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ABSTRACT

Double-stranded RNA-mediated TL R3 activation is
enhanced by ribosomal protein L19

Eun-Jeong Yang

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor In-Hong Choi)

TLR3 is activated by dsRNA, the genetic materiabofe viruses, and a
viral replication intermediate in other virusesgand recognition by TLR3
results in recruitment of the adapter molecule TRiRhe cytoplasmic TIR
domain of TLR3. The recruitment of TRIF triggerkinase cascade ultimately
leading to IRF3 activation and the transcriptiortygfe | IFN genes. Here, we
identified RPL19, which is found in the large ribosal subunit (60S) of
eukaryotes, as a protein that enhances TLR3 signdhirst, we have cloned
TLR-ECD (1-23 LRR and 10-23 LRR) genes and RPL18egeésecond, to
identify whether TLR3 and RPL19 physically asscziatith each other, we



performedin vitro translation of TLR3-ECD genes and RPL19 gene iand
vitro binding assay of them. To study this interactioicells, RPL19 gene was
transfected into TLR3 expressing cells. As resulitsR3 and RPL19 bound
togetherin vitro and the presence of the RPL19 in the immunopratgiof
TLR3 in cell lysate was detected by immunoblot gsial This binding was
not influenced by the absence or the presence lgflfi®). These data clearly
showed that TLR3 constitutively interacts with RBLIndependent of
poly(l:C) involvement. Third, we detected interactibetween poly(I:C) and
RPL19 using poly(l:C)-agarose ‘pull-down’ assayd ahowed that RPL19
bound poly(l:C). Fourth, the over-expression of R®Lresulted in a
significant induction of ISRE-Luc and a weak indaot of NF«B reporter
activity after poly(l:C) stimulation. Fifth, we d&mined whether the
activation of ISRE or NkeB by RPL19 requires endosomal maturation. As a
result, the enhancement of ISRE and ®B-promoters by RPL19 requires
endosomal maturation because the activation oetpesmoters was inhibited
by the treatment of chloroquine. Sixth, we investiggl the effect of RPL19 on
the phosphorylation of IRF3. Over-expression of BR®L induced
phosphorylation of STAT1 in TLR3 expressing cellSeventh, RPL19
appeared to co-localize with TLR3 in endosomesemalogether, our results
demonstrate that RPL19 augmented the activatigroly{1:C)-induced TLR3
signaling and type | IFN-mediated immune resporiseconclusion, our
results suggest that RPL19 may be an endogenotsirpregulating TLR3

signalingin vivo.

Key words : Toll-like receptor 3, ribosomal protein L19, dsRNA, IRF3,
STAT1, endosome
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. INTRODUCTION

Toll-like receptors (TLRs) recognize different padgjen-associated
molecular patterns (PAMPS), leading to the actoratof an innate immune
response and the shaping of the subsequent adamiiwane response. The
ten known humamLRs recognize pathogen-associated molecslesh as
lipoteichoic acid (LTA) by TLR2, lipopolysaccharidePS)by TLR4, flagellin
by TLR5, and unmethylated CpG DNA motifs by TLREnding of these
ligands to TLRs initiates a series of signalprgcesses that stimulate and

orchestrate the innate and adaptivenune responsés’ Human TLRs are



implicated in a numbef diseases and, hence, constitute potential thatep

targets>*

Human TLR3 is activated by double-stranded RNA (daRRassociated
with viral infectior?, endogeneous cellular mRRandsequence-independent
small interfering RNAS. TLRs utilize their common cytoplasmic Toll-
interleukin-1 receptor (TIR) domain to transmitrattellular responses through
the recruitment of TIR-containing adaptor8 These adaptors include myeloid
differentiation protein 88 (MyD88), Toll/IL-1 domaicontaining adapter
inducing IFN$ (TRIF), TRIF-related adaptor molecule (TRAM), andR¥I
domain containing adaptor protein (TIRAP), whichdiage cellular events
that lead to the induction of antimicrobial andlanimatory gene$TLR3 is
distinctfrom other TLRs in that it is not dependent on MyDi&ut ratheon
TRIF for signaling®® Other key features of TLR3 signalirigclude a
requirement for phosphorylation of tyrosine resiinethe TIR domaift and
the involvement of phosphatidylinositolkihase'? In turn, TLR3 activates
genes for secreted antiviaftokines, such as interferon 3 (IFN-R), and those
thatencode intracellular, viral, stress-inducible pirogé?

TRIF signaling leads to activation of interferomué&atory factor (IRF) 3
and IRF7 and induces type-l IFN producti8n*> *® Two kinases have been
demonstrated to directly phosphorylate and activiate3 and IRF7: TANK
binding kinase (TBK) 1 and IKK(IKKi). *" 181 2A|though the contribution
of IKKe in TLR3 signaling is under debate, TBK1 can beauied to the N-
terminal region of TRIF to activate IRF3. TRIF-irmhd NF«B activation
may proceed through two ways. First, TRIF recrthts tumor necrosis factor

receptor associated factor (TRAF)-6 by means oNiterminal regiorf’ %



Second, TRIF contains a C-terminal RIP homotypitergction motif
(RHIM)? that interacts with the RHIM of both receptor naigting protein
(RIP)-1 and RIP3 kinasé. Whereas RIP1 transmits TRIF-induced NE-
activation, RIP3 appears to bear regulatory fumstfé %

TRIF is not a TLR3-specific adaptor molecule butalso involved in
IRF3 activation by TLR4. However, its recruitmeatfLR4 is mediated by an
additional adaptor molecule, TRAR. Therefore, the TRIF pathway is
differentially activated by TLR3 and TLR4. Consistewith this, IFN-
stimulated response element induction by TLR4 noutoy TLR3, requires the
NF-kB subunit p6%'. In addition, TLR3 engagement leads to a mucmgeo
induction of type | IFNs than does TLR4 signalffig.

Although normally present at the cell membrane ateck extracellular
PAMPs, a few TLRs, including TLR3, TLR7, TLRS8, afdR9, recognize
their ligands in intracellular compartments sucleadosomes. TLRs share the
ability of nucleic acid recognition, detecting dsRKI'LR3), ssRNA (TLR7 in
mice, TLR8 in humans), and nonmethylated CpG DNAif®¢TLR9).> % 3¢
31.32Even though these TLRs can recognize virally @etimucleic acids, they
also have the propensity (at least TLR7/8 and TLRO)nteract with self
nucleic acid$” ** Importantly, their intracellular localization mayrevent
them from recognizing potentially dangerous selflenaoles and activating
signals in the absence of infectidh.

TLR3 localizes to an intracellular vesicular contpant in dendritic
cells and cannot be detected on the cell suffatais compartment has been

assumed to be endosomes because inhibition of emddsacidification



abrogates poly(l:C) signaling. TLR3 has to encoudskRNA in these vesicles,
which is probably achieved through phagocytosissiRNA released into the
extracellular space by necrotic or lysed cellsrafieal infection. The other
possibility would be the exposure to dsRNA durinigalv entry through
receptor-mediated endocytosis. In contrast to TLARRNA activated protein
kinase (PKR) and retinoid inducible gene (RIG)4€ lcated in the cytoplasm
and, therefore, suited for the direct recognitidndsRNA produced during
viral replication. For the establishment of an dde&pimmune response
against virus-infected cells, it is crucial to imgudendritic cell maturation.
Therefore, the relative contribution of RIG-1 vessSTLR3 for the response to a
particular virus might, among other factors, dependhe ability of the virus
to infect dendritic cells. It is conceivable théthost response to a virus, such
as the Sendai virus, which infects dendritic calisl enters the cell by plasma
membrane fusion, which avoids the endosomes, warpeénd on RIG-I rather
than TLR3. In fact, the host response to the Sewdas is completely
independent of TLR3, 7, 8 or*®and is mediated by RIG%. During
infections with the West Nile virus, a single-solad (ss) RNA virus, a
peripheral inflammatory response is initiated tlylourLR3 and disrupts the
blood-brain barrier, which enables virus entry itib@ braifi’. Therefore,
TLR3™ mice were more resistant to lethal West Nile vinfsction, and as a
result, the virus appears to benefit from its iatgion with TLR3%’ TLR3 also
seems to be the TLR most strongly expressed inbth&, specifically in
astrocytes and glioblastoma cell life&®and there has been a description of a
TLR3 isoform that seems to be exclusively expressethe brairf® These
findings might indicate that TLR3 has a specifiterm the brain and/or in the

response to encephalitogenic viruses.



The TLR family has a structurally conserved arattitee consisting of an
extracellular domain connected by a transmembrag®m to an intracellular
component. The extracellular domain is composedeaifveen 19 and 25
repeats of a 24-residue leucine rich repeat (LRIjusnce that conforms to
the typical LRR consensus sequence. The LRRs ofST&Rracellular domain
(TLR3-ECD) follow the typicalconsensus motif of a 24-residue repeat,
consisting of XxExxL>XLxxN*L*xxLxxxxF?%xL %, where L represents
obligate hydrophobic residues, which féiLR3 include leucine (most
prevalent), isoleucine, valine, methioniaad phenylalanine; F is a conserved
phenylalanine; and N ia conserved asparagifie’’ The seven conserved
hydrophobiaesidues of the LRRs (at positions 2, 5, 7, 12, A8, and23)
point inward into the solenoid and form a tighghcked hydrophobic core that
provides laterastability to the repeating LRR motifs. Seventeenttué 23
human TLR3 LRRs have the canoni2zdtresidue motif, and only LRR12 and
LRR20 have insertions longéran 5 residue¥,

The extracellular domain of TLR3 consists of a bel®e-shaped array
of LRRs with a characteristic curvature, as anét@pg from amino acid
sequence-based comparisons with the structuresomiblogues. However,
several additional unpredicted structural featuaes evident. The crystal
structures showed extensive glycosylation of owe sif the convex surface
and parts of the concave surface, a feature swghéstbe common in other
TLRs* Additionally, a crystallographic dimer exsists hviadjacent C-
terminal regions close enough to bring the intdatal TIR domains together
and allow signaling. This prompted speculation itlhe mode of dsRNA
binding to the TLR3 extracellular domain and theldgical significance of



the dimef*? It was postulated that the ligand-binding site dsRNA was on
the glycosylation-free faces of the TLR3 dimer ihiethh dSRNA binds into a
region along the top of the TLR3 dimer through @stdr of basic residues on
the TLR3 surfacé® Three alternative ligand-binding models have dlsen
suggested. Docking of dsRNA to bound sulphate veas suggested to bind to
the phosphate backbone of dsR&Ahe second model suggested the binding
to the glycosylated concave surface, whereas thd thodel utilized the
unglycosylated surface placing dsRNA in a shalloaoge between LRRs 12
and 20. Further mutational analysis has identifederal residues particularly
H>*° and N*! that appear critical for TLR3 activity. In additiotwo patches of
residues form charged surfaces that appear toilbotdrcumulatively towards

ligand binding**

Not all TLRs function by themselves. In some ins&s) TLRs require
co-receptors to generate a signaling complex oriateeé&n enhancement in
signaling. Several non-TLR pattern recognition ptoes (PRRs) appear to
contribute towards the TLR response by presenigamtls to the TLRs: CD36
presents microbial diacylglycerides to TLR2-TLR6tenedimers®, TLR4
requires MD2, whereas TLR2 associates with TLR nmems\bTLR1 or TLR6.
CD14 was originally identified as a LPS receptonjchi is attached to the cell
surface by a glycosylphosphatidylinositol ancffotater, it was shown to
function as an essential component of the TLR4/M&inplex in LPS

signaling®

CD14 also plays an essential role in cellular ktaf ligands, including
LPS and phosphatidylinosifd) and interacts with ligands, including bacterial
and nonbacterial products, to enhance ligand-medlieell activatiort® CD14



physically interacts with poly(l:C) and enablesy§bC) internalization. This
CD14-dependent poly(l:C) uptake enhances intradegllTLR3 activation,
explaining why CD14 mice exhibited impaired responses to poly(F€).

In the process of searching for endogenous protghish bind TLRS3,
we found that ribosomal protein L19 (RPL19) to beaadidate molecule. The
ribosome consists of a small 40S subunit and ael&@S subunit. These
subunits are composed of 4 RNA species and appet&iyn80 structurally
distinct proteins. RPL19 is found in the large sbmal subunit (60S) of
eukaryotes and archaea. RPL19 consists of two sgilabular domains
connected by an extended segment. RPL19 is lotateards the surface of
the large subunit, with one exposed end involvetbiming the inter-subunit
bridge with the small suburit: ®* The other exposed end is involved in
forming the translocon binding site, along with |. 223, L24, L29, and L31e

subunits.

The aim of this study was to identify whether RPL#gulates TLR3
signaling. The starting point of this study wasctone the TLR3 gene and
RPL19 gene. In TLR3 expressing cells we investijathether RPL19 was
physically associated with TLR3. We also perfornpety(l:C)-agarose ‘pull-
down’ assay to detect the interaction between p@y(and RPL19. Over-
expression of RPL19 was performed to investigateatttivation of interferon-
sensitive response element (ISRE) or nuclear fd@ppaB (NF«xB).
Activation of IRF3 and STAT1 was assessed after-expression of RPL19.
Finally we analyzed the subcellular localizationT@R3 and RPL19. With all
these experiments we aimed to investigate the odldRPL19 in TLR3

signaling.



[I. MATERIALSAND METHODS
1. Cdll culture

HEK293-TLR3 and HEK293-TLR2 cell lines were maintd and
subcultured in 10% fetal bovine serum (FBS; Gib&®LBGrand Island, NY,
U.S.A.)-Dulbecco’'s modified Eagle's medium (DMEMib& BRL, Grand
Island, NY, U.S.A.) at 37°C in 5% GOThe cell culture medium contained 10
pg/ml of blasticidin (InvivoGen, San Diego, CA, UAS). or 50 pg/ml of
HygroGold™ (InvivoGen, San Diego, CA, U.S.A.) as selectioriliatics.
The cells were stained with anti-TLR3 antibody @Rience, San Diego, CA,
U.S.A) or anti-TLR3 antibody (eBioscience, San doie CA, U.S.A)) to
confirm whether they expressed TLR2 or TLR3. Thenan glioblastoma cell
line A172 was obtained from ATCQCRL-1620™) and was maintained in
minimal essential medium (MEM, Gibco BRL, Grandafsd, NY, U.S.A))
supplemented with 10% FBS (Gibco BRL, Grand IslaNd, U.S.A.) and
penicillin and streptomycin Gibco BRL, Grand Islahy, U.S.A.) at 37TC in
5% CQ. A549 cells originated from lung epithelial cammma (ATCC, CCL-
185™M), were cultured in MEM (Gibco BRL, Grand IslandY,NU.S.A.)
containing 10% FBS (Gibco BRL, Grand Island, NYSIWA.) penicillin and

streptomycin.

2. DNA construction

Deletion mutants of human TLR3-ECD (1-23 LRR ar@2B LRR)
were created into thecoRI/Xhol site of the Gal4 DNA-binding domain fusion
vector pGBKT7 (Clontech, Palo Alto, CA, U.S.A.) ngipSG5-Flag-hTLR3
as a template and the upper: 5’-CCGGAATACATCCTCCACCACCAAGT

10



GCAC-3' and the lower: 5-CCGCTCGAGTTCAAAGGGGGCACTGTT
TGCA-3'for 1-23 LRR of TLR3, the upper: 5-CCGGAATTA ATCTCACT
ATGCTCGATCTTTCC-3* and the Ilower: 5-CCGCTCGAGTTC
AAAGGGGGCACTGTCTTTGCA-3' for 10-23 LRR of TLR3 priers
containing the underlinedecoRI/Xhol sites, respectively. Amplified PCR
products were isolated from gel, digested with dappropriate enzymes, and
ligated into the pGBKT#yc (Clontech, Palo Alto, CA, U.S.A)) yeast
expression vectors. Mammalian expression plasmida oitro translation
plasmids for RPL19 were amplified by PCR and clomd theEcoRI/Xhol —
digested pcDNA3.1/V5 (Invitrogen, California, USA) pGADT7 (Clontech,
Palo Alto, CA, U.S.A)) vectors.

3. Yeast two-hybrid assay

pGBKT7-TLR3-ECD, which expresses mutants of TLR28 LRR and
10-23 LRR) fused with Gal4-DNA binding domain inagt, was used as bait.
cDNA library expressing human fetal brain cDNA fdsegith Gal4 activation
domain was purchased from BD Biosciences (Frankéikes, NJ, U.S.A.).
Yeast strain, AH109 was used for the library scargenAH109 cells were
transformed with pGKBKT7-TLR3-ECD and human plaemDNA library
by the lithium method (Clontech). Transformantsttoauld grow on the
selective medium lacking leucine, tryptophan arstitine & containing 0.5
mM 3-aminotriazole (3-AT) were isolated. Only thelanies that turned into
blue in the-galactosidase assay were selected. Library-deplasinids from

the candidate clones were rescued intd&hedli and studied further.

11



4. B-galactosidase assay

Yeast transformants were grown on nylon filter nredium lacking
leucine and tryptophan for 2 days. The colonieshenfilter were frozen with
liquid nitrogen and incubated for 30 min at@0in Z buffer (38.6 MMp-
mercaptoethanol, 1 mg/ml X-gal, 60 mM N Oy, 40 mM NaHPO,, 10 mM
KCIl, 1 mM MgSQ). When colonies turned blue, these gene produete w

scored as a positive interaction with each other.

5. In vitro co-immunopr ecipitation of proteins

For immunoprecipitation, genes of TLR3 and RPL19emelones and
werein vitro transcribedy T7 RNA polymerase and translated with @ °
T7 Coupled Reticulocyte Lysate System (Promega,iséad WI, U.S.A.) to
prepare®S-Met-labeled bait and library proteiris.vitrotranslation reactions
combined the reagents (10in vitro translated>S-Met-labeled bait and prey
protein) with each other for 1 lat room temperature after resuspension in
immunoprecipitation buffer [50 mMMEPES, pH 7.5, 50 mM NaCl, 10 mM
EDTA, 5 mMDTT, 0.1% Triton X-100 and 1x Complete Proteasdhinbr
(Roche, Indianapolis, IN, U.S.A.)] in a 1.5 ml mdcentrifuge tube. The
mixture was added with 10l (i. e., 1 ug) of HA-Tag polyclonal antibody
(Sigma-Aldrich, St. Louis, MI, U.S.A.), mixed geyntand incubated at room
temperature for 1hr. The resulting immunocomplexs weollected on
prewashed protein A Sepharose beads (Bio-Rad, HsicCA, U.S.A. by
incubation for 1-2 hrs at 4°C and washed 5 timesh weBS. The
immunoprecipitatesvere resuspended with 20l of SDS-PAGE loading

buffer and denatured at 8 for 5 min. Then the immunoprecipitates were

12



separated on 12% SDS-PAGE and transferred ontweited Whatman 3MM
paper. It was then covered with Saran wrap, drie8C&C under constant

vacuum. The gel was exposed to X-ray film overngfhoom temperature.

6. Transient transfection and luciferase reporter gene assay

Luciferase reporter gene assay was performed pitB-kB-Luc (NF-
kB promoter) (Stratagene, West Cedar Creek, TX) @&RE-Luc plasmid
(Stratagene, West Cedar Creek, TX). HEK293-TLRBIEK-TLR2 cells were
grown in 24-well plates with 10% FBS (Gibco BRL)-EW at 37°C in 5%
CQ,. Cells were cotransfected with 0.05 mg/ml piB-Luc, pISRE-Luc
plasmids, and pCM¥-galactosidase vectors (Promega, Madison, WI, U)S.A
using FUGENE 6 Reagent (Roche, Indianapolis, ING.RL). After 24 hrs,
cells were stimulated with poly(l:C) (Amersham Rhacia Biotech,
Milwaukee, WI. U.S.A.) for 6 hrs, and cell extracigere prepared. The
luciferase activity was measured by a LuciferasgpdRer Assay System
(Promega, Madison, WI, U.S.A.) arfidgalactosidase activity was measured
with O-nitrophenylg-D-galactopyranoside (Sigma-Aldrich, St. Louis, MI,
U.S.A)), as the substrate. Luciferase activity wasmalized for transfection

efficiency with the-galactosidase activity.

7. Co-immunoprecipiation and western blot analysis

For transient transfection and co-immunoprecimtatiexperiments,
HEK293-TLR3 or A172 cells (~ 10°) were transfected with RPL19 plsmids

(0.5 ug/ml each) for 24 hrs. The transfected cells wgsed in 30Qul of lysis
buffer [20 mM Tris, pH 7.5, 150 mM NaCl, 1% Triton] mM
ethylenediaminetetraacetic acid (EDTA), 1@/ml aprotinin, 10 pg/ml

13



leupeptin, 1 mM  phenylmethylsulfonyl  fluoride]. = For each
immunoprecipitation, 0.2 ml aliquot of lysate wasubated with Zug of the
anti-TLR3 antibody (R&D, Minneapolis, MN), anti-Vantibody (Invitrogen,
California, USA) or control IgG and 23l of a 1:1 slurry of protein G bead
(Sigma-Aldrich, St. Louis, MI, U.S.A.), at@ for 4 hrs. The beads were
washed three times with 1 ml lysis buffer contagn00 mM NaCl. The
precipitates were analyzed by western blot using\éh (marker protein of
RPL19) or anti-TLR3 antibody was performed as follmgs.

Total protein from HEK293-TLR3 or A172 cellansfected with RPL19
or control plasmids were separated with 10-12% $BESE and transferred to
nitrocellulose membranes. The blots were blocked®B5-0.1%Tween 20
(PBST) containing 5% non-fat milk and incubatedhwéippropriate primary
antibodies at a dilution of 1:1000. After three s in PBST, peroxidase-
conjugated secondary antibodies were incubated dilution of 1:5000,
washed three times with PBST and developed with EHBL system
(Amersham Pharmacia Biotech, Milwaukee, WI. U.S.Alhe anti-TLR3
antibody was polyclonal goat antibody (R&D, Minnehp, MN) or
monoclonal antibody (IMGENEX, San Diego, CA, U.9.Anti-1xB-a, anti-
phospho+#B-a, anti-IRF3, anti-phospho-IRF3, anti-STAT1 or apitiespho-
STAT1 antibodies were all purchased from Cell Siigiga Technology
(Beverly, MA, U.S.A.). For secondary antibodiesaganti-mouse 1gG, goat
anti-rabbit IgG (Jackson Immuno Research, Baltimdi®, U.S.A.) were

used.
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8. Paly(l:C) pull-down assay

To generate poly(l:C)-coated agarose beads, polgg@led beads
(Sigma-Aldrich, St. Louis, MO, U,S,A.) were resusged in a double volume
of 2 mg/ml poly(l:C) (Sigma-Aldrich) prepared in %M Tris (pH7.0) -150

mM NaCl. The mixture was then rocked gently ovenhigt 4C, collected by
centrifugation at 1,000 g, washed with 50 mM Tris (pH 7.0)-150 mM NacCl,

resuspened in the same buffer as a 10% final slang stored at@ for use.

For poly(I:C) pull-down assay, poly(l:C)-coatbdads were equilibrated
in binding buffer [50 mM Tris (pH7.5), 150 mM Nad,mM EDTA, and 1%
Nonidet P-40] as a 10% slurry and combined witlegual volume of extract
from cells transiently transfected with RPL19 pladsn The cell extracts were
supplemented with protease and phosphatase intsib{®gma-Aldrich, St.
Louis, MI, U.S.A.), and 25 U of RNase inhibitor/ififromega, Madison, WI,
U.S.A)). The mixtures were incubated with gentléaipn for 2 hrs at L.
Beads were then centrifuged at 1,80 washed three times with lysis buffer
and resuspended in 2x SDS-PAGE sample buffer. Sampkre boiled at
100 for 5 min, centrifuged at 13,000g for 30 s, loaded immediately on to
SDS-PAGE gels, and processed for immunoblot arslygith anti-V5
antibody.

9. Virusinfection

A549 cells were transfected with V5-tagged RPL¥heas or mock
vectors. Transfected A549 cells were grown to 80c%®nfluence and were
infected with 1 MOI of vesicular stomatitis virug{V) in serum free medium.
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10. Analysis by confocal microscopy

HEK293-TLR3 cells or A172 cells were grown in 8-Wdunc Lab-Tec
Il chambered coverglasses (Nalge Nunc, Napenille,U.S.A.) with 10%
FBS (Gibco BRL, Grand Island, NY, U.S.A)-DMEM caitiing 1%
nonessential amino acids (Sigma-Aldrich, St. Lo, U.S.A.), penicillin
and streptomycin (Gibco BRL, Grand Island, NY, W$at 37C in 5% CQ@
Approximately 1x 16 cells were transfected with RPL19 plsmids (Agml|
each) for 24 hrs and were fixed, permeabilized atadned with anti-V5
(marker protein of RPL19) (Invitrogen, CalifornldSA), anti-EEA1 antibody
(BD Biosciences), or anti-TLR3 polyclonal antibod®&D, Minneapolis,
MN) for 45 min at room temperature. Cells were veskhhree times and
further incubated with 2.5ug/ml of Alexa fluor-conjugated secondary
antibody (Alexa-594, Invitrogen, California, USAJ &ITC-conjugated goat
anti-mouse IgG secondary antibody (Jackson Immuese&ch, Baltimore,
MD, U.S.A)) for 1 hr at room temperature. After uhation, cells were washed
with PBS three times and analyzed by confocal msmwpy. Confocal
microscopic analysis was performed with a Zeissokert 100-M inverted
microscope equipped with an LSM 510 (Carl ZeissiaJesermany) laser

scanning unit and a 1.4 NA x 63 Plan-Apochromatroihersion objective.
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[11. RESULTS

1. Structure and cloning of TLR3-ECD genes

Genomic structure of human TLR3 gene contains gunintron that
divides the coding sequences of the TIR domain. JtrBnscripts are initiated
in exon 1 and exon 2, which suggests the preseficev@ alternative
promoters (Fig. 1Aupper). To identify human TLR3-interacting proteins, we
generated TLR3-ECD constructs (Fig. 1awer). Two types of TLR3-ECD
constructs (1-23 LRR, 10-23 LRR) were generated. (FB). Yeast cells were
transfected with these two TLR3-ECD genes, andesgad 1-23 LRR or 10-
23 LRR (Fig. 1Bright)

2. Screening of TLR3-ECD interacting proteins

To identify endogenous TLR3-ECD interacting proseinve used the
yeast two-hybrid system to screen human fetal bcddNA library with
TLR3-ECD (1-23 LRR, 10-23 LRR) as bait (Fig. 2A).eV¥creened a total of
~ 1x 10° independent clones and 112 clones were obtairtebelclones were
further screened by-galactosidase activity arfétgalactosidase activity (Fig.
2B). Finally 6 clones (8-1, 4-1, 4-111, 4-28, 4af&l 4-93) were selected (Fig.
2B).
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A.

I v v
Chromosome 4g35 \\7' \\ I x\_-_l |

1 Sp M 905 a.a.
22 703 a.a. (1-23 LRR)
274 | 703 a.a. (10-23 LRR)
B.

Clone No. #8 #4-4 Vector #8 #4-4

o '._ 1-23 LRR

. «_10-23 LRR
.

«— PGBKT7-Myc

Fig. 1. Sructure of TLR3 constructs and expression in yeast.

(A) Proximal promoter regions (light grey) and egdnon-coding sequences: dark grey,
coding sequences:coloured) are shown as boxes. TaR8cripts are initiated in exon 1
and exon 2, suggesting the presence of two alteenptomoterqupper). The schematic
diagram represents mutant plasmids containing 1-R® or 10-23 LRR of TLR3
ectodomain(lower). SP, signal peptide; TM, transmembrane. (B) TLRBstructs were
generated by PCR from cDNA derived from human beattocytoma cell line (LN215)
and cloned into yeast expression vectors pGBK&T). Yeast AH109 was transformed
with TLR3 constructs (1-23 LRR, 10-23LRR) or vectonly (pGBKT7-Myc). Cell
lysates were analyzed by SDS-PAGE immunoblottinggusintibody specific for anti-
myc antibody(right).
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A. In vivo plate assay using X-a-gal

SD/-Ade/-Hisi-Leu/-Trp/ X-a-Gal

. Colony-lift filter assay using X-p-gal

pGBKT7-53+ pGBK'I7-I.um-

pGADT7-
E)-TLRs E)-1I.R3
Ban B-l B-l
cDNA#8-1 CcDNA#M4-1 cDNA#-111
BD-TLR3 H)-11.R3

Fd E)JLRS
cDNAil-zs d:NAﬂ-'ls

#4 :TLR3 1-23LRR,LRR-CT
#8 : TLR3 10-23LRR, LRR-CT

Fig. 2. Screening of proteinsinteracting with TLR3.

Yeast two-hybrid analysis was done to screen TLRferacting proteins. 1x£0
independent clones of human fetal brain cDNA liprarere screened, and 112 clones
were obtained. Cells with prey (AD-fetal brain cDNiBrary) and bait plasmids (BD-
hTLR3 ECD) were streaked onto SD-AHLT plates. Thksogrow on the plates when the
prey and bait interact. Also, these clones wergvgron the Xe-gal plates with blue color
(A) or colored with blue using colony-lift filtersgay (Xg-gal to assay-galactosidase

activity) (B).
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3. ldentification of RPL19 as a TLR3 binding protein and cloning of the
RPL 19 gene

Using TLR3-ECD (1-23 LRR or 10-23 LRR) as bait igesast two-hybrid
screening we isolated one clone encoding 80-amai faagment that was
identical to a portion of a 196-amino acid proteinRPL19 (Fig. 3A). The
selected protein products corresponded exactlynio@acids from 1 to 80 of
RPL19, which is identified using blast searchethefGenBank databases (Fig.
3A).

To clone the full-length gene of RPL19, we perfodni®CR with cDNA
derived from human fetal brain cDNA library and tH€R product was cloned

into mammalian expression vectors (Fig. 3B).
4. Interaction of TLR3 with RPL 19 in vitro and ex vivo

To investigate whether RPL19 interacts with TLR3EE vitro, RPL19
and TLR3-ECD proteins (1-23 LRR, 10-23 LRR) welmn#latedn vitro and
analyzed for binding. All the proteins were tratstaproperlyin vitro (Fig.
4A, |eft). These translated antf$]methionine-labeled TLR3-ECD (1-23 LRR,
10-23 LRR) and RPL19 were reacted and co-immungputated with anti-
HA antibody, which is a marker protein for RPL19s Aesults, only 10-23
LRR proteins bound to RPL19 (Fig. 4A)ght]. The whole TLR3-ECD (1-23
LRR) protein was not co-immunoprecipitated with RBI(Fig. 4A right).

We further tested whether TLR3 and RPL19 physicakgociate with
each other in HEK293-TLR3 cells. We generated \ggéal RPL19 fusion
constructs and transiently transfected them in HEXZLR3 cells. Total

20



protein from these cells was immunoprecipitatedaiti-TLR3 antibody and
the presence of RPL19 was analyzed by 