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Cytokine activity of the isolated recombinant C-terminal domain of mammaliait 1yrosyl-tRNA synthetuase

(TyrRS ),

which is homologous to a tumor-derived cytokine, endothelial cud wonocyte activating

polypeptide (EMAP-2) has been studied. It was shown that C-domain induced a = 2-fold increase of
monocyte chemotaxis. This effect is comparable with the values of chemotaxis induction by EMAP-2
cytoking and proEMAP-2. The truncated catalytic form of bovine TyrRS (2 x 39 kDa) has no effect on
monocyte chemotaxis. C-domain of TyrRS also induced a = 3-fold increase in tissue factor activity in
cultured human ehdothelial cells. A hypothesis is forwarded that the isolated C-domain of mammalion
TyrRS may be released at proteclytic cleavage of TyrRS by some protease, activated wi stress conditions,
and funciions as a mediator via signal transduction through interaction with a Lwative EMAP-2 recepicr.

Introduction. Aminoacyl-tRNA  synthetases
(ARSases) of higher eukaryotes usually possess ami-
no- and/or carboxy-terminal polypeptide extensions
of catalytic enzyme core which are dispensable for
their catalytic activities [1—4 ]. The functions of these
extensions are related to the complex organization of
prolein synthesis apparatus of mmulticellular orga-
nisms. For example, some mammalian ARSases have
abilities to form a multi-tRNA synthetase complex
which includes 9 ARSases and 3 other auxiliary
protein components [1--3). On other hand, these
appended domains could be responsible for the poly-
anion binding properties of eukaryotic ARSases and
compartmentalization of components of protein syn-
thesis machinery on the ribosomes [4, 51

Recently the amino acid sequences of bovine and
human TyrRS were determined {6, 7], revealing a
high sequence homology (51 %, identity) between the
C-terminal, non-catalytic domain of TyrRS and the
novel cytokine-like molecule endothelial-monocyte-
activating polypeptide (EMAP-2) [6—8]. Previously,
we have shown , that bovine tyrosyl-tRNA synthetase
(a,-dimer, 2 x 59 kDa) could be isolated from bovine
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liver both as the full-length protcin and as a pro-
teolytically-modified active =snzyme form (2 x
x 39 kDa), which lacks its C-tcrminal polypcplide
extension [9, 10). Both distinct molecular forms of
TyrRS displayed the similar catalytic constanis in
tRNA aminoacylation reaction [9, 10]. Moreover, the
dispensable C-terminal polypeptide extension of bovi-
ne TyrRS revealed a significant contribution to the
non-specific affinity of this enzyme for RNA 1L

A novel putative cytokine, EMAP-2, modulates a
variety of properties of endothelial cclls, monccytes
and leukocytes in vitro, and induces an acute inflam-
matory reaction in vivo {12, 16). Based on the
sequence similarity of mammalian TyrRS C-domain
and EMAP-2, we have forwarded the hypothesis that
the isolated C-domain may also display the cyickine
activity, similar to EMAP-2 cytokine {8]. In order to
verify this hypothesis we have cloned and expressed
the isolated non-catalytic C-terminal domain of bovi-
ne TyrRS [17].

In this work we have discovered scveral cytokinc-
like activities of the isolated C-domain of TyrRS in
vitro which are compared with the properties of
recombinant EMAP-2 cytokine.

Materials and Methods. Proteins isolation. Clo-
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ning and bacterial expression of the C-terminal
domain of hevine TyrRS was performed as described
earlicr {17t The BamHI ¢DNA fragment encoding
residues [2322-S528 of bovine TyrRS was cloned into
the pET 15b vector for bacterial expression and recom-
binant protcin was expressed in BL21(DE3) Esche-
richia coli ceils harboring the pEYCD2 plasmid. The
supernatani was loaded onto Ni-NTA column and
6[is-ragged recombinant protein was eluted with
300 mM imidazole.

Recombinant human EMAP-2 and proEMAP-2
woers isolwed and characterized as previously des-
cribec 1471

Morocyle chemotaxis: Freshly-isolated monocy-
tes were then suspended in RPMI-1640 medium with
10 %, focial calf serum, at 2x 10° cells per mil.
Solutions of proteins (TyrRS C-domain, 39 kDa
TyrkS and EMAP-2) or chemotactic peptide, formyl-
methionyl-leucyl-phenyalanine (FMLP)Y (31 ul) at the
indicated concentrations were placed in the bottom
wells of ChemTx micro-chemotaxis plates (Neuro
Probe, Inc.) in triplicate. The filter was placed on top
of the solution in such a way as to provide fluid
continuily betwcen the upper and lower chambers. An
aliquot of monocyte suspension (27 ul) was then
placed on top of the filter above each well, and the
plates incubated with lids on for 1.5 hr at 37 °C in
air/3 % CO, After incubation, cells binding to the
membrane. were fixed by the addition of 15 ul of
ice-cold 20 % formaldehyde in phosphate-buffered
saline, and those that had migrated to the underside
of the membrane were counted with a haemocyto-
meter.

Procoagulant activity assay: Human umbilical vein
endothelial cells (HUVEC) were isolated essentially
by the method of Jaffe et al. [19} Confluent en-
dothelial monolayers at passages 2 to 3 were used to
assess lissuc factor-dependent procoagulant activity
[20 ]. Coagulation was initiated by the addition of 100
p1 of 30 mM CaCl, solution at 37 °C and the time for
visible fibrin strand/gel formation was determined.
Procoagulant activity of endothelial monolayers was
expressed as tissue factor equivalents (TFE, pg/10°
cells) [20].

Results and Discussion. Purification of recom-
binant C-domain of TyrRS, expressed in E. coli cells
after induction by IPTG and containing a 6His-tag,
has been performed by metal-chelation chromato-
graphy, According to gel-electrophoresis data, the
homogencity of recombinant protein was about 95 %
171

Since EMAP-2 cytokine has been shown to indu-
ce migration of monocytes and polymorphonuclear
leukocytes in vifro [12, 18], we therefore examined

the effects of TyrRS C-domain on monocyte migra-
tion, using a micro~ch¢motaxis chamber assay, The
addition of TyrRS C-domain to the lower chamber lizd
to a =~ 2-fold enhancement of monocyte migration
(Fig. 1). Monocyte migration was induced by (C-
domain in the range 1 pM—10 naM (between ! pM
and 100 pM this increase was significant, p < 0.05) at
levels slightly greater than that induced by recow-
binant EMAP-2 over a similar concentration range,
but not as high as those achieved with 10 nM control
chemotactic peptide fMLP. In contrast o isolated
C-domain, the truncated 39K form of mammalian
TyrRS, which lacks this domain, did not affect
monacyte migration (Fig. 1).

A defining biological activity of EMAP-2 is ils
ability to induce tissue-factor-dependeni procoagularnt
activity on the surface of endothelial cells in vitre, and
furthermore to potentiate procoagulant activiity indu-
ced by tumour necrosis factor (UNF) in vitro [12].
Therefore we studied the abilities of TyrRS C-domain
and EMAP-2 polypeptide to induce tissue factor-
mediated procoagulant activity on the surface of
cultured HUVEC.

The exposure of endothelial cells 1o isclated
C-domain for 4 hr at concentrations of 1—100 pM led
to a dose-dependent increase in cell surface lissae
factor between 0.36 and 0.77 pg TFE/10° cells na
endotheliat cells (Fig. 2, @). EMAP-2 also induced the
enhancement of tissue factor activity in a dose-de-
pendent manger (Fig. 2, 5, bui maximum activily
was observed at lower mediator concentration at about
1 pM.

Qur data suggest that the isolated C-domain of
mammalian TyrRS reveals cvtokine-like activities
both as a chemotactic factor for monocytes and as an
inducer of tissue factor expression on human endo-
thelial cells similar to EMAP-2 cytokine. We propose,
therefore, that the C-domain of TyrRS could poten-
tially mimic the action of EMAP-2 cytokine through
the interactions with complementary sites on the
specific receptor.

Moreover, the ccllular effects of TyrRS C-domain
that we have observed, in particular the induction of
tissue factor activity, cannot be fully explained by an
interaction of its N-terminal region with a receptor.
As indicated earlier, the chemotactic and tissue fac-
tor-inducing activity of EMAP-2 are believed to reside
within different regions of the molecule [14]. Since
we have also observed tissue factor induction in
response to the TyrRS C-domain. it is possible that
other functional domains of this C-terminal module,
except its N-terminal region, could be involved in its
cytokine activilies,

If the EMAP-2-like domain of TvrRS is released
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Fig. t. Induction of monocytes migration by recombinant C-domain of TyrRS and EMAP-2 proteins as studied by micro-chemotaxis chamber
assay. Cell migraiion assays were performed as described under «Materials and Methods». Data shown the standard deviations estimated with
medium alcue control. Chemotactic peptide TMLP was used as a positive control
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Fig. 2. Induction of procoagulant activity of tissue factor in human endothelial cells by recombinant C-domain of TyrRS (4) or EMAF-2
cylokine (#). Results are the means of 6 replicates pooled from 2 separate experiments
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after proteolytic cleavage at the loop, connecting the
catalyiic 39 kDa enzyme core and this C-domain, it
could be invoived as a mediator in signal transduction
process throngh the interactions with a putative
EMAP-2 receptor. The nature of the EMAP-2 recep-
tor is not known, although cross-linking studies have
demonstrated binding of EMAP-2-derived peptides to
a 73K protein associated with the monocyte cell
surface [21], suggesting the existence of a distinct
receptor.

Rceently, it was shown that in cultured cells
post-translational processing of proEMAP-2 into ma-

ture cyiokine EMAP-2 occurred coincidentally with,

apoptosis programmed cell death [22] It is well
known that during apoptosis process some proteases,
e. g. interleukin-1 converting enzyme (ICE, caspase)
are activated [22}. It is possible to propose, that
mammalian TyrRS could be cleaved during apoptotis
proteolytic cascade, or other protease activation pro-
CESS.

[t is interesting to note, that other component of
protein biosynthesis machinery, auxiliary p43 protein
of multi-synthetase complex, is proposed to be a
precursor of EMAP-2 cytokine [23].

Qur results suggest a novel non-canonical func-
tion of mammalian aminoacyl-tRNA synthetases in
higher eukaryotic cells, which may be associated with
signal transduction process. Furthermore this function
may only bc expressed in conditions where cellular
proteases are activated. :
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Il TOKIHOBA 2XTHBHICTD AexataniTHunore EMAP -2-nopibHoro
aomena uposun-TPHK cuxrerasu ccasuis

Peaome

Aocaidxeno qumokinosy aKkmueHicMs i30a508aH020 PexOMBinanm-
noco C-kinyesozn domena mupodus-mPHK cunmemasu {mupPC)
ceagigia, comonocivnaee EMAP-2 yumoxiny., Hoxazauo, wo C-do-
men inOyKye 30inuenHs Xemomaxcucy smonoyumia y 2 pasu. Heid
ecexm Hruzskul do makoeo, cnpuvwumenczo EMAP-2 ma
proEMAP-2. Hpomeoaimusno modugbixosana xamanimuysa ¢op-
Ma mupPC (2% 39 xfa) He anaueana Ha XeMOMAKCUC MOHOUYLMIS.
C-domen mupPC makox (HOYKYE 3pocmaHHs aKmuérocmi mra-
HUHKOZO axmopa eHfomeniansHux Xaimun modunu 8 3 pau.
Tpononyemecs iNOMEIT CMOCOBHD MO20, wo i3osvoeanuii C-do-
MEH MOKE GUAITBHAMILCK NPU RPOMEOAIMUMHOMY DOFWENACHH]
mupPC  neanmo Npomeazcrd, AKa aKmusycmeCs 6 Cmpecosux
ymosax, i @ynKyionysamu aK medlamop wWasxom nepedaii cuzhany
npu 43aemodil 3 peyenmopom EMAP-2 yumoxiny.

A. H. Kopremox, M. Tac, A. . Jdybposckuid, Hx. K AMioppeik

HHMTOKMHOBAY AKTHBHOCTL HERATARMTHUECKOre EMAP-2-nopofuoro
gomena Tposu-TPHK CHETETA3bE MNEKOMHUTAKIILHY

Peatome

H3aywena uqumokuH06aa GRMBSHOCHL WSOARPOSAHHOZ0 PEROMIHI-
wanmAreeo C-xoryeanzo domena muposur-mPHK cunmamaio
(mupPC) maexonumnowux, onoroeuinoo EMAP-2 yumoruiy.
floxazano, wmo C-Oomen UnOYRUPYEM VEEAWHUS XeMOMAKCLIA
MOHOUuMO8 & 2 paia. Imom apderm bawiox Kk makodonsy,
soizvisaemony EMAP-2 u proEMAP-2. Hpamentumuvecky Mooy-
dunyuposannas Kamawmuseckas gopma mupPC (2 x 39 xda) we
GAUREM HQ XeMOMAKCUC MOHORUmMos. C-domen mupPC marxke
UHOYKUPYEM POCHT GRMUBHOCHIY MKQHEB20 (IKMOpa IROCIME -
AABHLLX KREMOK H2roserxd 8 J pasa. TIpedroXxena zunomeia omHo-
CUMENBHO MO0, HMO udoruposamibili C-00MEn MOXEN 8biCe0boxX-
damsca npu HPOMEORUMUNECROM pactienaerius mupPC onpedencri-
HOE npomea3ni, QKINLEUPYEMO 3 CMpeccosbly yeaoeusnx, u grynx-
BUORLPOGAMS KOK MEQUAMOP MyMeM nepedauu CHZHAAQ HPU 430 -
Modeidcmenn © peyenriopom wumokuna EMAP-2.
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