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Abstract Vanilloid receptor, TRPV1 (transient receptor potential vanilloid 1) is a non-selective cation channel
that responds to a variety of pain-eliciting material including capsaicin, pH, heat. Although, membrane trafficking
of TRPV1 was not much known so far, TRPV1 was reported to interact with FIP3 (family of Rabll interacting
protein 3). FIP3 was identified as one of Rabll interacting proteins that is recently reported important in
membrane trafficking of several channel proteins directly or indirectly. Therefore, in this study, we examined the
role of Rabll in the membrane trafficking of TRPVI using cell biological and biochemical techniques. Rabl1
was found really colocalized with TRPV1 based on the result of confocal microscopy. However, GST-pulldown
assay, one of biochemical technique, found that Rabll did not interact with TRPV1. Although Rabll does not
interact with TRPV1 directly, we hypothesized that Rabll is indeed involved in the membrane trafficking of
TRPVI. In order to examine further the role of Rabll in the membrane trafficking of TRPVI1, the expression
of TRPVI on the membrane was examined when the expression of Rabll was decreased down to about 50%
by siRNA technique and found decreased significantly. From this result, we can conclude that Rabll is
involved in the membrane trafficking of TRPV1 in a way of including FIP3.
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1. M2

TRPV1-& TRP(transient receptor potential) familyo]] <
Sl HIE01A] ool AEdEA nFo] mlE Adwdl
FALol 4l (capsaicin)o] o] E/datE|o] Folo] Y
I dE M9 FAste] Al=o] Al Al AEEe] 55
& ke AeR dhelX ez olri1-3]. 1997d
Juliuso]| 9J5}e] GAXP 24 EQIA Vanilloid
Receptor 1 (VR1)S.2 HHEQcH4]. ©] & VRIS TRP
(transient receptor potential) family o] &-F%]o] TRPVI
o8 qEA BEEATHS] TRPVI Q-2 JYrfo]al
gk olye} thE 555 AEste ¥lo] E= Aoyt &
of oA FYst He ALRE dEA Qo] 5
A Ao e Fagt AES o= AR GAaL 9l
t}6,7]. 1HEE TRPV1 L AEAZE U5tz
Sk BhRlos FEan QITHs
TRPVIZ ol2] A25 T3l &/do] 2 E =] Qb
sta4 A (PKA) [9-11], ¢QASEE A C (PKC) [12-15],
CamKII €} Src QUAHs} HA16,1715 ]
ERlAkste] ofsf &/do] 24 He A
o QA oo A F 2 A%l ol

[l

ole A suto] el ork

uf a8l TRPVI o] uledo] TIAE 22l A
o] WXx] ¢k AAeltk. TRPVIZ PKCE 4159 F3&
wron] HojE LEHO R SNARES Zshs Wilo
Alzzato s olFgo] HUWITH20]. EF TRPVIZ
FIP3(family of Rabll interacting T+22] 3, Rabl1-FIP3)
oliT SR Rab 23 T Boldow 4 Ak
o] ¥ 1E]JtH21]. Rabll ZA3fcha Q] FIP37} TRPVI
I AgRiths Aibs SH|28 232 A 2 Rabl1o]
uf chalie) A ehage] ubgo] Bofsiris A7
el Aol gl AF|o|rh22-26]. 53] Rabllo]
TRPV19] family ¢} <3&}= TRP channel?]l TRPV52}
TRPV63} 44202 4528510, o 4ol Tolahs
Aoz deFTH22]. RabllE ZFsh= Hpd 1ol
] FIP3-S- Rabl10] Zalsko] Rabl1-FIPs E3H=2 o]=
of ofz] uF S4QIAES BRI v g 2T
&-Z st= AT HITH27-29].

J#og 2 olo]Ai Rabllo] TRPVIO|AE
TRPVSS} TRPVOAE 47 45510l thodo] Thof
SHeA), Rl FIP3S Eghsto] 1502 Bofoher
£ Yoli7] 9J5to] Rabl1d} TRPVIS] A o] §X]
£ 2] 31100, Rabl 13} TRPVIS] 5] Aate

hu

2.1.1 M= Hiat S=IFQ (transfection)

HEK293T cell®] HjjoFoll+= Dulbecco's modified Eagle's
medium (10% FBS 2} penicillini} streptomycin %)
S AMgERnh. §239le  Lipofectamine™  Reagent
(Invitrogen, Carlsbad, USA)E AME-3lo] AxALS] =4
W o Ashc.

2.1 MIZHHQE 2 A2k
P

2.2 GST—pulldown &4

TRPV1 3 E pcDNA3-myc-his-TRPV1 HEEZS
HEK293T Ajaze] PAFAsIT: 3641 AT
A|3ZE RIPA buffer (1% sodium deoxycholate, 0.1%
SDS, 1% Triton X-100, | mM PMSF, 10 mM Tris, 140
mM NaCl, 0.5% NP-40)Z E2j3}0] cell lysateS LIt
&3 o912l GST-Rabl13} GST-FIP3-& Z}719] ¢cDNAS
Z2Y 3lo] pGEX-5X-3(Amersham, Buckinghamshare,
UK) ¥lEjo] MBIt Ydste] GST 53 S
o ol-g3fo]
GST-pulldown 2412 A A3} tH30]. GST-pulldown 3}
o] dojdll A|Z+= western blotr AAI5to] ECLIE S &
sho] WES Bhelsheich

= [e]
Emarson 9] HMHS

2.3 siRNA S&IE 2|
Rabl19] A|3|= 9|3 Dharmacon®] siGENOME™
Rabl1a2] siRNAZS ARLFFItHE 1). 9o FAE=Q}

[E 1] Rablla siRNA A&
[Table 1] Rablla siRNA sequence

sense sequence antisense sequence

#1 guaggugccuuauugguuuuu paaaccaauaaggcaccuacuu

#2  gcaacaaugugguuccuauuu pauaggaaccacauuguugcuu

#3  caagagcgauaucgagcuauu puagcucgauaucgeucuuguu

#6 ggaguagaguuugcaacaauu puuguugcaaacucuacuccuu
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£915}7] HEK293T A|3% lo] Lipofectamine™ Reagent
(Invitrogen, Carlsbad, USA)E ©]83}o] A| A} 325}
= HHYE 6 well plate] 3 welld 400 nM2] siRNAS
Aelatglen, siRNAXZ] o] 75A17HE  ujegFsto]
Rabl1a®] knock down2 -G-=3}3ich

2.4 realtime—PCR

siRNA7} =%]%] HEK293T A|3ZE Trizol Reagent
(Invitrogen, Carlsbad, USA)E A}E-3}o] total RNAE 3=
=5k, 189 RNAE
First-Strand Synthesis System For RT-PCR (Invitrogen,
Carlsbad, USAYE ARE-8to] Al2APE 46k W2
reverse transcript-PCRS =85} total cDNAS Aoyl
th o]% ojdl cDNAQ 10 ngE FHawo=m dho
realtime PCRS 4>3J3}9ic}l. Rablla2] realtime PCRO|
JAR:R] A ZFL- Genescript
(https://www.genscript.com/ssl-bin/app/primer)E&  ©|-&3}
o] 3 2 &} o] AABIAL, olF 667~762 F945 73
© & 3}= primerE realtime PCRoO|| ARE3}4 Tt PCR-&
SYBR green PCR master mix (Applied biosystems,
Warrington, UK)E AME3}91 0w, 50 ColA 287 13,
95TofA] 10 E71 13], o] & 40 3]9] (95TofA 15%, 5
8ToflAl  1&) PCRE 43Y3}%aL, ABI
quantitative manager version 1.2 (Applied Biosystems,
California, USA)Z 2 133 o]-&5lo] I =S =43}

it

223 5 SuperScript™

primer2]

relative

[E 2] 4AJZF PCR ZajolH
[Table 2] Realtime PCR primer

Sequence position length Tm

AAATGTCAGACAGACGCGAA 667 20 59.4

Primer 1
ACTGCACCTTTGGCTTGTTT 162 20 59.8
TGGAAAGCAAGAGCACCAT 241 19 59.9

Primer 2
GCTGTGTCCCATATCTGTGC 33 20 59.1
GGGCCATAAGTTAAACAGTGC 1443 21 58.6

Primer 3

CTGATCATTGCCAACAGAGG 1533 20 h9.2

2.5 gt =xH5H= TRPV1 2| EbX|

TRPVIO| stabled}d] FAZQ)=El HEK293T A3
Rablla siRNAZ & &Z2<510] 7547 ot ujofst A=
£ 2000 rpm 15 Y4 E3}o] cellZ ice cold 1 X PBS
of 33] AlA3ich <F 25 X 10° cel/mle] =7t HE=2
1X PBSO| A|ZE A2& 3t T sulfo-NHS-LC-Biotin
(PIERCE, Rockford, USA)S 2 mMX]2]3}o] A1&ofA] 30

& HSAIZITE ©]%F 10 mM glycine] 37HE PBSZ Al
ZE A|A3E 5§ 1 X IP buffer (1% Triton X-100, 150 mM
NaCl, 10 mM Tris, pH 7.4, 1 mM EDTA, | mM EGTA,
0.2 mM sodium orthovanadate, 0.2 mM PMSF, 0.5%
NP-40, 50 mM 30 mM
pyrophosphate, protease inhibitor tablet)2 A|3XE 83|35}
o] alof] 314 %] streptavidin (PIERCE, Rockford, USA).2.
Z biotin-FA] A2 FH T AS Fejsl Wo] western
blot2 AA|EFcE TRPVIS] C-terminal A|3EZ] 7723
AE AxFsto] W A2 dilES o835t B9
Al A2 E7] P83 FA| anti-CVRIZ 1:5009] H|&
2 12} 3 A 2] St F ol anti-rabbit HRP (Amersham,
Buckinghamshare, UK) 3}4|S 1:10002] B &2 22} 314
Ae)& g F ECLIAS 35to] TRPVIS HES 24l
shict

sodium fluoride, sodium

2.6 Bof HE B0l W
Z¥zko] vkg WE pEGFP-TRPV1Y} pcDNA-myc-his-

Rabl112 poly-L lysin Z 2|3t cover slipo] HfoFst
HEK293T A|3E9] cotransfectiond}o] 24A]7HsQF HHE A
Atk o]% cellS 1 X PBS (pH 8.0)2 A 3t 5] 4%
formaldehyde 2 31%J3}%3 T} 0.2% Triton X-1002 %] 2|3t
A|3Eo)| 5% BSA (in 1 X PBS)& blockingdt M|ZE HY
B PHoR dMsHRTh 13} Al anti-c-mye |
2 13009 BlEE ARgskda, 2%
Cy3-conjugated goat
USA)YE ARS8t

A=

anti-mouse (Zymed, California,

3. A}

3.1 TRPV11} Rab112| colocalization?| QI

Rab112 A|azulo]] EA3tA A TRPV52}F TRPV6} 4
SAGSIAA el APHer FgE = A[22]
A ke o ggo] SpolE AR F 5 olrks 7}
=4S HolZErl 18|22 Rabllo] TRPVIZIE ZH 2
oz Faste] vl TolsheAE dotny] slstol
A2 W] TRPVIZ Rabl18] s I3 dnAES
0|83t HAZEHHS AAlste] dobR gt 1]

% 1A9A EZo] Rablle AL A:2UHHE
Zxog Hixrlo] 9lom TRPVIS 7Lo|= Rabl1x}
AE I A) fARSE B, 5 HESt 9lo] Bxst
L A2 gholslgir}. 18 1CE Rabl1d} TRPVIO] A
ol A colocalizationdlal 1-S-2 Ko £, oot A
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Ak Rabllo] AlEufo] Bashuls 2gdol= 714
Hol £ AlEu} gl da ulg- WgslA spElo] 9l
AR

A

Rab11

TRPV1

[ 1] HEK293T A|3of ZA|3l= TRPV1 I} Rabl12)
Colocalization.

[Fig. 1] Colocalization of TRPV1 and Rabl1 in HEK293T
cell.

Overlay

A, Rabll (54); B, TRPVI(ZH4); C, Rabll (=)}
TRPV1 (ZA)o] colocalized}o] w=ghH-S HQlT)

3.2 GST pulldown assay

Rabl13} TRPV1S ATIS A5}tz oz m—o]—iﬂ <]
3] GST-pulldown £41& AA|stgcH1d 2]. 1Y 29
A B upel Zro] TRPVIS FIP3SH:= Ab&zR8-3}12|uk
Rabl13}= eHil2] 7hol] A& 2 {2 A% o]e;q oF
= 7oz yelydtt FIPs thlZ o] C-terminusef ¢J*]3t
Rabl1-Z%}t Enﬂ Ol(RBD)S o]&3}t0] Rabl13} 22 & 0]
AT AR-S SH= Z22]3Hs 22 02, TRPVIO|E o]
oF H|Rt muRlo] EAEHA] ¢h= Ao=E Hoth
TRPV11} Rabl1-& A& colocalization SPHA = A2 2]
A A 34 o= ZS Rabllo] TRPVIE] 7%
of lFHAlo] QALY L Z 2 o] thulzl thulz] A&
Zkg-o] obd 7HEZ <l A 5-& S3te] TRPVIE] gt
o S vA AegE gzidnh

AN
N o
x© Pals
co® N 5
TRPV1 — |

[12 2] TRPV1/GST-Rabll GST pulldown £4].
[Fig. 2] TRPV1/GST-Rabl1 GST pulldown analysis.

lane 1, positive control. GST-FIP3 ¥+& cell lysate; lane 2,
GST ¥4l cell lysate; lane 3, GST-Rabl11 W& cell lysate.

MIZo|A2| TRPV1

GST-pull down 240]| 4] Rabl10] TRPV1Z} 24 2.0
2 AR AUk Rabllo] TRPV1Q] 4 44of 34
CASHEAE: SioF 7] 919 Rabl1ao] WIS 43 ol

S W TRPVIO] AU} 0] 2249 ofolrgbrh

©. 4, Rabllao] W&L A3fA|7]7] 8l TRPVIO|
stabled}A] W& E] 31 Q)= HEK293T cellef] Rablla
SIRNAS A E=Qlsle] YA S =519}t Rablla
O W AL realtime PCRE AA|Sto] ERISHGITH L
2 3]. 24§ Z3} Rablla?] siRNAE Rabl19] Hd-S
controlo]] ¥[3fe] oF S0%EER A3 she A0 ekt
=

[12 3] siRNA9Y] 2J3 Rablla W&le] A3.
[Fig. 3] Inhibition of expression of Rablla by siRNA.

siRNAE % 2]8}A] &2 sample (control) I} siRNAZ *|Z]
3l A (siRNA)Q] W3 A% (n=3, p<0.05).

Rab11a®] Wglo] HA|9| oF 50%71 Al &7l
A TRPV1E| Alu] &3 53] 2o $jA|sh= & Lot
HokTh TRPVIZ o3d3] A29] who A W= ATk 11
ol A AlzzolA] WA= ol Hlste] w9 WA (oF
40% o R)dd e ZE gRlg 5 SItHIH 4]
o] Rabl1a®] HFel As) TRPV]QJ o
Of= 2122 TRPVIS| Wfo 2 o] o=
the & ouigith

AEH o7 2 Lo A Rabl1-& TRPVIZ}F A ZY &
Z7} SAFSLY] colocalized} R A2 R (A el ATHS &}
L A 7] otk Rabl19] WHE-S #aabH TRPVIS] ot
‘l‘?)‘o] A Eltt= AFZRE RabllS TRPV1E| wp:
Fol Bofsh= Aem dEAE 4
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[Fig. 4] TRPV1 expression on the membrane.

A, AA] cell lysate of|A2] TRPV1 2] 9F (lane 1)3} =} of
ZA|5M= TRPVIY (lane 2). siRNA A]&]8}#] o A
(control, HE)e} A 2|gt 749~ (IRNA ofi%). B, tjx -1}
siRNA 2] & A3 [A|2] TRPV1E] &} dhof] HaEH
TRPV19] OFS AMfA] H]-&8 FASE 18] Z(n=3, p<0.05).

4 0F

TRPV12] aedio] tfatoli & a4l vz} gl 7}
9d 2+ TRP familyo] £:35}= TRPV59} TRPV62] 7
S0l Rabl1o] 2YH o Agsto] uf suo] ol
the Aol WEE|YITH22). TRPC AU Aol
Rabl17} Rabo7} Polslz Zo| Ml Ssl
Rabll 9] &Jglo] Za3}o] Rabl19] y}rjatao TRPCE]
w4 o] WEe SdiAATH23). =3k ENaC AL o] 7
©& Ade] AlmU] B2} Rabl19] TS W Ao
B EQTH24]. 1 €] CFTR, Kvl.5 2] fd= AZY)
2450] Rabl10] Fojaheia ® e girh25,26].
gejoe B AelAE TRPVIS] uf 44310 4]
Rabl1o] Frof@ThiL 7Pl 0|2 Bhelstaz} AlEA
gotdon w3 ASisdon odopugith  Agdm
TRPV1-S TPRV5U TRPV6H S Rabl13} ZA Aoz A

& 3R] okttt 3FA]9F TRPV1IS Rabl13} colocalize
3l Q) o Lo}z Rablla2] ¥rd2 *|35d TRPV1
o

of F s0] A7k Bl A ) TRPVIY] B} 4%
o Fat 24 A48 she 2L stk

3100

I8 9 TRPV1©| TRPV5L) TRPV6X} o] Rabll
I ARA ez AR gerh? ol o= o E =4
o] Fxholl W7l &L st Ao® Hol=t IA0]
Rabl13} complexE ©]F+= FIP3o] ojdr} AJZErct
TRPV1-S FIP33} 21420 2 A3laln FIP3S TRPVIC]
up o] ojgitial HuEGITH21]. 12 E Rabll
o] TRPVIT} AR A0 5 A5 Gxul FIPST} 2
ske TRPV1E] Bhpdof Pojdh= AoR Helrk 12
B2 2 A4 Hojazo] Rabl1o] W o] Eois
™ Rabl1-FIP3 complex?] %Fo] =7 Z|o] TRPVI1S] o+
ol AR F ACE M) o]k 2o AHTE
shoz wel @ AT 7 AL k1 Ik Rabll
2 FIP2} RBD (Rabll1-binding domain) =H|2l-S £5}¢]
FIP7} o547} |25 =90 o]2FA|Q] Rabl 12} A5}
of olg) AllE Bslnl o ol Bolgick wm
ool Rabl1 3 ofuje} o} Sl FIP3o] £27HE AT
&l QJTH31]. T3k Rabl19] ¥d-S *]3}|5}H= siRNAY]|
oJ3j| Rab112] Wo] Aol uef Al2did T
A FIP3o] Ao A Brozo] ol5o] AsHe &
9121tH27], 2, Rabl1- FIP3Z} Rabl1-FIP3 E352 o]
2o MEvtem A thiol o588 2hal o3
ghohal & 4 QITH27-29]

geEg B o7 Ak} o] TRPVIT Rabl1L A]
2 colocalize EX|WF FHAow ZAsre Fx] ok
Rabl19] &S A5k TRPVIS] hojale] uralopo]
Folmt AL ugbol] 2 g SR Rabl1o] FIP3Z}
HAE o]Fo] TRPVIS uhdo] J3a 7] fi2dl
7oz Holg

S
5
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