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While crystals suituble for X-ray diffraction anulyses are availuble of phenylalanyl-tRNA synihetase (PheRS) from the thermophilic bacterium
Thermus thermophilus, neither the primary structure of its constituent & and 8 subunits nor the nucleotide sequence of the corresponding pheS and
pheT genes were known, Using specilic oligonucleotides of conserved pheS regions that were adapted to the T thermophitus codon usage, we
identified. cloned and subsequently sequenced the pheST genes ol this bucterium. The sequences reporied here will greatly aid in the three-
dimensional structure determination of T. thermophifus PheRS, a heterotetrumeric (&yf.), class I1 aminouacyl-tRNA synthetase,

Class 11 aminoacyl-IRNA synthetase; Gene cloning: Nucleotide sequence; Phenylalanyl-tRNA synthetase; pheS and plieT gene

1. INTRODUCTION

The highly specific selection of amino acid and tRNA
substrates by the 20 aminoacyl-tRNA synthetases is an
intriguing problem in protein biosynthesis. Significant
progress in the interpretation of structure/function and
evolutionary relationships has been made recently with
the discovery of a partition of these enzymes into two
classes based on mutually exclusive sets of sequence
motifs [1-5] and the three-dimensional structure deter-
mination of five aminoacyl-tRNA synthetuses, three of
class 1 [6-8] and two of class II [9,10].

The three-dimensional structure determination of a
prokaryotic PheRS, a class I1 enzyme, would be of par-
ticular interest for at least two reasons. (i) Together with
glycyl-tRNA synthetase, bacterial PheRSs belong to the
two high-molecular weight aminoacyl-tRNA syn-
thetases having the unusual a.8. subunit structure. Al-
though there is some evidence that the B subunit
(M~90,000) might participate in tRNA™ binding
[11,12], it is intriguing to note that all of the conserved
sequence motifs characteristic for class I tRNA syn-
thetases are located in the smaller & subunit (M,~40,000).
Recently, the surprising discovery was made that mito-
chondrial PheRS from the yeast Saccharomyces cerevis-
iae is active as a monomer; this protein corresponds to
the bacterial & subunit which, however, has recruited an
additional, C-terminal 100-amino acid extension that
shares significant sequence similarity with a C-terminal

Abbreviations: bp, basepair(s): kb, kilobasepair(s); PheRS, phenylu-
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domain present in bacterial PheRS £ subunits [13]. (i)
In contrast to the nine other members of class 11 tRNA
synthetases, PheRS makes an exception in that it cata-
lyzes the initial aminoacylation of the 2" hydroxyl of the
terminal adenosine of tRNA rather than the 3’ hydroxy!
[14,15]. The general distinction between 2’OH and 3’OH
aminoacylation by class 1 and class II tRNA syn-
thetases, respectively, has given rise to - among other
considerations — the hypothesis of two evolutionarily
different tRNA synthetase ancestors [1]. Furthermore,
this difference may reflect different topological modes
of tRNA binding to the enzymes in order to facilitate
a correct stereospecific positioning of one of the termi-
nal ribose hydroxyls near the active site [10]. In this
context, it would be desirable to unravel the structure
of PheRS-tRNAM* co-crystals.

While PheRS has been purified from various organ-
isms, crystallization has so far been achieved only in the
case of PheRS from the extreme thermophile Thermus
thermophilus strain HB8 [16,17]. The crystals obtained
are of a quality suitable for X-ray diffracticn analysis
down to 3.5 A resolution., Further detailed structural
investigations, however, will be greatly hampered by the
fact that no primary structure information is available
on the @ and B subunits [16,18] of T. thermophilus
PheRS. We have therefore decided to clone the respec-
tive structural genes (p/eS for the a subunit and pheT
for the # subunit) and determine their nucleotide se-
quences. The approach we used was to search for re-
gions with highest similarity in three PheRS small sub-
unit sequences that were published at the beginning of
this work, i.e., those of Escherichia coli [19,20] and S.
cerevisige cytoplasmic [21] and mitochondrial [22]
PheRS. Specific oligonucleotides corresponding 10
these homologous protein stretches were then designed
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Fig. | Autoradiogram of the Southern blot hybridization of 7. ther-
mophilus chromosoniil DNA with oligonucleotide TTHI. Arrows on
the right indicate the sizes (in kb) of the muin hybridizing [ragments,
In lane 2 the positions of phage Lumbda DNA {rugments (digested
with EcoRVHandII} und Hizdlll) are marked, In kine | T, thermtophi
fus DNA s digested with Sphl/#indlIl, in lane 3 with Sphl/ Xbal. in
lune 4 with XbaVKpal, in lane 5 with Kpnl, and in lane 6 with Kpal/
Hindlll,

by taking into consideration the codon usage in 7° ther-
mophilus genes whose sequences were known. The use
of oligonucleotides as hybridization probes led to the
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Fig. 3 Nucleotide and deduced umino acid sequence ol the 7% ther-
mophitus pheST region us indicated in Fig. 2. The pheS gene extends
from positions 327 10 1379 and pheT trom 1376 10 3733, Potential

ribosome binding sites in (ront of the two genes ure overscored,
—’

successful identification and cloning first of the 7\ ther-
mophilus pheS gene and subsequently also of the pheT
gene which turned out to be located immediately adja-
cent (downstream) of pheS.

2. MATERIALS AND METHODS

2.1, Bacterinl strains, vectors and phisntids

Thernnes thermaophifus strain HBS [23] was a gilt from L. Reshet-
nikova, Moscow. E. coli strain JIM109 and JM101 [24] were the hosts
lor cloning und single sirund DNA isolation, respectively. Veciors
used were pUC|9 [24] for cloning, pBluescript KS(+) [25] for conslruc-
tion of deletions, and M13mpl8 and M13mp19 [26] for single strund
DNA scquencing. Plusmids pKST-KBI| und pKST-KB2 were con-
structed with pBluescripl and contain a 3.2 kb Kpal (ragment in both
orientutions, whereas pKST-Bul9U contuins a 4.6 kb BeanrH1 frag-
ment ligited 10 BamHI-digested pUC19; both fragments are from 7,
thermophiles strain HBS [23] cliromosomul DNA,

2.2, Cloning procedures

Three oligonucleotides were designed lor Southern blot unulysis
in order to find the pheS gene ol 7. thermophifs, An allgnment
of the amino acid sequences of the PheRS a subunits (rom E. coli
[19.20), and the S. cerevisiee cytoplasinic [21] und mitochondrial [22
chzymes was made, and three particularly well-conserved oligopep-
tides were selected; NFDAL (positions 139-143 in the E. coli se-
quence), YFPFTEP (247-253) und GKWLE (264-268), to which cor-
responding  oligonucleotides TTH! ¥AACTTTGACICECTGY
(I=Inosine), TTH4 *TACTTCCCETHACIEGAGCCY und TTHS
S'CTCEAGCCACTISCCY (non-coding strand) were designed by
adapting the £, coli nucleolide sequence 1o the T, thermophilus codon
usage. The 7. thermophilis codon usage chart was calculated from all
of the T. thermaophiles gene sequenices lound in the dalabunk in the
yeur 1989, Furthermore, 4 506 bp BstEIV/ BBl (ragment {rom the £
coli pheS gene (positions 532-1037, [19]) was used as additional hy-
bridization probe. Hybridizations were performed under non-sirin-
gent conditions [27),

Restriction enzyme digested chromosomal DNA from 7, therinto-
phihes HBS was run on 4 0.8% agarose gel and frugments ol appro-
priite size (uccording (o hybridization results) were excised and ligaied
to digested pBluescript or pUC 19 vectors. The resulting plusmids were

Ba XK S X SBg PNS sXx sp KX SpK Ba S BaX Bg
IR | I | T
C pheS Dl pheT )
K K
Ba L J Ba pKST-KB1, -KB2
L | pKST-Bal9U

Fig. 2 Restriction map of the genomic DNA region from T. therniopltifus contuining the pheS and pieT genes. The sequeiiced parl is indicated
by u bold line. Plusmid inserls mentioned in the text are shown below the mup. Abbreviutions: Bu, BamH1: Bg, Befll K. Kpnl; P, Pyull; N, Neol;
S. Sacl: Sp, Sphli X, Xhol.
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Fig. 4 Alignment of known PheRS o subunit amino acid sequences. Identical residues are boxed. The shown PheRS & subunits are from T
thermophilus (this work) E. coli [19.20], B. subtilis [30), S, cereviviae mitochondrin [22] and cyloplasm [21] (Irom top to botiom): of the last two
sequences only the relevant parts ure shown,

transformed into £, cofi cells and screened by colony hybridizalion
with oligonucleotide TTHI1.

2.3. Sequencing straiegy

A set of 12 deletions of the plasmids pKST-KBI und pKST-KB2
was constructed using the Exolll/mung bean nuclease method [28); the
plasmids were then used for double strand sequencing upplying the
dideoxy chain termination method [29] afler 4 denuluration step with
NaOH. To obtain the complete overlapping sequence on botli sirands,
suitable subclones were made [rom plusmids pKST-KBI, pKST-KB2,
and pKST-Bal9U. All sequencing reuctions werc run on uan aulo-
mated DNA Sequencer model 373A (Applied Biosystems, Foster City.

CA)} und carried out lollowing the protocols given by the manu-
facturer.
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3. RESULTS AND DISCUSSION

In order to find a suitable fragment for cloning of the
pheS gene and possibly also the pheT gene from T.
thermophifus, Southern blot analyses were performed
as detailed in section 2.2. Fig. 1 shows an autoradi-
ogram of the hybridization with oligonucleotide TTH1.
The sume major bands seen here were also detected with
the other hybridization probes ( TTH4. TTHS, 506 bp
E. coli pheS fragment), and it was therefore assumed
that they contained the desired gene.

Plasmids pKST-KBI and pKST-KB2 were con-
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ing of a 4.6 kb BamHI fragment, to give plasmid nKST-
Bal9U. A restriction map from the region was created

to find additional DNA fragments, resulting in the clon-

in order

be

subtitis [30) and S, cerevisice cytoplasm [21] (from top 10 botiom),

idization pro

Fig. 5: Alignment of known PheRS 4 subunit amino acid sequences, The shown sequences are from T. thermophifus (this work), E. coli [32], B.

structed by cloning a 3.2 kb Kpnl fragment that was
detected in the hybridizations. The same fragment was

then used as a homologous hybr
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(Fig. 2) and the 4.5 kb stretch indicated in Fig. 2 was
sequenced. The complete nucleotide sequence is shown
in Fig. 3. We found that the sequenced region indeed
contained the pheS gene, as well as the pheT gene, which
we could locate downstream of pheS. The pheS gene
starts at position 327 and ends at position 1379 and is
thus 1,053 nucleotides long. The pheT gene starts at
position 1,376 of the shown sequence and, with a length
of 2,358 bp, terminates at position 3,733 (Fig. 3). The
pheT gene thus overlaps by 4 nucleotides with the pheS
gene, indicating that the genes are most probably tran-
scribed in an operon. The situation in E. coli is slightly
different: although the genes are also organized in an
operon, they are separated by 14 nucleotides [19]. The
G+C-content of the two T. thernmophilus coding regions
is 70.5% and. hence, almost the same as the overall
G+C-content of that bacterium (69% [23]). Moreover,
the codon usage is typically biased. e.g.. of the two
codons for threonine the one that ends with C is exclu-
sively used.

Figures 4 and 5 show an alignment of the deduced
amino acid sequences of the known PheRS & and 8
subunits, respectively, with the predicted sequences of
the T. thermophilus pieS and pheT gene products. In
general, the & subunits display a greater homology; the
identity to the T. thermophifus @ subunil amino acid
sequence ranges from 32.5% for the yeast mitochondrial
enzyme to 48.5% for the E, coli enzyme. The S subunit
gives a much lower score with identities between 21.4%
for the yeast cytoplasmic PheRS and 36.4% for the E.
coli PheRS.

In Fig. 4 the three sequence motifs that define class
11 aminoacyl-tRNA synthetases [1] are indicated. Motif
1 is also shown, even though it is believed 10 be involved
in the formation of the subunit interface of the class 11
synthetases having an a, subunit structure [2]. In the
case of prokaryotic phenylalanyl-tRNA synthetases
which have an a.8, subunit structure the role of motif
| remains unclear. Motifs 2 and 3 are supposed to form
a cavity where aminoacylation takes place, i.e. the active
site of the enzyme [9,10,20,31). These motifs are well
conserved in T. thermophilus. It is interesting to note
that the peptide GFAFG (positions 312-316 in T. ther-
mophitus) in motif 3 is totally homologous to the corre-
sponding £. coli sequence. [n previous work, this region
was suggested to participate in the binding of the sub-
strate phenylalanine {20].

Another region of interest is the C-terminus of the
B-subunits (Fig. 5). The stretch from posilions 685-780
(numbering refers to T. therntophilus) is well conserved
in the bacterial enzymes, and is found as an extension
at the C-terminus of the yeast mitochondrial PheRS,
which otherwise is an a subunit homologue [13]). It is
speculated that this extension confers upon the yeast
mitochondrial PheRS an independence of the 8 subunit.
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