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Tyrosyl ± tRNA Synthetase: A Housekeeping Protein and an Attractive
Harbinger of Cellular Death

Hermann Schluesener*

Apoptosis, or programmed cell death, is a physiological
process that occurs during tissue reorganization in embryonic
development and pathological conditions. During execution
of this cellular suicide program, nucleases fragment chromo-
somal DNA and activated proteases dismantle the cell by
cleaving multiple substrates, including cytoskeletal proteins
and enzymes that are essential for normal cellular function
and cell repair.

Cells undergoing apoptosis are usually swiftly ingested by
macrophages and this phagocytic clearance of intact apoptotic
cells is a safe disposal route since local inflammatory reactions
that result from a massive release of cellular debris are
avoided. Furthermore, the ingestion of apoptotic cells by
phagocytes may actively down-regulate local inflammatory
and immune responses.[1]

Surprisingly, two novel signaling molecules of the apoptotic
cascade have been described recently by Wakasuki and
Schimmel.[2] These cytokines are fragments of tyrosyl ±
tRNA synthetase, an unsuspicious enzyme that is essential
in protein synthesis (and consequently belongs to the house-
keeping proteins). Cellular protein synthesis relies on a
supramolecular organization of the mammalian translation
system.[3] This protein-synthesizing machinery is a complex,
but highly organized apparatus and the macromolecular
components are not freely diffusible in mammalian cells. In
particular, aminoacyl ± tRNA appears to be channeled within
the cell, that is, directly transferred from the aminoacyl ±
tRNA synthetases to the elongation factor, and then to the
ribosomes, without dissociation into the cellular fluid.[4]

Functionally, human tyrosyl ± tRNA synthetase is com-
posed of a catalytic terminal amino domain and a terminal
carboxy sequence. Approximately 50 % of the terminal
carboxy sequence is identical to the terminal carboxy region
of the p43 protein, an auxiliary RNA binding factor of the
mammalian multi-synthetase complex.[5]

During apoptosis, the translational apparatus is systemati-
cally destroyed. Interestingly, tyrosyl ± tRNA synthetase is
secreted from cells undergoing apoptosis. After cleavage by
elastase or related proteases, two fragments with surprisingly
novel bioactivities are generated (Figure 1). Both fragments

Figure 1. Tyrosyl ± tRNA synthetase and the auxiliary p43 protein are
cleaved by elastase or related proteases (such as caspases or multicatalytic
protease) into two fragments. The terminal carboxy fragments EMAP II
and III are homologous modulators of leukocyte migration and activation.

appear to act as local signaling molecules (cytokines) that
orchestrate the tissue response and culminate in the safe
removal of apoptotic cells.

Tyrosyl ± tRNA Synthetase: Surprising Bioactivities of Cleav-
age Products

Full-length tyrosyl ± tRNA synthetase has no effect on
leukocytes, but both fragments are potent leukocytic activa-
tors with different spectra of bioactivities.[2] The catalytic
aminoterminal domain contains an Glu-Ag-Leu (ERL)
sequence motif, which is characteristic of certain chemokines,
a family of chemoattractant cytokines. It has been shown that
the aminoterminal peptide of tyrosyl ± tRNA synthetase binds
to the interleukin-8 (IL-8) receptor type A (also known as
CXCR1). Subsequent bioassays showed that this peptide has
IL-8 activity, predominantly by activating and inducing
migration of neutrophilic granulocytes.[2]
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The carboxyterminal sequence is homologous to the
carboxyterminal region of the protein p43. This fragment of
p43 is likewise liberated during apoptosis and has cytokine-
like properties. The cytokine is termed endothelial-monocyte-
activating polypeptide II (EMAP II).[6] EMAP II and the
terminal carboxy fragment of tyrosyl ± tRNA synthetase,
consequently designated EMAP III, have similar effects on
leukocytes, but the receptors are not known and a compara-
tive analysis of these two cytokines have not so far been
performed.[7]

EMAP II and III activate resting monocytes by elevating
the free Ca2� concentration in the cytosol, thereby stimulating
chemotaxis.[6] In contrast to the terminal amino fragments, the
EMAPs stimulate the production of tumor necrose factor a

(TNF-a) and tissue factor (thromboplastin) by macrophages
and release of myeloperoxidase from neutrophilic granulo-
cytes. Furthermore, EMAP II activates endothelial cells by
elevation of the concentration of free calcium in the cytosol,
release of von Willebrand factor, induction of tissue factor,
and expression of the adhesion molecules E-selectin and
P-selectin. EMAP II induces endothelial cell apoptosis, which
results in the hemorrhage of blood vessels of certain
experimental tumors, such as fibrosarcoma, melanoma, and
adenocarcinoma, thereby inducing tumor regression. It is so
far unknown, whether the terminal carboxy fragment of
EMAP III has similar effects on endothelial cells.

Tyrosyl ± tRNA Synthetase: A Novel Regulator of Tissue
Homeostasis?

EMAP II is produced in tumors, neuroautoimmune and
other inflammatory lesions, and during tissue reorganization
in embryology.[8] In all of these conditions a disturbance in
tissue homeostasis is associated with apoptosis and expression
of EMAPs. Thus, a global regulatory mechanism is emerging,
which links the degradation of the cellular translational
machinery with homeostasis of the entire surrounding tissue
elements. The process is summarized in Figure 2: tyrosyl ±
tRNA synthetase can be secreted by cells undergoing
apoptosis and the secretion of an essential component of the
translational apparatus might accelerate the cellular suicide
program. Outside of the cell, the synthetase is split into two
distinct signaling molecules. These cytokines are chemo-
attractants, which recruit neutrophilic granulocytes and
phagocytes into the lesions. Furthermore, these activated
leukocytes secrete proteases, which induces further genera-
tion of cytokines from tyrosyl ± tRNA synthetase and invasion
by leukocytes. Finally, this recursive cycle leads to removal of
the apoptotic cells.

Outlook

The characterization of the exceptional organization of
human tyrosyl ± tRNA synthetase opens a variety of possibil-
ities for further research. In addition to many basic aspects of
phylogenetic development and function of these modules in
other organisms, applied pharmacological research appears to
be rewarding. Most prominently, the two cytokines with
profound function on neutrophils and monocytes might be

Figure 2. Tyrosyl ± tRNA synthetase is secreted by apoptotic cells and split
by elastase into two chemoattractant fragments, which recruit leukocytes
from the vascular lumen into the tissue. The migrating leukocytes release
further elastase, thus amplifying the proteolytic cleavage of tyrosyl ± tRNA
synthetase and the generation of chemoattractants. Finally, this self-
amplifying, recursive cycle is terminated by safe removal of the apoptotic
cells by invading macrophages.

used as immunmodulators. In comparison to EMAP II, the
terminal carboxy fragment of tyrosyl ± tRNA synthetase
might have effects on endothelial cells. EMAP II expression
has been repeatedly linked with tumors: Mouse EMAP II has
been cloned from fibrosarcoma and human EMAP II from
histiocytoma cells. EMAP II appears to be identical to other
previously described mediators of tumor cells, such as the
cytokine J 82 derived from bladder carcinoma (BCDC), or
FO-1 and HS-1 produced by melanomas.[9] Thus, the terminal
carboxy fragments of tyrosyl ± tRNA synthetase and
EMAP II have potential as anti-angiogenesis agents in tumor
therapy, whereby they inhibit pathological tumor endothelial
cell function and thereby promote thrombohemorrhage of
tumor blood vessels associated with tumor regression. As a
mediator associated with tumor angiogenesis, these peptides
are highly interesting candidates of antiangiogenic drug
development and might complement current strategies to
abrogate tumor growth and metastasis by interfering with
pathological endothelial cell function in neoangiogenesis.[10]
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