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Interferon ganuna irduces expression of a protein termed IFP 53 according 1o its molecular weight of 53 kDa. TFP 53 shows significant sequence

homology to rabbit poptide chain release factor 2s well as to bovine tryplophanyi-tRNA synthetase. IFP 53 has been shown to possess release factor

activity for the UGA stop codon. We demonstrate bere. by using a ecombinant IFP 53 fusion protein, vhat IFP 53 tryptophanylates itRNA, These
data licate that IFP 53 & a protein with two activities: peptide chain termination and aminoacylation.

Trypiophan: Release factor: Interferon: tRNA synthetase

1. INTRODUCTION

Amincacylation of tRNAs is a critical step in protein
biosynthesis. carried cut by aminoacyltRNA syn-
thetases that catalyse the esterification of a specific
IRNA by the cognate amino acid [1]. Knowledge of
primary structures has revealed the existence of 1wo
classes of aminoacyl-tRNA synthetases. depending on
conserved seque-ce motifs [2]. Molecular and bjochemi-
cal studics have led to the identification of several fea-
tures that distinguish these enzymes from their
prokaryotic nomologues [1.3]. Bovine wyptophanyl-
tRNA synthetase is composed of two identical subunits
of molecular weight 54 kDa [4.5] compared 10 37 kDa
for the prokaryotic protein [6.7]). In addition to their
primary role in tRNA charging. cukaryotic aminoacyl-
tRNA synih:.ases have been implicated in splicing of
mitochondrial RNAs [8-1i] :nd regulation of transla-
tion initiation [12].

We have revenily described an interferon (IFN)-in-
duced piotein termed IFP 53 according to its molecular
weight [13]. IFP 53 shows high sequence homology to
a rabbil peptide chain release factor [14] as well as to
a previously described bovine wryptophanyl-iRNA syn-
thetase [S). and possesses release factor activity for the
UGA stop codon in vitro [13]. In this paper we show

that IFP 53 is the human tryptophanyl-tRNA synthe-
tase.

Abbreswenions: BN, interferon: ¢RF. cukarvotiy release factor.
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2. MATERIALS AND METHODS

2.1, Production of a fusion protein

The recombinam A2t 10clone 369.13.3{13) was digested with EcoRl1
and the 1,624 bp fragment comaining a full-length 1FP 53 cDNA was
cloned into the EvoRlI site of the expression vector pMALc (New
England Biolabs) resulting in the recombinant clone pMALc 13 Eco.
pMALc 13 Eco was digested with Sud and Asil, and a 7,130 bp
fragment conaining the complete vector and 9.90 bp of 37 IFP 53
sequence was gel-purified. Clone Agt10 369.13.3 was digested with
Psil, blunt-ended using T4 DNA polymerase, ethanol-pregipitated.
re-digested with A/l and the 392 bp fragment coutaining the 5° IFP
53 sequence cloned imto Nsil/Sml-restricted pMALc 13 Eco. The
resulting plasmid pMALe 12.5 encodes residues 40-471 of the IFP 53
protein inserted downstream from the malE gene, which encodes the
maltose binding pratein. Whole cell and evitoplasmic extract of IPTG-
induced cells was prepared according 1o the manufacturers instruc-
tion, Crude cytoplasmic extract wvus centrifuged for 20 min at 9,000
x &, the supernatant dialyzed against 50 mM Tris-HCL pH 7.5. | mM
EDTA. loaded onto a DEAE 52 columin pre-equilibrated with 50 mM
Fris-HCL pH 7.5, 1 mM EDTA, washed with 50 mM Tris- HCL, pH
7.5. 1 mM EDTA, cluted with 300 mM KCL 50 mM Tris- HCY pH
7.5. 1 mM EDTA [15) and dialyzed against 100 mM Tris-HCL, pH 8.0.
I mM EDTA. The eluied and dialyzed Dactic  was wsed for de-
termination of aminoacylution activity. Alique . wer. frozen at
~7°C and protein concentration determined according 1o Bradford
{16].

Hela cells were grown as monelayer cultures in DMEM supple-
mented with W% fetal calf serum, Crude Hela coll extract was
prepared by homogenization of the ecll pelict in 50 mM Tris-HCL pH
7.5. 1 mM EDTA using an Ulirs-Turrax (Janke & Kunkel, Germany)
and futther processed as described For the E. coli evtoplasmic extract,
Recombinant TFNy (Polyferon. 2 x 107 L/mg protein. Rentschler,
Laubheim, Germany) was kindly provided by P. v. Wussow (Medical
School Hannover),

2.2, Derermination of uminoacvlation aetiviry

Aminoacyl-tBNA synthetacey swere assayed by the smincacylation
of IRNA. Unfractionated brewer's veast tRNA (Bochringer
Mannhcim) was uned as substrate [5). tRNA aminoacylation was
carricd oul a1 30°C using 25 ug of DEAE celluluse-fractionated cyto-
plasmiv extract from £ cofi or Hela ceffs in 100 mM Tris-HCL pH
50, 1 mM EDTA, 15 mM magnesium acctate, 0.05 mpmi BSA. 7
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me/ml total yeast tIRNA, § mM ATP, and 0.1 mM ["Cle-wryprophan
(54 mCi/mmol, Amersham) or 0.1 mM [*Clu-leucine (54 mCi/mmol,
Amershiam), At various times, 9 gl aliquots from a 60 gl reaction were
removed, spotted on 3 Whatman GFC disk, immediately TCA-pre-
cipitated, and the radjoactivity retained on the filters was counted.

3. RESULTS AND DISCUSSION

Extracts from bacterial cells transfected with the
pMALc 12.5 clone and grown in the presence of IPTG
were submitted to SDS-PAGE and Western blotting
using anti-MBP antibodies. The fusion protein
produced from pMALc 12.5 had a molecular weight of
90 kDa (see Fig. 1), which is consistent with the size of
the insert-encoded protein of 48 kDa plus that of the
amino-terminal vector-encoded maltose-binding pro-
tein (MBP) of 42 kDa.

After expression of the IFP 53 fusion protein, the
bacterial extract was passed over a DEAE 52 column,
eluted under high salt conditions, and the aminoacyla-
tion activity was determined using total yeast tRNA and
[“*Cl-tryptophan or ["*C]L-leucine. Fig. 2A shows that
yeast tRINA was tryptophanylated when using cyto-
plasmic extract from bacterial cells grown in the pres-
ence of IPTG. Omitting yeast tRNA in the aminoacy-
lation reaction resulted in TTA-precipitable counts
similar to background (data not shown). Control ex-
periments using [**Cli-leucine showed no aminoacyla-
tion of tRNA (Fig. 2B). The tryptophanyl-tRNA syn-
thetase activity could be unambigously assigned to the
IFP 53 fusion protein. as bacterial cells grown in the
presence of IPTG and expressing the maltose binding
protein only did not show any aminoacylation activity
(Fig. 2).
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Whole cell extracts of untreated and IFNy-stimu-
lated Hela cells were prepared for investigating the
effect of IFNy on expression of tryptophanyl-tRNA
synthetase, As shown in Fig. 3 treatment with IFNy
resulted in a significant increase of tryptophanyl-tRNA
synthetase activity compared to the untreated controls.
In contrast, ¢xpression of leucyl-tRNA synthetase was
not affected by IFNy (data not shown).

Fig. 4 shows a comparison of the amino acid se-
quences of IFP 53 [13], rabbit peptide chain release
factor (RF)[14] and bovine tryptophanyl-tRNA synthe-
tase [5]. All three proteins show sequence stretches
analogous to the two consensus sequences HIGH and
KMSKS found in class I tRNA synthetases: HVGH/
NVGH and KMSAS, indicating. as has been noted pre-
viously [5]. that the second lysine of the KMSKS se-
quence is not critical for tryptophanyl-tRNA synthetase
activity. The HIGH signature sequence is present in IFP
53 and bovine tryptophanyltRNA synthetase as
HVGH and as NVGH in rabbit RF. These motives play
essential roles in the binding domains for ATP (HIGH)
and for the 3’ end of IRNAs (KMSKS) as revealed from
X-ray analyses of methionyl- and tyrosyl-tRNA
synthetases and the glutaminyl-tRNA synthetase/
tRNAS" complex [17-19]. Considering the degree of
sequence identity between the amino acid sequences,
rabbit RF, IFP 53 and bovine tryptophanyl-tRNA syn-
thetase are related at a level exceeding 90% if conserved
amino acids are included in this calculation. It should
be noted that in the regions of highest sequence varia-
bility IFP 53 is more similar to bovine tryptophanyl-
tRNA synthetase than to rabbit RF.

The mechanisms involved in IFNy-mediated induc-
tion of IFP $3/tryptophanyl-tRNA synthetase are yet to
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f1g 1. SDS-PAGE stained with Coomassic Blue (A) and Western blot (B) of the protein extracts from bactenal cells after induction with IPTG.

After gel elegtrophoresis and transfer to & nitrocellulose sheet, thy proteins were detected with rabbit anti-MBP antibodics (New !;nglax::d Biolabs)

and anti-rabbit immunoglobulin antibodies conjupaied 1o alkauline phosphatase. (Lane 1) cells enpressing the MDBP-f# gal prowin ( :?.. kDa open
arrow); (lanc 2) cells cxpressing the MRP-IFP 53 fusion protein (closed arrow). the molesatar weight markers (kDa) are indicated.
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Fig 2. Aminoacylation activity of cytoplasmic extract from bacterial
cefls expressing the MBP-IFP 53 fusion protein using (A) “Clu-ttyp-
tophan of (B) ['“Cli-leucine. (@} MBP-IFP 53 fusion protein: {<) MBP
protein: (V) reticulooyte hysate  (Promega)l used as  positive
control.

be characierized. but it is known that IFNy induces an
enzyme of tryptophan catabolism. indolcamine 2.3 di-
oxygenase. which is responsible for conversion of tryp-
tophan and other indol derivative: to kynurenine,
thereby leading to intracellular depletion of tryptophan
{20.21}. In prokaryotcs. cxpression of aminoacyliRNA
synthetases is in part regulated by the cognate amino
acid [22.23). Preliminary evidence suggests that deple-
tion of intracellular tryptophan is involved in the IENy-
mediated induction of IFP 53,

We have shown previously that IFP 53 has release
factor activity for the UGA stop codon. Here we dem-
onstrate that IFP 53 is a tryptophanyl-tRNA syathe-
tase. These data therefore suggest that a release facior
activily is associated with the human trypiophanyl-
IR NA synthetase. What could account for the two fung-
tional propertics of IFP 537 The scauence homology
botween rabbit RE. bovine tryplophanylARNA synthe-
vase and IFP 53 implics that afl three proteins posseys
a strmlar terhary siructure. The KMSKS regien of class
{ symmhctases appears 10 be involved in the binding of
the (RNA 3 end 117-19] The question thur arises of
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the filter. Hela cells were treated for 12 h with 500 U/ml IFNy (m)

oy medium (D). The background activity is given by heat-

treated (10 min 95°C) cell extracts from medium-treated Hela
cells ().

whether IFP 53 and rabbit RF use this region for decod-
ing stop codons [24). Detailed investigations of amino
acid specificities in acylation of natural and modified
tRNAs showed that synthetases use special proofread-
ing mechanisms to reject non-cognate substrates [25,26).
These proofreading processes could be divided in pre-
and post-transfer steps {27]. In the post-transfer step
aminoacyl-tRNA esters of non-cognate amino acids are
hydrolyzed before release from the enzyme to un-
charged tRNAs and amino acids. This post-transfer
proofreading activity is strikingly similar to the process
resulting in peptide chain termination. During peptide
chain clongation by aminoacyl-tRNA, peptidyl trans-
ferase catalyzes peptide bond formation when an amino
group acts as a nucleophiie attacking peptidyl-tRNA
ester linkage. Perturbation of the peptidvitransferase by
cukaryotic release factor (¢RF) has been hypothesized
to Iead to the acceptance of water as the nucleophilic
agent resulting in peptide chain termination by hy-
drolysis of tie peplidyl-tRNA ester bond (24.28]. The
sequence homology between IFP 53, ¢RF and bovine
teyptophanyl-tRNA synthetase, as well as the similarity
between post-transfer proofreading and peptide chain
termination - both involve hydrolysis of the appropri-
ate ester bonds - implies that the esterase activity lcad-
ing to hydrolysis of peptidyl-tRNA may be a property
of the cRF molecule,

Recent evidence suggests that cukaryoiic aminoacyi-
tRNA synthetases have additional functions that arc
ungelated to aminoacylation. The tyrosyl-tRNA synthe-
tase of Neurospora crassa has been shown to be required
for splicing of group [ introns (8] as well as for integra-
tson of a group | intron into a ribosomal RNA sequence
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Fig. 4. Compuzison of the predicted amino acid sequence of 1FP 53 with rubbit peptide chain relense facror (eRFyand bovine :ryplpphzmgldeA
synthetise ((RINA Syn). The Iwo consensus sequences of class 1 synthetases, HIGH and KMSKS, are indicated by dotted boses: regions of greatest
sequence varkbility are indicated by chved boxes, identical wminoe acids are depicted by asterisks. and similar amino acids by dots

[1 1) Similarly. evigence has been presented that in yeast
mitochondrial leucyl-tRNA synthetascs arc involved in
mR NA splicing [9). In addition, cukaryotic synthctascs

have been implicated in the regulation of translation
initiation [12). Although at present we do not know
whether [FP 53 represents the true cukaryotic peptide
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chain termination factor. our data indicatc that IFP 53
is a protein with two different activities, namely release
factor. acﬁ\'ity for the UGA stop codon and trypto-
phanyHRNA symhaase acﬁvity
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