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Tyr-426 of the Eschérichia coli asparaginyl-tRNA synthetase, an amino
&cid in a C-terminal conserved motif, is involved in ATP binding
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Sequence comparixans of the E. coli uspuruginy- RNA synthetase (NRSEC) with uminoacyl-IRNA synthetuse sequences of cluss 1T enzymes show

significunt homologics with aspurtyl- and lysyl-(RNA symhcmses Three conserved regions were found, one of which is located in the Cterminal

purt of the NRSEC sequence. Site-directed mutagenesis was performed in this conserved region. A single point mutation Tyt-426—+Ser resulls in

& 18-fuld increuse in the Ky for ATP. while al) the other kinetic pursmeters remain unchunged. The replacement of this Tyr-426 by a Phe does
netalfect the kinetic behaviour of the enzyme. These data indicate that Tyr-426 is part of the ATP binding site.

Sequence homolagy: Aminoueyl-tRNA synthetase: Site-dirceted mutigenesis; ATP binding

1. INTRODUCTION

Aminoacyl-tRINA synthetases area group of enzymes
which catalyse the attachment of amino acids to their
cognate tRNA molecules (see (1] for review). They vary
greatly both in size and in quaternary structure, and
show very limited sequence homology, They are
however small conserved regions, some of which are
known to have functional importance. The existence of
these sequences allow the grouping of all synthetases in-
to two classes [2,3].

The class 1 enzymes contain two sequence motifs,
His-Ile-Gly-His (HIGH) which form part of the binding
site for ATP [4,5], and Lys-Met-Ser-Lys-Ser (KMSKS)
which has been shown by cross-linking to be close to the
3'-end of the tRNA [6,7]. The class Il enzymes do not
have these sequences, but have three other conserved
motifs [2,8,9]. This. class includes asparaginyl-,
aspartyl-, histidyl-, lysyl-, prolyl-, seryl- and threonyl-
tRNA synthetases, and the 8 subunit of phenylalanyl-
tRNA synthetase, Recently the first three-dimensional
structure of a class Il enzyme was described, namely
seryl-tRNA synthetase from E. coli (SRSEC) [3]. The
catalytic domain is based on a seven-stranded an-
tiparallel B-sheet which contains two of the three con-
served motifs.

The ansS gene coding for the E coli asparaginyl-
tRNA synthetase had been previously cloned and se-
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quenced (9,10, Site-directed mutagenesis experiments
were performed in the C-terminal conserved region. We
describe here a single point mutant which exhibit a large
increase in the K, value for ATP, with the other kinetic
parameters being unchanged. These data show the im-
portance of this amino acid as part of the ATP binding
site.

2. MATERIALS AND METHODS

2.1, Sequence comparison among aminoacyl-tRNA synthetases

The sequence of NRSEC was aligned with several aminoacyl-tRNA
symhclases using the program BESTFIT of the University of Wiscon-
sin, Genetics Computer group (11], using a gap wexgm of 2and a gap
length of 0.05.

2.2, Construction of vectors expressing native and mutated NRSEC

The asnS gene was previously cloned and sequenced [9,10]. A
1.1-kb EcoRi-Bgll fragment carrying the 3'-end of the asnS gene
was subcloned into M13mp19, Site-directed mutagenesis was per-
formed following the method of Eckstein and co-workers [12], using
the oligonucieotide: 5' CGATCTGCGTCGCTA(C, T)CGGTACTG-
TTC(G, TYCATTCAGGTTTCGGTCTTGGTTT 3!, The oligo-
nucleotide was synthesised on an Applied Biosystem Apparatus 380.B
at EMBL, Heidelberg and subsequently purified by reverse-phase
chromatography. Except at the three positions which are under-
lined, this oligonucleotide is identical to the region 1263~1313 (posi-
tion | is the A of the AUG initiation codon) of the coding strand for
NRSEC, The bases 1277 and 1288 in the oligonucleotide are conipos-
ed of a mixture of the wild type base (80%) and of two other bases (in
brackets, 10% each). At position 1290, the base G is replaced by a T,
resulting in formation of an EcoNI site.

Single-stranded DNA was sequenced according to the protocol of
Sanger et -al. {13], using a synthetic primer identical to posmons
1175-1190 of the coding strand of the asnS gene,

A 1.3-kb M/ul~-Sphl mutated fragment isolated from the replicative
form of the MI3mpi9 construction was used o replace the
homologous fragment in an asnS gene cloned and expressed in the
vector pUC18.

The replacement of the native fragment by the mutated homologue
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was nnalysed by EcoN| digeslion of tlw resulting ptmmldw, followed
by sequeneing of the pertinent region. :

The nathve and mutated enzymes were puritied from 17 litres of
bacterial ¢ultures In' 3 Fractionation siepy fellewing the seheme of
Leberman et al, [14], exvept that the lan purification step was per-

farmed by anien-¢cxchange on 4 FPLC Mong @ HR 10410 column
(Pharmacia),

2.Y. Kinetiv anulysis of the purified engymes -
ATP-PP, exchinge and aminoucylation assays were performed far

~ both native and mutated purified enaymes, aceording 1o Calendarand

Berg [15), and Jakes and Fersht [16], The enzymes were at least 95%

- pure, as judged by clectrophoresis on SDS-polyacrylamide geix,
The astivation reaction was performed in a buffer consisting of 50
MM TrissHCl pH 7.6, 10 mM: MgCh, 0.46 mM [PPIPP: (10

cpmspicomol), sontnining various amounts of the substrate siudicd

{asparagine of ATP) while the ather substrate was Rept saturnting.
. Typieal concentrations of the substrate studied were from 0.1 1o 10
©limes K. Saiurating coneentration of the other subgirate wis 53 uM
asparagine or 2 mM Mg-ATP (molecular ritia 1:1), exeept in the case

of the mutant Tyr-4268er, where the AT coneentration used was 10

mM, The enzyme concentration was 120 nM,

The charging activity was measured in a bulTer consisting of 50 mM
Tris-HCI pH 7.6, 10 mM MgClay, 2 % 107 M Spermidine, | 1.2 mprou
¢rude tRNA (Boehringer Mannheim). This correspondad (0 4 u
tRNAM, Concentrations of the substrate studied ¢['*Clasparaging,
100 cpm/picomol, or Mg-ATP) were from 0.1 10 2 times K, Concen-
tration of the other substrate was 53 pM [MClasparagine (100
epmspicomol) or 2 mM Mg-ATP. Enzyme con¢entration was 23 1M,

3. RESULTS

As described previously [2,9], NRSEC shows a
remarkable sequence homology with aspartyl- and
lysyl-tRNA synthetases (29% and 23%, respectively,
using the BESTFIT program as described in section 2).
Aninteresting homology is found with a surface protein
of unknown role from Brugia malayi (23%) (17], which

NRSEC 420 YRDLRRYSGTVPHSGPGLGEFERL AN
CDRSEC 817 LLDALKYGTPPHAGLAFGLDRLSIS
PRSSCM 587 LLNAFDMGTPPHAGFAILIGEDRMGIS
DRSSC: 511 YCDGFSYGCPPHAGGGIGLERYS3
DRSRL 428 YIDSFRPGAPPHAGGGIGLERV4Y
DRSHS « 454 YIDSFRFEGAPPHAGGGIGLERV4IS
KRSECU 461 YVTALEYGLPPTAGLGIGIDRMA482
KRSECs :461 YVTALEBGLPPTAGLGIGIDRMAIE2
KRSSC 535 FCNALEXYGLPPTGGWGCGIDRLSSES
ANTBM 502" YLDQRLYGTCPHGGYGLGLEREF 523
LI L * « *

consensus .

Sequence Y¥Y.D.. . ¥YG.PFHAG.,.GIG

LYR®

Fig. |. A conserved region close to the C-terminal end of the NRSEC,
Sequence comparisons were performed with the program BESTFIT
according to Smith and Waterman [ 1], using standard conditions.
Tyrosine-426 of the E. coli asparaginyl-tRNA synthetase which was
mutagenised (this article) is in bold in this Figure. Amino acids which
are totally conserved among all compared sequences are indicated by
stars. ©, hydrophobic residues, Y, aspartic or glutamic acids.
NRSEC, E. cofi asparaginyl-tRNA synthetase [9}; DRSEC, E. coli

aspartyl-tRNA synthetase [18); DRSSCM, yeast mitochondrial .

aspartyltRNA synthetase [19]); DRSSC,. yeast aspartyl-IRNA syn-

thetase [20]; DRSRL, rat liver aspartyl-tRMA synthetase [215

DRSHS, Human aspartyl-tRNA synihetase [22]; KRSECu; E. coli

thermoinducible lysyl-tRNA synthctase {23]; KRSECs, B, coli ¢con-

-stitutive lysyl-sRNA synthetase [24]; KRSSC, yeast lysyl:tENA syn-
" thetase [25]; ANTBM, Brugia malayi 60 kd-antigen [{7].
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indictes that this pmtein may be an aminoacyl-tRNA
synthetase,
Fig. 1 shows a particularly well conserved region,

close. 10 the C-terminus of the NRSEC, . with

tyrosine-426 shown in bold. Amino acids at this posi~
tion arc often tyrasine (6/10), or if not, an aromatic

residue (8/10). Five totaily conserved amino acids {one

prolme. one arginine and three glycines), indicated by

stars in Fig, [, are present atr positions 427, 430, 433,

437, 440 of the NRSEC, Tyr-426 was chosen lor site-

directed mutagenesis, as its substitution is less drastic as

compared to that of glycine or proline [26].

The degencrated oliganucleotide used to perform
site~directed mutagenesis was constructed in order to in-
crease the yield of single point mutants., Screening was
performed by sequencing the M13 DNAs in the region
which was mutagenised. The average yield of mutants
was 85%, with half of the mutants being single point
substitutions. Replacement of the native wild type frag-
ment by the mutated homaologous fragment was screen-
ed by EcoNJ digestion, and subsequently confirmed by
sequencing of the mutated plasmid. This procedure
allowed the .isolation of two single point mutants,
Y426F and Y424S,

As judged by SDS- polyacrylamldc gel, the expression

“of the mutated enzymes represented respectively for

Y426F and for Y426S; 10% and 6% of the total
cytosoluble protein. Under these conditions, con-
tamination by the chromosome encodsd NRSEC was

. negligible (less than 0.2%, data not shown).

Tables 1 and 11 show the kinetic parameters for
NRSEC and the two mutants. The Ku value for
asparagine was not greatly modified when aminoe acid
426 was changed to either phenylalanine or serine. In
contrast, when the Tyr-426 was replaced by serine, the
Ky, value for ATP was increased by a factor of 15 for
the activation reaction, and by a factor of 3 in the
overall charging reaction. This can be explained if the
binding of the tRNA stabilizes the ATP binding site in
an active conformation, and this stabilization might
balance the loss of affinity for ATP in the mutaled en-
zyme, The replacement of the same ‘amino acid by

Table |

Kinetic paramecters of the wild-type E. coll asparaginyl-tRNA syn-
thelase and two mutants in the ATP-PP,; exchange reaction i

-Enzyme Substrate studied X, Fear (571
WwWT . aspaiagine 15.3 uM 2.8 ‘
Y426F .asparagine 225 M 2.7
Y4265 asparagine BIupM 1.3
wT ATP 0.5 mM 2.2
Y426F ATP 0.5 mM 2.3
Y4268 ATP - 7 mM 2.1

Kinetic experiments were performed as described in section 2, Y426F,
Y4268: 1yrosine-426 of the native NRSEC was replaced reqpecuvely
by phenylalanme and serme
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Table H

Kinetie parameters of the witd-aype £, eoli asparsginyl-tRNA ayn-
_ thetase and twa mwtants in the aminoeeyltion reactian,

Enﬁymf Subsirute studied Kw Ko (87 Yy
WT usparagine 32,3 )M 1.6
Y4leF nsparagine 2.6 M 2R
Y4268 usmmainc 136 M 0.7
wT ATP 76 pM 1.3
Yd426F ATP 30,6 uM 1.0
Y4268 ATP. CasM 03

Amlnuuv:ylmlan AXIAYS wcre pcrt’crmcd .n.mrclmg to Jakas and Fershe

[16). under the conditions deseribed in section 2, Y426F and Y4268:

two mmzmu uf NRSEC, with lyrmme-«t!ﬁ replau.d by phenylalanine
(F) or serine (8).

phenylalanine had little effect. Changes in A¢ar values
for both mutants were not significant,

In order to see whether the enzymes have the same
stability at the temperature used to <etermine kinetic
constants, we measured the rate of the activation reac-
tion for all enzymes after one, two and six hours in-
cubation at 37°C. As no significant changes were
observed, we concluded that the stability of the en-
zymes at the temperature used for the experiments was
unaffected. by the mutations. As only one kinetic
parameter was significantly modified, we could expect
that the mutation did not induce a global modmcauon
of the enzyme structure.

4. DISCUSSION

According to recent results, aminoacyl-tRNA syn-
thetases can be grouped into two classes [2,3]. The first
class is now well characterised, as the three-dimensional
structures of Bacillus stearothermophilus tyrosyl-tRNA
synthetase. (YRSBS), E. cofi methionyl-tRNA syn-
thetase, and recently E. coli glutaminyl-tRNA syn-
thetase are known [27-29], These 3 enzymes display
significant structural homology, having in common a
Rossmann dinucleotide binding fold [5,28,29]. In par-
ticular a 8-o-B region containing the HIGH motif is
found to be highly homologous. The existence of the
conserved region HIGH in isoleucyl-, methionyl-,
tyrosyl- ‘and glutaminyl-tRNA synthetases has been
shown by Webster et al. [4]. The structure of the com-
plex between YRSBS and tyrosyl-adenylate {5], and ex-
tensive site-directed mutagenesis [30}, have allowed the
identification of the amino acids on the enzyme respon-
sible  for the binding of ATP, These include the
histidines of the HIGH region. Subsequently, muta-
tions in this conserved region were. performed in a
homologous enzyme, namely valyl-tRNA - synthetase
from Bacillus stearothermophilus, {311, also confirming
in this case, the role of this region as an ATP binding
site.

An E. coli strain carrying a mutation in the argS gene
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coding for arginyl-tRNA synthetase (RRSEC) shows a
point mutation two amino acids downstream from the
HIGH sequence (32]. This mutated RRSEC exhibits a
S-fold increase in the Kw for ATP, whereas the other
kinetic parameters are not significantly changed.

A conserved region found between E. ¢oli and yeast
isoleucyl-tRNA synthetases, 26 amino acids after the
HIGH sequence, was mutagenised [33]. A specific and
Iarge increase in the Ky for isoleucine was found, show-
ing the importance of this region in the amino acid
binding. Thus the conserved regions have been shown
to have functional importance. ‘

Among class [T synthetases, the structure of the £,
coli seryl-tRNA synthetase has been recently solved (3],
The putative active site does not contain the nucleotide
binding fold as in class I enzymes, but is based on a
seven-stranded antiparailel S-sheet, In class | enzymes,
the ATP binding site is close to the N-terminus (for
review see [1]), whereas for those of class I the putative
site is located in the C-terminal part {3,22]. Based on se-
quence homology, the class [ enzymes can be subdivid-
ed into a group (I1a) consisting of seryl-, threonyi-,
prolyl- and histidyl-tRNA synthetases, and another one
(Ilb) of asparaginyl-, aspartyl- and lysyl-tRNA syn-
thetases (Cusack et al., submitted to Embo 1.). Accor-
ding to this sub-classification, there are 3 conserved
regions of which the third motif can be roughly divided
into two parts: the N-terminal segment, rich in glycine,
is found only in the class Ilb enzymes (asparaginyl-,
aspartyl- and lysyl-tRNA synthetases). The C-terminal
segment of this motif'is common to all enzymes of class
II and contains the Gly-Leu-Glu-Arg highly conserved
sequence [8,22].

Tyr-426 of NRSEC, in the N-terminal segment of the
third motif, is situated just before helix H12 and 8
strand AS of SRSEC, both thought to form part of the
active site (3] :

Site-directed mutagenesis has been performed on the
E. coli aspartyl-tRNA synthetase (DRSEC) (18], the E.
coli enzyme which presents the. highest degree of
homology with NRSEC. Leu-535 of DRSEC, which
corresponds to Phe-438 of NRSEC, was replaced by
proline. This mutant shows a decreased Vi, and an in-
creased Ky (by a factor of 20 for the ATP, a factor of
2 for aspartic acid and tRNAP), Due to the drastic
nature of the substitution [26], one cannot exclude that
the tertiary structure has been affected. The residue cor-
responding to Tyr-426 mutated here is positioned 12
amino acids ahead of Leu-535 of DRSEC. ‘

This could support the idea that the third conserved
region in class I1b enzymes is parl of the ATP binding
site.

A more complete set of mutants in - this region,
especially affecting the fully ¢onserved amino acids,
have to be obtained in order to better define residues
which are directly involved: in ATP binding. In the
HIGH motif of class I enzymes, glycine does not play a
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direct rolu in binding or catalysis, but promotes formas
tion of the proper structure [6]. Some of the conserved
glveines in the class I enzyme may play a similar role,
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