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ABSTRACT. Leucyl-tRNA synthetase (LeuRS) is a class | aminoacyl-tRNA synthetase that catalyzes
leucylation of tRNA®Y, Several mutants in the CP1 domainkscherichia coliLeuRS were obtained by
introduction of restriction endonuclease sites into its gémgs Of these mutants, only LeuRS-A293F

had decreased activity (46%) compared to the native enzyme. To investigate the effect of A293 on enzyme
function, A293 was mutated to Y, G, I, R, or D. The mutants were impaired in activity and editing
function to varying extents. The decreaseKin values for three substrates showed that the binding of
ATP to these mutants became much stronger. The inhibition of ATP binding to most of the mutants was
also stronger. In particular, LeuRS-A293D had the lowest activity, the strongest ATP binding, and the
most impaired editing function. A red shift of the fluorescence emission maximum of LeuRS-A293D
indicated a less hydrophobic chromophore environment and a relatively more flexible dynamic
conformation. The change iy, of LeuRS-A293D was higher than that of all other substitutions. Evidence
from sequence alignment and crystal structure of LeuRS ffo@rmus thermophilushows that A293

was conserved as R (K) or A and is located at a small helix in the editing domain of the enzyme facing
the active site. Hence, any amino acid substitution of A293 may affect the stability of the helix, which
may lead to impaired editing function and aminoacylation activity and may be indirectly involved in
ATP binding.

Aminoacyl-tRNA synthetases (aaR5¢lEC 6.1.1) arose Il aaRSs are built around an antiparaffesheet partly closed
early in evolution and are believed to be a group of ancient by helices and contain three characteristic homologous motifs
enzymes that catalyze the reaction for precisely charging (4).
tRNAs with their cognate amino acids)( For a long time, Leucyl-tRNA synthetase (LeuRS, EC 6.1.1.8), @ class
the aaRsS family was considered as a good model to study| aaRs;, fromEscherichia coliis a monomer consisting of
the structure-function relationship of enzymes, as each aaRS ggo amino acid residues with molecular mass of 97.3 kDa
must precisely distinguish its cognate substrates, amino acidjequced from its gendeuS (11). Among the 10 class |
and tRNAs from many substrates, which have similar arss, | euRS, valyl-tRNA synthetase (ValRS), isoleucyl-
structures Z). Based on the conserved amino qu sequencesipNA synthetase (IleRS), methionyl-tRNA synthetase
anq crystal structures, the 20 aaRSs are divided into two (MetRS), and cysteinyl-tRNA synthetase (CysRS) belong to
major classes of 10 enzymes ea2h§). Class | aaRSs have 5 ghgroup of the class | aaRS9), In addition to sharing
a well-conserved nucleotide binding fold (Rossmann fold), e sequence motifs in the N-terminal halves of all class |
which is responsible for amino acid and ATP binding, 53rss these five also have related C-terminal domains and
aminoacyl-adenylate formation, and tRNA acceptor helix 5 giatistically more significant alignment of N-terminal
docking 6—8). Two insertions, connective polypeptides 1 qoqences with each other than with the remaining five class
and 2_(CP1 and CP2), split the nucleot!de binding fold after enzymes. MetRS and CysRS have relatively small CP1
the third and the fourt8-strand, respectively910). Class domains (100 and 50 amino acids, respectively). LeuRS,
ValRS, and lleRS have large CP1 domains ranging from
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A LAAFIDECRNTKVAEZEMATME-KKGVDTGFKAVHPLTGEE————IPVWAANFVLMEY ¢ 330
B: VLAYVEAAKRKTEIERQAEGRE-KTGVFLGAYALNPATGER----IPIWTADYVLFGY : 332
C: LAAFIQEAKNAKVAEADLATME-KKGMATGLFAIHPLTGDK----LPIWVANFVLMHY : 330
D: LAAFIQEAKNAKVAEADLATME-KKGMATGLFAIHPLTGDK----LPIWVANEVLMHY : 330
E: LQAFLSTLPGLSPDSKVGYLLPHIRAVNP--LAYHEETPEDTKVSLPIYVAPYVLGDY : 392
F: VDEFVAMVAKESEIERTAEDKP-KRGVKTGGIAINPENGEE----IPILIADYVLYEY : 333
G: LKLIIKEIQSKSDLERTDLAKT-KTGVEFTGAYAINPVNGEK----LPIWIADYVLASY : 330
H: VQAYVQRAAKKNDLERTDLAKE-KTGVEFTGAYVRNPINDMR----IPVWVGDYVLVSY : 341
I: IAAYRRAIAAKSDLERQE-SRE-KTGVFLGSYAINPANGEP----VPIFIADYVLAGY : 435
J: -ASFLKKQLOKTTTLKQK-ATL-YDGIDLLTNAIHPLTNEL----IPVYVANYVIEGY : 331
K: -AQFLOKQAQKTTTVKQP-ETL~HDGVDLKLKAINPATNTA----IPLYVANYVVEGY : 331

Ficure 1: Primary sequence alignment of leucyl-tRNA synthetases from different organisms:EAcoli, B = T. thermophilusC =
Haemophilus influenza® = Borrelia burgdorfer E = Neurospora crassémitochondrial), F= Synechocystisp., G= B. subtilis H =
Treponema pallidu = Mycobacterium tuberculosi§ = Mycoplasma genitaliunK = Mycoplasma pneumoniadlignment corresponding

to A293 of E. coli enzyme is denoted with an asterisk. This sequence alignment was extracted from an alignment built with the program
CLUSTAL X.

from 126 to 389 12). We found that when purified LeuRS  encodingE. coliLeuRS,leuS was subcloned from &15D7
was stored in 55% glycerol at20 °C at a concentration of  clone of ankE. coli genomic library by complementation of
10 mg/mL for 1 month, the peptide bond between E292 and aleuStemperature-sensitive mutant KL231 in our laboratory
A293 in the CP1 of LeuRS was specifically cleavad)( (22).
The cleaved LeuRS retained the AYPR exchange activity; Mutagenesis and Plasmid Constructioifthe plasmid
however, the aminoacylation activity was lodi8). This pKK236 with modified polylinker region ofNcd, EcoRl,
peptide bond seems to be in a very special location in the sma, Bglll, Bfrl, and Hindlll sites was derived from
CP1 domain of this enzyme and appears to be very importantykK233-2 (18, 22). With leuSas a template, three pairs of
for aminoacylation activity. The sequence alignment for pNA fragments encoding the N- and C-terminal parts of
LeuRSs from different organisms showed that the site of | eyrRS were amplified and restriction endonuclease sites
293A is conserved as a positively charged amino acid: 8 of ere attached by PCR. The joints were located between T252
the 11 are either Arg or Lys, while the other three are Ala and F253, E292 and A293, and L327 and M326)(When
(Figure 1). On the basis of the crystal structure of LeURS pairs of DNA fragments were ligated to form full-length
from Thermus thermophilusnd the alignment results, 293A  genes encoding LeuRS, some amino acid residues obviously
was located at a small helix in the editing domain of the ere changed by the introduction of restriction endonuclease
enzyme and on the side facing the active sit@).( sites. Three single-site mutants (LeuRS-T252E, LeuRS-
To further reveal the function of the region around the M328K, and LeuRS-A293F) and one double-site mutant
peptide bond between E292 and A293 in the CP1 domain (LeuRS-T252E-M328K) were obtained in this way. Because
of E. coli LeuRS, several pairs of DNA fragments encoding only LeuRS-A293F, among the four mutants, showed a
the N- and C-terminal parts of LeuRS were amplified with = significant decrease in activity, the genes encoding the other
appropriate restriction endonuclease sites attached by PCRfive LeuRS mutants changed at A293 were cloned by PCR
After ligation of DNA fragments, the mutant genes were and expressed. The DNA sequence fidelity of the mutants
produced from which several LeuRS mutants were expressedwas confirmed by DNA sequencing (data not shown).
Of all these mutants, only LeuRS-A293F significantly  gypression and Purification of LeuRS and Its Mutafits
decreased in activity. To further study on the effect of A293 i | eyRS and its mutants were purified from overproducing
on LeuRsS, five mutants at A293 of LeuRS were created. g ¢oli TG1 transformants by two-step chromatography on
Here, we describe the preparation of these mutants and arHEAE-Sepharose CL-6B and HA-Ultrage?d). The con-
investigation of their properties and conformations, and We cenrations of purified LeuRS and mutants were measured
discuss the importance of A293 to the structure and function . the A, of the enzyme solution. About 1.63 mg/mL
of LeuRS. LeuRS-A293Y and 1.62 mg/mL LeuRS and the other

EXPERIMENTAL PROCEDURES mutants eq_ualed 1 op.tlcal dens_uty uan gt 280 rir8) (
Enzymatic AssayAminoacylation activity of LeuRS was
Materials E. coli tRNA" with a charging capacity of  measured with-[*“C]leucine as described by Li et alLg).
about 1600 pmokeo unit was isolated and purified in our  Inhibition of LeuRS and its mutants by ATP was measured
laboratory R0). L-Leucine, DTT, ATP, DEAE-Sepharose at 37°C in the reaction mixture consisting of 2100 mM Tris-
CL-6B, and HA-Ultragel were purchased from Sigm“C]- HCI (pH 7.8), 30 mM KCI, 12 mM MgGJ, 4 mM ATP, 0.1
Leucine, L-[**C]methionine, andL-['*C]isoleucine were =~ mM EDTA, 0.5 mM DTT, and 2Q:M tRNA " with various
obtained from Amersham (England). Thg'“C]methionine concentrations of ATP, with the ratio of [M/[ATP] in
andL-[*“C]isoleucine were free af-[*“C]leucine contaminant  the reaction mixture kept at 3:1. One unit of aminoacylation
(13). Restriction endonucleases, T4 polynucleotide kinase, activity is defined as the quantity of protein that catalyzes
and T4 DNA ligase were from Boehringer Mannheim. the incorporation of 1 nmol of amino acid onto tRNA
Primers for PCR and sequencing were synthesized on anunder the assay conditions. To assay the mischarging of
Applied Biosystems oligonucleotide synthesizer. The gene noncognate amino acids, 1 mM“C]methionine or-[*‘C]-
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Table 1: Specific Activities of LeuRS and Its Mutants at Different
Sites in CP1 in the Crude Extract &f coli TG1 Transformants

Table 2: Specific Activities of LeuRS and Its Mutants at A293 in
the Crude Extract oE. coli TG1 Transformants

specific activity relative specific activity relative
enzyme (unit/mg of protein) activity (%) enzyme (unit/mg of protein) activity (%)

LeuRS 280+ 7 100 LeuRS 280+ 7 100
LeuRS-T252E 275 96 LeuRS-A293R 196t 2 70
LeuRS-A293F 13e: 3 46 LeuRS-A293| 143+ 6 51
LeuRS-M328K 300t 9 107 LeuRS-A293Y 140t 5 50
LeuRS-T252E-M328K 2968 104 LeuRS-A293G 146t 3 50

- LeuRS-A293F 136t 3 46
a2 The values are the meat: (standard error) of four independent LeuRS-A293D >4L 9 9

determinations.

isoleucine (from Amersham) was used in the aminoacylation
activity assay to replace the cognate substrgtéC]leucine.
The concentration of purified LeuRS and the other mutants
was 5uM in the reaction mixture13).

Circular Dichroism Spectroscopyrotein samples (0.20
mg/mL) in 10 mM potassium phosphate buffer (pH 6.8)

2The values are the meas: (standard error) of four independent
determinations.

six single-site mutants at A293 were purified by two-step
chromatography as described previoug$) @nd their kinetic
constants were determined.

Steady-State Kinetics of the Six Single-Site Mutartte

containing 2% glycerol were measured on a Jasco J-715aminoacylation kinetics dt. coli LeuRS and its six single-
spectropolarimeter at room temperature. A 0.1 cm path-lengthsite mutants were assayed (Table 3). Kaevalues of the
cuvette was used and spectra were accumulated over fivesix mutants for leucine were unchanged, and those for tRNA

scans.
Fluorescence Spectroscaplfluorescence spectra were

recorded with a Hitachi F4010 fluorescence spectrophotom-

eter. Protein samples (0.10 mg/mL) in 10 mM potassium
phosphate buffer (pH 6.8) containing 2% glycerol were
excited at 295 nm (slit width 3 nm), and emission spectra
were recorded in the 366400 nm range.

Assay of Melting Temperaturéhe melting temperatures
(Tm) of LeuRS and its mutants were determined by monitor-
ing the changes ofg as a function of temperatur&y, is

were changed slightly. However, tKg, values for ATP were
decreased significantly to different extents. The data showed
that the binding of ATP to all the six mutants was stronger
than that to the native enzyme. The substitution of arginine
with its positive charge caused a 50% decreas&pfor
ATP; however, the substitution of aspartic acid (negative
charge) decreaselmatp by 85% relative to the native
enzyme, indicating the binding of ATP to LeuRS-A293D
was the strongest of all six mutants. The change of 293A to
293D induced a 91% decline in the values lqf; when

defined as the temperature at the midpoint of the absorptioncompared with those of the native enzyme; howekgy,
increase. There are 21 Trp and 36 Tyr in the enzymes, onvalues of the mutant replaced by arginine for three substrates

which the Aggo is mainly depends. Thé\yg of enzyme
solutions was measured a 1 mLmixture containing 0.30
mg/mL enzyme, 10 mM potassium phosphate buffer (pH
6.8), and 2% glycerol in the range of 3@0 °C with a
heating rate of 0.5C/min on Beckman DU 7400 spectro-
photometer.

RESULTS

Expression, Actity, and Purification of LeuRS and Its
Mutants By introduction of restriction endonuclease sites,
four gene mutants encoding LeuRS-T252E, LeuRS-A293F,
LeuRS-M328K and LeuRS-T252E-M328K were cloned and
confirmed by DNA sequencing. LeuRS and all four mutants
were overproduced almost at the same levet.ircoli. The
specific activities of LeuRS and the mutants in the crude
extract ofE. coli TG1 transformants are shown in Table 1.
Of the four mutants, only LeuRS-A293F lost about 50%
activity. The double-site mutant and the other single-site
mutants kept full activity. To determine why the site of A293

were about 70% that of the native enzyme. The other four
mutants exhibited about 50% values compared to the native
enzyme.

Consequently, 293A appeared more important for the
aminoacylation activity of LeuRS than any of the other
substitutions A293D, A293R, A293G, A293I, A293Y and
A293F. 293A is only involved in the binding of ATP, and
all amino acid substitutions above caused stronger binding
of ATP. Moreover, the negative charge at this site, induced
by mutation A293D, is fatal to the aminoacylation activity
while the positive charge (A293R) is helpful to maintain the
activity.

Inhibition of ATP to Leucylation of tRNAATP is a
substrate of aaRS, and in high concentrations it is an inhibitor
of the enzyme Z4). To further investigate the binding and
inhibition of ATP to the mutants, the variations of amino-
acylation activity of LeuRS and its mutants with the
concentration of ATP were determined. The optimal con-
centration of ATP for aminoacylation of tRNA catalyzed by

was so important, we evaluated several other A293 mutants,LeURSA293R was 4 mM, the same as that of native LeuRS.
LeuRS-A293Y (aromatic residue), LeuRS-A293G (smaller The substitutions A293Y, A293G, and A293l made the
residue), LeuRS-A293I| (hydrophobic residue), LeuRS- optimal concentration of ATP decline to 2 mM. For
A293R (positively charged residue), and LeuRS-A293D LeuRSA293D and LeuRSA293F, the optimal ATP concen-
(negative charge residue). Their specific activities in the tration was 1 mM. The data suggested that the amino acid
crude extract are shown in Table 2. All mutants at position substitutions above, except for A293R, would make LeuRS
293 were decreased significantly in activity to different more sensitive to ATP inhibition, which is consistent with
extents. Specially, the substitution of Asp for Ala decreased the decline oK, for ATP.

activity by 91% relative to the native enzyme. To study the ~ Misaminoacylation of tRNAY Edited by LeuRS and the
effects of A293 mutations in more detail, LeuRS and the Other Mutants Evidence has shown that the natiecoli
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Table 3: Kinetic Constants of LeuRS and Its Muténts

ATP leuci ne tRNAeY
Km kcal kcalle Km kcat kcale Km kcal kca{Km
enzyme (M) (s (stmMTY) (uM) (s (stmMTY (M) (s (stmMY
LeuRS 280 5.0 18 15 5.2 347 2.2 5.1 2318
LeuRS-A293R 140 35 25 14 3.5 230 1.8 3.7 2056
LeuRS-A293Y 100 2.7 27 15 2.5 167 15 2.4 1600
LeuRS-A293G 99 2.7 27 15 2.4 160 1.2 25 2083
LeuRS-A293| 74 2.8 38 15 2.6 173 2.2 2.4 1091
LeuRS-A293F 62 2.4 39 13 25 192 2.1 2.2 1048
LeuRS-A293D 42 0.46 11 13 0.45 35 2.0 0.42 210

a2 The enzymes were purified to more than 95% homogeneity oooli TG1 transformants carrying overproduced plasmids as described under
Experimental Procedures. The specific activity of tRRIAused in the experiments was 1.6 nmgh. All the data in this table were the average

values with a variation 0k4% from three independent determinations.
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Ficure 2: Methionylation and isoleucylation of tRN&' by E. coli
LeuRS and its mutants. (A) Methionylation at 3, pH 7.8, of
20 uM tRNA'eU in the presence of 1 mMC]methionine by 5
uM E. coli LeuRS ©), 5 uM LeuRS-A293R @), 5 uM LeuRS-
A293D (a), 5uM LeuRS-A293| ®), 5uM LeuRS-A293G ), 5
uM LeuRS-A293Y (x), and 5 uM LeuRS-A293F 4). (B)
Isoleucylation at 37C, pH 7.8, of 2QuM tRNAe! in the presence
of 1 mM [*“Clisoleucine by 5uM E. coliLeuRS ©), 5uM LeuRS-
A293R @), 5uM LeuRS-A293D @), 5uM LeuRS-A293| ®), 5
uM LeuRS-A293G [@), 5 uM LeuRS-A293Y (x), and 5uM
LeuRS-A293F 4).

LeuRS could misactivated Met and lle and transfer the
incorrect amino acids on tRN&' (13). To give insight into
the role of 293A in the editing function of the CP1 domain
in E. coli LeuRS, the misaminoacylation of tRN®& was
assayed in the presence of 1 mMJ]methionine or J*C]-
isoleucine instead of 0.1 mM“C]leucine (Figure 2). It
appears that tRNA&Y could be methionylated or isoleucylated
by all of the 293A amino acid substitution mutants but not
by LeuRS, indicating that all the mutants had an impaired
editing function for correcting the errors in the aminoacyl-

Table 4: Thermal Denaturation of LeuRS and the Mufants

enzyme Tm (°C) difference {C)
LeuRS-A293Y 55.5- 0.3 1.5
LeuRS-A293| 55.0+ 0.2 1.0
LeuRS-A293F 54.5% 0.2 0.5
LeuRS-A293G 54.6: 0.3 0.0
LeuRS-A293R 54.8:0.3 0.0
LeuRS 54.0:0.2 0.0
LeuRS-A293D 49.5+ 0.2 4.5

a2The T, values of enzymes were determined by monitoring the
changes of\xs0 as a function of temperature. Theg, of enzyme was
measuredni a 1 mLmixture containing 0.30 mg/mL enzyme, 10 mM
potassium phosphate buffer (pH 6.8), and 2% glycerol in the range of
3070 °C with a heating rate of 0.5C/min on a Beckman DU 7400
spectrophotometer. Th&, values are the meang-(standard error)
for three independent determinations.

the effect on the enzymes’ amioacylation activities by the
mutations. Moreover, the misaminoacylation rate for lle was
much higher than that for Met. These data indicate that 293A
in the CP1 domain is crucial for the editing function ©f

coli LeuRS and any amino acid substitution will result in an
impaired editing function.

Melting Temperature of LeuRS and Mutarfte get more
information about the effect on the enzyme’s conformation
of amino acid substitutiorT,, values of LeuRS and mutants
were determined (Table 4}, of LeuRS-A293D decreased
4.5 °C compared with the native; its change is the largest.
However, LeuRS-A293R and -293G hag values equal to
the native (54.0°C) and theT,, values of LeuRS-A293l,
-293F, and -293Y were slightly higher than that of the native.
This suggests that the negative charge of 293D loosened the
enzyme’s conformation. However, the mutants with 293l,
293F, or 293Y, all of which are more hydrophobic residues
than Ala, had more rigid conformations than the native
LeuRS. In both cases the catalysis and the editing function
of the enzyme were impaired. Although the conformation
of LeuRS-A293R and -293G seems unchanged, the changes
of the residue size and charge result in low activity and poor
editing.

Comparison of CD Spectra of LeuRS and Mutariis
determine whether the mutations affected the secondary
structure of LeuRS, the CD spectra of LeuRS and its mutants
were measured. The CD spectra of LeuRS and the six

ation reaction, which was brought about by a single amino mutants showed that mutation had no effect on the overall
acid substitution in the CP1 domain. LeuRS-A293D was the structure of LeuRS. Although the secondary structure sof

most greatly impaired in its editing function and LeuRS-

mutants were grossly similar to that of native LeuRS, the

A293R was the least affected, which was consistent with declined catalytic activity and impaired editing function of
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Table 5: Fluorescence Emission Spectra Parameters of LeuRS and
Its Mutant$

emission
wavelength  fluorescence center of mass
enzyme max (nm) intensity max (cm™)
LeuRS 336.8 82.51 29366
LeuRS-A293R 337.0 80.34 29342
LeuRS-A293G 336.9 84.12 29364
LeuRS-A293Y 336.9 80.89 29362
LeuRS-A293| 336.6 79.95 29387
LeuRS-A293F 336.6 84.85 29385
LeuRS-A293D 338.0 83.47 29302

a Protein samples (1.8M) in 10 mM potassium phosphate buffer
(pH 6.8) containing 2% glycerol were excited at 295 nm (3 nm slit),
and emission spectra were recorded in the-3000 nm range.

Chen et al.

catalysis and editing. Because the size and the charge at 293
were changed, the formation of this helix was affected also,
which resulted in the decreased activities of LeuRS-A293R
and -A293G, even though tfig, remained unchanged. When
any amino acid (larger, smaller, basic, acidic, and aromatic
amino acids) replaced alanine, the helix and even the CP1
domain will have a change in their structures. So an alanine
at 293 is important for maintaining the definite structure of
CP1 domain, which is crucial for the catalysis and editing
of the enzyme.

The steady-state kinetic study on the six single-site mutants
at A293 and the native LeuRS showed that all the mutants
could bind ATP much more strongly in comparison with the
native enzyme. LeuRS-A293D had the strongest ATP
binding of the mutants. The enhanced inhibition effect by

the mutants implied that subtle conformational changes not ATP confirmed the significant change in ATP binding caused

detectable by CD spectra were present.

Comparison of the Fluorescence Emission Spectra of

LeuRS and Its Mutantd o investigate more subtle confor-

mational differences, fluorescence emission spectra were
measured. The center of mass and the fluorescence emissio

maximum of LeuRS-A293D were red-shifted compared with

by the single-site mutation. The A293 of LeuRS is located
at a helix facing the catalytic center on the surface of CP1
domain of the enzymelg, 19. ATP is accommodated in a
cleft within the nucleotide-binding domain of LeuRS. The
ﬁtronger binding and enhanced inhibition of ATP on mutants
might come from the site mutagenesis through allosteric
mechanisms. Th&;, changes of the mutants confirmed that

those of the native, while the parameters of the other mutantsthe mutants had subtle conformational differences from the
were almost unchanged (Table 5). The data suggested that Aative enzvme
negative charge induced by amino acid substitution A293D yme.

led to a less hydrophobic environment of chromophore and In our previous work, we demonstrated that LeuRS was
a relatively looser conformation, which might be the reason attacked specifically at the peptide bond between E292 and

for the decline of the aminoacylation activity and the poor A293._The clgaved _Leu_RS Ios_t _|ts tRNA charging activity,
editing function, while its leucine activation activity was almost unchanged.

In vivo assembly of LeuRS split between E292 and A293
was unstable, although in vivo assembly of enzymes split at
other sites has been successfli8)( The region around

In the present study, a series of LeuRS mutants at differentE292-A293 must be located on the surface of the enzyme
sites in CP1 were constructed to reveal some function of ahd may play a significant role in maintaining the proper
the CP1 domain of LeuRS. The single-site mutants at A293 conformation of LeuRS for its function. The results of the
were studied extensively because only mutants at this positionSingle-site mutations at A293 in this report also indicate this

DISCUSSION

had an effect on the aminoacylation activity of LeuRS.
The sequence alignment for LeuRSs from different organ-

isms showed that the site of 293A is conserved as a positively

charged amino acid: 8 of the 11 are either Arg or Lys, while

the other three are Ala (Figure 1). On the basis of the crystal

structure of LeuRS fronT. thermophilusand the alignment
results, 293A was located at a small helix in the editing

domain of the enzyme and on the side facing the active site
(19). Because the amino acid residues at 292 and 294 were

all E in E. coliLeuRS, with negative charge, the amino acid
substitution of D (negative charge) for A will result in the
accumulation of negative charge, greatly affecting the
stability of the helix. Therefore, among the six single-site
amino acid substitution mutants at A293, LeuRS-A293D has
the lowest aminoacylation activity and the largest change in

Tm, and it shows red-shifted fluorescence emission spectra.

region might play an important structural role.

In conclusion, our results show that the A293 is located
in an important helix in the CP1 of LeuRS. Replacement
with any other amino acid residue leads to impaired activity
and editing. A293 is indirectly involved in the binding of
ATP on the enzyme. And its replacement by a residue with
a negative charge caused the largest change of the functional
conformation. CP1 domain should be a multifunction domain
and its definite structure is crucial for the editing function,
aminoacylation activity, tRNA discriminatiori), and ATP
binding.
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