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ABSTRACT: Human cytoplasmic arginyl-tRNA synthetase (ArgRS) is a component of a macromolecular
complex consisting of at least nine tRNA synthetases and three auxiliary proteins. In mammalian cells,
ArgRS is present as a free protein as well as a component of the complex. Via an alignment of ArgRSs
from different vertebrates, the genes encoding full-length human cytoplasmic ArgRS and an N-terminal
72-amino acid deletion mutant (hcArgRS af\llhcArgRS, respectively) were subcloned and expressed

in Escherichia coli The two ArgRS products were expressed as a soluble prot&ndoli. The level of
production of ANhcArgRS inE. coli and its specific activity were higher than those for hcArgRS. By
Western blot analysis, using an antibody against the purifidticArgRS, the two forms of ArgRS were
detected in three human cell types. TheeBd cDNA sequence, as confirmed b\RBCE (5-rapid
amplification of cDNA ends), contained three start codons. Through mutation of the three codons, the
two human cytoplasmic ArgRSs were found to be produced in different amounts, indicating that they
resulted from two different translation initiation events. Here we show evidence that two forms of human
cytoplasmic ArgRS were produced from two translational initiations by a single mRNA.

Aminoacyl-tRNA synthetases (aaRSglay a key role N-terminal extension of ArgRS interacts with auxiliary factor
during genetic codon decoding by transferring amino acids p43, an interaction that is essential for the association of
to cognate tRNAT). There are 20 aaRSs that can be divided ArgRS with the complex X4, 15). The association of p43
into two classes of 10 members, on the basis of conservedwith ArgRS has been proposed to modulate the activity of
sequences and characteristic structural mo#fslg higher  ArgRS (15). However, more recent research demonstrates
eukaryotes, at least nine different aaRSs together with threethat p43 may not modulate tRNA aminoacylation properties
auxiliary proteins form a macromolecular comple«6). (14). A model has been proposed to explain the existence
While the interaction and assembly of the ma_lcromolecular of two forms of ArgRS, on the basis of the hypothesis of
complex have been dissecte@—g), the function of the  {RNA channeling. In this model, the complexed enzyme

complex formation remains unclear. Genetic disruption of provides arginyl-tRNA for protein biosynthesis and the free

auxilia_ry factor p38 in mice, which is e_ssential for C".”?p'ex enzyme supplies arginyl-tRNA as the substrate of arginyl-
formation, causes only neonatal lethality in lung deficiency {RNA, protein arginyltransferasd.2). In purified nuclei of

(9, 10). This result indicates that the formation of the complex both Chinese hamster ovary and rabbit kidney cells, only

is not essential for protein synthesis and cell proliferation. the long form of ArgRS is found, suggesting a more direct
Arginyl-tRNA synthetase (ArgRS, EC 6.1.1.19) is a role in nuclear to cytoplasmic transport of tRNAG].

member of class 1 aaRSB2) (and requires the presence of
the cognate tRNA for amino acid activatiohlj. In rat liver It was thought that the free form of ArgRS could have
cells, ArgRS exists both as a free protein and as a componengrisen from a limited cleavage of the complex-bound ArgRS
of the complex 12, 13). Compared to the free enzyme, by an endogenous proteasé7), However, N-terminal
ArgRS within the high-molecular weight complex has an sequence analysis of the purified rat liver free ArgRS
extension at its N-terminud 2, 13). The two forms of ArgRS ~ suggests that low-molecular weight ArgRS is probably a
exhibit similar catalytic characteristicdl, 14, 15). The distinct translation produciL@). Nevertheless, cloning of full-
; length ArgRS cDNA and Northern blot analysis of mMRNA,
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The mechanism by which ribosomes most frequently select plasmic ArgRS was amplified from the plasmid (Invitrogen,
the initiation codon on an mMRNA is the ribosomal scanning catalog number 97002RG). The geréNhc-argS encoding
process 22, 23). After recruitment, the 43S complex, the human cytoplasmic ArgRS with deletion of 72 amino
composed of a 40S subunit of ribosome bound to elF2-GTP/ acid residues at the N-terminus was amplified by using the
Met-tRNAI, elF1A, and elF3, scans theBTR (5-untrans- forward primer >AACATATGATTAACATTATTA-3 ' and

lated region) of MRNA in a'8o 3 direction to the initiation h . ,
codon. A different translation initiation may result according € reverse primer'siTTTGGATCCTTACATCCTTTG

“ . " “ C e s L 1
to two models, the “leaky scanning model” and “re-initiation GACAGGTT-3. The Ndd site in the primers is indicated
model”. When upstream AUG triplets are not recognized by by underlined letters and tganHl site the line above the
all of the Scanning initiation Complexes, some ribosomes will sequence. The two amp||f|ed DNA fragments were digested
pass by leaky scanning and will initiate at the downstream \ith Ndd andBanH| and inserted into the plasmid of pET-
AUG. The alternate mechanism would be by re-initiation. 15b to Obtain pE'l'hc_argS and pETAth_argS respec-

After translation at a small upstream open reading frame, tjvely. The full-length cDNA ofhc-argSwas amplified by
the 40S ribosomal subunit remains connected to the mRNA

H T
and resumes scanning. There are two other mechanisms vi&@CR. The forward primer was'8TTCGGATCCGTG

which ribosomes may select the initiation codon. These are CACTTGGCGAGTGAGACGCT(ATGGGA(ITSWI] which
internal entry on an internal ribosome entry site and shunting the line above the sequence marks BeerHI sité and the

pf ribosomes. The selection. of translatiqn initiation is an italics denote the ATG initiating codon A at therminus
Important aspect of translational regulatiatd(25). The . of full-length cDNA of hc-argS The reverse primer was-5
question here is whether the two forms of ArgRS In A\AAGAATTCTTA CTT GTC ATC GTC GTC CTT GTA
mammallan cells could be produced from different initiation GTC CATCCTTTGGACAGGTTTT, where the double
sites of the same mRNA. _ underlining denotes thecaRl site and the single underlining
Here we report that two forms of ArgRS are found in  the portion encoding DYKDDDDK (Flag), which is recog-
human cell cytoplasm and are the products of different nizeq py M2. At the 5end sequence of the full-length cDNA
translational initiations from a single transcript. of hc-argS there are three ATG start codons (Figure 4). Start
codons B and C are located within the same open reading
MATERIALS AND METHODS frame with 213 bases between them. Start codon A is located
Materials Dithiothreitol (DTT), ATP,L-arginine, and anti-  Upstream of codon B and in an open reading frame different
Flag M2 monoclonal antibody were purchased from Sigma. from that of codon B or C. The mutations (A Kozak, A null,
L-[*H]Arginine (1 mCi/mL) was obtained from Amersham B null, and C null; see Figure 4) of full-length cDNA of
Biosciences. The plasmid (catalog number 97002RG) con-hc-argSwere generated by PCR using the forward primer
taining full-length cDNA of human liver cytoplasmic ArgRS ~ containing a point mutation at or around start codorsCA
was obtained from Invitrogen. T4 DNA ligase, restriction and the reverse primer bringing in a Flag tag coding sequence
endonucleases, and théRACE kit were obtained from  described above (Figure 4). The amplified wild-type and
Takara (Dalian, China). NiNTA Superflow was purchased ~mutant cDNA was digested bfanH| and EcoRI and

from Qiagen IncEscherichia coltRNA*Y (1066 pmolAyso) inserted into the same site in pCDNAS3 to produce recom-
was purified from an overproducing strain constructed in our bination plasmids, with which human embryonic kidney 293
laboratory 26). cells were transfected.

E. coli Strains, Human Cells, and Cell Culture. E. coli The pCDNA-uORF-EGFP and pCDNA-uORF-A(null)-
strain BL21-CodonPlus (DE3)-RIL [B FompT hsdSrs~ EGFP plasmids containing the gene of the enhanced green

mg~) dem’” Tet gal 4 (DE3) endAHte (argU ileY leuW  fluorescent protein (EGFP) and upstream open reading frame
Canf)] (Statagene, Inc.) was used to express human cyto- (UORF) of hcArgRS were used for assaying ORF translation
plasmic ArgRS. 293T human embryonic kidney fibroblast as a mode of bypassing the start codon. With the forward
cells and HepG2 human hepatocellular carcinoma cells wereprimer TTTTGGATCCGCTGACCGTTTCCGCTTCCGT-
gifts from Y. Wang (Institute of Biochemistry and Cell CCACTTGGCGAGT (theBanHl! site underlined) and the
Biology, Shanghai Institutes for Biological Sciences, Chinese reverse primer TTTTCTCGAGATTTAATCTCTTCTTC-
Academy of Sciences) and grown in DMEM supplemented CTGCTG (the Xhd site underlined), DNA fragments
with 10% fetal bovine serum. 5HSY-5Y human neuroblas- containing the uORF and uORF-A(null) were amplified by
toma cells were a kind gift from Y. X. Ni (Institute of PCR from pCDNA-hcArgRS and pCDNA-hcArgRS-A(null),
Biochemistry and Cell Biology, Shanghai Institutes for digested withBarrHI and Xhd, and inserted into the same
Biological Sciences, Chinese Academy of Sciences). sites in pCDNA3 to obtain plasmids pCDNA-uORF and
Construction and Transformation of Plasmid$e pET- pCDNA-uORF-A(null), respectively. Then with the forward
15b plasmid (Novagen), with a T7 promoter, was used for primer TTTTCTCGAGGGGCCCGGGATCCACCGGCCG-
expression of ArgRS with an N-terminal Higag inE. coli GT and the reverse primer AAAACTCAGTTACTTATCGT-
strain BL21-CodonPlus (DE3)-RIL. Plasmid pCDNAS3 (In- CGTCATCCTTGTAATCCTTGTACAGCTCGTCCATG-
vitrogen, Inc.) was used to produce proteins in human CCGAGAGTGA (theXhd site underlined), the sequence
embryonic kidney 293T cells. Using PCR, with the forward encoding EGFP was amplified from pEGFP-N2, digested
primer B-TTTTCATATGGACGTACTGGTGTCT-3 and with Xhd, and inserted into plasmids pCDNA-uORF and
. , [ pCDNA-uORF-A(null) to obtain plasmids pCDNA-uORF-
the reverse primer' ST TTTGGATCCTTACATCCTTTG EGFP and pCDNA-UORF-A(null)-EGFP, respectively. A
GACAGGTT-3, the genelfc-argg encoding human cyto-  Flag tag sequence was fused to the’d of the EGFP ORF
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so the products could be detected using the M2 anti-Flagwith anti-ANhcArgRS antibody, horseradish peroxidase-
antibody by Western blotting. conjugated secondary antibody, and an enhanced chemilu-
Purification of hcArgRS from E. coli Transformants. E. minescence substrate kit (Amersham Biosciences).
coli BL21-CodonPlus (DE3)-RIL was transformed with the 293T cells were grown in DMEM supplemented with 10%
two plasmids, pEThc-argSand pETANhcargS to produce  fetal bovine serum at 37C in 35 mm dishes in a 5% GO
hcArgRS andANhcArgRS, respectivelyE. coli BL21- incubator, until they were approximately 80% confluent. The
CodonPlus (DE3)-RIL transformants containing pEFargS ~ cells were transfected with the DNA variants, using the
and pETANhcargSwere grown at 23C to achieve asoo SuperFect Kit (Qiagen) according to the supplied protocol.
of 0.6 in 1 L of LB with 100 ug/mL ampicillin and 6Qug/ After 24 h, cells were harvested by centrifugation at @00
mL chloramphenicol and were induced by addition of for 5 min, washed twice with cold phosphate-buffered saline,
isopropyl 1-thiog-p-galactopyranoside (IPTG) to a final  and lysed with 2QuL of the chilled cell lysis buffer [20 mM
concentration of 20Q«M, PMSF (phenylmethanesulfonyl  potassium phosphate (pH 7.5), 10% glycerol, 2 mM dithio-
fluoride) to a final concentration of 0.1 mM, and glucose to threitol, 0.5 mM PMSF, and 1% Triton X-100]. The proteins
a final concentration of 0.04% (w/v). Aftex 4 hinduction, produced in 293T cells contained a C-terminal Flag tag and
the cells were harvested and washed with buffer A [10 MM could be detected by an anti-Flag antibody and a secondary
imidazole, 300 mM NaCl, 10% glycerol, 20 mfg#mercap- antibody using Western blotting.
toethanol, 0.5 mM PMSF, and 50 mM bPQ, (pH 8.0)]. Mapping the 5End Sequence of the inad Transcripts
The cells, suspended in buffer A, were sonicated for 20 Encoding ArgRSldentification of the 5end sequence of
s at 15 W with a high-intensity ultrasonic processor (model ArgRS mRNA was carried out by'IRACE using the 5
375W, Sonics and Materials Inc.). The crude extract was g RACE Core Set from Takara. Thé&&rminal sequence
cleared of cellular debris by centrifugation at 150§@6r of ArgRS cDNA was obtained by RT from a poly(A) RNA
2(_) min. The supernatant was gently_ mixed Wit_h 1.5 mL of pool, isolated from human 293T cells by an oligo(dT)
Ni—NTA Superflow resin for 30 min. The mixture was cejlylose column (Invitrogen). Thé-Serminal sequences of
loaded on a minicolumn for gravity flow chromatography. argrS mRNA were transcribed with reverse transcriptase
The resin was washed with 15 mL of buffer B (components g first-strand cDNAs using &@%nd phosphorylated primer
as for buffer A, except 20 mM imidazole) to remove (5-CACTAGCAGAGGAGG-3) complementing a DNA
nonspeci_fic binding contaminants. Then the enzyme was sequence 72 bp downstream of start codon C in Figure 4.
eluted with 20 mL of buffer C (again components as for Then the first-strand cDNA products were circularized by
buffer A, except 250 mM imidazole). The eluted His  RNA ligase, and the'send of the cDNA was then amplified
hcArgRS or HigANRCArgRS fractions were pooled and  py tyo rounds of PCR from the circularized cDNA. For the
dialyzed agains2 L of buffer D [20 mM potassium  first round of PCR, the forward primer was-6GCTG-
phosphate buffer (pH 7.5)], concentrated using a Centricon c ATATCCAGATTTGGA-3 and the reverse primer was 5
device (56-200uL), gently mixed with an equal volume of - cATGACCAAAGACCTCTTGTAG-3. For the second round,
glycerol, and stored at20 °C. All steps of the purification e forward primer was 'SAGATTTGGAAAATCCTC-
were cz_arried out at 4C. The production and purification of  -TcTG-3 and the reverse primer was-GACCTCTTG-
both His-ArgRS enzymes were followed by SBEAGE TAGGCGGCTAA-3. The amplified DNA fragments were
analysis. Protein concentrations were determined by thejnserted inb a T vector (Sangon, Shanghai, China), as

method of Bradford%7). _ _ o confirmed by DNA sequencing.
Enzyme Actiity Analysis.The aminoacylation activity of

the two purified ArgRS types was determined in a reaction RESULTS

mixture containing 50 mM Tris-HCI (pH 7.5), 12 mM

MgCl,, 4 mM ATP, 80 mM KCI, 0.5 mM DTT, 0.1 mM Purification of hcArgRS andANhcArgRSTwo plasmids,
EDTA, 0.05 mg/mL BSA, 2Q:M pureE. colitRNAAY, and pET-hcargS and pETANhc-argS were obtained. Both
0.1 mM PHJarginine (25 uCilumol). The reaction was human cytoplasmic ArgRS genes could be expressed in the
initiated by adding 1690 nM ArgRS. The kinetic param-  E. coli transformants. Most oANhcArgRS and hcArgRS
eters of enzymes were determined using various concentrawere produced from thé&. coli transformants as soluble
tions of the relevant substrate29. One unit of aminoacy-  proteins. However, the amount of hcArgRS produced was
lation activity is defined as the quantity of protein catalyzing low compared with the amount GXNhcArgRS. After Ni

the incorporation of 1 nmol of amino acid into tRNA under affinity chromatography, 10 mg of purifieiNhcArgRS and

the conditions of the assay. The specific activity is defined 4.5 mg of hcArgRS were purified from 3.5 g &f coli cell

in units per milligram of proteinZ8). paste. hcArgRS was purified to 90% homogeneity and
Analyzing ArgRS in Human Cells by Western Bldts. ANhCArgRS to 95% as single bands with molecular masses

determine ArgRS levels in human cells, a crude extract from Of 75 and 67 kDa, respectively, as determined by SDS

the cells was fractionated by SB®AGE. The primary Igy ~ PAGE (Figure 1). The two human cytoplasmic ArgRS

polyclonal antibody against ArgRS was obtained from the proteins could arginylat&. coli tRNA*9. The aminoacyla-

Sheng Longda Group Co. PurifieNhcArgRS was used  tion specific activities for hcArgRS andNhcArgRS were

as the antigen to immunize laying chickens. Anti-ArgRS 286 and 715 units/mg and the. values 0.36 and 0.8°%

immunoglobulin Y (IgY) was isolated from yolks of the eggs respectively.

laid by these chickens using a two-step salt precipitation Two Forms of ArgRS Coexist in Extracts in Human Cells.

protocol. The HRP (horseradish peroxidase)-conjugated We tested for the presence of ArgRS, using Western blots,

secondary antibody was also from Sheng Longda Group Co.in three human cell types: 5HSY-5Y neuroblastoma cells,

The ArgRS bands were visualized by sequential treatment293T embryonic kidney fibroblast cells, and HepG2 hepa-
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1 2 3 that there is only one mRNA encoding ArgRS in human
293T cells.

Two Forms of ArgRS Produced from Two Translation

Initiations. The combined plasmids, with the cDNA of

puont hcArgRS and its four mutants, and with a Flag tag inserted

< hcArgRS into the plasmid pCDNA3, were separately transfected into

75kDa — N human 293T cells. The ArgRS, produced by the recombinant

G— e ATgR 3 plasmid in the 293T cells, was detected using an anti-Flag

S0kba —* - tag monoclonal antibody, as shown in Figure 4. Two forms
— of ArgRS were produced from thlc-argS cDNA, the

amount of the smaller protein produced being less than the

amount of the larger protein. When start codon B was
e mutated to ATT, the larger ArgRS product disappeared and
— only the smaller ArgRS was produced (corresponding to
ANhcArgRS) with the amount being greatly increased. If
start codon C, within the same reading frame as codon B,
was similarly made “null”, as compared with the wild-type
cDNA, only the larger ArgRS (i.e., hcArgRS) was observed.

. . - There is an upstream initiation codon A, located in the 5

Ficure 1: Analysis of purified hcArgRS andNhcArgRS b .
SDS-PAGE. Aft{ar one-gtep affinity c(ﬁ;romatography c?n the—Kli UTR of hc-argSmRNA, from which a short upstream ORF

NTA mini column, the purifiedANhcArgRS (lane 2) and hcArgRS ~ (UORF) can be translated and which then leads to a bypass
(lane 3) were compared with the protein markers, 250, 150, 100, of codon B. When a mutant at start codon A (A null) was

75, 50, 37, 25, 20, 15, and 10 kDa from top to bottom (Bio-Rad, ysed to block translation initiation at this site, the amount

lane 1). Two arrows indicate the two bands of hcArgRS and
ANhcArgRS corresponding to molecular masses of 75 and 67 kDa, of ANhcArgRS was decreased and the amount of hcArgRS

respectively. increased. Conversely, when the sequence around start codon
A was changed into an optimal Kozak context), the level
tocellular carcinoma cells. Using an antibody agaitiih- of production of ANhcArgRS was increased while that of

CArgRS, two forms of human cytoplasmic ArgRS with hcArgRS decreased. To provide more direct evidence that
different molecular masses were found to coexist in the threethe scanning ribosomes initiate translation at the uORF, we
cell types (Figure 2). The larger band had the same molecularfused this ORF to EGFP and transfected the reporter into
mass as hcArgRS, while the smaller one had the sameHEK293T cells (Figure 5). Two proteins can be detected,
molecular mass a&ANhcArgRS, purified fronE. coli. The and the small one has the same MW as the EGFP-Flag
hcArgRS level was the greatest in all cell types; in 5SHSY- protein. When codon A was null, only small protein could
5Y, 293T, and HepG2 cells, the ratios of hcArgRS to be produced from the reporter. These results indicated that
ANhcArgRS were 2.96, 3.08, and 2.1, respectively. The scanning ribosomes can initiate translation at codon A. Our
subcellular localization experiment demonstrated that hcAr- results show that by using different start codons it was
gRS andANhcArgRS were exclusively in the cytosol of therefore possible to directly modulate the production of
293T cells R9). hcArgRS andANhcArgRS.

Mapping the 5End of Human Cytoplasmic ArgRS mRNA
Using 3-RACE to obtain the 5end DNA fragment of human DISCUSSION
ArgRS cDNA, an only~300 bp DNA fragment could be The aaRSs complex is found in cells from fruitflies to
amplified from 293T cells (Figure 3A). After TA subcloning, humans 8—5). However, two forms of ArgRS are found in
the DNA fragment was sequenced. THeehd of the cDNA only vertebrates, suggesting that the two forms of ArgRS
was mapped to position51 (the A of the ATG initiation were developed in a later stage of evolutid, (13, 32).
codon of hcArgRS being position 1). The sequence of the The two forms of ArgRS have been reported in studies of
5'-end of the cDNA, encoding ArgRS (Figure 3B), was the rat liver, nearly more than three decades &ft).(Only one
same as that previously reportel®(30), which suggested  form of ArgRS cDNA has been cloned from CHO, mouse,

A B SY  293T HepG2
Sng 15ng 30ng Sng 15ng 30ng TSKD— D S S [« 1icaccRs
= | ——— W S |+ NheArgRS
75 KD— s o @ [« cAreRS el
- - - +—A NheArgRS 50 K]
50 KD—» 37TKD— S S (<« Actin

Ficure 2: Two forms of ArgRS in three kinds of human cells. (A) The sensitivity of the polyclonal antiserum for hcArgRSNITTArgRS

was analyzed by comparative Western blot analysis. The results indicate that the antibody has the same sensitivity for both purified recombinant
proteins. (B) Two forms of human cytoplasmic ArgRS were detected by Western blotting using the polyclonal antibodyaidaAsgRS

on 20ug of extracts of SHSY-5Y human neuroblastoma cells, 293T human embryonic kidney fibroblast cells, and HepG2 human hepatocellular
carcinoma cells. In 5SHSY-5Y, 293T, and HepG2 cells, the hcArglRBIcArgRS ratios were 2.9, 3.08, and 2.1, respectively.
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A

. S00bp
ATG1 ATGY REprimer 300b
EEE polyA p
5101 217 306
100bp
BCOO0O528  =—m—m—mmmeme e e e GTGAGACGCTGATGGGAGGATGG
NP_O 02878 2 | | mmmmmme———a TCCGCTTCCGTCCAC TTGGCGAGTGAGACGCTGATGGGAGG&G

Cloned sequence GCTGACCGTITTCCGCTTCCGTCCACTTGGCGAGTGAGACGCTGATGGGAGGATGG

Ficure 3: Mapping the 5end of the hcArgRS mRNA. (A) The scheme represents the mRNA of hcArgRS and the relative positions of the
two ATG codons and RT primer (left). The cDNA fragment at thieeBd of the transcripts (lane 1) and the DNA marker (lane 2) are
indicated at the right. (B) The DNA sequence of tHeeBd of the cDNA is compared with the two reported sequences (the accession
numbers of the two sequences are given at the left). The initiation codon ATG corresponding to hcArgRS is denoted with underlined
letters.

A AB c
cap— T g
uORF
ATG1
B A B
WT AGACGC TGGGA

A (Kozak) AGACGG GGGAGGA
A(null) AGACGC T_'I“"""""""
B(null) AGACGCTGATGGGAGGA
C(null) AGACGCTGATGGGA

optimal Kozak translation initiation site: (A/G)NNATGG

C WT A(Kozak) A(nully B(null) C(null) Control
-— - - i <«—75KD
- — : eueEnm

<+«—50KD

Ficure 4: Two forms of ArgRS produced from two translational initiations. (A) There is an upstream ATG codon (codon A) iJXhB 5

of the mRNA. ATG codons B and C are in the same ORF and correspond to the start codons of the ORF encoding hcAx§REANIRS,
respectively. We hypothesized that the scanning ribosomes could initiate translation at codons B and C, respectively, to produce two proteins.
Ribosomes also can initiate translation at codon A and then bypass codon B. After translation of the uORF, a part of the ribosomes will
scan down to codon C to re-initiate translation. (B) Three start codons and their mutations. (C) Effect of the mutations of the start codons
on the production of hcArgRS amiNhcArgRS. The wild-type cDNA of hcArgRS yielded two ArgRSs (WT lane). Null of the codon B

[lane B(ull)] or C [lane Ctull)] resulted in the disappearance of hcArgRSANhcArgRS. Null of the codon A [lane All)] induced an

increase for hcArgRS and a decreaseAdihcArgRS. The change three nucleotides upstream of codon A from C to G toward an optimal
Kozak context [lane Afozak] increased the level of production &NhcArgRS. The crude extraction of 293T cells transfected with

vector PCDNA3 was used as a control.

and human cells 18, 19, 30). Also, a single human  This suggests that two forms of ArgRS might exist in
cytoplasmic ArgRS mRNA of 2.2 kb has been detected by vertebrates. Alignment of the primary structure of ArgRS
Northern blot analysis1®). However, two forms of cyto-  from different vertebrate cells suggests there is also likely
plasmic ArgRS are found in some mammalian celd (3, to be two forms of cytoplasmic ArgRS in human cells (Figure
32). Amino acid sequencing revealed that the long form of 6).

the enzyme had a 72-amino acid extension at the N-terminus, It was reported that the expression of cytoplasmic ArgRS
compared with the short forrd ). This N-terminal extension  from Chinese hamster ovary cells . coli produces

of ArgRS is essential for this enzyme to be assembled into inclusion bodies and that the fraction of soluble enzyme has
the complex {2—15). Amino acid sequence homology a reduced (100-fold) specific activity compared with that of
analysis demonstrated that the 72-amino acid extension,the enzyme produced in yeadtl( 14). In this work, we
followed by a Met (73 amino acids i@ricetulus longicau- subcloned human cytoplasmic cDNA encoding ArgRS in two
datug, is highly conserved fronDanio rerio (zebrafish) to forms inE. coli. E. coli strain BL21-CodonPlus (DE3)-RIL
Homo sapiengFigure 6), although it differs from those of was used, which contains extra copies of the fareoli
Caenorhabditis eleganand Drosophila (data not shown).  argUy, ileY, andleuW tRNA genes that can correct codon
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A s and mitochondrial forms of GlyRS and AlaRS are also two

distinct translational products from a single transcrif, (
21).

uORF il At the 5-end of cDNA of human cytoplasmic ArgRS,

there are three ATG start codons; start codons B and C are
C EGFP A A(Null) located in one open reading frame. Upstream of start codon
S50KD—p B is an ATG start codon A, from which a short upstream
open reading frame (UORF, 24 codons) could be translated
(Figure 4). From start codon B or C, hcArgRS andlh-
UORF-GFP CArgRS are translated separately. The hcArgR8ICArgRS
uf ratio, as from wild-type mRNA, was 10:1. When start codon
B was mutated to ATT, all the recruited ribosomes scan to
codon C to initiate translation, the amountANhcArgRS
Ficure 5: Translation initiated at the UORF. (A) Schematic increasing, while that of hcArgRS could not be detected.
structure of the mRNA encoding the fused proteins with EGFP However, when start codon C was mutated to ATT, the
ILoemréh%:tee?Ot:teWcleas?Qir?'b(lgztiaetelﬂi?;ngfAprottzi)ns nge?ﬁgecigobne] ribosomes used only start codon B and only hcArgRS can
detectgd using the M2 antibod)?, and the small oFr)1e has the samebe detegted, WhilANRCArgRS dlsappeared. If ranslation
molecular mass as the EGFP. In lané&(), only the small protein ~ Was carried out from start codon A, ribosomes could overpass
could be detected when codon A was mutated. codon B, and the translation was stopped upstream of start
codon C. A part of ANhcArgRS was translated by re-
bias IinE. coli. This allowed expression of the genes encoding initiation of ribosomes at start codon C, which is why when
human cytoplasmic ArgRS. In addition, the transformants codon A was mutated into the optimal initiating Kozak
containing the genes encoding human cytoplasmic ArgRS sequence, a small amount ArgRS was found, the hcArgRS:
were cultured in LB medium at 25C. Under the conditions ~ ANhcArgRS ratio then being 1:1. The mutation of start
described above, most of the human ArgRS, either full-length codon A to null slightly decreased the level of production
hcArgRS orANhcArgRS, was produced in a soluble form. of ANhcArgRS initiating at start codon C. The reporter
ANhcArgRS, without the N-terminal extension, was pro- constructed by fusion of the uORF to EGFP confirmed the
duced at a greater level and had a higher turnover numberinitiation of translation at the uORF (Figure 5). The data
than hcArgRS. By using the purifiedNhcArgRS as the  showed that the two forms of human cytoplasmic ArgRS
antigen, we obtained an antibody which could be used to were produced from different translational initiations within
test ArgRS in different human cells using Western blots. It a single transcript.

was found that the two forms of ArgRS exist in all three ANhCArgRS could still be detected when the A site was
screened human cell types. The hcArgRShcArgRS ratio  pytated. There may be other mechanisms involved, such as
for the three kinds of human cells was 2:1 to 3:1. This |eaky scanning, which lead to the short form of ArgRS. To
suggested that the two forms of ArgRS are ubiquitous in gate no experimental results that shed light on the biological
vertebrates, when taken together with other reported results,g|es for the two forms of ArgRS are available. The catalytic
(11-14). rate of ANhcArgRS was somewhat greater than that of
RNA analysis and cDNA cloning support the contention hcArgRS, but overall, they are considered to be at a similar
that only one form of ArgRS mRNA exists in human cells level (11, 14, 15). Regulation of translational initiation is
(19, 30). N-Terminal amino acid sequence analysis of the required for the fine-tuning of protein levels during cell
purified free ArgRS from rat liver suggests that low- proliferation and differentiation, and for spatial and temporal
molecular weight ArgRS is probably a distinct translational regulation of protein expression during embryogenesss (
form, rather than a proteolytically derived produt2), Many 25, 33). Many external stimuli, such as the fluctuation in
reports indicate that more than one product could be producednutrient levels and availability, growth factors, nitrogen, and
from a single transcript by a different translational initiation inducers of differentiation, can all affect this proce&8)(
(24, 25). Recently, evidence has shown that yeast cytoplasmic Considering the fact that ArgRS provides a substrate for
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Ficure 6: Conservation of the N-terminal extension frofanopus tropicaliso H. sapiens The 72-amino acid extension was found from
X. tropicalisto H. sapieng(73 amino acids irC. longicaudatusand to interact with p43 and then to be assembled in the aaRS complex
(11—15). Just after the extension is a Met, and translation initiated from this Met can produce the short form of ABYRS (
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arginyl-tRNA protein transferase and considering the model
of Sivaram et al.12), there may be a regulatory mechanism
requiring two different ArgRS proteins. We tested whether

the

expression of the two ArgRSs could be modulated by

amino acid starvation. However, limitation of Arg in the
medium had no effects on the ratio of the two proteins in
293T cells (data not shown).
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