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ABSTRACT

The cDNA for human cytosolic asparaginyl-tRNA
synthetase (hsAsnRSc) has been cloned and
sequenced. The 1874 bp cDNA contains an open
reading frame encoding 548 amino acids with a
predicted M, of 62 938. The protein sequence has 58 and
53% identity with the homologous enzymes from Brugia
malayi and Saccharomyces cerevisiae respectively. The
human enzyme was expressed in  Escherichia coli as a
fusion protein with an N-terminal 4 kDa calmodulin-
binding peptide. A bacterial extract containing the
fusion protein catalyzed the aminoacylation reaction of
S.cerevisiae tRNA with [ 14Clasparagine at a 20-fold
efficiency level above the control value confirming that
this cDNA encodes a human AsnRS. The affinity
chromatography purified fusion protein efficiently
aminoacylated unfractionated calf liver and yeast tRNA
but not E.coli tRNA, suggesting that the recombinant
protein is the cytosolic AsnRS. Several human anti-
synthetase sera were tested for their ability to neutralize
hsAsnRSc activity. A human autoimmune serum (anti-
KS) neutralized hsAsnRSc activity and this reaction
was confirmed by western blot analysis. The human
asparaginyl-tRNA synthetase appears to be like the
alanyl- and histidyl-tRNA synthetases another example

of a human Class Il aminoacyl-tRNA synthetase involved

in autoimmune reactions.

INTRODUCTION

DDBJ/EMBL/GenBank accession no. AJ000334

domains 8,5-7). The three-dimensional structure of an AsnRS
determined in this laboratonfifermus thermophiludsnRS; 8)
further illustrates the strong structural homology between the three
class llb synthetases.

Autoantibodies are found in many patients with polymyaositis
or dermatomyositis. Some of these patients have antibodies raised
against aaRS, of which anti-Jo-1, directed at histidyl-tRNA
synthetase (HisRS) is by far the most comn®)n (

Below we describe the cDNA sequence of human cytosolic
AsnRS, the bacterial expression of the recombinant enzyme and
its activity assays with different sources of tRNA. Futhermore, we
report its reactivity with a human autoimmune serum. The
implication of the human cytoplasmic AsnRS in an autoimmune
disorder is an interesting property of this enzyme.

MATERIALS AND METHODS

Restriction  endonucleases,  modification enzymes and
unfractionated tRNAs were purchased from Boehringer Mannheim.
Oligonucleotides were supplied by Genosys. Autoimmune sera
(anti-HisRS, anti-AlaRS, anti-KS) were kindly provided by
Dr I.Targoff (Oklahoma Research Foundation) and Dr M.Hirakata
(University of Tokyo School of Medicine).

Cloning of hsAsnRSc cDNA

Molecular cloning methods were used according to Samiaiook

Aminoacyl-tRNA synthetases (aaRS) are enzymes involved &l. (10). Human Expressed Sequence Tag (EST) sequences
protein biosynthesis catalyzing the specific attachment of amiramding for peptides showing strong sequence similarities with
acids to their cognate tRNAs. Two classes of synthetases ha®rigia malayiAsnRS were aligned. Missing &nd 3 regions

been defined, each of 10 members, based on their primary andre amplified by PCR methods on human livéRACE-Ready
tertiary structuresi(?). Class Il enzymes have three consensusDNA from Clontech. Thirty cycles of amplification were carried
sequence motifs; motif 1 contributes to the dimer interfaceut (20 s denaturation at 9@, 30 s annealing at 60-88 and
whereas motifs 2 and 3 are constituents of the catalytic site.min elongation at 6&). The complete cDNA was amplified
Sub-classification can be made of the class Il enzymes basedusing the 5 RACE-Ready cDNA with the oligonucleotide

more extensive sequence and structural similaritjesn(higher

primer 3-CCGGAT CCCATATG GTGCTAGCAGAGCTGT-3

eukaryotes, nine aaRS of different specificities (not includingrestriction sites are in bold and modified nucleotides are underlined)

AsnRS) are associated within a multi-enzyme complex (

creating aBanHI (andNdd) restriction site for cloning the AsnRS

AsparaginylRNA synthetase (AsnRS) is classified as a sub-clasBNA fragment into the pCal-n expression vectotof@ch)
lIb enzyme together with the aspartyl- and lysyl-enzymes on trend the oligonucleotide’ 3 CAGGTGATTTGAGATAGTTTTT-
basis of similarities in their N-terminal extensions and the catalytiTGG-3.
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Expression of hsAsnRS as a bacterial fusion protein and Bacterial expression and purification of the recombinant
purification enzyme

The hsAsnRSc coding region was inserted into pCal-n veldipr ( The recombinant protein comprises an N-terminal 4 kDa
as sBamHI-EcdRI fragment and transformed into tescherichia  Calmodulin Binding Peptide (CBP) fusion tag coupled to the
coli strain BL21 (DES3). Cells were grown in LB at’®7to an Apgp ~ AsnRS. Figure2 shows the SDS—PAGE analysis of the AsnRS
of 0.6, isopropyl-1thi3-p-galactoside was added to a final fusion protein in an unfractionated bacterial extract (lane 3) and
concentration of 0.2 mM and incubation af@3continued for a its purified form (lane 4). The apparent molecular weight of the
further 3 h. Cells were lysed by lysozyme and sodium deoxycholefigsion protein is in agreement with the predicted molecular
treatment {2). The bacterial extract was applied to a 2.5 miveight of AsnRS (63 + 4 kDa CBP).

calmodulin resin13). Unfractionated bacterial extracts were assayed for their ability to
catalyze the aminoacylation ofS.cerevisiae tRNA with
[14Clasparagine; these extracts had 20-fold greater aminoacylation
activity with S.cerevisiadRNA relative toE.coli extracts carrying

The _aminoacylation reaction assazsxv as as prgviously describ yatcrgr?eﬁ Zl;t]rggfstov:}ere loaded on a calmodulin column in the
§r104r21|Efggi%%ségggg;gﬂrﬁn@ées gg‘,{;?ggggﬁti\e/g: Rt’r\]leA presence of calcium. EGTA eluted fractions were collected and
determination of asparagine acceptance activity in unfractionat%ﬁ""‘lyZed by western blot methods for the presende.auli
tRNA from E.coli was performed with aB.coli protein extract, 2'SHRS contamination using a rabbit dhtoli ASnRS serum
that in unfractionateds.cerevisiaeand calf liver tRNA with ~(dat@ not shown).

hsAsnRSc fusion protein. The concentration of recombinant

human AsnRS was 33 nM. Aminoacylation activity of the recombinant human AsnRS
using tRNA from different origins

Aminoacylation assay and kinetic parameters

Neutralization assay The purified AsnRS fusion protein was tested for its enzymatic

AsnRS (66 nM) was preincubated for 10 min on ice with th@ctivity with tRNA substrates of different origins i.col,
various sera (1:10 dilution of the sera donated by Drs Targoff angiCerevisia@nd calf liver at the same relative concentration of
Hirakata). After preincubation the aminoacylation activity wadRNA"". Figure3 shows that calf liver arfl.cerevisiaéRNAs

determined using calf liver tRNA. In the aminoacylation reactio@€ both efficient substrates for the human enzyme. For both
the sera are present in a 1:100 dilution. tRNASs similar plateau values are reached although the initial rate

is somewhat higher for the calf liver tRNA (0.15 pndi/s
compared to 0.09 pmoatfsfor S.cerevisiaéRNA).
Detection of the recombinant hsAsnRSc by western blot

using autoimmune serum (anti-KS) o o )
Neutralization of AsnRS activity by a human autoimmune

Protein samples were separated electrophoretically on a 129%rum

SDS—polyacrylamide gel and transferred to a Immobilon-P ) ) ) ) i
membrane for western blot analysis5{ The immunological The AsnRS fusion protein was preincubated with the different
reactivity of the recombinant hsAsnRSc was tested againgt 5.0autoimmune sera (anti-KS, anti-AlaRS and anti-HisRS ) and two
human anti-KS serum3§S]protein A (16.7 mM, 600 Ci/mmol; control sera. After preincubation, residual aminoacylation activity
Amersham) was used to detect specific AsnRS—antiboc?XaS determined. Only the anti-KS serum neutralized the human

interactions by autoradiography (F@ after 16 h exposure to SnRS aCtiVity Significantly with an inhibition of 98%. The other
Biomaxfilm (Kodak). anti-synthetase sera (anti-HisRS and anti-AlaRS) did not neutralize

significantly the enzyme activity (<4% of inhibition).

RESULTS o ] ]
Immunoreactivity of the anti-KS serum in a western blot

Cloning and sequencing of the human AsnRS cDNA (EMBL  experiment

database: Aj000334
) ) Since only the anti-KS serum produced significant inhibition of

Human EST sequences coding for peptides which show stroAgnRS activity the interaction of this serum with recombinant
sequence similarities witB.malayi ASnRS were aligned to a protein was examined by western blot analysis. Samples of
1302 bp fragment. The assembled cDNA sequence compridascterial extract from the overproducing strain containing
1874 bp with a large predicted open reading frame of 1644 bgecombinant synthetase and a control strain containing only the
This encodes a protein of 548 amino acids with a predidiedi ~ pCal-n vector together with purified human AsnRS fusion protein
62 938. Sequence alignment of several bacterial and eukaryotiere loaded on an SDS—polyacrylamide gel. After electro-
AsnRSs indicates that the human enzyme is composed of thig®oresis, the proteins were transferred to a nylon membrane and
characteristic domains; an N-terminal extension, typical foincubated with human anti-KS serum. Antigen—antibody
eukaryotic AsnRS, followed by a putati@barrel domain interactions were detected usiti-labeled protein A. Figur2
probably involved in tRNASM anticodon recognition and a shows that the human anti-KS serum specifically interacts with
catalytic domain containing the three Class Il specific motifthe human AsnRS both in the bacterial extract and in purified
(Fig. 1). form.
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hsASNRS
bmASNRS
SCASNRS
ttASNRS

hsASNRS
bmASNRS
SCASNRS
tLtASNRS

DPSLP EPKCVKIGAL EGYRGQRVKV FGWVHRLRRQ GKNLMFLVLR 150
LDTSLS YITGVKIRDL VKHRNERVCI KGWIHRMRRQ GKSLMFFILR 149
EDESLP AAIKTRIYDS YSKVGQRVKV SGWIHRLRS. NKKVIFVVLR 153
..MRVFIDEI ARHVDQEVEL RGWLYQRR.S KGKIHFLILR 37

B-barrel domain
hsASNRS  D@TGYLQCVL ADELCQCY.. .NGVLLSTES SVAVYGMLNL TPKGKQAPGG HELSCDFWEL IGLAPAG..G ADNLINEESD 225
bmASNRS ~ DGTGFLQVLL MDKLCQTY.. .DALTVNTEC TVEIYGATKE VPEGKEAPNG HELIADFWKI IGNAPPG..G IDNVLNEEAS 224
SCASNRS  DGSGFIQCVL SGDLALAQ.. .QTLDLTLES TVTLYGTIVK LPEGKTAPGG VELNVDYYEV VGLAPGGEDS FTNKIAEGSD 230
ttASNRS  DGTGFLQATV VQGEVPEAVF READHLPQET ALRVWG...R VREDRRAPGG FELAVRDLQV VSR..PQ..G EYPIGPKEHG 110

——————————————————————————————————— FHERES Motif 1 Hihid

hsASNRS VDVQLNNRHM MIRGENMSKI LKARSMVTRC FRDHFFDRGY YEVTPPTLVQ TQVEGGATLF KL........ .......... 287
bmASNRS VDKMLDNRHL VIRGENAAAL LRLRAAATRA MREHFYNAGY LEVAPPTLVQ TQVEGGSTLF NL........ .......... 286
SCASNRS PSLLLDQRHL ALRGDALSAV MKVRAALLKS VRRVYDEEHL TEVTPPCMVQ TQVEGGSTLF KM........ .......... 292
ttASNRS IDFLMDHRHL WLRHRRPFAV MRIRDELERA IHEFFGERGF LRFDAPILTP SAVEGTTELF EVELFD.... .......... 176

FHthEH A S E AR HE Motdf 2 HHHHHHEHRHHHNS

hsASNRS . .DYFGEEAF LTQSSQLYLE TCLPALGDVF CIAQSYRAEQ SRTRRHLAEY THVEAECPFL TFDDLLNRLE DLVCDVVDRI 365
bmASNRS . .DYFGEQSF LTQSSQLYLE TCIPTLGDVF HLHCSYRAEK SRTRRHLAEY AHVEAECPFI TLDDLMEKIE ELVCDTVDRL 364
SCASNRS . .NYYGEEAY LTQSSQLYLE TCLASLGDVY TIQESFRAEK SHTRRHLSEY THIEAELAFL TFDDLLQHIE TLIVKSVQYV 370
EELASNRS  ..... GEKAY LSQSGQLYAE AGALAFAKVY TFGPTFRAER SKTRRHLLEF WMVEPEVAFM THEENMALQE ELVSFLVARV 251
hsASNRS L.KSP..... _ .AGSIVHELN PNFQP.PKRP FKRMNYSDAI VWLKEHDVKK EDGTFYEFGE DIPEAPERLM TDT.INEPIL 436
bmASNRS LADEE..... .AKKLLEHIN PKFQP.PERP FLRMEYKDAI KWLQEHNVEN EFGNTFTYGE DIAEAAERFM TDT.INKPIL 436
SCASNRS LEDPI..... .AGPLVKQLN PNFKA.PKAP FMRLQYKDAI TWLNEHDIKN EEGEDFKFGD DIAEAAERKM TDT.IGVPIF 442
LtASNRS LERRSREL.. ..EMLGRDPK A.LEPAAEGH YPRLTYKEAV ALVNRIAQED PEVPPLPYGE DFGAPHEAAL S.RRFDRPVF 325

hsASNRS LCRFPVEIKS FYMQRCPEDS RLTESVDVLM P.NVGEIVGG SMRIFDSEEI LAGYKREGID PTPYYWYTDQ RKYGTCPHGG 515
bmASNRS LNRFPSEIKA FYMQRDAQDN TLTESVDLLM P.GVGEIVGG SMRIWKFDEL SKAFKNVEID PKPYYWYLDQ RLYGTCPHGG 515
scASNRS LTRFPVEIKS FYMKRCSDDP RVTESVDVLM P.NVGEITGG SMRIDDMDEL MAGFKREGID TDAYYWFIDQ RKYGTCPHGG 521
ttASNRS VERYPARIKA FYMEPDPEDP ELVLNDDLLR PEGYGEIIGG SQRIHDLELL RRKIQEFGLP EEVYDWYLDL RRFGSVPHSG 405

#H#HAHHHEE Motif 3 H#H#E#HHEH
hsASNRS YGLGLERFLT WILNRYHIRD VCLYPRFVQR CTP.. 546
bmASNRS YGLGLERFIC WLTNTNHIRD VCLYPRFVGR CVP.. 546
SCASNRS YGIGTERILA WLCDRFTVRD CSLYPRFSGR CKP.. 552
ttASNRS FGLGLERTVA WICGLAHVRE AIPFPRMYTR MRP.. 436

Figure 1. Multiple alignment between prokaryotic and eukaryotic ASnRS sequences. The program PILEUP was used (GCG package, Wiseosityn)f The
origins are (accession number in the SwissProt or EMBL data banks are indicated in pardtinesisppienshsAsnRS (AJ000334Rrugia malayi bmAsnRS
(P10723);Saccharomyces cerevisiaeAsnRS (P38707F;hermus thermophilustAsnRS (X91009). The position where the residues are strictly conserved in this
alignment are in bold type. The Class Il specific motifs are indicated by #. The N-terminal extensions characteristigdiir Ask&S sequences are boxed. Dashed
lines indicate the putati&-barrel domain most probably involved in tRNA anticodon recognition.

DISCUSSION (65%), E.coli tRNA is poorly aminoacylated by the hsAsnRSc

. . fusion protein in contrast to itS.cerevisiaecounterpart. This
We have isolated the cDNA coding for the complete humal uld be due to one base insertion into the D-loop of the

AsnRS. This provides the first example of a mammalian AsnR : ”
seqguence. Th% sequence exhibits a Eigh degree of similarity wi karyotic tRNA S.n at position 2116). . : .
the two other known eukaryotic AsnRSs: a 58% amino acid ome eukaryojuc synthetases are m_volved n pathological
identity with the AsnRS frorB.malayiand a 53% identity with cond_lt_lons 0). Patlen_ts with systemic autoimmune diseases make
that fromS.cerevisiaeBased on the following observations Wespeuﬂq autoantibodies that are directed against s_elf structures.
conclude that the sequence we have determined is that of hunfeggording to one hypothesis, these autoantibodies arise through an
cytosolic AsnRS: (i) the absence of a mitochondrial import signaffimune response to foreign antigens such as infectious agents that
(ii) strong sequence similarities to the cytosolic AsnRSs frorghare, by molecular mimicry, common structures with host proteins.
B.malayiandS.cerevisia@nd weaker similarities with bacterial Autoantibodies are found in most patients with polymyositis or
enzymes, (i) estimated molecular weight and calculateflermatomyositis and 35-40% of these patients have myositis-
isoeletric point is typical for a cytosolic AsnRS, (iv) calf liver andspecific antibodies. 25-30% of these patients have antibodies raised
S.cerevisiagRNA are significantly better substrates tHaogoli  against aminoacyl-tRNA synthetases, of which anti-Jo-1, directed at
tRNA. histidyl-tRNA synthetase (HisRS) is by far the most comnpn (
Despite a similar degree of overall sequence identity of humanOf the several autoimmune sera tested for their capacity to
tRNA compared to tRNA frori.coli (62%) or fromS.cerevisiae  neutralize the hsAsnRSc activity, only the anti-KS auto immune
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Figure 2. Expression irE.coli, purification and immunological reactivity with [
the anti-KS serum of the recombinant hsAsnR&rGoomassie-brilliant blue I
stained SDS gel (12% polyacrylamide). Lane 1, molecular mass marker; lane o BN — L ‘ o
2, bacterial control extract; lane 3, bacterial extract containing the recombinant
200 400 600 800 1000

CBP tagged protein; lane 4, purified hsAsnR8g.Autoradiography of the
western blot performed with the SDS gel showing the immunoreactivity of time (sec)
hsAsnRSc with anti-KS serum.

Figure 3. Asparaginyl-tRNA synthetase activity of the recombinant human
serum isolated by Dr M.Hirakata was able to neutralize the activitgnzyme with tRNA from different sources. Incorporation by the purified
of the recombinant hsAsnRSc. The other anti-synthetase sepgzyme (33 nM) offf'Clasparagine (pmol) into unfractionated tRNA from

. Sy - P s .coli (0), from yeast@) and from calf liver [{J).

(anti-AlaRS and anti-HisRS) did not show any significant inhibition.
Besides its neutralizing activity, the anti-KS serum was also able to
recognize the recombinant AsnRS fusion protein on an immunablot.
It has been shown that anti-Jo-1 antibodies recognize multiple Mirande, M., Le Corre, D. and Waller, J. P. (19BE). J. Biochem 147,
conformation-dependent and independent epitopes on human HisI%SiBl—IZBQ 3. and Hértiein, M. (1989pne 84, 481485
and that auto-epitopes vary among different myositis patié nseime, J. and Rartiein, . ne 54, :
Furthermore, it Easpbeen rc}lemonst%ated that th}é substp;ategm;'l'(P 33102"?““’-'3' L. and Tzagoloff, A. (199T) Mol. Biol, 218 557-568,

b ! . L . riani, G., Dirheimer, G. and Gangloff, J. (198Qjcleic Acids Resl8,
histidine act as competitive inhibitors for the formation of the 7109-7118.
synthetase-anti-Jo-1 antibody complex, whereas the tRNA acts in& Seignovert, L., Hartlein, M. and Leberman, R. (1996) J. Biochem.
non-competitive way 18). The human AsnRS has yet to be 239 501-508.

; ; ; 9 Targoff, I. N. (1993)). Invest. Dermatoll00 116S-123S.
characterized for this complex formation. 10 Sambrook J, Fritsch, F.E. and Maniatis, T. (1988lecular Cloning: A

Laboratory Manual Cold Spring Harbour Laboratory Press, NY.
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