATG and GG-  promotes the activation reaction as efficiently as beef tRNA
GACGTCTATTGCCCTGTGGCTTGGGAGTATGG forthe  (Figure 1), even with a slight 3-fold increase in the catalytic
GIn*®* to Ala mutation or GGGACGTCTATTGCCCTGT-  efficiency. Therefore, a RNA/protein interaction is necessary
GATTTGGGAGTATGG for the GIf®! to lle mutation.  and sufficient to switch the active site of GINnRS into a
MutatedAatl- Xba fragments were exchanged in the GINRS  productive conformation in the activation reaction with a
cDNA. The resulting plasmids were verified by DNA  major positive effect on the apparent binding of Gin,
sequencing. The GINRSGINRS™, and GInRS' mutant  jrrespective of the aminoacylation to occur. This result
proteins were purified as described for the wild-type GINRS. syggested that distinct sites of the catalytic pocket of GInRS
Their elution was monitored by Coomassie Blue staining or could be involved along the different stages of the overall

Expression and Purification of Human GInRSor

Western blottlng after SDSPAGE. aminoacy|ati0n reaction.
Assay for GInRS.Initial rates of tRNA aminoacylation Human GInRS is Highly Specific for the Amino Acid GIn.
were measured at 2% in 0.1 mL of 20 mM imidazole The specificity factor, expressed as the ratio of the catalytic

HCI buffer (pH 7.5), 150 mM KCI, 0.5 mM DTE, 5 mM efficiencies for glutamine versus glutamatk.{{Kw)®"(Keal
MgCl,, 3 mM ATP, 60uM (50 Ci/mol) or 2 mM (12.5 Ci/ Kwm)@M] in the activation and aminoacylation reactions, in the
mol), 1“C-labeled glutamine or glutamic acid (DuPont NEN), presence of tRNA was estimated to be 30 000 and 105 000,
and saturating amounts of tRNA, as previously described respectively (Table 1). The selectivity of the wild-type
(17). Beef liver tRNA (glutamine acceptance of 70 pmol/ human GInRS for its coghate amino acid glutamine versus
Agq) partially purified on a DEAE-Sephadex columhgf glutamate proved to be of the same order of magnitude as
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observed for highly discriminating aminoacyl-tRNA syn-
thetases?). In the activation reaction, thé&y value for the
amino acid is increased only 18-fold for Glu (8 mM) as
compared to Gin (0.44 mM), but the catalytic rate is severely
impaired (0.13 min* for Glu versus 216 min* for GIn)
(Figure 1 and Table 1). Activation of the non cognate amino
acid Glu is also tRNA-dependent and is promoted by yeast
tRNA as well (Figure 1B, inset). Therefore, tRNArotein
interaction per se does not provide human GInRS with
unambiguous amino acid discrimination properties. The
specificity factor for the amino acid is 4-fold higher in the
aminoacylation reaction as compared to the activation step,
suggesting that other molecular sieves located beyond the
activation step also contribute an essential stage of amino
acid selection, even if the former already involves a tRNA-
mediated selection. Aminoacylation of yeast tRNA with Glu
was not detectable.

Rationale for Site-Directed Mutagenesis of Human GInRS.
A structure-based alignmertt1, 12 revealed three catego-
ries of conserved residues within their catalytic domain. The
first category of conserved residues is the GIXRS-specific
residues, such as GF, His?”?, or GIy?"® in the vicinity of
the HIGH signature sequence of Class | synthetases, that
are encountered in all GIuRS and GINRS. A second category
comprises phylogeny-specific residues, that is amino acids
that distinguish GIXxRSs according to their evolutionary
relatedness, not to their aminoacylation specificity. The
amino acid sequences of all GIXRSs have been devided into
two groups referred to as the Glu-type or Gln-type enzymes
(11, 19. The Glu-type enzymes include eubacterial GIURSS;
the GIn-type enzymes include all GInRSs as well as GIuRSs
from archaea and eukarya. In accordance with this clas-
sification, residues H#&° and Vaf® from human GInRS are
conserved in all GInRSs and in eukaryotic and archaeal
GIuRSs but are replaced by Glyand Ly$%*" in E. coli
GIuRS, a representative of eubacterial GIURSs. The amino
acids pertaining to these two classes of conserved residues
were excluded from the set of residues potentially involved
in the active site of GIXRSs in the selection of the proper
amino acid substrate. A third category of conserved residues
was identified as function-specific residues. Residued®€ys
and GIrt8! of human GInRS are conserved in all GInRSs
but are never found in any GIuRS. They are replaced by
Arg'® and TyP?* in E. coli GIURS. This third type of
conserved residues was selected as a target to change the
amino acid specificity of a GIXRS.

Because GIXRS enzymes are closely evolutionary related,
we assumed that they share a common structural organization
of their catalytic sites amenable to accommodate the amino
acids GIn or Glu following a restricted set of point mutations.
The challenging perspective was to build a mutant human
GInRS with the capacity to aminoacylate tRNA with
glutamate instead of glutamine although retaining its GlIx
specificity. In afirst round of site-directed mutagenesis, the
Cys*8 invariant residue of GInRS, located in the amino
acid pocket of GInRS1{4), was converted to Arg (C456R),
the cognate invariant residue for all GIURS, to give GIARS
On the basis of the crystal structure®f coli GINRS (14),
we observed that a C456R mutation in human GINRS{€8ys
in E. coli) could introduce some steric hindrance to the active
site. In a second round of mutagenesis, the*@lresidue
of GInRS (GIn?%in E. coli) was replaced by lle, a residue
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Table 1. Kinetic Constants for Amino Acids GIn and Glu of Wild-Type Human GInRS in the -AHP Exchange and TRNA Aminoacylation Reactions, in the Presence of Cognate (Beeff)iRNA
tRNAB
tRNAY
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Ficure 1: Aminoacylation of tRNA (A) and tRNA-dependent amino acid activation (B) for wild-type GInRS. Initial rates of aminoacylation

of beef tRNA (tRNA) or yeast tRNA (tRNA) with the amino acid GIn or Glu by human GInRS are plotted as a function of enzyme
concentration. Activation of the amino acid GlIn in the presence of beef or yeast tRNA, or of the amino acid Glu in the absence of tRNA
or in the presence of tRNAor tRNAY (inset) are reported as the amount of ATP formed per minute in the ATIBxXeRange reaction.
Standard errors on the initial rates are in the range2B% of the value.
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FIGURE 2: Amino acid activation catalyzed by GInlRS§ GInRS, GInRS, and GInR8A. ATP-PR exchange reactions (1Q€.) were
performed in the presence of 2 mM of each amino acid and/®Bl4enzyme (8 nM GInR8T in the presence of Gin).

found in all eukaryotic GIURS, or Ala, a small hydrophobic unchanged: 0.44 and 0.53 mM for GIn, 8 and 7 mM for
residue, to give the double mutants C456R/Q481I (GIHRS  Glu, respectively, for GINR% and GInRS'. Consequently,
and C456R/Q481A (GInR®), respectively. the double mutation confers on GInRS the ability to catalyze
Activation of Glutamate by GInRS.The two double preferentially the activation of the amino acid Glu. Because
mutants lost their ability to discriminate the amino acid Glu theKy of the reaction is still more favorable for Gln versus
from the natural substrate Gln, but retained their ability to Glu and catalysis remains tRNA-dependent, we conclude that
reject all 18 other amino acids (Figure 2). Activation of both the main effect of the mutations is to increase the comple-
amino acids GIn and Glu remains tRNA-dependent. The mentarity of the active site for glutamyl-adenylate in the
specificity factor for glutamine versus glutamate in the transition state, with the release of a conformational sieve
activation reaction decreased from 30 600 for the wild type which prevented GInRS from falling into a tRNA-induced
to 2.5 for GInRS' and 1.2 for GInR&* (Table 2). The active conformation when the amino acid Glu is present in
catalytic efficiency ke./Kw) of the mutant enzymes is about the active site. Itis also noticeable that the mutant GRS
2000-fold decreased in the GIn activation reaction and 6-fold displays a 10-fold highelKy value for Gin as compared to
increased in the Glu activation reaction as compared to wild the wild-type GInRS or the other GInRS derivatives. This
type (Table 2). The rate of Glu activation catalyzed by suggests that the amino acid residue at position 481 is also
GInRS¥ is 5-fold that observed in the presence of GIn, as involved to some extent in the initial recognition stage of
compared to a 1660-fold higher rate for GIn versus Glu the amino acid substrate. The substitution of‘&lto Ala
catalyzed by GInR%'". The values folKy, are essentially  contributes+1.6 kcal/mol to the apparent free energy of
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Table 2: Kinetic Constants for Amino Acids GIn and Glu of Wild-Type Human GInRS and of Derivatives Thereof in theRPRIExchange
and tRNA Aminoacylation Reactiohs

Amino Acid Activation

(keafKi) "
atGIn aIGlu KMGIn KMGIu kca{KMGIn kcalKMGIU a—MGIu
(min1) (min?) M1x100) (M 1x105 (mniMY)  (minItMY (KeafKn)
GINRS'™ 216+ 12 0.13+0.03  0.44+ 0.03 8+ 3 4.9x 10° 16 30600
GINRS 0.32+£0.08  =<0.03 0.36+ 0.06 ND 890
GINRSY 0.14+ 0.05 0.72£0.08  0.53+0.08 7+3 260 103 25
GInRSA 0.48+ 0.08 0.48£0.08  7+3 8+3 70 60 1.2
tRNA Aminoacylation
(ool o) "
,on e Ky G Ky Ol Koo Kny©" Keaf Ky ©l %
(min-?) (minY) M1x10)  (M1x10%  (mn iM%  (mntMY) (keafKi)
GINRS™ 2742 0.03+ 0.02 0.13+ 0.02 15+ 5 2.1x 100 2 105 000
GINRSR 0.244+0.05  <0.01 0.3+0.1 ND 800
GINRS®! 0.04+ 0.02 0.51+ 0.06 0.25+ 0.05 6+3 160 90 1.8
GINRSA ND ND ND ND

aND: not determinable.

amino acid binding. This less favorable energy of interaction
could be due to direct or indirect effects. However, it is t
conceivable that a contact with the substrate is lost when 160
the side chain of the amino acid at position 481 is shortened.
Switch of Aminoacylation Propertieg-or the wild-type
GInRS, the specificity factor for Gln versus Glu in the
aminoacylation reaction is 4-fold higher than that in the
activation reaction (Table 1), thus indicating that the overall
amino acid discrimination also involves the second step of
the reaction, the aminoacylation step. Although the first step
of the reaction, the activation of amino acid, is already tRNA-
dependent in the case of GINRS, a second sieve provides
the enzyme with a lower rate of error. This second site of
control most certainly also involves tRNA since yeast tRNA
promotes activation by wild-type human GInRS but is poorly
aminoacylated, suggesting that different RNgrotein in-
teractions are involved to confer on the catalytic center of
the enzyme active conformations in the activation or ami-
noacylation steps. However, the possibility that nucleotides
within the acceptor arm of tRNAact as negative determi-
nants for the proper positioning of that tRNA into the active
site crevice cannot be ruled out. Discrimination between
GIn and Glu is also relieved at the aminoacylation step for
the GInR®' and GInRS” mutants that display specific
activities of 1.5 and 1.2 units/mg for glutamylation of tRRA
as compared to 290 units/mg for glutaminylation by GIMRS
(Figure 3). The Michaelis constants in the aminoacylation
reaction catalyzed by GInR&determined for glutamine and
glutamate showed that the catalytic efficiendy.{Ku) of
the mutant is 1300-fold reduced for GIn but 45-fold increased
for Glu, as compared to GInRS (Table 2). The specificity

GInRS™ + GIn

GInRS™ + Glu

80 f GInRS® + GIn

40 r

aminoacyl-tRNA formed (pmol)

GInRS™ + Glu + tRNAY

GInRSYT + Glu
VAN

Il L

OLV 1 1
10 20

30 40

Time (min)

FiIGURE 3: Glutamylation of tRNA by GInRS. The time courses
of aminoacylation of beef tRNA by GInRS or by GINRS!' with
GIn (a, W) or Glu (A, O) are compared. As a control, glutamylation
of yeast tRNA by GInR8 is shown Q). The reaction mixture
contained 0.3«tM enzyme, 2.25 mM amino acids, and saturating
amounts of tRNA.

tRNAY (4.3 units/mg) with Glu. Although the apparent
homogeneity of this enzyme preparation is similar to that
observed for the other enzyme preparations, as judged by
SDS-PAGE analysis, we cannot completely rule out the
factor of the mutant is reduced to 1.8. As a control, no possibility that it is contaminated by trace amounts of the
glutamylation of tRNA could be detected, thus excluding endogenous yeast GIuRS. However, the in vivo toxicity of
contamination of GInR® by the endogenous GIURS from GINRS* suggests that it could significantly misacylate yeast
the overproducing yeast cell. This result also explains why tRNA.

a human enzyme efficiently misaminoacylating tRNAwith

Glu is not toxic for yeast. In the case of the mutant GIRRS
we could not determine thie,; andKy values for Gln and
Glu. Indeed, this enzyme proved to be toxic for the host
cell, and high amounts of purified protein could not be
obtained. The purified GInRS preparation was able to
aminoacylate tRNA (specific activity of 1.2 units/mg) and

Non-Hydrolysis of aa-tRNA by GInRSVe were unable
to detect any post-transfer editing activity in the case of
human GInRYT or of the mutant enzyme GInRS When
0.2uM tRNAB misacylated with Glu by GInRSis incubated
at pH 7.5 in the absence or presence of up to @\
GInRS'T or GInRS, no enzyme-catalyzed deacylation was
observed (not shown).
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Scheme 1

E, + aa + ATP E, + (aa-tRNAP)

oo . f

E;*aas ATP “4— E,*aa*ATPetRNA “4_ E,e(aa~AMP)etRNA =% E;*(aa~AMP)etRNA? — E,e(aa-tRNAP)

{RN AP PP, L tRNAY AMP >‘v<

Y
ERNA E, + tRNA + aa~ AMP E, + aa + t(RNAP

is, of mutations susceptible to turn a GInRS enzyme back to

CONCLUSION a GIuRS enzyme.

Our results support Scheme 1, the reaction mechanism forACKNOWLEDGMENT
glutaminylation of tRNA by GInRS. The first key step [1] We thank Hugues Bedouelle for commenting on the
which converts the inactive form;Bnto an enzyme species  manuscript.
E, competent in the amino acid activation reaction is an
RNA-driven process that can be efficiently triggered by a REFERENCES

poorly aminoacylatable tRNA species. The formation of an 1. Sdl, D., and Schimmel, P. R. (1974)he Enzymes 1889

enzyme species gEwith an active conformation for the 538.
aminoacylation reaction requires both cognate tRNA and 2. Jakubowski, H., and Goldman, E. (1992icrobiol. Rev. 56,
aminoacyl-adenylate. The amino acid specificity of the 412-429.

enzyme is contributed by two selection steps: discrimination 3. BBL?SW'”’ A-N., and Berg, P. (1966) Biol. Chem. 241839~

between GIn and Glu in the activation stage and involvement 4. Fersht, A. R., and Kaethner, M. M. (197Bjochemistry 15
of the proper aminoacyl-adenylate in promoting the acylation 3342-3346.

reaction. Inthe double mutant GInR$he rates of glutamyl- 5.von der Haar, F., and Cramer, F. (19&ipchemistry 15
adenylate formation qnd of transfe_r oflthe activated glutamate ¢ gﬁln;ﬁtmg and Schimmel, P. (19%Bience 264265-267.
to tRNA are greatly improved, with little effect on th&y 7. Schimmel, P., and Schmidt, E. (199B)ends Biochem. Sci.
values for the amino acid. These results suggest that amino 20, 1-2.

acid residues C)9§6 and GIrf8t of human GInRS are not 8. Kern, D., and Lapointe, J. (197®8jiochemistry 185809~

involved in the initial amino acid recognition but play a key 9.?5&2' M., Hong, K. W., Sherman, J. M., Sever, S., i, So
role in amino acid selection via the recognition of the D. (1996)Proc. Natl. Acad. Sci. U.S.A. 98953-6958.
aminoacyhAMP intermediate of the reaction. Because the 10.Hong, K. W., Ibba, M., Weygand-Durasevic, |., Rogers, M.
catalytic efficiency of the mutant enzyme GInRS similar iénghoma“”v H. U., and"8poD. (1996)EMBO J. 151983~

for the activation and aminoacylation reactions, as compared Laméur, V., Quevillon, S., Diriong, S.,'Suyen, V. C.,
to an 8-fold lowerke/Ku®" value for GInRS'™ in the Lipinski, M., and Mirande, M. (1994Proc. Natl. Acad. Sci.
aminoacylation reaction relative to the activation step, we U.S.A. 91 8670-8674.

conclude that the C456R/Q481I variant has lost its potential 12-&‘882%"E;6| '—gﬁgiﬁeé 5'1’15353@‘1’3%23’ N., and Lapointe, J.

to reject glut.amate as a mlsgctl\(ated amino acid. In 13, Cumow', A W., Hong, K. w.. Yuan, R.,'Kim, S. i. Martins,

accordance with the scheme of kinetic proofreadit®y 20, 0., Winkler, W., Henkin, T. M., and 'Sk D. (1997) Proc.

if the E, to E; transition is not allowed, that is when a Natl. Acad. Sci. U.S.A. 94.1819-26. .

noncognate aminoacyl-AMP or a noncompetent tRNA is 14.Perona, J. J, Rould, M. A, and Steitz, T. A. (1993)
t th tivated aAMP id b | d eith Biochemistry 328758-8771.

present, the activate 6_‘ wou ] e release . either as 15. Nureki, O., Vassylyev, D. G., Katayanagi, K., Shimizu, T.,

such or after hydrolysis of the mixed anhydride bound. Sekine, S., Kigawa, T., Miyazawa, T., Yokoyama, S., and

Because no post-transfer hydrolytic activity was observed, Morikawa, K. (1995)Science 26,71958-1965.

i ; ; i 16. Agou, F., Waller, J.-P., and Mirande, M. (1996Biol. Chem.
this step should contribute the major proofreading stage of 571, 2920529303,

-
GInRS'. 17. Mirande, M., Cirakoglu, B., and Waller, J. P. (19&)r. J.
This is the only example of a molecular switch in the Biochem. 131163-170.
. . 2 . 18. Fournier, M., Dorizzi, M., Sarger, C., and Labouesse, J. (1976)
amino acid specificity for an aminoacyl-tRNA synthetase. Biochimie 58 1159-1165.

Because of their late duplication from a GIuRS-type syn- 19. Hopfield, J. J. (1974proc. Natl. Acad. Sci. U.S.A. 74135~
thetase after archaea and eukarya diverged, we assume that 4139.

GIXRSs retain sufficient flexibility in their active site to 20 Ninio, J. (1975Biochimie 57 587-595.
accommodate a restricted set of “reverse mutations”, that B19805590



