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The neurotrophin plays an important role in the
development, differentiation and survival of the nervous
system in vertebrates. It exerts its cellular effects through
two different receptors, the Trk receptor tyrosine kinase
neurotrophin receptor and the p75 neurotrophin receptor, a
member of the tumor necrosis factor receptor superfamily.
Trk and p75 neurotrophin receptors utilize specific target
proteins to transmit signals into the cell. An ankyrin-rich
membrane spanning protein (ARMS) was identified as a
new Pp75 interacting protein and serves as a novel
downstream target of p75 neurotrophin receptor. We
sought to delineate the interaction between p75 and ARMS
by deletion constructs of p75 and green fluorescent protein
(GFP)-tagged ARMS. We examined the interaction
between these two proteins after overexpressing them in
HEK-293 cells. Using both Western blot analysis and
immunocytochemistry followed by confocal laser scanning
microscopy, we found out that the intracellular domain of
the p75 neurotrophin receptor was important for the
interaction with ARMS. The results from this study suggest
that ARMS may play an important role for mediating the
signals from p75 neurotrophin receptor into the cell.
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A17343743) 2} (neurotrophin)y= HF552] Al73AE &
151 F AlAEe) AES 2aiE Adebed Ao
o2 Hg3t EA-olth o &9, nerve growth factor
(NGF)$}  brain-derived neurotrophic factor (BDNF)+=
272 AR AT FAIAAZY] AEo]| 23 o
L 3o}, AlAAAAIRE AH=ERo] bl Ao Al
Az AED Felat oplzl %4 (axonyt 7PAE
7] (dendrite)-ﬁ Xé%, A ZS- oA (synapse).@] qA E

A

o
ARAES) ofd Bl e AP Teh Azl A
AAalAsh AR 2 xyw 3} e
£ F ¥l ATl ARldE ABALY BE3) 715
2 #AA: o] WalAh ol Sol, AAARUAE
KAl Bofahe ofe] AleAls B059) Wizt 7]

=S zAgIc}, 3 3}, A AR A= Al 74A) & A7
S AAs= =20l gk AA-DF (growth cone)
o] Mk AT 4 it} (Chao, 2003; Huang and
Reichardt, 2003).

A173 4746l A+= Trk receptor tyrosine kinases neuro-
trophin receptor (Trk)2} p75 neurotrophin receptor (p75
NTR)pl 2hgste] Alz2 53 AlSE Pt Trk
3} p75 NTRS AlZAASIA el dls]l 35 871 (co-
receptor)E4] 2hgsled ARl gk At & &
7HA71M, o5 g7l ofsl AHEH= AlEe 0431
adaptor Thd-5 55lo] FeEict. wpeba], o]5 -87]el
zZRgate] AlE AlS Huol] FHoddl= adaptor THHAEE
o Hg A7k Bol olRolAsgieh. thyue] A 77t
9] adaptor TP A-L Trka} p75 T ol 3 4~87|olut
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2H8-5kA|uk, 2ol 24| H ankyrin-rich membrane
spanning protein (ARMS) & ©| 7 G870 =F =
&b AlAZANA S5 WEce Zlo] whEA
2 el Z Aol AFEHI ot (Iglesias &, 2000;
Kong -5, 2001).

ARMS+ 11 ankyrin repeat, 4 transmembrane =W|<l,
SAM (sterile o motif) =#|¢l¥} C-terminusel| PDZ-
binding motif? =] glo] thE whiAzte] Abs 2t
o] B AR F3Hrh =3k, ARMSE %l Al
A4 S s Eab oz, 3FA $7+
o} (olfactory bulb), 3w} (hippocampus), Z2]
Purkinje A2, 9] SAIFAE 5 7ol 2
9ol Ho] WHdo] Er}. ARMSel| Al7dA#el=} (NGF,
BDNF 5)¢} Al7AIZ2] 24 f= (axon guidance)ol]
Z83F 935 3= ephrin BE AE|shd, u-¢ wiEA
E|ZA] qlaksirt ddejue A oR mlFo] Hol ARMS7H
A173Ad7 el =9l ephrin 48719 - 34US 4 4 9
th(Iglesias 5, 2000; Kong -5, 2001).

&3k, ARMS+= protein kinase D] substrateo]™], ARMS
= AR, Fl, 231]e} C elegans (1% et Pl B
F 554 (homologys ZtiL Qlo] 1 &J3te] I3holA
HEH AU & F Svk (Iglesias 5, 2000). 53],
ARMS7} A3t S4E7] deke] AAkelFol A5E <
+EE] Qa2 o] Tl Al A FA, FAETI
o] A, FAF] fr=el o] Fod 9FE e A
= gk webi ARMSSF Al73AARIAE 487] 7
45 2-g, ARMS®| Al73A37-1lel o gt Al s =k Aol
Ao] e 7ok, A7 A A, FAETY A

[o

Holth(Iglesias 5, 2000; Kong 5, 2001).

2 AFelde p75 AZEAARIAL 8719k adaptor &
WAl ARMSS| e85 tHete] ARMS7E A7
Aol Fofsl= 7S FAH oz ws|ax sl

METE Y Wy
AL i

HEK-293 (human embryonic kidney, American Type
Culture Colletion (ATCC), Manassas, VA) AlZ+= 10%
fetal bovine serum¥} 1% penicillin/streptomycin®] %7}
H Dulbecco’s modified Eagle medium (DMEM)y] 4
o] 5% CO, incubator (37C)lA wlekslgict.

Plasmids<} 3|

Rat hemagglutinin (HA)-tagged p75 A17dA#&<l=l 4
4719l wild type, deletion constructs, GFP-tagged
ARMS plasmid, p75 A7ARIAL 87|12 Az} =w|l

9lA15}= polyclonal &= (9992)0F AlZe] =w|Ql¢
A= A (9651 vl= wS5ke] Moses Chao
Atz 5E Aokl Western blot -4]ol|= HRP-
conjugated goat anti-rabbit IgG (Cell Signaling, Beverly,
MA), WA Z3}sFd o= FITC-conjugated donkey
anti-rabbit2} Cy3-conjugated donkey anti-mouse (Jackson
laboratory, Bar Harbor, ME)E- A}-&-3}ict.

T 9, o

Immunoprecipitation®} Western blot 4]

AA|F ol 9] (transient transfection)s $3lA],
HEK-293 A2Z5 10-cm Al Zujokd Aol 70-80% W=z
A|ZE vlokglcl. o 7)ol HA-tagged p75 Al7d47el=k
TE&71et AlzHzmQl = AlZe=rle] Aol p75
A17347elAF 4871 deletion construct, 12|32 ARMSe]l
gt ¢DNAE ¥3F}l+= mammalian expression vectors
calcium phosphate transfection & ©]-83sle] =8It
th, A9 (transfection) & vloFsletrt, 16417ke] 7
b xS wEE|Far, 4047 WA 414]7F o] Fof,
AEZE 43 (harvest)stod, 10mM Tris, pH 8.0, 150 mM
NaCl, 1 mM ethylenediamine tetraacetic acid (EDTA),
22]31 0.5-1% NP-40 (TNE bufferpl] protease inhibitors
(0.12mg/ml phenylmethyl-sulfonylfluoride [PMSF], 2mg/
ml leupeptin, 1 mg/ml aprotinin)’} #7Fsl & 1 mk¥4
ol 4°Collx] 30 WAl 1ZE stk &SRzl 4°C,
13000 rpmo-2 153 &<t A2t &, vl34e] &
Al (pellety> M| Aollel] Qe whlAS Aot ok
wiA o] FE = bovine serum albumin (BSAYS 7|5o
2 7A3s}lo], Bio-Rad Protein Assay reagent (Bio-Rad,
Hercules, CA)YE ©]-83}o] Bradford As uhHoz =3
shgict. FUek o] whiido] A E Wil 4ColA
s ukgAlZIe), o] o EgkAlell protein A-Sepharose
beadss #7}sle] 1A IA7l T, A7l TNE bufferz
7 AFsFEel. 2E]an 2x SDS-sample buffers @i
95°CeflA] #o9F ¥, SDS-PAGE (10% separating gel,
5% stacking gelys ZAo] =il zZy] Wz Fgh}
PAGE gebll &A= b5 polyvinylidene difluoride
membrane (PVDF, Millipore, Bedford, MAYl 44|7s<k
200mAS] IAHAFTE FEFo] Ao, 1
Western blot 45 33} tt. Western blot 4
w# 20 mM Tris, pH 7.5, 500mM NaCl, 223 0.1%
Tween 20 (TBST bufferyll 5% skim milks =Hs¢],
A2oA 1A17E FE dEgR. 3% BASell dAHAlE
A3l $x2 3|4 3lo] 4°C overnight T ARZollA] 2
A7 ukgA1Z ek, o] =}akAel HRP-conjugated goat anti-
rabbit IgG + 1:7,5002-2 5% skim milk/TBSel| 3]4
slo] ARl 1X7FsSE MESAIZEE. % ECL detection
reagent (Amersham Pharmacia Biotech, Sunnyvale,
CAYye PVDF =ell Az[slaL, o] 2t LASE <l3fsiolet.

flo o
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HGA Z35H3tg A

Rat HA-tagged p75 Al7ZdA#4el=aL 48719} GFP-
ARMS plasmidE HEK-293 AlZo] (2 x 10°cells/plate)
calcium phosphate oz HAFIIFA}H. o2
0.05% Trypsin/0.01M EDTAEZ A g|slo] dlo]fl 3
poly-D-lysine coating®] % coverslip®] 224 %= 6-
well plateol] AZZ v FalGATH(S x 10° cells/well). &2
9 41417 ¥ 0.01 M phosphate buffered saline
(PBS, pH 7.4)& -+ =} AlFsla, 4% paraform-
aldehyde/PBSZ. 4-20l|4] 1037} 2417}, PBSZ
e AlAT F 0.1% Triton X-100 in PBSE 49¢ 9
oll4] 1087+ F3H(permeabilization)A|ZIc}. v]Eo]= gl 2
= "] #I5ked, 3% BSA in PBSE Aol 30+
FoF HRs35krtk. = ¥ blocking bufferol] 34471
2 : anti-p75 A17d4 A1 48] antiserum (9992,
9651 1:5,000)5 “2elx 347k 5t dksA1ziH. &
2] MRS $ PBSE 3H AlA3EAL blocking bufferol]
3]4 217l o2kl FITC-conjugated donkey anti-rabbit
(1: 100); Cy3-conjugated donkey anti-mouse (1 :100), <
Aol A 45 FRE MESAIFE. oA vk ¥ PBS
2 3 AlH3la, 4'.6'-diamidino-2-phenylindole (DAPI,
1:5,000)02 5% 53k 34 & PBSE A=Ak, 90%
glycerol2 4% (mounting)shdtt. AZH FHS 324
#lo]#x] FAFdu|7 (Confocal Laser Scanning Microscope,
Carl Zeiss LSMS5 Pascal, Germany)s ©]-£3lo] 800u)
o] wle= gt & PEeRsct

2 I

HEK-293 Aol GFP-tagged full-length rat ARMSE
W sh= plasmid (pPEGFP ARMS)9} HA-tagged full-
length p75 A17d47elA} 4~87] & plasmid(HA-p75)
e Alxdizecle] AoH p75 AR 4871
3 plasmid (HA-p75ICD) & A Z&=r|glo] ZHof
H p75 AZAARIA} 871 W plasmid (HA-p75ECD)
= 4 Fsed o] =iAES i AZ1F, anti-
HA A5 ©]-83}td co-immunoprecipitations |33}
I, oA A sl EFHAE Western blot ©2
Asaick. 2 AF, full length p75 A17347<IxF 4871
o} Alze|mr|ele] ZHoixl p75 AR &7+
ARMSS}F child B3h15 g Astgl o, Az mr]lo]
ZAoddl p75 AAAAARIA 4871 ARMSeF R 5
A G XA (Fig. 1), =w=bA, p75 8719
adaptor THA ARMS =7 AlZe=w|Qlz} Az x e
ol Zi Qe kA= E76ka, p75e Alzux
w|ole] ARMS whiizhe] Ab§zRgof ofgirte A
oF = Qs (Fig. 1). ol=3h AdANE o A

0% NIO

+ pEGFP ARMS

\{3 c® fod
¥ e 91‘3& o g8

0 o
a9 ‘\)G 2 [&

2
S Qec,ﬁ \m.v o N"’o t\""’ .‘\F'Q \“_Q
250 Lysate
| — — — -
1501 | WB: GFP
%0 — - —| IP:HA
150
WB: GFP
e ~ -«
IP: HA

WB: p75 (ICD)- 8992

s0 e —
(]
" -e - IP:HA
-~ WB: p75 (ECD)-9651
Extracellular Intracellular ARMS interaction
[ [ | | 1] p7s +
I ] Il p75 AECD +
[ | L 1 P75 AICD

Fig. 1. Co-immunoprecipitation of ARMS with p75 deletion con-
structs. HEK-293 cells were transiently co-transfected with GFP-
tagged full-length rat ARMS (pEGFP ARMS) and HA-tagged full-
length (HA-p75), intracellular domain deletion construct of rat p75
(HA-p75 A ICD) and extracellular domain deletion construct of rat
p75 (HA-p75 A ECD). Forty hours later, cell lysates were prepared
and subjected to immunoprecipitation with anti-HA antibody, fol-
lowed by Western blot analysis with anti-GFP or anti-p75 antibody
(9992, 9651). Both HA-p75 and HA-p75 A ECD were co-immuno-
precipitated with full-length ARMS.

Hoz Fwshr] fl8l, Azttt 24 FHo]
A FAER s AREsle] AlZuollA] o] & Tl
AL skt

2 A3}, WA zststed oA Al Ze|mw|qle] ZHofxl
p75 A73AACIAL 4871+ ARMS9 L Hglo] A& F
FE9lo} (Fig. 2), Alzdi=ele] ZAoi®l p75 Al7A]
AolA 78715 ARMSSE L Wdo] AE Tz &
oS o 4 At (Fig. 3). wekAl, p75 A=
2719 AlZEy=rele] ARMSS o] Asz-go] F9
g dTE e Ae o F A8l

AR HFTE2 AZAS A 5 Al
Az AER L3k AAslE ARkEA], 19509 Zut
ol Levi-Montalcinioll ]3] %52 nerve growth factor
(NGFy7} 5l ol2ll (Levi-Montalcini, 1987), 4417
st ohel HA4 AAAH Y ARG 5 ol
wopellA] 1 Zgoll gk A7t hdeiAl A& E o ghet
(McAllister -5, 1999; Poo, 2001; Chao, 2003; Huang
and Reichardt, 2003). Al7dAAR1A= Wkl F2l A173A|
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ARMS

Fig. 2. Immunocytochemistry of ARMS with extracellular domain
deletion construct of rat p75. HEK-293 cells were transiently co-
transfected with GFP-tagged full-length rat ARMS (ARMS) and
extracellular domain deletion construct of rat p75 (p75 2 ECD). Forty
hours later, cells were fixed and subjected to immunocytochemistry
with anti-p75 antibody (9992), followed by confocal laser scanning
microscopy. p75 2 ECD was co-localized with full-length ARMS.
ARMS and p75 A ECD were labeled by green fluorescence and red
fluorescence, respectively. Nuclei in the cell were labeled by DAPI.

Fig. 3. Immunocytochemistry of ARMS with intracellular domain
deletion construct of rat p75. HEK-293 cells were transiently co-
transfected with GFP-tagged full-length rat ARMS (ARMS) and
intracellular domain deletion construct of rat p75 (p75 A ICD). Forty
hours later, cells were fixed and subjected to immunocytochemistry
with anti-p75 antibody (9651), followed by confocal laser scanning
microscopy. p75 A ICD was not co-localized with full-length
ARMS. ARMS and p75 A ICD were labeled by green fluorescence
and red fluorescence, respectively. Nuclei in the cell were labeled
by DAPI.

il FE71ek Tl
719 A7t “olﬁo‘:‘é Al é‘xd“%z‘«l =, Az Al

7

Aol W4 w JkeAS 2PsE 4 B =

b, ol ABRAAL AN, B2, FA4, T

7, MRS 5 2EEE 5 ARTFelE 2
.

A7 A Ao A= 24 Oi A& ©E  tropomyosin-
related kinase (Trk) receptor tyrosine kinase®} tumor
necrosis factor (TNF) receptor superfamilyol] <3l =
p75 neurotrophin receptor (p7SNTR)E &3l AlZul=
A15E5 Azl (Huang and Reichardt, 2003; Hempstead,
2002; Wolf 5, 1995; Yamashita 5, 1999). t}& S5
o] Al A7kl XP—* A2 oE Trk 871 ';017—1—&
ZA3ksl=d, oI5 E°1, nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neurotrophin-3 (NT-
3), NT-4= =F p75 487|% lAsht NGF= TrkA
~87loll, BDNFe} NT-4= TrkB ~87lell, NT-3& TrkC

27]ol $AZ oz Agdct (Hempstead 5, 1991;
Mahadeo -5, 1994; Chao, 1992). p75 +&7]& E& Al
737IAey A 4 i, Trk 8710 ol 3+
TE712H 2-E3le] o]Fo|§A (heterodimer)s 45|
Al73 A7)l aigk A’k #3kg3 Trk 8719 <=k
EolAE 7312 4 Slth(Chang 5, 2004; Bibel 5,
1999; Gargano 5, 1997).

p75 ]73%4 7<l-o z} _T__Q_7] = oq FH adaptor T;]—HHZLE_ Jq_/]
7Agte 2 AlZWoll4 Jun N-terminal kinase (JNK)2}
NF-xB 243}, small GTPase 34315 =43t} (Carter
5, 1996; Roux and Barker, 2002; Wang -5, 2002;
Wong %, 2002). p75 Al7AAdA= 48719 Al
715 2EdA, AAEA 9l AT ubSel tiEl] Al AL
e 2 eg WA Aakel Al FEE
g A AE AA Fogt AT gt AL =
Foll= p75 AAARIA FE7e ey 1T Sl
Adofupz Al Apdol] Fa3t 95 sh=tl, °|A Rac
I INK®] &5 Bkt p75 AlBARRIA 8719
= o 7|52 2 tumor necrosis factor receptorot
R 2 eiapE A o] AY AEA MRS wilskE A
Aolxl A4Al (pro-neurotrophin)y= p75 Al
7343 72}‘{7‘} ‘T‘Q— I ] "/HOH J <A (mature form)i‘:]- 1=

% %Eﬁg— 2 oh;]. 0]7—]0 /(]7i/l47¢

olxke] AEBHAQ] dglo] whlA sl Hajof] sl =
AL olu)Fieh. A AlRF AT
p75 A73AARIAL 8710l o3t AlE AfEE dod)=
= Trk 78715 AFAHoR ZA43A]A

AZ YEE =3t (Chao and Bothwell, 2002).
SollAl el wpe} Fro], AR 87 o
adaptor THA-S o] 83lo] AZWE AT E Hdshd, o]
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= 78719} AEALs= adaptor TREC] o3 A%
Aeke] Anprt AA=C) (Hempstead, 2002; Roux and
Barker, 2002; Chao, 2003). °|2]3} Al7dAdAlx} &
7|19} AbE =88l adaptor PR LEob To] wbA

Aok, Trk, p75 -+ AlBAARUA 4871 =F A
Aohe E}H”za]o Aol gtk = W Holl Aj2o] d7d
ankyrin-rich membrane spanning protein (ARMS)< 11
702l ankyrin repeats, 47119] transmembrane =™|3l,
PDZ binding motif, sterile alpha-motif (SAM) =#|3l
= polyproline =|3l-& ZkiL Q= 220 kDa2] Aj=Z3-
adaptor H Aot} ARMS+ X3} protein kinase D9

714 (substrate)Z kinase D- interacting substrate of 220
kDa (Kidins220)°. 2% =] 9lar, &A7k=] U4zl
p75 AR =) 8719} Trk Al 7:l/<§zlo‘lx], 4870
25 7ZAgte 4= 9l §U3k adaptor TRt} (Iglesias
5.,2000; Kong -5, 2001; Cabrera-Poch -5, 2004).
ARMSE WHAFbd T AlAAE ab opzl 219
T2, dvh, £+ Purkinje AlEo} Aol FAl
73 & AAY FFAEAGAA TkeAde] F F-9lelA
Soldqoz waH}t (Kong &, 2001). &2 A1734
(dorsal root ganglia)e} 7HAI7 & HZA7 ]E"ﬂ/‘b—
ARMST dA|sHA| wd=]=d], olzjdt AAAZES =
= Trk /<]7:]/(‘]X]-O > =} &re_y]a uqu O]_tq Trk /<17:l L
olzx} 48719 FFol w2} NGF, BDNF, NT-3 Z+
NT-40] HLPO—E&D}. ARMS< of3]| whASol A3
%)= PDZ binding motif, SAM =#|¢lZ} polyproline
regions ZHiL Ut webA] ARMSb A7 A ARIAE AlE
Aol Az oz Hedx]l $23) adaptor KhHAE] o
sle] 9  (platform)s Zﬂ%ﬁﬁ TFv g 3t 19
22 AAARIA 8719 Ajfel= W adaptor T
WSS G849 Al Ags S8 2y I8 ke
ARMS7H B2 Zloleke 7Mool A7I= it (Arevalo
= 2004).

B ATelAe AR 871 ¢ skl pTs
AR 8719} A2 adaptor HHA<S]l ARMS
7ke] AeAg5 2ARSEe] o] adaptor TR o] p75 Al
7337AL 8710l o3l wiA == AlEA A Al A ¢
AL st} shgdet. ol F S8, p75 AR
%87)9] full-lengthe} AlZH=re] T AF9]wwal
o] 7of%l deletion construct?} green fluorescent protein
(GFPyll ¢17% ARMSZE HEK-293 A|%Zoj4] 3pid A
7l ¥ co-immunoprecipitation?} Western blot -4 2.2
o] F whAe] Asabge] Hofsh= p75 AlAARIAL
8719 =ullols 2Akelodct. mgt, Al 23} skl Al
F2A dolA FARR S AREsle] AlxzdelA] o] &
chde] X5 skt

2 743}, Western blot +42F A 238}skod Aof| 4] A
Fo|mrqle] Aoddl p75 Al73AAIA 871 ARMS

C

o} AzAEE e (Fig 1, 2), AlZv=w|gle] 72

of¥l p75 Al7BAARIA 87 ARMSS} *Lzﬂ&
T 95 &4 5 A} (Fig. 3). webAd, p75 A7

oAb 8719 AZH=#|le] ARMSeIe] A5 Aol &

83k As & o4 4 AUk wEkA] o] adaptor ThY
AL Alxze] mw”le] 9)\%01]: 7ok, AlZAARIAL
2] Eo]A o7 Adlth= A
Jdct. o]=, adaptor childo] ARMS7| Al

= %
73A7RIAL E710llA A Zl 2] AlT Al Fa3k o
= T T e ARgE

2 QdTellA A Az, WA )l AAE ERE of
el A AAAEAME ST 71 A%
3 ey, AlAEEE e ), A EE Al dxe] ¥
A H s 2Eske 93 "Jidske AR
= o]’k Aol AlZAAY el gk Aol efnf
A Aoz 7viH
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