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A critical amino acid in Toll-like receptor 7 TIR domain impacting its binding with MyD88
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[Abstract] Objective To study the mechanism of Toll-like receptor 7 (TLR7) signal transduction by identifying the

critical amino acid in TLR7 Toll/Interleukin-1 receptor ( TIR) domain. Methods We carried out a series of truncating
mutagenesis and site-direct mutagenesis to obtain TLR7 mutants. These TLLR7 mutants were transfected into HEK293T cells.
NF-kB signal pathway activation was determined by the reporter gene assay. Immunoprecipitation and immunoblotting were
employed to determine the binding between TLR7 and MyD88. Results We identified a RXR signal motif with two arginines at

position 1004 and 1006, which plays a significant role in TLR7 signal transduction. We further demonstrated that only the

arginine at position 1004 could affect the binding between TLR7 and MyD88. Conclusion

We conclude that the arginine at

position 1004 of human TLR7 is critical for its binding with MyD88 in signal transduction.

[Key words |

Innate immunity is a central component of the
immune system where it functions as a block to the
growth and the dissemination of pathogens at early

stage of infection"'".

Cells of innate immune system
express a number of receptors such as TLRs, RLRs
and NLRs'"”'. TLRs are type | transmembrane
proteins which recognize pathogen-associated mo-
lecular patterns (PAMPs). TLRs selectively recog-
nize specific components of pathogens. For exam-
ple, TLR3 recognizes double-stranded RNA of vi-
rus, TLR4 recognizes lipopolysaccharide of gram-
negative bacteria, and TLR7 and TLRS8 recognize
single-stranded RNA from virus®*!. The TLRs i-
dentify PAMPs and then trigger the intracellular
network signal pathways, which results in the de-
velopment or acceleration of inflammatory reactions
and autoimmune diseases.

TLRs are composed of extracellular domain,
transmembrane domain and cytoplasmic domain"'l,
The extracellular domain consists of 19-25 leucine-

rich repeats (LRRs). These LRRs mediate the spe-

cific interaction of ligand-receptor-”*, The cyto-
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plasmic domain is mainly composed of Toll/Inter-
leukin-1 receptor (TIR), which mediates the intra-
cellular signal transduction. TIR domain recruit-
ment of an adapter protein called myeloid differenti-
ation factor 88 (MyD88). MyD88 is the initiator of
TLRs.

pathways for most

and IRAK4

intracellular signal
MyD88 IRAK4,

IRAK6 directly or indirectly, and then the tran-

recruits recruits
scription factor NF-kB is activated by the signaling
cascades via IRAK6, resulting in the production of
cytokines, such as IL1-8, IL-6, TNF-«, and type
I interferon(IFN)"/,

TLR7 is located in the endosomal compart-
ments'”'. The ligands of TLR7 were originally i-
dentified as imiquimod, resquimod (R848) and gua-
nine analogs such as loxoribine™. TLR7 also rec-
ognizes single strand RNAs which originate from
viruses such as HIV, HCV and influenza virus.
Studies have indicated that TLR7 recognizes the
synthetic poly(U) RNAs and some small interfer-
ing RNAs as well. The correlation between TLR7

and autoimmune diseases, such as systemic lupus
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erythematosus, has been confirmed because TLR7
is involved in the activation of dendritic cells and
autoreactive B cells through recognizing endogenous
single strand RNAs™. TLR7 recruits MyD88
through its TIR domain after activation, and then
IRAK4 and IRAKG6 are recruited. Finally the tran-
scription factor NF-kB is activated, which results in
the production of cytokines and type [ IFN™. Al-
though the signal pathway has been substantiated
by many studies, the mechanism by which TIR do-
main recruits MyD88 is unknown. In this study,
we constructed various TLR7 mutants and used the
dual luciferase reporter assay system to indentify
the critical site involved in TLR7 signal transduc-
tion. By using the co-immunoprecipitation assay.
we demonstrated that arginine at 1004 was critical

for human TLR7 activation by affecting the binding
between TLLR7 and MyD&8.

1 Materials and methods

1.1 Reagents and antibodies PrimeStar DNA pol-
ymerase and restriction enzymes were purchased
from TaKaRa Biotechnology Co. Ltd. PCR primers
were synthesized by Sangon. Lipofectamine™ 2000
was purchased from Invitrogen. R848 was pur-
chased from Alex. The Dual-Luciferase Reporter
Assay System was purchased from Promega. Anti-
human TLR7 and MyDS88 antibodies were pur-
chased from Abcam.

1.2 Construction of expression vector and TLR7
truncating mutants Human TLR7 sequence was
generated by PCR and ligated into the cloning site
of the expression vector pEGFP-N1. A series of
truncating reverse primers were designed and used
to generate various TLR7 truncating mutants,
which were also ligated to pEGFP-N1. MyD88 was
cloned from ¢cDNA of THP-1 and ligated into the
expression vector pCMV-C-MYC, whose C-termi-
nus would express a Myc tag. NF-¢B was cloned
into firely luciferase reporter plasmid pGL3 (Pro-

mega). The Renilla lucierase reporter plasmid

pRL-TK was also purchased from Promega.

1. 3 Cell culture Human embryonic kidney
(HEK) 293T cells were cultured in DMEM cell cul-
ture medium (Gibco) containing 10% heat-inactiva-
ted fetal bovine serum (Gibco) and penicillin/strep-
tomycin antibiotics (Invitrogen).
1. 4 Site-directed mutagenesis QuikChange Site-
Directed Mutagenesis Kit (Stratagene) was used for
site-directed mutation. Mutants were made as the
kit’s instruction described. Sequences of the oligo-
nucleotides were designed available upon request.
All mutants were confirmed by sequencing.

1.5 Reporter gene assay HEK293T cells (2X10°
cells/well) cultured in 24-well plates were trans-
fected with expression vectors wild-type TLR7,
TLR7 truncating mutants or site-direct mutants,
empty pEGFP-NI1 vector (0. 2 pug/well) together
with the firefly luciferase reporter plasmid, NF-xB-
luc (0.2 pg/well), and a Renilla luciferase internal
control vector, pRL-TK (20 ng/well), using Lipo-
fectamine™ 2000 reagent. Twenty-four hours after
transfection, cells were stimulated with R848 (2
pg/welD). After stimulation for 8 hours, cells were
lysed in lysis buffer (Promega). By using Dual-Lu-
ciferase Reporter Assay System (Promega), firefly
luciferase and Renilla luciferase were measured.
Relative luciferase activity was calculated by the ra-
tio of firefly luciferase activity to Renilla luciferase
activity.

1. 6 Immunoprecipitation and immunoblotting
HEKZ293T cells were cultured in 6-well plates and
were transfected with expression vectors wild-type
TLR7, TLR7 truncating mutants, or site-direct
mutants (4 pg/well). After 24 h, the cells were
lysed and collected with lysis buffer (20 mmol/L
Tris-HCI, pH 7.5, 150 mmol/L NaCl, 10 mmol/L
EDTA, 1% Nonidet P40, 25 mmol/L iodoacet-
amide, 2 mmol/L phenylmethylsulfonyl fluoride),
which was supplemented with Complete Protease
Inhibitor (Roche Applied Science). The homoge-

nates were centrifuged at 13 000 X g for 30 min at
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4°C, and the supernatants were mixed with 10 pl
anti-c-Myc affinity agarose (Thermo) and incubated
overnight at 4°C. The immunocomplexes were
washed three times with TBS-T buffer (TBS plus
0.05% Tween-20). Then the mixtures were eluted
into 30 pl Elution Buffer (Thermo). Samples and
cell lysintes were analyzed by SDS-PAGE (8% or

12%) under reducing conditions followed by immu-

noblotting  with anti-TLR7 or anti-MyD88
antibody.

2 Results

2.1 TLR7 truncating mutants analysis The TIR

domain of TLR7 consists of about 160 amino acids.
As there are no certain sorting signal motifs in the
cytoplasmic tail of TLR7, we firstly constructed
two truncation mutants of TLR7 which contain the
whole TIR region deletion (TLR7ATIR) and half
TIR region deletion ( about 80
TLR7A80) of TLR7. To detect the function of two

amino acids,

mutants, HEK293T cells were transfected with
TLR7ATIR, TLR7A80, wild-type TLR7 or empty
vector. After transfection cells were stimulated by
R848, using NF-kB transcription activity as an indi-
cator, we tested the relative luciferase activity by
reporter gene assay (Fig. 1). Both TLR7ATIR and
TLR7A80 were insensitive to R848 stimuli, which
indicated that the critical region for TLR7 signal
transduction may locate in the second half of TIR
domain.

To identify the accurate region for TLR7 signal
transduction, we generated three more truncation
mutants in second half of TIR domain (Fig. 2).
Approximately 20 more amino acids were deleted in
each mutant compared with the previous one.
These mutants TLR7A20,
TLR7A40 and TLR7A60. As described previously,

were named as
these mutants were transfected into HEK293T cells
and then were measured by reporter gene assay
(Fig. 3). The mutant named TLR7A60 inhibited
TLR7-mediated NF-kB signal pathway activation.

These results suggested that the crucial region be-
tween TLR7A40 and TLR7A60 would be essential

for signal transduction of TLR7.
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Fig 1 Activation of NF-xB by TLR7 whole or
half TIR region truncating mutants in HEK293T cells
HEK293T cells in 48-well plates were transfected with 400 pg ex-
pression plasmids encoding empty vector, wild-type TLR7 ( TLR7
WT), TLR7ATIR or TLR7A80 truncating mutants by using Lipo-
fectamine 2000. After 42 h, cells were stimulated with R848 (500
ng/mlD for 6 h. Then cells were harvested and lysed in passive lysis
buffer, and luciferase reporter gene activity was measured. NC: Neg-

ative control. ** P<C0.01 vs TLR7 WT. n=3, ¥=*s
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Fig 2 Schematic diagram of TLR7

truncation mutants used in this study
TLR7A20 signifies the mutant truncated approximate 20 amino acids.
Others are named in the same manner. TLR7 WT. Wild-type
TLR7
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Fig 3 Activation of NF-kB by TLR7

truncating mutants in HEK293T cells
HEK293T cells were transfected with empty vector, wild-type TLR7
(TLR7 WT) or TLR7 truncating mutants as in Fig 1. After 42 h,
cells were stimulated with R848 for 6 h, and luciferase reporter gene

activity was measured. NC: Negative control. * * P<C0.01 vs TLR7
WT. n=3, 7=+s
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2.2 RXR signal motif in crucial region impaired
TLR7 signal transduction The crucial region be-
tween TLR7A40 and TLR7A60 consists of 16 ami-
no acids. Although the certain sorting signal motif
in TLR7 cytoplasmic region is not clear, some typi-
cal motifs have been reported in many other mole-
cules. Di-arginine motif RR or RXR, as an endo-
plasmic reticulum (ER) processing signal, has been
identified just in the crucial region. Hence, to lo-
cate the critical amino acid sequence in this region,
we replaced two conservative arginines at 1004 and
1006 by glycins. DNA sequences were confirmed by
sequencing.

To identify the function of RXR motif in the
crucial region, wild-type TLR7 and the mutant
(TLR7 R1004GR1006G) were transfected into
HEK293T cells respectively and NF-kB relative lu-
ciferase activity was measured after R848 stimula-
ted (Fig. 4). The relative luciferase activity was re-
duced by half compared with wild-type TLR7.
These results suggested that RXR signal motif is

essential for signal transduction of TLR7.
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Fig 4 Activation of NF-xB by TLR7 RXR
motif mutant in HEK293T cells
HEK293T cells were transfected with wild-type TLR7(TLR7 WT),
the mutant TLR7 R1004GR1006G or empty vector as in Fig 1. After
R848 stimulation for 6 h, relative luciferase activity of NF-xkB was
measured. NC: Negative control. ** P<C0.01 vs TLR7 WT. n=3,
Tts

2.3 Arginines at 1004 and 1006 have different
effects on TLR7 signal transduction In order to val-
idate whether there are interactions between these
two arginines and their adjacent amino acids, five

single amino acid mutants, TLR7 1.1003P, TLR7
R1004G, TLR7 K1005E, TLR7 R1006G and TLR7

LL1007P, were constructed by site-direct mutagene-

sis (Fig.5). DNA sequences were confirmed by se-

quencing.
Tir7 @l . S .
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TLR7A60 m=mms 994
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L1003P R1004G K1005E R1006G L1007P

Fig 5§ Schematic diagram of TLR7
truncation mutants used in this study
TLR7 L1003P signifies a mutant with leucine replaced with proline at

position 1003. Others are named in the same manner

Reporter gene assay revealed that, after stimu-
lated by R848, only TLR7-R1004G and TLR7-
R1006G depressed the relative luciferase activity of
NF-kB, while other mutants remained the level
compared with wild-type TLR7 (Fig. 6). However,
it is worth noting that the impact to NF-kB activa-
tion by R1004G is higher than by R1006G. These
results suggested that although both arginines at
1004 and 1006 could impact TLLR7 signal transduc-
tion, R1004G is more effective than R1006G.
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Fig 6 Activation of NF-xB by TLR7

site-direct mutants in HEK293T cells
HEK293T cells were transfected with wild-type TLR7(TLR7 WT),
TLRY7 site-direct mutants or empty vector as in Fig 1. After R848
stimulation for 6 h, relative luciferase activity of NF-kB was meas-

ured. NC: Negative control. * * P<C0.01 vs TLR7 WT. n=3, v+t

2.4 Arginine at 1004 is the only amino acid essen-
tial for binding with MyD88 MyD88, as an adapter
protein, is reported to be essential for TLR7 signal
pathway. However, the region of TLR7 TIR domain
binding to MyD88 is not clear. To examine the rela-
tionship between TLR7 mutants and MyD88, co-im-

munoprecipitation studies were performed.
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Firstly, we detected the combination between
TLR7 truncating mutants and MyD88. HEK293T
cells were co-transfected with MyD88-Myc and
wild-type TLR7 or TLR7 truncation mutants. By
using immunoprecipitation and immunoblotting as-
say, we found three truncation mutants,
TLR7A60, TLR7A80 and TLR7ATIR, did not co-
immuoprecipitate with MyD88-Myc after R848
stimuli (Fig. 7A). The results coincided with re-
porter gene assay, suggesting that the crucial re-
gion between TLR7A40 and TLR7A60 would im-
pact signal transduction via changing the ability of
binding MyD88.

Then we tested TLLR7 RXR signal motif mu-

tant by using of immunoprecipitation and immunob-

lotting assay (Fig. 7B). Compared with wild-type
TLR7, the mutants’ ability of binding to MyD88
was greatly decreased. The result indicated that
RXR motif between TLR7A40 and TLR7A60 is sig-
nificant for TLR7 signal transduction by impacting
the binding with MyD88.

We also performed immunoprecipitation and
immunoblotting to further investigate the binding
site to MyD88 in TLR7 TIR region (Fig. 7C). To
our surprise, TLR7 R1004G was the only mutant
which could not co-precipitate with MyD88. These
results suggested that arginine at 1004 is the only
amino acid critical for activation of TLR7 signal

pathway by impacting the binding with MyD88.
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Fig 7 Binding between MyD88 and TLR7 mutants in HEK293T cells
HEK293T cells were co-transfected with plasmids expressing MyD88-Myc and TLR7 truncating mutants (A), TLR7 RXR motif mutant (B),
TLR?7 site-direct mutants(C) , or wild-type TLR7 (TLR7 WT). After 24 h, cells were stimulated with R848 for 6 h, then cells were collected

and lysed by using of the lysis buffer. MyD88-myc was immunopecipitated from lysates of the cells using anti-c-Myc affinity agarose (Thermo).

The immunoprecipitates were then subjected to immunoblotting with anti-TLLR7 antibodies to detect the co-immunoprecipitation of MyD88-TLR7

mutants. The immunoprecipitates were also subjected to immunoblotting with anti-MyD88 as control groups. Immunoblottings with anti-TLR7

were also performed in whole cell lysates to confirm comparable levels of TLR7 mutants and wild-type expression
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3 Discussion

TLR7 signal pathway results in activation of
transcription factor NF-kB., which then leads to
production of inflammatory cytokines and type [
IFN™ . In this study, we performed truncating
mutagenesis and site-direct mutagenesis analysis to
illustrate the mechanisms of TLR7 intracellular
signal transduction. We identified a region, loca-
ting between TLLR7A40 and TLR7A60, consisting
of 16 amino acids, could be a crucial part for TLR7
signal transduction. This region was proven to be
essential for the binding between TLR7 and
MyD88. Further study indicated that the two argi-
nines at 1004 and 1006 in this region could impact
the activation of NF-kB, and only arginine at 1004
is essential for conjunction of MyD88.

Studies by population genetics have indicated
that there are many single-nucleotide polymor-
phisms in TLR7 that could be associated with the

risk of many diseases'"’.

For example, rs179008,
the glutamine at 32, changes into leucine or pro-
line, increases the risk of age-related macular de-
generation ( AMD), asthma and related disor-
ders""™. Another SNP in TLR7, c. 1-120T>G,
is reported to protect male patients with chronic
HCV-infection from inflammation and fibrosis"'*!.
As the mutants at 1004 or 1006 could impair TLR7
signal transduction dramatically, those arginines
could be a potential target for therapy of diseases
which depend on TLR7 signal pathway.

As TLR7 recognizes ssRNAs specifically,
TLR7 signal pathway is indispensable for organism
to resist virus infection. Our previous study has
shown that TLLR7 is a essential receptor for IFN in-

(31 In this study,

duction during HCV infection
we found the crucial site for TLR7 signal activa-
tion. So our findings provide important information
for understanding TLLR7 activation during natural

immune response.

TLR signal transduction depends on the inter-

action between TIR domain and TIR-containing
adaptor molecules such as MyD88. BB loop is re-
ported to enable interactions between certain TLRs
and certain adaptor molecules'" .

mutation within the TLR4 BB loop., Pro712His, in
the C3H/HeJ mouse has been identified because it

For example, a

S Importantly

could abolish LPS signaling
TLR4 Pro712His does not change the overall struc-
ture of the TIR domain, and the association of
TLR4 Pro712His and its adaptor molecules is re-
ported to be intact'""™. In contrast with TLR4, it
is reported that Pro434 mutation in BB loop could
arrest signal transduction by impacting homo-oli-

gomerization in TLR3 pathway"'"'.

In our study,
interestingly, TLR7 transmits its signal in a BB
loop-independent manner. We found two arginines
in the same signal motif that could abolish TLR7
signal transduction, but only Argl004 had the abil-
ity to impact the binding between TLR7 and
MyD88. To conclude, our findings offer new evi-
dences for understanding TLR7 signal transduc-

tion, and provide new potential targets for immu-

notherapy through TLR7 pathway.
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