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How Do Charges Travel through DNA ?—An Update on a Current Debate™**

Mark W. Grinstaff*

The biological role of deoxyribonucleic acid (DNA) is to
store and code genetic information. This unique biopolymer
consists of a double helix with major and minor grooves. An
aromatic m-stack core runs throughout the structure where the
bases of the pyrimidine deoxynucleotides (thymidine, T;
cytidine, C) and purine deoxynucleotides (adenosine, A;
guanosine, G) participate in Watson—Crick base pairing
(A:T; C:G). Although first posed in the 1960s,!" 2 the question
of how charged species can be transported over short or long
distance in DNA is still debated.”®! An intense worldwide
research effort is underway to explain the large variations in
observed electron transfer rates (microsecond to picosecond)
and to develop well-defined chemical systems for further study.

Radiation, carcinogens, and metabolic waste products can
damage DNA, and, if left unrepaired by the normal cellular
machinery, these damages can lead to mutations and carcino-
genesis with grave health consequences.’'"l Further analysis
reveals many of these damages to be a result of selective
radical reactions with guanine bases, consistent with the
relative ease with which guanine is oxidized compared to
adenine, cytosine, and thymine.'$2] A study of electron
transfer and radical-cation migration in DNA as well as
identification of the factors that control the rates of these
processes will provide valuable information for understanding
DNA damage in vivo and insight into the mechanism of charge
transfer through different media. A greater understanding of
DNA-mediated electron transfer may have an additional
clinical impact through the development of novel diagnostic
tools for screening nucleic acids, proteins, or carcinogens.

Although significant advances in the study of charge
transport in DNA have been reported within the last five
years,[? %29 3 number of issues remain unresolved. Current
studies address multiple factors affecting this process such as
oligonucleotide sequence, base pairing, it stacking, and duplex
structure as well as the donor— acceptor distance, the labeling
site, and the dynamics. In contrast to-electron transfer
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through proteins, where the factors controlling electron-
transfer rates are more clearly recognized,? % our under-
standing of charge transport through DNA is limited owing to
fewer experimental and theoretical studies. Yet many of the
experimental techniques developed for investigating protein-
mediated electron transfer and concepts understood with
regard to this process can be used to study electron transfer in
DNA. A three-pronged approach used to investigate charge
transfer in DNA includes 1) labeling DNA with redox probes
through intercalation and/or covalent linkages, 2) initiating
charge transport by photochemical or electrochemical tech-
niques, and 3) detecting the transfer events by spectroscopic,
electrochemical, or biochemical methods. With these tools in
hand, experiments are ongoing to further understand the
dynamics of DNA-mediated electron transfer and the role of
charge-transfer reactions in DNA damage and repair.?!
Diederichsen’s 1997 highlight “Charge Transfer in DNA: A
Controversy” describes the limitations and advantages of the
first DNA electron-transfer experiments.’] Electron transfer
data from these experiments are summarized in Table 1.
Organic and inorganic intercalators were first reported for
studying electron transfer in DNA.B23] These experiments
provide only limited information on electron transfer, given
the lack of an accurate measurement of the distance between
the donor and acceptor as well as concern for pairing of the
donor - acceptor complexes.?3% The next advance came with
covalently linked donor and acceptor intercalators. Rapid
electron transfer between two tethered ruthenium and
rhodium intercalators ([Ru(phen),(dppz)]** and [Rh(phen)-
(phi),J**; phen=1,10-phenanthroline, dppz= dipyrido[2,3-
a:2'3'-c]phenazine, phi = 9,10-diimine phenanthrenequinone)
separated by more than 40 A in DNA is observed; the lower
limit of this electron transfer rate is 10° s~'. The effect of the
medium on this electron transfer is small, since S, which
represents the ability of the intervening medium to facilitate
electron transfer, is 0.2 A~ Investigations with the fluoro-
phore stilbene incorporated in a DNA hairpin yield distance-
dependent electron-transfer rates spanning from 10% to
1012571 (8=0.64 A-1).*0 Similarly, distance-dependent elec-
tron transfer is reported between an intercalated acridine and
guanine at rates that range from 10°to 10°°s~! (3 =1.4 A-1).[2
A relatively slow electron-transfer (10°s7') is measured
between two ruthenium complexes that modify the ribose
moiety of a DNA duplex.l*’] For additional information on
these electron-transfer experiments, the reader is referred to

1433-7851/99/3824-3629 $ 17.50+.50/0 3629



HIGHLIGHTS

Table 1. The results of studies on DNA-mediated electron transfer.

Donor and acceptor Covalently d[A] B ker [s71] Research group Year
attached
tethered Ru" and Rh™ intercalators yes >40 0.2 10° Barton!“! 1993
Ru' and Rh!"! intercalators no - 0.2 101 Barton®! 1996
tethered E and Rh'" intercalators yes 17-36 - 10" Barton(*! 1997
A, A,and G, Z yes 34-10.2 0.1-1.0 10°-10'° Bartonl* 1999
daunomycin and Au electrode yes 10-35 - 10? Barton/Hill”} 1999
E intercalator and Z yes 10-17 - 1012 Barton/Zewaill>! 1999
E and MV?* no - - 10° Fromherz 1986
E and MV?%*, AO and DAP?* no 10-17 1.0 108 HarrimanB* 51 1992, 1999
stilbenedicarboxamide and guanine yes 4-18 0.64 108-10" Lewisl#! 1997
naphthalene and A yes - - 10° LewisP 1999
Ru' and Ru™ ribose complexes yes 27 1.0-1.5 106 Meade!®! 1995
intercalated acridine and guanine yes 3-10 1.4 10°-10%° Tanakal®? %! 1998

[a] d =distance between donor and acceptor.

the original articles cited as well as several commenta-
riesl® & 8264471 and theoretical studies. 4]

A theoretical analysisP? of recently published DNA-
mediated charge-transfer reactions provides both insight into
the charge-transfer mechanisms (hopping versus superex-
change)* > and a template from which to discuss the
reactions summarized below (Tables 1-4). A key point in

Table 2. Results of studies on DNA radical-cation migration.

Donor and acceptor d[A]®  Research group

Rh and Ru tethered intercalators and GG 10-200 Barton!®-%

E and GG 17,44  Barton!®
acylated A or G and GGG 7-54  Giesel* 77
riboflavin and GG, GGG - Saitol®

tethered anthraquinone and GG

10-200 Schusterl® 6173, 74]

[a] d = distance between donor and acceptor.

the article concerns charge-transfer donors and acceptors
possessing different energetics and thus participating in
different mechanisms.*”! The relative energetics of the donor
and acceptor with respect to the DNA bridge determine if 1) a
one-step superexchange mechanism occurs (characterized by
an exponential decay of the charge-transfer rate with dis-
tance) or 2) a hopping mechanism occurs (characterized by a
weak dependence of the charge-transfer rate on distance).
Superexchange occurs when a positive energy gap exists
between the lowest electronic state of the excited donor (D*)
and the vibronic manifold of the DNA bridge. The hole
hopping mechanism, however, occurs when the lowest
vibronic state of electronic origin of D* is in resonance with
the highly degenerate DNA vibronic manifold. The rate of
hopping is controlled by the energetics of the ion-pair states in
the DNA manifold.

Measurements of electron transfer in DNA between
discrete donors and acceptors are described first in this
highlight, followed by a discussion of photoinduced guanine
oxidation and radical-cation transport. The first case study
focuses on the DNA-mediated electron transfer between
intercalated ethidium (E) and methyl viologen (MV?*;
Table 3, entry 1), electrostatically bound to the DNA.PY In
this system MV?* quenches the photoexcited ethidium. De-
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tailed steady-state and time-resolved fluorescence studies of
ethidium quenching as a function of MV?* concentration and
reaction temperature yields a reorganization energy A of
0.66eV and B value of 1.0 A~! (kgr=10°-10°s""). The
electron transfer rates also decrease dramatically with dis-
tance for both quenchers examined (MV** and N,N'-dimethyl-
2,9-diazapyrenium (DAP?*)). The values of 1 and 3 are similar
to those previously determined for protein-mediated elec-
tron transfer and electron tunneling. This is the first deter-
mination of A for a DNA-mediated electron-transfer reac-
tion and emphasizes the need for additional studies of
tethered intercalators and covalently linked donor—acceptor
systems.

When a tethered and intercalated donor and acceptor are at
each end of a DNA duplex, the rates and distance dependence
of electron transfer are dramatically different. In this next
study of DNA-mediated electron transfer, the ethidium donor
transfers an electron to the [Rh(phi),(bpy)]** (bpy=22"-
bipyridyl) acceptor upon photoexcitation (Table 4, entry 1;
kgr=10'0s71).52 Systematic variations of the ethidium — Rh'™
distance from 17 to 36 A do not substantially alter the
quenching of the ethidium fluorescence; however, changes in
the sequence do. For example, introduction of a cytosine—
adenine mismatch in the modified duplex dramati-
cally reduces the ability of the Rh!' center to quench
the ethidium fluorescence. These results stress the importance
of a well-defined duplex structure for facile electron
transfer.

A recent report describes the femtosecond electron transfer
between an intercalated and tethered acceptor and a nucleo-
base donor.P?l The acceptor, ethidium, is at the 5’-end of a
DNA duplex, while the electron donor, deazaguanine (Z), is
at various oligonucleotide positions 10 to 17 A from the
ethidium (Table 3, entry 2). In this investigation, transient
absorption and fluorescence upconversion experiments were
used to directly measure ultrafast electron transfer in DNA.
Quenching of the photoexcited intercalated ethidium by Z
occurs within about 5 ps. This fast electron transfer is the
first step to the DNA bridge in a hopping mechanism. A
second slower component is also present and attributed to
movement of the intercalated ethidium in DNA. This
molecular motion reflects the need for the ethidium to
preorganize in order to participate in the electron transfer
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Table 3. Recently studied organic donors and acceptors.
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reaction. The electron-transfer rate does
not vary significantly with distance; only
the yield of quenched ethidium varies.
The implications of these results are
significant since DNA base dynamics
may control the electron-transfer, sug-
gesting that  may not be the best
parameter to describe DNA-mediated
electron transfer.

The results described above are strik-
ingly different between the tethered and
nontethered ethidium electron-transfer
systems. In the first system described
(intercalated ethidium and surface-bound
MV?+; Table 3, entry 1) the electron-
transfer rate shows a significant distance
dependence over short distances (3-
17 A). Yet fast electron-transfer occurs
over longer distances between the cova-
lently tethered ethidium and rhodium(iir)
complex (Table 4, entry 1). The electron-
transfer rates are relatively insensitive to
distance (17-36 A) but sensitive to oli-
gonucleotide sequence. Is this discrepancy
a result of different electron-transfer
dynamics, the locations of donor and
acceptor, or oligonucleotide sequences/
structures ? Future experiments are need-
ed to explain this apparent discrepancy,
and to assess which factors control the
electron-transfer rate.

Measurements between fluorescent an-
alogues of adenine (2-aminopurine (A,)
and 1,N6-ethenoadenine (A,)) and gua-
nine (G) and deazaguanine (Z; Table 3,
entry 3) further explore the effect of
oligonucleotide structure on the electron-
transfer rate.’* In this system, one oligo-
nucleotide strand of the duplex contains
both the donor (G or Z) and acceptor (A,
or A,), which are separated by 3.4, 6.8,
and 102 A. Steady-state emission and
time-correlated single-photon counting
experiments show that quenching of
G by A, occurs on the time scale of
10°s! (8=1.0 A"). In contrast, quench-
ing of G by A, occurs even faster
(>10"s7") and g is closer to 0.1 A,
Even though the energetics of both these
electron-transfer reactions are similar,
the electron-transfer rates and S values
are different. Structural studies on oligo-
nucleotides containing A, and A, show
that A, participates in normal Watson—
Crick base pairing, while the bulky A,
adopts a poorly stacked conformation.
These data reveal that structural changes
in the base stack influence electron-trans-
fer rates.
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Table 4. Recently studied inorganic donors and acceptors.

describes electron transfer in well-defined DNA
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DNA duplexes modified at a specific guanine base
with daunomycin are used to probe this ground-
state electron-transfer reaction between the redox-
active quinone of daunomycin to the gold electrode.
The relatively slow electron-transfer rate (10>s7')
estimated from the electrochemical data is insensi-
tive to the distance between the redox partners.
However, the electron-transfer rate is sensitive to an
intervening single base mismatch, which “shuts off”
the electron transfer to the gold electrode. The
sensitivity of the reaction to base stacking but not to
distance suggests that the rate-determining step is
not electron transfer through the m stack, but instead
electron tunneling through the o linker to the gold
electrode.

A new experimental approach to measure the
electrical conducting properties of DNA uses a low-
energy electron point source (LEEPS) micro-
scope.’! Under ultrahigh vacuum conditions, the
electrical current of the DNA fibers are directly
measured as a function of applied potential. Resis-
tivity values calculated from these measurements
are comparable to those of conducting polymers.
Excitingly, these measurements are made over very
large distances (600 nm or more); photoinduced
experiments typically measure electron-transfer

[31] rates over distances of less than 5 nm. These results

further support the hypothesis that charges can
propagate over large distances in DNA.
The measured rates of electron transfer in DNA

A recent report describes the distance-dependent electron
transfer between a photoexcited acridine and guanine (Ta-
ble 3, entry 4).5%] In this study, a derivatized 2-methoxyacri-
dine substitutes a nucleobase position in an oligonucleotide.
Quenching of the acridine excited state occurs by an adjacent
guanine. Rate constants for the forward electron transfer vary
from 10° to 10'°s ! as the distance increases from 3 to 10 A.
The f8 value of 1.47 A~! is in agreement with an earlier value
reported from static fluorescence measurements.*?l There is
no directional anisotropy for DNA-mediated electron trans-
fer, since the electron transfer rates are similar in both the 5’
and 3’ directions. These data are also consistent with a
superexchange mechanism occurring between acridine and
guanine.

Similar to earlier work reported on stilbenedicarboxamide
hairpins,*!) where superexchange is likely the electron trans-
fer mechanism, an incorporated naphthalene can be used to
probe DNA-mediated electron transfer in several novel
DNA-hairpin structures.”® The naphthalene serves as a
bridgehead unit in these hairpins, which are synthesized with
an automated DNA synthesizer. Quenching of the naphtha-
lene-excited state in the hairpin by an adjacent adenosine (A)
occurs swiftly with a rate constant of 10° s~! (Table 3, entry 5).

To characterize ground-state electron transfer in DNA, as
opposed to photoinitiated electron transfer, a recent report

3632 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

are remarkably different as summarized above and
described in earlier reports (see Table 1). Do non-
intercalator donors and acceptors access the DNA m stack?
Does the linker from the donor or acceptor to DNA control
the rate? Are the rate differences a consequence of different
reaction mechanisms? To what degree do different local
duplex microstructures (sequences) modulate electron-trans-
fer rates? Is the strong distance dependence previously
observed in some systems a consequence of duplex structure
or energetics? Additional studies are needed to discern the
effect of donor and acceptor site and DNA microstructures on
electron-transfer rates. The ability of DNA to facilitate or
inhibit long-range electron transfer is significant with regard
to the mechanism of oxidative DNA damage.

Oxidative damage in DNA is of utmost importance, and a
means to study this biologically relevant process may lead to a
better understanding of DNA damage in vivo. Characterizing
guanine oxidation in DNA is possible, since photoinduced
triggers can initiate this charge-transfer reaction. In these
experiments a hole-hopping (or phonon-assisted polaron)
mechanism is proposed whereby the photoinduced radical
cation (i.e., the hole) moves in a stepwise fashion from one
low-energy site in DNA to another.[* 35931 This mechanism
is consistent with the energies of the donor and acceptor being
comparable to the energy levels of the intervening DNA
bridge. Since the energy of the radical cation is lowest on G
(compared to A, C, and T), the radical cation will localize on
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G as it traverses the DNA from one G to another. This radical
cation does not possess sufficient energy to reside on the other
bases; therefore it must jump to the next G in one complete
step (a coherent superexchange transfer). The intervening
sequence and distance between the guanine bases affects the
electron-transfer rate. In this scenario, a radical cation
migrates over large distances in DNA. Recent ab initio
calculations of ionization potentials of guanine in B-DNA
duplexes reveal that sequences adjacent to guanine affect the
ionization potential of guanine.[* Thus, some local regions of
DNA are more likely than others to facilitate radical-cation
migration.

Experimental conformation of long-range oxidative dam-
age in DNA requires the use of site specifically labeled probes
with well-defined photochemical reactivity. For example, both
RhY(*Rh™) and Ru™ metallointercalators oxidize guanine
over extended distances of 60 base pairs (200 A).[5-8 After
irradiation of the intercalated metal complex, gel electro-
phoresis identifies the oxidized guanine at a 5'-GG-3 site
(Table 4, entries 2 and 3). The yield of oxidized guanine varies
slightly with distance for both tethered metallointercalators.
In addition, the efficiency of this guanine oxidation is sensitive
to sequence. For example, sequences composed of 5-TA-3’
regions are particularly poor conduits compared to 5-AA-3’
regions. The ability of a DNA —protein assembly to alter the
local microstructure of DNA also affects guanine oxidation by
the *Rh™ complex.”) Additionally, a tethered ethidium
intercalator yields similar results, indicating that guanine
oxidation is not particular to metallointercalators.” The lack
of an apparent strong dependence on distance in these
oxidation reactions, combined with the observation that these
charge-transfer reactions are dependent on sequence as well
as sensitive to the integrity of the s stack, mirrors the results
of previous electron-transfer reactions between metallointer-
calator complexes.

Photoinitiated radical-cation migration in DNA with sub-
sequent guanine oxidation can also occur using an incorpo-
rated 4'-tert-butyl-acylated thymidine (Table 3, entry 8) or
guanine.[* %772 A" Norrish type I cleavage occurs upon
photolysis, generating a radical cation on the ribose of a
DNA duplex. This radical cation then migrates to the guanine
on the complimentary strands, where DNA strand scission
occurs as a result of G** formation. The radical cation is
transported over both short (7-17 A) and long distances
(54 A), and the efficiency of charge transfer over 54 A is
similar to that over 10 A. The relative intensity ratios of the
cleaved sequences (GGG/G ™) yield the relative rate constant
data. The calculated value for 3 is 0.7 A~ for this biologically
relevant charge-transfer reaction. The intervening sequence
between the radical cation and the GGG units influences this
process substantially, and a simple change from 5'-AT-3" to 5'-
GC-3' increases the cleavage yield by two orders of magni-
tude. These results confirm that long-range radical-cation
transport can occur by a multistep hopping process./""

A recent report describes the influence of nucleotides
adjacent to guanine to modulate its reactivity towards
oxidative damage.[*! In this study of photoinduced one-
electron guanine oxidation, a nontethered riboflavin accepts
an electron from duplexes containing the 5'-XGY-3' sequence

Angew. Chem. Int. Ed. 1999, 38, No. 24

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

(X, Y=A,C,G,andT;see, for example, Table 3, entry 6). The
efficiency of GG cleavage occurs in the following order:
GGG > CGG >AGG=TGG >TGT, with pyrimidine-G-
pyrimidine being the least reactive. Calculations on the same
sequences support this experimental result since the ioniza-
tion potentials are lower (highest oxidative reactivity) for
purine-G-purine sequences than for pyrimidine-G-pyrimidine
sequences.

Long-distance (200 A) radical-cation transport also occurs
in an AQ-linked DNA duplex (AQ = anthraquinone; Table 3,
entry 9) containing four separate GG blocks.® Irradiation of
the tethered anthraquinone leads to electron transfer and
formation of the anthraquinone radical anion and guanine
radical cation.?* 7> 7 Photoinduced radical-cation cleavage of
DNA occurs at GG steps adjacent to and remote from the
tethered AQ. The distance dependence for guanine oxidation
between AQ and the GG steps is minimal. A linear relation-
ship between the log of the GG-cleavage efficiency and the
distance between the AQ and the radical cation indicates that
the intervening sequence does not significantly influence
radical-cation migration.

Radical-cation migration to guanine occurs over long
distances with intercalator, 5'-terminal phosphate, and 4'-
ribose probes. Yet the efficiency of oxidized guanine is not the
same in all cases. Additional experiments need to account for
these differences and identify the factors that govern this
reaction. Moreover, the data are seemingly contradictory on
the effect of sequence on the charge-transfer rate. Future
studies must address this issue and quantify the effects of
different sequences and mismatches on radical-cation trans-
port. The biological implications of this long-range charge
transfer are significant with regard to the extent that a
radical cation can propagate in DNA and induce oxidative
damage.

The current electron transfer and radical-cation migration
systems differ in a number of ways: the specific donors and
acceptors, the driving force (AG®) of the electron-transfer
reaction, the energetics of donor and acceptor relative to the
DNA bridge, the distances between the donor and acceptor,
the manner in which the donor and acceptor are covalently
linked to (or intercalated in) the oligonucleotide duplex, the
sequences, and the local duplex microstructures. Many of
these critical issues are highlighted throughout the text;
however, additional key points remain at large or un-
answered. First, the number of new spectroscopic or electro-
chemical probes reported in the literature is small. The
current repertoire of probes available for study must be
expanded to include those that can further explore the
dynamics and energetics of charge transfer in DNA.[577
Second, the need for NMR studies of solutions or X-ray
crystal structures of oligonucleotide duplexes labeled with the
donor and acceptor is strikingly evident. Recent NMR
solution structure studies on an intercalated Rh-oligo-
nucleotide model system provide the first structural informa-
tion.I”® Third, the dependence of AG® on the DNA-mediated
charge transfer is unknown. Fourth, the electronic coupling
and reorganization energy for tethered intercalators and
covalently bound donors and acceptors remains elusive. As
was done previously for protein-mediated electron transfer,s]
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these data can be experimentally determined by measuring
the rate of charge transfer between the donors and acceptors
as a function of driving force and temperature, when the
thermodynamic data (AG°, AS° and AH°) for the charge-
transfer reaction are known. Fifth, understanding the dynam-
ics of charge transfer is critical, and additional femtosecond
experiments on site specifically labeled DNA are needed to
explore the first event(s) in DNA-mediated charge transfer.
Finally, the number of theoretical studies reported is limited.
New DNA-mediated charge-transfer systems need to be
proposed and experimentally tested.

This highlight is intended to briefly summarize new results,
stimulate critical discussions, and pique scientific interest.
Moreover, it is an invitation to the general scientific
community to examine this exciting area of DNA-mediated
charge transfer.

German version: Angew. Chem. 1999, 111, 38453851
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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.!!l

Surprisingly, two novel signaling molecules of the apoptotic
cascade have been described recently by Wakasuki and
Schimmel.”! 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.B] 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.[!

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.!
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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

70 kd

tyrosyl-tRNA
synthetase |

23 kd
EMAP llI

43 kd

23 kd

EMAP II
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.’l 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.?!
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