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Homoygeneous prepunitions of bavine trypraphanyl-tRNA synthetase (EC 6.1.1.2) contain monosacsharides (mannase, fucose, galactose, V.
acelylglucosumine) as revealed by liquid chromatography. Their cantend comprises 2.5-3.0% (wiw) of the ¢nzyme compossd af iwo subunits (60
kD x 2), The sume set of sugurs was detccted in elastise und CNBr-gencraied fragments {with moleculir masses of approx. 40 kDa and 30 KDa,
respectively), [t is concluded that bovine wrypraphanyl-IRNA synihetiie, in sddition 1o being u metallo- and phosphopreiein, is alsc a glycopraiein.

TryptophanyltRNA synthetase: Beel: Sugur: Glycoproteing Mammal; Aminoucyl-tRNA gynthetase

1. INTRODUCTION

At present. the main appreuch to the determination
of the primury structure of proteins is undoubtedly mo-
lecular cloning of their structural genes (cDNAs) and
deciphering their nucleotide sequences. Although this
approach is very efficient and widespread it is unable to
reveal the presence of non-protein components of the
natural proteins like metals, carbohydrates, lipids,
phosphates, methyl groups ete. However. for enzymes
and other proteins these components vary often play a
key role in their functioning. compartmentation in a
living cell, traffic ete. The only way to eliminute this
druwbuck of gene engineering technology is to analyze
highly purified protein prepurations directly by modern
analytical techniques.

The primary structures of mammalian sminoacyl.
tRINA syntheluses were determined only by gene-engi-
neering approach (see [1]) and post translational medifi-
cation of these proteins remains to be studied. It is
knawn that some mammaliun aminoacyl-tRNA syn-
thetases contain carbohydrates (2,3], although the func-
tion of these residues was not established.

It is shown in this work that bavine tryptophanyi-
LIRNA synthetase (WRS) is a glycoprotein containing
2.5-3% by weight of carbohydrates. To make this con-
clusion reliable it is important to analyze highly purified
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enzyme preparations. To meet this requirement the
WRS preparation obtained as described carlier [4] was
subjected {o the additional procedures: separation en
Toyo-Peurl HW-65 by hydrogen bonding chromatogra-
phy und/or size exclusion HPLC on u TSK-3000 (Altex)
column. The homogeneity of the preparations obtained
by this way was checked by SDS- PAGE und immuno
electrophoresis,

Native protein, its proteclytic and CNBr-fragments
were purified und unalyzed for the presence of menosac-
charides by liquid chrematography: mannose, fucose,
galactosamine and N-acetylglucosamine were revealed.,
Tuking into account these data one may classify the
WRS as belonging to the group of N-glycosylated pro-
teins; this protein modification appears co-translation-
ally in eukaryotic cells [5].

3. MATERIALS AND METHODS

WRS wis purified as described ecarlier (4], but the lust step of
purification (Sephadex G-150 chromatagraphy) was omitted, Instead
the DEAE fraction was precipitited by 60% salurated AmS ut 4°C,
the suspension wis transferred to 4 Tayo-Peurl HW.65 (Toyo- Sada)
calumn (1.5 % 13,0 cm) equilibrated with 60% AmS, containing 0.1 M
Tris-HCL pH 7.5 The gradien! elution with AmS (60%~10% satura-
tion) was upplied using the same Tris bufTer, The gradient velume was
456 ml, uand the flow rate 30 mlh, The main protein frastion cluled
between 218 and 240 inl was precipitated with 0% AmS. the sediment
wus dissolved in 20 mM Tris-HCL, pH 7.5 with 0.5 mM L-1ryptophan
and 0.5 mM DTT 1o stabilize the enzyme [4]. The solution was sub-
jected to ueid precipitition as described [4] Lo remove Lraces of leucing
aminopeptidase [4). The residue was dissolved in 3 mi of the ufaremen.
tioned bufller, containing 60% salursted AmS and upplied to the Tayo-
Pearl HW-65 column (1.5 x 13.0 ¢m) and the chromatography wus
repeated as described above; clution velume 285 ml a1 70 mih,

The enzyme prepamiions weie unalyzed by SOS-PAGE (0] Thsges
were stained with Coomassie brilliant blue G-250 {6) and with AgNQ,
(7.
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The 40-kDa frugment of WRS wix isolaied from elustude hydroly-
sate (WRSRlastuse, 100:1 wiw, 30 min, 0'C) ueconding to [B] and
purified us deseribed above lor nutive WRS. Iselution und puritication
of the Y0-kDu fragment afler CNBr cleavage will be described elses
where (Egerov 21 ul., unpublished data).

For determinution of the nutural monesaceharides 2 nmol of WRS
or 4 amol af its lrugments were hydrolysed with 1M TFA at 100°C
for 6 h. For determination of nmino sugans, hydrolysis was performed
with 4 N HCl under the saws waaditions. Neutral sugars were chroma-
{oyraphedd on Biotronik LC-2000 (D A-X8 column) and amino sugars
en Bioironik LC-4000 {Aminex A-$ column) as dewsribed [9),

3. RESULTS AND DISCUSSION

The WRS preparations purified according to the pre-
viously developed method (4] were 80-95% pure which
is not sufficient for analysis of the protein carbohydrate
eontent of the protein since in some cases the sugar
moieties may camprise only 1% of the total protein
mass [5]. This is why we decided to improve the purifi-
cation scheme and introduced two additional steps: hy-
drophobic chromatography in a reversed gradient of
AmS density (Fig. 1) and size-exclusion HPLC on TSK-
3000 (Altex, 7.5 x 600 mm column, not shown}. These
preparations turned out to be at least 99% homogene-
ous on SDS-PAGE and therefore were suitable (or fur-
ther analysis.

All WRS preparations contain monosaccharides as
evidenced from the duta presented in Table I. The sugar
content comprises 2.5-3% the 120-kDa mass of the pro-
tein {a dimer).

There is no good stoichiometry for galactose and
N-acetylglucosnmine moicties: probably it is caused by
migro-heterogeneity of the enzyme praparation revealed
by 2D gsl electrophoresis [10).

The sume monosaccharides were also detected in the
product of WRS after limited proteolysis (40 kDa {rag-
ment) and in one of the CNBr fragments with molecular
mass of about 30 kDa (see Table [}. N-Acetylgalacto-
sumine typical for O-glycosylated proteins [$] was not
detected in native WRS or in its fragments.

Taken together the oblained data show that mone-
succharides are covalently linked with the polypeptide

Tahle 1

Monasuccharide compnsition of bavine eypiaphanyl-tRNA synthe-
tase and its Mragments {nmol CHO/Mmol proatein or frogment}

FEBS LETTERS

Carbohydrate WRS, monomer Fragmenis
60 kDa
AG KD 30KkDa

Mnunnose KW 238 10
Fucose 04 Q.2 25
Galactase a5 0.3 3.2
N-Acetylaluesmnine - - -
MN:Acetylgalactiosamine - - -

The menosucchuride composition al protein und its frsgments was
<etermined as deseribed in seelion 2.
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Fig. 1. Toyo-Pearl W5 column chromaiography of bovine trypte-
phunyl:tRNA synthemse in tinzur gradient of 60-10% snturated AmS.
(1) DEAE-fruction of the enzyme [4] wus upplied on the column (1.5
» 13 em). (b} Rechromatogruphy of the peak fraction (4, 215-240 ml,
ueid precipitute) on the column (1.5 % 9.0 em). For details see
section 2,

chain and therefore WRS is in fuct glycosylated. Earlier
it was demonstrated that WRS contains Zn** cation [11]
and might be phosphoryluted in vivo [12], in cell ex-
tracts {13] and by pure casein kinase I1 [10]. Therefore
it may be concluded that bovine WRS is a glywco
phosphe metalloprotein.

Some known propertics of WRS are consistent with
the presence of sugars in its structure, Immuno electron
microscopy of WRS in animal cell cultures and in pan-
creas [12,14,15] has shown that this enzyme is associated
with the rough endoplasmic reticulum, mitochondria,
nuclei, polvribosomes. which is rather typical for
glycoproteins [5). [Immunochemically positive WRS
fragments are secreted by the pancreatic gland and may
be found in pancreatic juice [16], it is known [5] that
secreted proteins are usually glycosylated. WRS has a
very strong tendency to aggregate in solution [17] which
again is typical for glycoproteins [5]. Glycesylation of
WRS may partially explain the appurent non-identity of
molecular masses of the WRS polypeptide chain calcu-
lated from cDINA structure (33.7 kDa [18] and the
§8.0 x 2 kDa wvalue estimated from SDS-PAGE (see
(4]). Finally, in the primary structure of bovine [18] and
human [19] WRS two sites were revealed (Asn?*-
Lys?-The, Asn'®'-Ser™-Ser™* and Asn¥*-Lys™-
Thr?*'; Asn**-8er’™-Ser™™, respectively), that are usu-
ally recognized by glycosylation enzymes [3)].
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