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The gene for Escherichia coli leucyl-tRNA synthetase leuS has been cloned by
complementation of a leuS temperature sensitive mutant KL231 with an E.coli gene bank DNA.
The resulting clones overexpress leucyl-tRNA synthetase ( LeuRS ) by a factor greater than 50.
The DNA sequence of the complete coding regions was determined. The derived N-terminal
protein sequence of LeuRS was confirmed by independent protein sequencing of the first 8
aminoacids. Sequence comparison of the LeuRS sequence with all aminoacyl-tRNA synthetase
sequences available reveal a significant homology with the valyl-, isoleucyl- and methionyl-
enzyme indicating that the genes of these enzymes could have derived from a common ancestor.
Sequence comparison with the gene product of the yeast nuclear NAM2 -1 suppressor allele
curing mitochondrial RNA maturation deficiency reveals about 30 % homology.

ENRODUCION

The XUX family of aminoacyl-tRNA synthetases containing the leucine, isoleucine, valine,
methionine and phenylalanine enzyme is a particularly interesting group of enzymes which share
many common features like structural similarity in the aminoacids these enzymes bind and
activate, 2' charging specificity (1), adenosine as fourth base from the 3' end of their cognate
tRNA in the so-called discriminator position (2), misacylation pattern and codon group XUX.
[ For details see ref. 3 ] Furthermore the aminoacyl-tRNA synthetases for the aliphatic aminoacids
leucine, isoleucine and valine enzymes are all monomeric proteins of about 100,000 molecular
weight (3). These common features were taken as evidence for the generation of XUX family
through divergent evolution by gene duplication and mutations from a common ancestral
synthetase (4).
Leucyl-tRNA synthetases have been purified from different organisms as well as from cell
organelles and the properties of the enzymes are well documented (5,6,7). However no sequence
and tertiary structure have been reported so far. Recently a biochemical comparison of the
cytoplasmic and mitochondrial LeuRS ofNeurospa crassa wild type and a temperature sensitive
leucine auxotroph mutant has been reported (7).
Temperature sensitive mutants of E.coli have been described in which conditional growth is the

result of temperature sensitive leucyl-tRNA synthetase (8). The corresponding genetic locus LeuS
has been mapped at position 15 min. on the E.coli chromosome. The existence of a regulatory
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gene unlinked to the leuS locus at position 79 min. on the E.coli chromosome has been reported
which leads to elevated levels of LeuRS in luS ts-mutants (9). The molecular mechanism of this

speciflc regulation is yet unknown.
In this paper we report the cloning, overproduction and sequencing of leuS as well as the

relationship of its gene product to other proteins.

MATERIALS andMHODS.

Bacterial Strains.
The kua temperature sensitive strain KL231 (F ,leuS31,thyA6, rpsL120 ) was obtained from the
E.coli Genetic Stock Center, Yale University, New Haven through Dr. B.Bachmann. Strain
P678-54 (F -, minA, minB, thr, leu, thi, ara, lacY, gal, malA, xyl, mtl, tonA, rpsL, supE) for
minicell preparation was donated by Dr.W.Goebel. Strain JM11, M13 tgl3O and M13 tgl31
DNA (10) were obtained from Amersham.
Gene library
The gene bank DNA of E.coli K12 strain 1100 was a generous gift from A. Wittinghofer.
Enzymes and Chemnicals.
Calf intestine alkaline phosphatase, E.coli DNA polymerase I (Klenow fragment), restriction
enzymes, T4 DNA ligase, egg white lysozyme, DNase I, nuclease Bal3l and unfractionated E.coli
tRNA were all from Boehringer. Reverse transcriptase was obtained from Appligene. L-[U- 14C]
leucine, biotinylated protein A and streptavidine peroxidase were obtained from Amersham. All
other chemicals were of analytical quality.
Cloning of the i gene.

KL231 was transformed with the gene library DNA (11) using the method described by Hanahan

(12). The transformation mixture was incubated at 440C on LB ampicillin plates (50gg/ml). A

small fraction of the mixture was incubated at 280C to determine the total number of transformants.

Aminoacylation asay for leucyl-tRNA synthetase
Bacterial cells were lysed by incubating for 30 min in a buffer containing 60mM Tris-HCl

(pH7.4), 2mM EDTA, lmg/ml lysozyme. After addition of 0.04% sodium deoxycholate, lOmM
MgCl2 and 10 mg of DNase I the crude extract was centrifuged for 5 min. and the supematant
assayed. The reaction mixture contained 60mM Tris-HCl (pH7.5), lOmM MgCl2, 0.5mM DTE,
2mM ATP, lmg/ml unfractionated tRNA, 20 mM L-[U-14C] leucine (330 mCi/mmol) and
enzyme fraction. Incubation was for 10 min at 370C. The reaction mixture was put on a Whatman
GF-A filter. Filters were washed dried and counted as previously described (22).
Analysis of plasmid-specific proteins by minicells.
The minicell producing strain P678-54 was transformed with plasmids of leuS positive clones.
Minicells were purified as described by Lewy (13) and labelled with l5mCi [35S] methionine in
methionine assay medium for 45 min. Cells were centrifuged, lysed in electrophoresis sample
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Figure 1: Restrction map of plasiid pLeuSl and sequendng strategy for the leuS gene.
The gene for ampicillin resistance on pBR322 is marked by an anrow. Thick lines represent the
inserted chromosomal DNA.
Abbreviations for restriction enzymes are: B=BamHI, Bg=BglII, C=ClaI, E=EcoRI,
EV=EcoRV, H=HindIII, K=KpnI, P=PstI, S=SalI, Sm=SmaI. Restriction site ClaI(AC) of
pBR322 has been lost by the insertion of the chromosomal fragment.
Sequencing strategy for the leuS gene:
Arrows represent length and direction of sequences obtained by the method of Sanger et al. (19).
The large arrow indicates the coding region for leucyl-tRNA synthetase.
o indicates M13 clones containing restriction fragments of pLeuS1, x M13 clones generated by
Bal31 (see under METHODS) and p regions obtained by specific-primer-directed sequencing
(20,21), using pLeuS1.

buffer (14). TCA precipitable counts were collected on Whatman GF-A filters. Samples were

electrophoresed on 12% SDS-polyacrylamide gels (14). [14C] labelled marker proteins
(Amersham) were run in a separate lane. Gels were dried and autoradiographed.
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Figure 2: SDS-PAGE analysis of minicell proteins.
Minicells were prepared as described in METHODS, proteins were separated on a 12% SDS-
polyacrylamide gel. Molecular weight markers were [U-14C] methylated proteins from Amersham;
30K carbonic anhydrase, 69K bovine serum albumin, 92K phosphorylase b and 200K myosin.
Lane a; marker proteins; lane b, minicells pBR322; lane c, minicells pLeuS1;

DNA Purification.
Plasmid DNA was extracted by the alkaline lysis procedure (15), M13 single strand DNA was
prepared by phenol extraction (16).
DNA manipulationt
DNA manipulations were as described by Manniatis et al. (17).
Nudleotide Sequencing.
Fragments cloned into M13 tgl30 and M13 tgl3l were sequenced by the chain terminator method
(18). The strategy for sequencing was based on the generation of overlapping fragments by
directional cloning and by the usage of Bal3l (19). Plasmid DNA (pLeuSl) was linearized by
SmaI, digested with Bal3l for various periods of time, and treated with EcoRI to create a set of
fragments with one blunt end and one cohesive end (EcoRI). For sequencing, these fragments
were cloned into M13 tgl31 cut with SmaI (blunt) and EcoRI. In a similar manner fragments were
generated starting with a BglII digest followed by a Bal31 kinetic and a HindlIl digest.
Additionally leuS containing restriction enzyme fragments of pLeuSi (HindIlVSmaI, Smal BglII,
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Figure 3: Expression of LeuRS in nonnal cells and identification of the enzyme by
immunoblotting.

CSH26 (lane b) and CSH26 pLeuS 1 (lane a) were grown to stationary phase, cells were lysed
in Laemmli buffer (15) and proteins analysed on a 12% SDS-polyacrylamide gel. Additionally
separated proteins of CSH26 (lane e) and CSH26 pLeuSl (lane d) were electrophoretically
transfered to a nitrocellulose filter and treated with a 1:200 dilution of rabbit antiserum raised
against purified LeuRS. The binding of antibodies was detected by the biotine-streptavidine-
peroxidase system (24). MW standards (lane c): 21.5K, soybean trypsin inhibitor, 31K, carbonic
anhydrase; 45K, ovalbumin; 66.2K, bovine serum albumin; 92.5K phosphorylase b.

PstI/HindIII, BglII/PstI, KpnIfEcoRI, EcoRV) were cloned into M13 tgl3O and M13 tgl3l.
Finally several 1euS regions were sequenced by specific-primer directed DNA sequencing (20,21)

using pLeuSi DNA.
Isolation of leucyl-tRNA synthetase.
The enzyme was purified as previously described for the E. coli seryl-tRNA synthetase (22).

Determination of polypeptide N-terminal sequence.
The N-terminal sequence of the expressed protein was determined by Beatrice Cortolezzis by

manual Edman degradation and identification of the first 8 amino acids by HPLC.

RESULTS AND DISCUSSION
Cloning of Ie'
A gene library from E.coli (strain 1100) was used, which contained chromosomal fragments of

about 5kb generated by partial digestion with Sau3A and Hpall cloned into pBR322 ClaI and

BamUHI sites (11). The temperature sensitive mutant for LeuS (strain KL231) was transformed with

the library DNA and grown at 440C on LB ampicillin plates. Clones which grew at KL231 non-
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1 aagctttctttaat
cgtggcg-c gtcctac15 cccctagccgcgtctttagtttctgtagcjattcag-gcg

134 cotttttaggtgggcgtcacgggcaacctccatacgctcccggocacgtagtaatacact
253 tetgtcccogtgtatataataaagttttotgttcatccccaccg,iatagagaatcgctat
372 -ctgIggg gcgt = pagtggl=aggacgaaacctaccaatgacgataacZ catgtc

M Q E Q Y R P E E I E S K V Q L H W D E K R T F E V T E 0 E 30
491 AID CAA GAG CAA TAD CGC DOCG GMA GAD ATA GMA TUC AMA GCES CAG CI CAT =O GAT GAD AAG CGC ADS =r GAA GTS NEC GMA GAD GAG

S K E K Y Y C L S M L PTY P S G R L H M G H V R N T T I G D 60
581 ACC AMA CAG AAG TAT TAC TOC CEO, IC AID CI COC TAT CIT =C GIr CGA ITS C ATCG1DC CAC ITS CIT SAAD TAC AEC ATD DCC GAG
VGIA R Y QH M L G K N V L QP I GW DOAF G L P A EDG A A 90

671 CTG ATEC GCC CGC TAD- CAD CAT AID, CEO GGC MAA AAE CC CEO CA COG ATC CCC TOG GAD GOG =I DOECr CITGCCrC GSA GCC GOG GCG
V K N N T A P A P W T Y 0 N I A Y M K N Q L K M L G F G Y 0 120

761 GCEO AMA AAC AAD ACC GIT OCG GCA COG TGG ADD TAD DAD AAC AMGDOG TAT ATID ASS AAD CADG CCC MAA ATD CEO GGC TI DCC TAT GAC
W S R E L A T C T P E Y Y R W E Q K F F T E L Y K K G L V T 150

851 TOG AGC CCC GAD CEO GCA NEC =D ACXG CCG GAA TAD TAD CGT TOG GMA CAD AMA TI TIC ACC DAD CEO TAT AMA AMA GCC CEO GTA TAT
K K T S A V N W C P N 0 Q T V L A N E Q V I D G C C W R C D 190

941 SADG SADG NET IC DO GTDC SAC 701 TUC CCG SAC GAD CAD ACC ICES CTG DOG SAC GMA GMA =I AID GAC DCC TICC IDC TDG CCC IGC CAT
T K V E R K E D P Q W F D K I N A Y A 0 E L L N 0 L 0 K L 0 210

1031 ADO AMA CIT GMA CCr AMA GAD AID COG CAD TGG =I ATID AMA MG SAT DC TAC DOE GAD DAD COG CTC SADC CAT CEO, CAT AMA CEO CAT
H W P ODT V K T M Q R N W I D R GE G V E I T F N V N OTY O -240

1121 CAD TGG DOS GAD ACC CI AMA ACC AID CAD CGE SAD 1TM AID GGT CCC TCC GMA GGIC CEO GAG AIDNCTICSC= AD COIT AAC GAD, TAT GAD
N T L T V T T T R P 0 T F M G C T Y L A V R A G H P L A Q K 270

1211 SAD ADD CEO SIC CI TAC NET ACC CCC CCG GAC ACC =I AID. DOE ID ACC TAC CEO DOG ITS CIT DOD DCC CAT CCG CEO DOG CAD AMA
S A E N N P E L A A F I 0 E C R N T K V A E A E M S T M E K 300

1301 DOG DOG GMA SAT SAT CIT GMA CTG DOG GCC CIATST GAD GMA IDC CC SAD ACC AMA DO DCC GMA DO GMA AID DODG NED AID GAD AMA
K 0 V 0 T G F K S V H P L T G E E I P V W A S N F V L M E Y 330

1391 AMA DCC CGC DAT SIT DCC TO AMA DGC CIT CAC CCA TITS ACG 0CC GMA GMA SIT CCC=ITMOGCDO DOS SADATC CCGA TOG AID GAD TAC
G T G A V M A V P G H 0 Q R 0 Y E F A S K Y G L N I K P V I 360

1481 DGCACGNED GCACDOCT AID DOD CES COG GGG CAD GAD CAD OGC GAC TA GAD CI CCC TO AM TAC GCC CTEO SAD ATID AMA COG CITr AID
O A A 0 G S E P 0 L S Q Q A L T E K G V L F N S G E F N G L 390

1571 CID. GCA DOT GADCC TOT= GAD CCS DAT CI ID CAD GMA DCC CEO SIT GM AMA CCC CE CID TI SAC I= DCC DAD TI SADADC CIT
O H E S A F N A I A 0 K L T S M G V G E H K V N Y R L H 0 W 420

1661 GAD CAT GMA DOG GCC =I SAC GCC AID DCC CAT AMA CEO SIT DOD AID DCC CIT CCC GAD CCC AMACEOMSADC TAD CCC CEG CCC GAD TDG
G V S R Q H Y W G A P I P M V T L E 0 G T V M P T P 0 0 Q L 450

1751 GCC CIT ICC CCC CAD CGT TAC =CCDCCDG CCG SITr COG AID CGM SOG CMO GMA GAC DC ACC CCA MIG COG ACG CCD DAC GAD CAD CTG
P V I L P E 0 V V M 0 G I T S P I K A 0 P E W S K T T V N G 490

1841 COG CEO MGC CTO COG GMA CAT CTO DES AID. GAC DCC SIT NEC AGC COG SITr AM DOS DAT COG GAD IGG DOG AMA SIT NEC CCr SAD DCC
M P A L R E T 0 T F 0 T F M E S S W Y Y A H Y T C P Q Y K E 511

1931 AID CCA GCCA COG, CCC GMA NEC DADSITrTICGAC SIC CI AID CAD ICC ICC TUG TAC TAT DGM CCC TAC SIT TICC CCD CAD TAD AMA GMA
G M L 0 5 E A A N Y W L P V 0 0 Y 0 G G I E H A I M H L L Y 540

2021 GGr MTG COG DAT 1TCC GMA DOD GCr SAD TAC ICC CEO COG CGM GTATSC TNE SI DO GTDC ST GMA CAC GCC SITr MG CAC CEO CTC TAC
F R F F H K L M R 0 A G M V N 5 0 E P A K Q L L C Q G M V L 570

2111 TIC CCC TI TIC CAD AMA COG AID CCC CAT DOSA GCC AID COG SAC ICE GAD GM DOS DGM AMA CAD TOG CEO ID CAD GGT AID DID CID
A 0 A F Y Y V G E N G E R N W V S P V 0 A I V E R 0 E K G H 600

2201 GCA DAT CCC TIC TAD TAT CC DCC GMA SAC GCC GMA CCC SAC IDD CC ICC CCG CI DA GCC AID CIT GMA CCC GAC CAD AMA DCC CGT
I V K A K 0 A A G H E L V Y T 0 M S K M S K S K N N G G 0 P 630

2291 AID COG AMA DOG AMA CAT DOD DOS DCC CAT GMA CEO CIT TAT NEC DCC AID SOC AMA AID ICC SADG TCG SADG SADC SAC DOE AID GAD CCG
O V M V E R Y G A 0 T V R L F M M F A S P A 0 M T L E W Q E 690

2381 CAD DID MG CIT GMA CGT TAC DCC DOG GAC NEC CI CCC COG, CI AID AID GCIT=OC COG GCT CAT AID, SIT CTC GMA ICC CAD GMA
5 0 V E G A N R F L K R V W K L V Y E H T A K GD0 V A A L N 690

2471 TIDCC COGTGM DCCG GCCT SAC CCC TIC COG AMA CCC CCC IDD AMA COG CI TAC DAD CAD ACA GCA AMA DCC GAT CI GCCG DCA CEO SAC
V 0 A L T E N Q K S L R R 0 V H K T I A K V T 0 0 I G H R Q 720

2561 CIT DAT GCCG COG SIT GMA SAT CAD AMA GCD COG CCC CCC GAT COO CAT AMA ACG AMG GOT AMA COO NEC CAT DAT ATID CCC CGr CCC CAD
T F N T A I A A I M E L M N K L A K A P T 0 G E Q 0 R A L M 750

2651 ADO TIC SAC ADO GCA SIT DOCDGGSIATr AID CAD CT AID SAC AMA CMO DOG AMA GCCA CCA SIC CAT CCC GAD CAD CAT ICIC GCr CTO AID.
Q E A L L A V V H M L N P F T P H I C F T L W 0 E L K G E G 790

2741 CAG GMA DOS COG CTG DOGCC CCGC CCC AID CI SAD COG TIC NEC COG CAD ATID IDC TIC ADO COG TGDCAD GMA CM AMA DCC GMA GOC
O G 0 N A P W P V A 0 E K A M V E 0 5 T L V V V 0 V N G K V 810

2831 DAT AID CAC SAD DOG DOD TGG COG CIT DOE CAC GMA AMA GCG MIG GTO GMA CAC ICC AOG CTO GCCC CEO COO CAD CIT SAC GCC AMA CCC
R A K I T V P V 0 A T E E Q V A E R A G Q £ H L V A K Y L 0 840

2921 CCC DCC AMA AID ADO CIT DOD CIG GAD GCA ADD GMA GMA CAD CIT CCC GMA CCC GCE DCC CAD GMA CAT CTEO DES GCA AMA TAT CI CAT
G V T V R K V I Y V P G K L L N L V V G 860

3011 GCC =CITNT DT CCC AMA CGM SIT TAD CCA DOSA DCC AMA CTC CTC SAT CTO CC CC DCC taaogggca ggaagcgtgcgatatctggcaacattgt
3110 tgttatctctggagtgttaatcaccgCogggtg Xgo-t QZr-t-rrtatgaaggccatgatcctggactcaogcgatccgiaacgggccatt
3229 agm4gtcgacatagcgagtgggtctaaaaacaotagctcaatggtggaatactlVagtc
3348 gacgatotagta gaattaagtaagcgtaggoggtaccgcggtttccatggcagctctc
3467 tttcaacccatcctaaaaaacacaaagtgaaaaagagcggtcgaacgtotacgcactctcg
3586 ggttctcgcgaacWgcp

Figure 4: DNA sequence of leuS and derived amiinoacid sequence for leucyl-tRNA synthetase.
Only the sequence of the sense strand is shown. Numbering of the DNA sequence starts with
AAGCTT, the HindIII site in pLeuS 1. Possible regulatory sequences like -35 and -10
transcription control elements (25,26), ribosome binding site (27) and stop of transcription signal
(25) are underlined.

permissive temperature were isolated (the total number of transformiants at 28 0C was 2x106). The
sizes of the plasmids in these clones were all in the range of 9-10 kb.
The leucyl-tRNA synthetase activity of one of the isolated clones (pLeuS 1, see Fig. 1) was

measured by aminoacylation assay and compared with that of the wild type CSH26. A more than
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50 fold overproduction of LeuRS activity at 370C by the clone CSH26 pLeuS 1 (18.8
nmol/min/mg) compared with CSH26 (0.3 nmol/min/mg) clearly indicates that pLeuSl is
responsible for this overproduction.

Expression of leuzS in minicells
To analyse plasmid specific expression of proteins in pLeuSl the minicell system was used.
Minicell producing strain P678-54 was transformed with pLeuS1. Minicells were prepared as
described in METHODS. An autoradiogram of the [35S] methionine labelled proteins in minicells
is shown in Fig.2. A predominant band at an apparent Mr of about 100,000 is consistent with a

molecular weight of 105,000 reported for LeuRS (5).

Expression of leuS in normal cells
To estimate the quantity of LeuRS expressed in pLeuS 1 a comparison was made of the total
protein pattern of CSH26 with the clone CSH26 pLeuS 1 by SDS'PAGE (Fig.3). The clone-
expresses strongly a 100K protein (Fig.3a), corresponding to the value found for the purified
enzyme, whereas the strain CSH26 without plasmid does not (Fig.3b). The expression of this
protein seems to be comparable with the expression of elongation factor Tu, which represents
about 6% of the total cellular protein under standard conditions (23). The proteins, separated by
SDS-PAGE, were transferred to nitrocellulose and were tested by immunoblotting using rabbit
antiserum against highly purified LeuRS. Biotinylated protein A in combination with streptavidin-
peroxidase was used (24). With CSH26 pLeuSl cells, a specific strong reaction was observed
(Fig.3d) with a 100K protein, in CSH26 cells the reaction was very weak (Fig.3e). This indicates

that the protein overproduced in CSH26 pLeuS 1 has the same molecular weight as that produced
in wild type cells. This result together with the expression of LeuRS in minicells and the >50 fold
enhancement of LeuRS activity clearly shows that pLeuS 1 contains the whole structural gene for
leucyl-tRNA synthetase.

Localization ofhuS on pLeuSi
To localize luS on the plasmid pLeuSI restriction fragments were cloned into pUC19. KL231
clones containing the 4 Kb HindIH-EcoRI of pLeuS 1 inserted in pUC19 were able to grow at
KL231 non-permissive temperature and overexpressed LeuRS, whereas clones containing the
PstI-EcoRI fragment were not able to grow at 440C. The precise localization of the coding region
was determined by DNA sequencing of the pLeuS 1 HindIl-EcoRI fragment and comparison of
the derived protein sequence with the N-terminal LeuRS sequence directly obtained by protein
sequencing.
Sequencing of hu'
We sequenced the gene following the method of Sanger et al. (18). The sequencing strategy is
shown in Fig.1, and the sequence obtained in Fig.4. The region sequenced starts with the HindI
site of pLeuS1, includes the 490bp of the 5' untranslated region, the 2580 bp of the coding region
and 547 bp of the 3' untranslated region of leuS. The N-terminal sequence of the protein was

confirmed by independent protein sequencing by sequential Edman degradation and amino acid
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Table 1. Codon usage in the leuS gene.
Second

U c A G

First Third
SEG lbuS SG leuS SEG leuS SEG leuS

Ph
0.26 0.41 1 0.36 0.38 Tyr 0.26 0.31 0.36 0.27 U

u P i.74 0.59
S

0.34 0.42 0.74 0.69 cys 0.64 0.73 C
0.03 r 0.02 . ochre opal A

Lou 0.04 0.03 0.04 0.04 amnber Trp 1.00 1.00 G

0.06 0.09 0.10 0.07 H .20 0.41 0.67 0. U
C .u 0.08 0.09 Pro 0.01 0.05 0.80 0.59 0.30 C

0.01 0.02 0.12 0.17 Gin 0.18 0.13 Arg 0.01 0.02 A
0.79 0.75 0.77 0.71 0.82 0.87 0.00 0.00 G

0.20 0.31 1 0.36 0.21 Asn 0 Y80.13] Ser 0.04 0.00 U
A lie 0.79 0.66I Thr 0.48 0.55 [0.92 0.88L1 0.19 0.17 C

0.01 0.03 0.05 0.04 Ls 0.71 0.89 Arg 001 0.00 A
Met 1.00 1.00 0.10 0.21 y 0.29 0.11 0.00 °.00 G

0.44 0.42 0.37 0.18 A 0.36 0.43 0 54 0.35 U

G Val 0.09 0.11 Al 0.10 0.151 0.64 057 Gly 041 0.61 C
0.27 0.18 0.25 0.23 Glu 0.76 0.67 0 01 0.00 A
0.19 0.29 0.28 0.44 0.24 0.33 0.03 0.04 G

The codon usage of the leuS gene given as fraction of each codon within its redundancy family is
compared with the average codon usage in many strongly expressed genes (SEG). Boxes indicate
the same codon preferences in leuS as those characteristically found for strongly expressed genes
(28).

identification by HPLC of the first 8 residues. In Fig.4 only the sense strand for leuS is shown.
A possible promotor region (25,26) at position 398-404, 417-422 and a ribosome binding site
(27) at position 476-479 are underlined. Between base 3143 and 3183 there is a region of two-

fold symmetry, 69 bp after the TAA stop codon for the synthetase. This is probably the RNA
polymerase termination site for leuS (25).
Aminoad composition and codon usage.
The aminoacid composition of the protein sequence derived from the ,uS DNA sequence was

compared with the amino acid analysis of the enzyme isolated by Hayashi et al. (5). The
agreement between the two sets of values is rather good, except the value for cysteine, with an
average difference in the composition for each aminoacid of less than 9%. The codon usage of the
leuS gene is shown in Tab. 1. It resembles in general that of highly expressed genes (28) with
exception of the codons for glycine. In Jci the preferred codon for glycine is GGC rather than
GGT.
Homology with other E. coli arninoacyl-tRNA synthetases.
The structural relationships between the E. coli leucyl- and other aminoacyl-tRNA synthetases on
the basis of sequence similarities shows as has been postulated before on the basis of biochemical
and functional similarities (4), that the leucyl- , valyl-, isoleucyl- and methionyl enzymes are the
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Figwe 6. Homology with the gene product of the yeast nuclear NAM2 -1 gene
Sequences were aligned using the program BESTFIT. The serine at position 240 in the NAM2-1
gene product responsible for its suppressor activity (34) matches with glycine in the LeuRS
sequence. In the nam2 + wild type protein also a glycine is present at this position.

most closely related. The phenylalanine enzyme, which also belongs to the XUX tRNA family,
has not been included in the alignment because conseved sequence motifs could not be found.
Despite some common features this enzyme differs from the methionine, valine, leucine and
isoleucine enzymes by its quaternary structure (a2f32) and that it aminoacylates an aromatic

aminoacid.The alignment shown in Fig.5 was carried out using the program BESTF1T (29). The
leucyl enzyme sequences was aligned with the isoleucyl enzyme sequence (30) and valyl enzyme
sequence (31), using the standard gap weight of 5 and a gap length weight of 0.01 to allow
relatively long gaps which are necessary for the alignment of sequence motifs in evolutionary
distant sequences. The methionyl sequence (33) was aligned with the valyl- rather than with the
leucyl- sequence because of its higher similarity to this enzyme using a gap weight of 2 and the
gap length weight of 0.01 . The alignment shown in Fig.5 is an assembly of these three pairwise
alignments. Homologies in the leucyl sequence with two or three of the aligned sequences at a
given position are boxed. There is a rather high level of homology in the N-terminal regions
including the H I G H region as postulated ATP binding site (30) at position 42-52 in LeuRS.
Additionally the KM S K S region involved in 3' end tRNA binding (32) at position 619-623 in
LeuRS is also present in MetRS, ValRS and IleRS. There are further conserved regions such as
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W X X S R X X X X G whose importance for function and specificity remains unclear. The
alignment of these four aminoacyl-tRNA synthetase sequences indicates that these enzymes could
have derived from a common ancestor.
Homology with the gene product of the yeast nuclear NAM2-1 suppressor allele
Sequence comparison with the gene product of yeast nuclear NAM2 -1 suppressor allele curing
mitochondrial RNA maturation deficiency (34) is shown in Fig.6. The sequences were aligned
using the program BESTFIT with standard gap weight of 5 and standard gap length weight of
0.3. There is evidence that the wild type nam2+ gene codes for yeast mitochondrial leucyl-tRNA
synthetase (35). Both sequences show about 30 % homology. There is a high homology in the
putative ATP binding and 3' end tRNA binding regions. The serine at position 240 in the NAM2-
1 gene product responsible for the suppressor activity matches with glycine in the E.coli LeuRS
sequence. The nwn2+ gene product contains also a glycine at this position.
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