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Association of mitochondrial lysyl-tRNA synthetase with
HIV-1 GagPol involves catalytic domain of the synthetase
and transframe and integrase domains of Pol
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Aim. Analyze the interaction between Lysyl-tRNA synthetase (LysRS) and HIV-1 GagPol to know whether a par-
ticular N-terminal sequence of mitochondrial LysRS triggers a specific recognition with GagPol. Methods.
Yeast two-hybrid analysis, immunoprecipitation. Results. We have shown that LysRS associates with the Pol do-
main of GagPol. Conclusions. A model of the assembly of the LysRS:tRNA,"":GagPol packaging complex is

proposed.

Keywords: tRNA ™", lysyl-tRNA synthetase, HIV-1, packaging.

Lysyl-tRNA synthetase (LysRS) is an essential protein
involved in translation of genetic information in the cy-
tosol, where it is a component of a supramolecular com-
plex [1], but also in mitochondria of human cells. Bey-
ond its role in translation, this enzyme is also involved
in various pathologies. Cytosolic human LysRS trig-
gers proinflammatory response, and serves as a key sig-
naling molecule in the immune response [2, 3]. The mi-
tochondrial species of LysRS interacts with a mutant of
Cu, Zn-superoxide dismutase (SOD1) and contributes
to mitochondrial dysfunction in amyotrophic lateral
sclerosis (ALS) [4]. This enzyme is also hijacked from
the host cell following HIV-1 infection to carry the pri-
mer tRNA," into the virions [5]. The regulation of the
spatio-temporal organization of this enzyme is a key
element to understand the regulation of its activities.
Cytosolic and mitochondrial LysRS are encoded by
a single gene [6] and can only be distinguished accor-
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ding to their very N-terminal sequences [5]. It was pre-
viously believed that cytosolic LysRS is packaged into
HIV-1 virions via its association with Gag [7]. Using
monospecific antibodies, it was later shown that only
the mitochondrial LysRS is taken up in viral particles
along with tRNA,"", the primer for reverse transcrip-
tion of the HIV-1 genome [5]. We re-analyzed the inter-
action between LysRS and GagPol to know whether
the particular N-terminal sequence of mitochondrial
LysRS triggers a specific recognition with GagPol, or if
differential routing of the two LysRS species in vivo
could explain specific and exclusive packaging of the
mitochondrial species. We showed that LysRS associa-
tes with the Pol domain of GagPol. More specifically,
the transframe (TF or p6*) and integrase (IN) domain
proteins of Pol interact with the catalytic domain of
LysRS [8]. A model of the assembly of the LysRS:
tRNA,"":GagPol packaging complex is proposed,
which is also consistent with the release of its different
components after maturation of GagPol in the virions
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(Figure, see inset). The cytoplasmic and mitochondrial
LysRS species share an identical catalytic domain.
Accordingly, we found that both enzymes have the in-
trinsic capacity to bind to GagPol in vitro. In addition,
both enzymes interact with p38 in vitro, the scaffold
protein of the cytoplasmic multi-aminoacyl-tRNA syn-
thetase complex, even though only the cytoplasmic spe-
cies of LysRS is a bona fide component of this complex.
These results suggest that the different LysRS species
are strictly targeted in vivo. Maturation of the premito-
chondrial form of LysRS upon its mitochondrial targe-
ting is a prerequisite for its catalytic activation. These
data open new perspectives for the search of a new class
of inhibitors of the HIV-1 development cycle that would
block the packaging of tRNA,™ into viral particles.
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Acomiaris mitoxonzapiansroi mi3un-TPHK cunTerasu 3
6inkom GagPol BIJI-1 BinOyBaeTbes uepes KaTadiTUUHHN TOMEH

CHHTETA3M 1 TPAHCMATPUYHUN Ta iHTErpa3Huii fomenu Oinka Pol

Pesrome

Mema. Bcmanosumu, yu modce N-Kinyesa nocnioognicms, sika € cne-
yuiunoro 01 mimoxoHopianreHoi ¢opmu nisun-mPHK cunmemasu,
3abe3neuysamu 63a€mM00iio Ybo2o epmenmy 3 6inkom GagPol BIJI-1.
Memoou. /[eozibpuona Opixcoicosa cucmema, iMyHORpeyunimayis.
Pesynomamu. Mu noxazanu wo nizun-mPHK cunmemasa 63aemodic 3
Odomernom Pol 6inka Gag. Bucnoeku. 3anpononosano modenv ymeo-
penns komnaexcy JlisPC:mPHK;™:GagPol.

Knrouosi cnosa: mPHK 3”"?, aisun-mPHK cunmemasa, BIJI-1, 36u-
PaHHs 8ipioHa.
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Acconunanus MutoxouapuanbHoit mu3mwi-TPHK cunTerasst ¢ Genkom
GagPol BUY-1 npoucxoauT nocpeacTBOM KaTaIUTUIECKOTO TOMEeHa

CHHTATa3bl M TPAHCMATPUYHBII U HHTEPra3HbIi JoMeHbI Oenka Pol

Pesrome

Henv. Boisachume, mosicem nu N-koHYe8as NOCAed08amMenbHOCb, 56-
JAOWASCS CReYUDUUHOU ONisL MUMOXOHOPUATLHOU POopMbL TU3UIL-
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mPHK cunmemasul, obecneuusams 3aumooeticmsie 3moco ghepmet-
ma ¢ 6enkom GagPol BUY-1. Memoowl. /[ey2ubpuonas opodicoicesas
cucmema, ummyHonpeyunumayus Pesynomamet. Mol nokaszanu, umo
ausun-mPHK cunmemasa é3aumooeticmeyem ¢ domerom Pol benxka
Gag. Bwieoowt. [Ipednodicena moodens obpasosanus komnaekca JluzPC:
mPHK ;™ :GagPol.

Knrouesvie crosa: mPHK;™
cbpKa 6UpuoHa.

, ausun-mPHK cunmemasa, BUY-1,
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In human, a single gene encodes the cytoplasmic
and mitochondrial forms of lysyl-tRNA synthe-
tase by means of alternative splicing. The cyto-
plasmic isoform is produced from the mRNA
lacking exon 2. This isoform is targeted to the
MARS (Multi Aminoacyl-tRNA Synthetase) com-
plex. The mitochondrial species is produced by
translation initiation at the level of exon 2. Mito-
chondrial LysRS is specifically hijacked by the
GagPol precursor protein during the process of pa-
ckaging of HIV-1 particles. Association of
mLysRS with GagPol involves catalytic domain of
the synthetase and transframe (p6*) and integrase
domains of the Pol region of GagPol. The for-
mation of the tRNA(Lys, 3) packaging complex is
an essential process of the HIV-1 life cycle, since
this tRNA is required for initiation of reverse
transcription of the RNA genome of HIV-1. The
tRNA(Lys, 3) packaging complex is a potential
therapeutic target





