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ZoxE: YRE H2E2ojM ZTAZ Y filamentSe] do] 2HE 2 £F 7|F9 FXE olds}
=ul 223 @7} B} Nebulin thin filament®] HAlo} ZAYE Avigh A2 FZHIZL 5o
Mo ZAshs Aoz A Jth B ApoXE 2o 283} v]ZS A A nebulin isoform T
ASS #9357 3t A719E T immunoblote] WEE o] 43Tk ZF 2o WA SE soluble
7} insoluble fraction©. 2 ¥ FH|a}gich A¥AT, & 287 v|TE A SA =2 SoldE
VR = THOFEE nebulin isoform T A So] 15Tt Nebuling A3 A9 2 ZolA] 500 kDa A=
o Z7)2 e R, nebulette Auiet A7l AFZolA 107 kDa A= BAHTE 223 Ay
B8 229 HolA 380 kDa A= Ad wuido] &t o] YHAL ¥ £ soluble
fractionol ] 91X E) 1t} Nebulin isoform @ AS0] A2 & ZA A BHAHE FFS Hol M2

ge 5349 7158 7Hd ez F3En

Z Al c}04: Nebulin isoform, 2] oA

A

i

ZAxo) Bilo] g thtH AFE B3 A
o g gulAo) Faxdo] A MEZRS
olZ1 gt ¥ wMAL Qx| e #
Ao AAAele) F271 APEHY 7)5E YA
& AFA A S aggregationo] Govtr] 4
Sog &5 BEr) o) @) ol dAS
siastr) slal Mlxete) Fx9 7)5E ATl
SAFEYA 7} o] &H T

TUSEIAE ol g EH uwAe dAFE
UM T A CSAT?, Thy-1*9, C3-1°Y, N-CAM®,
24.1D5'3, integrina7? 59 Ao WAL, EGF
2249} insulin FEA 9 7 7hsdA oE
Gl o] olwli At A Fol WA

w2300 DM EZ 48A17F ul et vhy-
2 (BALB/c)ol AREA|A hybridomaE AAHe F Al

w B A 420000 89 169
A A A S 20009 98 224

A o3 Az gHE

B =Ee 1999 dx AAYste stedTRdu B2

9%k Y.

nE ol

IEEEL AAlsks GUYS2IAE Fohich of
g SUdEE3HA 3H3s'E Bk

wg o|gF FME Aujel ZAEESIS A
d ¥A g9ud fAAE 2] fEle a2
A 3H35E B9 F42 cDNA libraryoll A immuno-
screening A4 23 QX9 FEL 'Qrolzt st
ok Q19 otujiAt B Az 317] ofv] At wh
B module? C-Zutol SH3 =0l 7HIX 1 e
N2e FAAE BEAct Qe gHoZ #HY T

Z cDNA libraryE A& A5k 2717F thgst
isoformE-2 HASA I (Fig. 1), °1E9] oo =4t}
DNA €71 AEg 4% A3 o]50] & did
9] nebulin AEAJ0] w9 ¥ nebulin isoformE ¢
< AT,

Nebulin® FZ 207t EAljsh= 202 ¢l A
) gAgs 24 el 23%E AAEH
40 2 wgAy] a2ln FA2Y AR uet A
717} 600900 kDa2.& ThoFshAl YERITH®), Ne-
bulin® o2 2ol ZH Zojg} AY PHAE
o] Zolo] HjgslEz o|Ho] Aelx} A= AL
2 gaA PB4 Nebulin super repeat, SH3
=9, simple repeat®] 53 FZE FHIL o
o, super repeatoll A YEhY = ohgd Aol isoform
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Fig. 1. Schematic diagram of the chicken nebulin isoforms in simple repeat. Chicken nebulin isoform contains

simple repeat and SH3 domain

So] HFFE FAHATY YA &8 2
e} Yehta o8,

AA)3) F'Ao] g Alghe] thYg nebulin iso-
formE<S 1571 sl 25T vEE ZF
A ohoket AEE AAg A7 ©9) nebulin isoform
67 A1&9) nebulin isoform 532 A Z2o0] WAE}
o Hzz2 vZS8 ZAXE nebulind Zo] 31-
residue moduleS 7}3 isoformo] £AT}E AR S
oAt

£ AT 7R3 5'P0] mRNA, genomec
DNAE 4§ nebulin isoformE& ¥IE2 2 3lo] o]
E9 B HHS s Baxt g &/ &
A FAE, A4S, WA vEs 23 M,
T 2AE Ntk o) 7t 2AEE FHldke
#1404 soluble fraction¥} insoluble fraction® = T
ot Agel ol gstlon, 2t guid Iy
2 A719%7 immunoblot 402 131t} A
71%9%L Laemmli i3} nebulind} Zo] Auigh
Sl A e 24517 98] Faibank WHE*98 o] &
319 2™, immunoblot 4124l = anti-isoform F &+
9} anti-nebulin 3 (Sigma. N-9891)Z AH&-311ch

ME o Y

1. Anti-isoform F &&| =2} anti-nebulin &
X 4|

289 52 ©}%kg nebulin isoform= 3 nebulin

7 AFAol 7V £& F type2 pGEX4T-3 (Phar-

macia Biotech)oll E2'33te] IM1099A DdAIZ
o, dde auAe AVGE5Y F 2 4
25t BF 6~85€ PHE-2 (BALB/o)Y H730)
FA}ele] B3-SR anti-isoform F AS 212810
o} GUEE antinebulin 3 (Sigma N-9891)= 4
34 A& FYslch

Aulel FAZ, AR, WAE, A, 1 2AS 74
7z 1 g& 1 mM EDTAS} 10 uM leupeptin, 0.2 mM
PMSF, 1% Triton X-100& #7}3 PBS €% &9
(pH 7.6)2.2 FA351 100,000<g2 60%37F 4T
ol 4] iEesdct

A58 (A, soluble fraction)9} FHE-E F&]sh3,
AL 2% SDS} 5% mercaptoethanol, 10% glycerol
< 713 150 mM Tris-HCl €5 89 (pH 6.8)2
7yste] FA3slsla, 473} sonicationd F 10,000Xg
2 2083 4ToA AR, BFH (B, insolu-
ble fraction)FH& #-2] &+ ct.

3. BT FYD HIIES

718-stet 2R o] GMAEL bicinchoninic acid
(BCA) Wg™L o] &3l BFsHth Laemmlio)
W& 10% acrylamide geld o] 88913, A ¢l
AL 57 9% Fairbank?) E*9L 2% acry-
lamide®} 0.5% agaroseS 3 AL o] &34t
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Fig. 2. Detection of nebulin-related proteins with anti-isoform F antibody and anti-nebulin atibody. (A)
Coomassie Blue-stained SDS-PAGE according to Fairbank's system. (B) Immunoblot analysis using anti-isoform
F and anti-nebulin antibody. Lane 1 were probed with anti-isoform F antibody, lane 2 were probed with anti-
nebulin antibody. Mw, protein high marker; hM, human skeletal muscle; ¢cM, chicken adult skeletal muscle; cH,

chicken adult cardiac muscle (heart).

4. Immunobilot 24

Laemmli®} Faibank 7 7}2] ¥lo2 A7195L
Aleggt A& Kyhse-Anderson®] 3HE?o] W} imm-
unoblotsto] #4135} T} Alkaline phosphatase conjugate
anti-mouse IgG (Sigma, S-3562, | mg/ml)E AT A7
31, bromochloroindolyl phosphate (BCIP)9} nitro blue
tetrazolium NBT)E 7] 2 & @519 ¢}

2 I
1. Anti-isoform F &2} anti-nebulin &S
O|&¢t CHHE g8 v

4 WE|Ql pGEX-4T-3 (Pharmacia Biotech)?l] sim-
ple repeat™ SH3 =u|¢)-S 741 Q)%= isoform F2J
subfragmentE S2J3}o] BE ESEE anti-isoform
F 39t nebulin®] super repeatol] &t epitopeE 7}
A3 Qe GYSFETAZ AR FF2T A
o] AL, AAY AFZE ol &8l Fairbank ¥

o A71%9%5E AL, 22 immunoblotE A A]
gt} (Fig 2). 2 27 anti-nebulin A= &3} Ap
o] FA2NAM nebulin?HE AR5 1, AlAFTolA]
E oFFd 9AE AXSHA) Ytth anti-isoform F
A FAHZNA nebuling A FL ik ohal,
200 kDa HES) LeiAA B BAA} Aol
4] 107kDa2) nebulett2 ¢1X]3}%ch

2. Alufel CHEE gisd kAl

Laemmli "' H O 2 anti-isoform F A& 0] L3 7
]9 immunoblot 2% A} soluble fractiono A=
FTAZ, AFZ, W2, o, 3 Z2Ho| A 45 kDao)
dildo] FREoz AXHA} (Fig. 3). Insoluble
fractionol| A= HA] 45 kDao] T@ido] FEA O
JASHRA, 2 2 FAZNA 205, 170, 150, 140,
120, 110, 37 kDa G "% thefst gila So] Qx5
gon Aol = 107 kDagl. nebulette] 73844
HERTH (Fig. 4).

Laemmli 308 89isly] adg A ga
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Fig. 3. Tissue distribution of nebulin isoform proteins from solube fraction of chicken embryo analyzed by
SDS-PAGE according to Laemmli’s system and immunoblot. (A) Coomassie Blue-stained SDS-PAGE according
to Laemmli’s system. (B) Immunoblot analysis using anti-isoform F antibody. Mw, protein high marker; M,

muscle; H, heart; S, stomarch; B, brain; L, liver.
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Fig. 4. Tissue distribution of nebulin isoform proteins from insolube fraction of chicken embryo analyzed by
SDS-PAGE according to Laemmli’s system and immunoblot. (A) Coomassie Blue-stained SDS-PAGE according
to Laemmli’s system. (B) Immunoblot analysis using anti-isoform F antibody. Mw, protein high marker; M,

muscle; H, heart; S, stomarch; B, brain; L, liver.

£9} E21E 931 Faibank WS AAISF immuno-
blot A% A3} soluble fraction oAl SolsA=
¥ 38 Z2Q Ho gk 380 kDad] At @ o]
AR HAT (Fig. 5).

Insoluble fraction “3oll A= FZ2o|A19] 205, 128
kDa®} Aol A2l 205 kDao] @A x} 107 kDa
2] nebuletto] AAF A1, WA= 205 kDal
gl Fo] VERiT (Fig. 6).

o

et

AR SV 2] ZHolM Hgom LAd

nebulin isoformE-2 o2 ZZoA Thyg PeiE &
A3l simple repeatol A1 AHolE BolX|gh BF F
H02 SH3 =rd€ 7R T EF, ol
o] & dHAx 3} AAoA fAlstA EEH
o] gl Aoz Hol o]E9] 7jFol 289 #35 &
o7 A E Fo] opg} UwkER] MxE FA 3
alo] A Fag 9L & 4 Qo F
A ACPABD 2AF7kA] AT vl whEW SH3
TRl Al dlido] ME F4d T
paxillin®>3} 3BP1, 3BP2”, guanine nucleotide exchange
protein (SOS)®'", Ras GTPase-activating protein (GAP)',
marcrophageoll 412] C-cbl 502 4#HA Qo o]
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Fig. 5. Tissue distribution of nebulin isoform proteins from solube fraction of chicken embryo analyzed by
SDS-PAGE according to Fairbank’s system and immunoblot. (A) Coomassie Blue-stained SDS-PAGE according
to Fairbank’s system. (B) Immunoblot analysis using anti-isoform F antibody. Mw, protein high marker; M,
muscle; H, heart; S, stomarch; B, brain; L, liver.

(kDa) Mw M H S B L (kDa) Mw M H S B L

205
205
116
97.4
45
29 29
A B

Fig. 6. Tissue distribution of nebulin isoform proteins from insolube fraction of chicken embryo analyzed by
SDS-PAGE according to Fairbank’s system and immunoblot. (A) Coomassie Blue-stained SDS-PAGE according
to Fairbank’s system. (B) Immunoblot analysis using anti-isoform F antibody. Mw, protein high marker; M,
muscle; H, heart; S, stomarch; B, brain; L, liver.

wAse x=230] FEI} (L 73 3 Nebulett®] open reading frame (3,044 bp)2 109 kDa®]

o] SH3 =19 A% FHE AEAT
HA 3, olE 7hH &7} focal adhesion
of ejsts iAol TP, ojn] ZA
g nebulinoll X EFH o2 YePE ¥ module®]
% FA] focal adhesion WA p80/8S (37-residue
module)*?¢} ankyrin (33-residue module), spectrin (106-
residue module)*®, cadherin family B3 oA E
3] Uehe Aog ZAEUCH

#Ho A7l nebulin} AR GHEQ] nebu-
lett9} nebulin-related protein (N-RAP)7} @& 2|3 A}
2 nebulette] A cDNA @7) A do] EA Y

k2
Wz O

)

ol " 8 &3t} Nebulett nebulin 34 C-%
g A Guje} wrE Frlol 237 Boldua Uy 9l
o &l AHAe Ay AL Jor
nebulettS nebulin C-Zete] 100 kDad} - A&HA
o] &2 mujQl FRE Fslm glon, o] F Tl
Ao g7 N8 B4 Ax c-gaol 85%4 A4
& UehiE SH3 Eriele 7hdch =g N-gTol
] nebulett®} nebulin®] E&]WElo| =& 35-residue?]
wET 7 Qaks 2|98 Ad Aol FEE =
Q1S vepdt

Focal adhesion ©r¥AL2 A|xo] e} A4 2
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2 23ho) Ao X9} MR HEO] Y
U= F9o sk duAdER AX 9 712
(ECM)T AX 37, Tt o|E8 A2 445k A
Fut Alolo] @A R A 7[X) FHY YAE A
st glck 3 o]o)) PeEl= ECM.S.E fibronectin,
collagen 3°] €A Jom AN¥E FHAoRE T2
DA Q] actin, a-actinin, dystrophin, talin, vinculin, 58
kDa 59| @¥do] ey NRAPE HZ 37
<ol C-Zde] Auto] nebulind AFH d7] A
H& A'd myotendon junction® A3 Wl inter-
calated disksoll B3 & Ho] A g gz on,
sarcolemmas W21 gl YhilE Egls o myofi-
brile] Ye] AE WeREE Ads= 5SS 5
g3lelel 345 1, myofibrillar actin filaments$t Al X
2S 423}, myotendon junctiono] AFHo] 9=
talin® vinculin® A FERE o] Aog FAY
oo,

£ ATl o] 83 HFEE FAQ anti-isoform F
e dYE 24 antinebulin A<} ¥mE A
3}, GYEE anti-nebulin FH) 7} nebulin® super re-
peat A 9E& 711 Qe FAZY nebulin?He ¢1A
8= ®FH, anti-isoform F &H4E nebulin (500 kDa) £}
% simple repeat X|HL 7|2 QU nebulett (107
kDa)7} L A]A] L T¥A (200 kDa) AASH=
AL & F AUtk A7) mRNAS} genomic
DNACA] A5 vle} v} 7} 2 nebulin isoform
of gy WEE A ofsiA velden Wy
H opdg DA F 7P signalo] 39 AL AF
oA LJER nebulett (107 kDayo] it} £3] v]2
5 23291 HollA] el 380 kDaol At ghlA o]
7V FEE wgt A9, olRe o was
2330l 4 9] nebulin isoformE 3 & 0|59 7%
o] 3T AT T Aol oldg A
gt}

£ Ay Ao} Fo] tjkg 23 o)A
nebulin isoform DA o] WHL o]E J)5o] FF
29 24 2o 8E Aol oz}t 2o u}
2 A FES 3= AT Aol BAsAY A
EH E4 72 -] B focal adhesion T
22 8 4 UdsS AR Fol o)ate] gl
AE3 g7 ECM] 7153 A3 Ag Ao 9
AE F4 24 JHL 49T & YL Aoz )
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=Abstract=
Tissue-Specific Expression of Nebulin Isoform Proteins in Chicken
Young-Hee Kim and Chong-Rak Kim'

Department of Medical Laboratory Science, Inje University

The lengths of thick and thin filaments in the sarcomeres of most vertebrate skeletal muscles are
precisely regulated and are important structural parameters in understanding muscle contraction.
Nebulin is a usually large protein that spans the whole length of thin filaments in the sarcomeres of
skeletal muscles. In this paper we used SDS-PAGE and immunoblot to identify nebulin isoform
proteins in muscle and non-muscle tissues. We prepared embryonic chicken tissues including skeletal
muscle, cardiac muscle, smooth muscle, brain, liver to compare nebulin isoform proteins. The proteins
were divided into soluble and insoluble fraction. As a result, we identified tissue specific expression of
various nebulin isoform proteins in muscle and non-muscle tissues of chicken. Nebulin was detected in
skeletal muscle of adult chicken about 500 kDa. Nebulett was expressed in cardiac muscle of
embryonic and adult chicken about 107 kDa. A giant protein with molecular mass of about 380 kDa
was identified in brain of non-muscle of chicken. This giant protein was detected in the soluble fraction
of chicken embryo. The unequal distribution of the nebulin isoform proteins suggests tissue specific
regulation of the isoform expression and indicates a functional specialization of the encoded isoform
subtypes.

Key Words: Nebulin isoform, Tissue-Specific expression
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