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resistin®] lipid
raftsell 23 A%
A}

® adiponectin, resistin family$ ¢} chimeric ligands o & &
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© HAAMAH ZT AzZAH binding assayE %3 adiponectin,
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Cos7, 3T3L1, HepG2 cell lines

©® o2 detergents A& = A (lipid raft fraction) %

pull down assay =

®lipid raftsol]
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=259
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membrane-impermeable biotin & =

T olEZ=gol 27 e T Ho|dl g

@ 53] ATP synthase®t cytochrome c¢ oxidase subunitsT 4
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FEstA FHste A,
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synthase g BAR AYAE E3tag Fd nlEZzelol gl
complex ¢ ATP synthase a2} B, cytochrome c5-& FA3 A =716t
Adejsal 7l A+ ok
@dAdEM A AT vEZEolrt AWHNEE 7HE AT
A E
®ATP synthase a$} pE vlEE=2jo}uto] ofel A Z H v
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biotinylations 2 2 &9l
@x¥ha L o] WA T ADPS} Pist FEHO = ATP7F 4 ¢
o] Wzl ATP synthase inhibitor (oligomycine)e]t}
uncoupler (CCCPY$ € A& S df AHx whellde]l ATP
AL FAHAS.
@M Fujckatel pHE SebrbA =W AZ 3 ATP $4eol &
7hebAl =lE dl, ol AE ¥ ATP §4 2 proton gradient
Z AEEE BHojFe AY
3 @0} A3 £959 2 (Exp. Mol Med., 36, 476, 2004)

A oTA 28 G o4 28 Dnd @49 2aAdze A 2 BlFA
AF A k3 2] of] A 2) TEEol AAMstA Wold v wWEel vEEZ=ol &40
MEZoeor A4d | A 2% Zewg Addste d Ay 2% S350 U
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7 ESol A E HOﬂ W& ATP synthase a9} pe] @& kol
ol gllont db/db AR T BFHF] F&EA
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@db/dbel rosiglitazoned #2852 w glucose tolerance”}
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SUMMARY

Since detergent-resistant lipid rafts are involved in pathogen invasion,
cholesterol homeostasis, angiogenesis, and neurodegenerative diseases as well as
signal transduction, protein identification in the rafts could provide important
information to study their function. Here, we analyzed detergent-resistant raft
proteins isolated from rat liver by capillary liquid chromatography-tandem mass
spectrometry (LC/MS/MS). Out of 196 proteins identified, 32% belonged to raft
or plasma membrane, 24% to mitochondrial, 20% to microsomal, 7% to
miscellaneous, and 17% to unknown proteins. For example, membrane-bound
receptors, trimeric GTP-binding proteins, ABC transporters, and GPI-anchored
proteins  were identified in this analysis. Unexpectedly, there were many
mitochondrial proteins, raising a new issue for the presence of mitochondrial
rafts or the localization of mitochondrial proteins into plasma membrane rafts.
We confurmed that ATP synthase a, and b were expressed on the surface of
plasma membrane in HepGZ hepatocyte by immunofluorescence, cell surface
biotinylation, and cellular fractionation. They had two distinct biochemical
properties such as detergent insolubility and low density, suggesting that ATP
synthase complex might be located in plasma membrane rafts as well as in
mitochondria.

Mitochondrial impairment could may be a pivotal factor in type 2 diabetes,
because as mitochondrial respiration is greatly reduced in the muscles of
patients with type 2 diabetes. In order to confirm the connection of between
mitochondrial dysfunction and type 2 diabetes, the expression levels of
mitochondrial proteins, as well as mitochondrial morphology, were investigated
from assessed in the liver, muscles, and adipose tissues of wild type, obese
(ob/ob), and diabetic (db/db) mice. The expression levels of. mitochondrial
proteins were found to be very similar in the liver, and muscles of all of the
studied mice. However, their expression was greatly decreased in the adipocytes
of db/db mice, but not in those of the wild type and ob/ob mice, suggest
Mitochondrial DNA content was also found to be considerably reduced in the
adipocytes of db/db mice. The mitochondria disappeared from the adipocytes of
db/db mice by mitotracker staining and under electron microscopy. Interestingly,
mitochondrial proteins were highly expressed, and their numbers were markedly
increased, in the adipocytes of db/db mice administrated with rosiglitazone, an
agent which enhances insulin sensitivity. Taken together all these data, we can
suggesting that mitochondrial loss in the adipose tissue is correlated with the
development of type 2 diabetes.

This study was designed to identify the protein factors involved in insulin
resistance, which reside in the lipid-raft compartments of the metabolic cells such as

adipocytes and muscle cells. Major emphasis was placed upon identification of the

...13,_



receptors of the hormones derived from adipocytes, collectively termed adipokines,
that have been thought to play pivotal roles in glucose or fat metabolism
presumably by modulating insulin function. Adiponectin and resistin family members,
resistin and RELM b were brought into focus of the present study. To this end, a
variety of chimeric protein ligands in the forms of Fc-fusion, FLAG-tagged form,
and SEAP (heat stable alkaline phosphatase)—fusion were generated and used for
discovery of potential receptor-bearing cells and signaling readouts, calculation of
binding affinity constants, pull-down receptor complex from membrane fractions, and
expression cloning technology. We discovered a potential adiponectin receptor
candidate whose molecular weight is 120kDa. This molecular mass would be
distinguished from two reported adiponetin receptors, AdipoRl and AdipoRZ. By
using chimeric resistin family protein probes, we were able to identify pll0
specifically reacting with resistin-F¢ fusion protein whereas three protein species,
p90, 085, and po5 were specifically pull downed by RELM b fusion protein. These
receptor candidates were affinity-purified in mass and resolved on protein gel.
Their protein natures were determined by QTOF. Most proteins remained ambiguous,
which need to be further identified.
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o1 g sliutie] JiR

43 A sl 2ol M@ ow wujohe HAiALE e fast food, TAA 241k
&4 1%k 2, XAdAleY] Wste vnke Z sl

TUAg e} 22 A¥EAAY] Wg AgTozy vl
&2 gZEojol d AR dolodg dEd vloEA Zx® (insulin-independent
diabetes) =, Al 28 @ (Type [ diabetes) S A=W 34 22 A5 AL B
2 gAsE #woza ¥9 (blood glucose)?l FAE(muscle cells), AAE
(adipocytes) 22 9 &2 A ZolM el 2 A (Gluconeogenesis) oy @9 &
To g % (glucose output)S e & st A% 7t Ag 71 I (multiorgan
failure), 18, A3t A3, S5 AS3 2 FHEFoZ S o224 st F
A Aol 28 9ol YAEZE det pattern, $EREH 22 #4EA a0
el Iabge]l A&ty woyAn gled FHAH AAELS FHA Y AH
Fo] [FHAE o] &3] genetic susceptibility
geneE-§ WASIY =Y Table oA BE oF 1071359 ¢lsd AZAG dulzxs
AAR ¥l (transcription  factors), 2|3l AWM FelA  #H]E = adiponectin,

al
resistin® Z-& Alo|E7IRl B 528 Fo| Fasithi wolsox iE.

[e}
(gene deficient mouse) &2 &3 2l

Aded FEAE T ANoAGE T2 1) IRS-1 (Insulin Receptor Substrate-1)3}
2-& adaptor @A) 91ikal MAPK, AKT®} & oi2] serine/threonine T <14}
st G40 A5z A% cell proliferation®] F7F R A ZoME G Aol HAstE
EaE dabst AA ZdE Asl }L 74»} 2) insulin sensitive celllAle EFo 2
= glucose transporters! G LUT4,5_ lipid
+ Chl, CAP(Cbl-associated protein),
C3G, TC10 (small GTPase)% ¢ f‘}ix %‘E 0} WAoo} x8 (Chiang et al. 2001.
Nature. 410:944-948) olE9 &Alsls %3 Of] e FAHE= Ao deA <daed
Aede ARl adaptor B, ©A <laks) EA4E9 dAbEl AR FAE

=
sto] MxxHoge] FF 32 transporter (GLUT4) olse] #AsHA "Hold 2F 3~

=

tolerance® FE@cia ol 53] olgst AaHgd Furte ojdE AMAE
(adipocyte), &M E, 2t Aol F3e 0% djgto] Fuke]n Wi g wjrte] ©
E A A2 dxdE SddgE 2 Burt glo] vgy 28 duue e ¥
A g FHeta 9lee ¢ S gls
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2% 2 #ERFHA
Eddol §4d% o & & ¥ A4
HNF~4-a, HNF-1-8 Transcription .
. P Jinsulin secretion MODY(human)
IPF-1, NeuroD1 factors
Transcription . MODY
HNF~1-a P linsulin secretion )
factors 0j1~-Cree diabetes
) Glucose .
Glucokinase . {insulin secretion MNODY
metabolism
Diabetes 2 in
Calpain-10 Protease : Unknown Mexican and
African Americans
Transcription . L .
PPAR-y {insulin sensitivity Diabetes 2
factors
. . . . _ . . Human diabetes
. Transmits insulin  linsulin sensitivity
Insulin receptor . . . (rare);mouse
signals into cell and secretion
models
IRS1 and-2 msulin signaling linsulin sensitivity Mouse models
AKTZ insulin signaling linsulin sensitivity NMouse models
Glucocorticoid 1 Blood hipuds,
11-B3-HSD . ) . _ . . Mouse models
synthesis Jinsulin sensitivity
UCP2 VATP synthesis linsulin secretion Mouse models
Resistin Fat cell "hormone" linsulin sensitivity Mouse studies
. . . ) ) . MNouse. human
Adiponectin Fat cell "hormone" |insulin sensitivity

studies

34, AHIHIEE (adipocytes): insulin A& A F4 Alo|E7lolS &
Hleh= 23 el IQIAE

Hol ofg] Yeulatd s AWAE (adipocyte) 7t THed] olluiA] A el 7]
jbo] oba o E7H] (adipokines) olgh 3t of2] Ato]EFIQIS #njsto] ol&

o3ref A2ALo] insulin ATHELE FAES] deo] FAAE FAFE BAE ©
7kl

o off

et

Moo

e F/AlT TNFq, adipsin, lepting ol Eso] Qi1 o]FlA leptin
HolA AAAA FA2 wEo] dojt ob/ob mice T leptinF&Al2] EAH S
= db/db micedll A} A-Fo Aot o] vigka} FA] o AdeEd HIAHE Hol=
o] glo} ot]xFI19 3hel leptin®] F2AIE A
of Atshel 28 WmHolA e d4d FaAe 3

off1 f
I
i

O
D
i)
=
o

Absl & a1 g 2y AA ]
Aeh Zo] Fasitial AztEo] A
T B3 HE 2shE AYAEaM ®ulHe o g ®l(adiponectin), 2] 2H (resistin)
59 AlelEFRQIel 28 Fn¥n & AV Jdoke wE fAshH, qGEH, it 4
317F 0% (Berg et al Trends in Endocrinol. & Meta. 2002:84-89). 7+ # 2, vl=
Indian $5%F A A7 50% o]de] 28 Zx= 9 B¢l Pima indiang tldo2
A G 2AF A EF adiponectin®] #4928 9 9 oHwre SA Ao 7

Frefidol ASE B3 39S (Lindsay et al. Lancet. 2002. 360:57-58). AAZ

[hid

o r Lo
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Bol3l (Maeda

AV&-3F adiponectin -4 A}

=
ZHE3so 24 adiponectin®| 2

=

=

Nature 2001:307-312)7} o]

Sl A1 2] resistin F3taA| o] Foir}

glucose tolerance

=

ol
A2 viral vector

=

=

e

2

A=

=

A
B3 (Steppan et al

1 glucose tolerance

i

.]

8

3}

oA SIthel el

=

A leptin ©|

1

e
)

insulin #

o ofel A e

adiponectin #4244 ABFH = insulin A
A

et al. Nature Med. 2002. 8:731-737)

GLUT49] A
adiponectin®}
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Bl g Aol
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=
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=

2F & lipid raftell
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zg__

1 lipid raftet &
o] lipid rafte]l A <of

& Aol

oluhi %

o)
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-
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71w oll
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ol
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o

&

sde 3
] GLUT47}

!

9

o) GLUT47}F ¢
o] x}o) 2

-
X

A

[e]

i

caveolin-1

oL Lo

o] lipid raftol A

Thull 2] o]

i Al
By |

ot}

2 lipid raft2 ol

=
E=3

lipid raft9]

o

7

© 1994\ Harvard W& Lodish 1%

=

Bh7E AT

"o

3

o

x5

e 2

A

=S
L

&4t lipid raftel]

[+}

L.

A

=
&)

IR% IRSY <

T

.

lipid rafts] A=A )

M= lipid rafte] 9

al

© insulin receptor (IR), insulin receptor substrate (IRS)

M
ﬂ_ﬁ.
Tl
Y

=

1

A

=4

]

PI1-3 kinase

e

of IR, IRS,

{2

F7] &

I
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PI-3 kinase, PIP3 generation, PDK, AKTS 9 A&d2 92] lipid raftell A &

old w8l 1 Aol

O AWMEet 2S5AEE IR, CAP, Cbl, C3G, TC10€ F& GLUT49 lipid raft
29 914 WEHE Folo] ¥F TIA G 244 F Yk 53] Cb-CAP

e Jdsd AF22 lipid raft2 Aue] ojFHol #AHH A

© GLUT4E X&3+= vesicleo] lipid raft®t &7 #siA = v-SNARE9
t-SNARES Arszfo] "eAHo|oh, F 2ol vesicle trafficking 34 9 A lipid
raft® Fsto] dolde] FHEHI vk £ -SNARE =4 lipid raftel]l &4
&7 W&ol lipid raft® vesicleo] =72 4 e 2l Holdh

le1e el lipid raftl Aol A4 NsAYL ATE A&Do] AL
AAE A 23 Fxwel 4971 oldatt W 2 wgel B etk 8 F
¥, A AEALelA e oo Avle Frwe) A9 IR, IRS, PIK), AKT
Eol BUNIAH BEAAR lnid rad S LaABY dSUIEAE A
Aoz olsl b AW A 28 Fudd AEY WEHY ol el WAy B
AT Febd 2 e Ao WU ARE Ubd WBAREAL T o
2o U AAA = BYAS FSozH ARE 73 Fuy A A2
& 22472 % 30g Aol
54. Lipid Raft @¥jd 25315 93 884 ZRHLYZX Ve

A1) AAHder T2 ouls Al g2 profiling proteomicsel o] 2
oA At & + U Zojth ZREHE AUy did %Fo FHe ols F 5
A A O dlde] gy 2 z2hde Ao EA e o] wig Fask vz
g & F doh A A Wz o] profiling proteomics?] 4ol 2DE/MS7F 9l
Ak o] WHEe B owid e F Z2HE AEE 4 duAe Avi(F
< dd o] Bxaleh)el 5 A H(isoelectric point, pDatel whab 2314 Ao A Fel
s, 2F #2703 spot) silver Y fluorescent staings 3l YeWI, ol& &
q ZRHSATHY wlale 49} differential expression® BAIA dolEHE A
Fotal k. olgA Eald 7 spotd @wiAEe MALDI-TOFY LC/MSE 9
AEgEMEHE Bl 2 AAE FHsiA "ok o vise] Hdl 23S 2DEV =Y
BT FevEs Ao 28 F dus Aolth.  Kobalzv2 2DEE A1

WA= od Ao Yeb oW (Electrophoresis 16, 1034,
o 2% oF 500914 2000709 wed EFES 2D AAtd yEE

_20..,



Atk #HZ Le Naours & o] 7145 o]£35l9], breast carcinoma proteinsS3 A
% T AR Clinical Caner Research, 7, 3328, (2001)).

Ao e AtElet AIEE Gl AFY Ad AT 719 AR, 2W A=A o)
o] AdFstr] fsidE A ELH/? A Z2HeE 25 wWeksls  whole-proteome
method 20, B4 Z2HZ9 53l A&t A&
£ AbgEjol & Aol B AF= 28 @nado ¢l
Ui Bolx & lipid raft Z2g29o 2239l 7 Folx 28 dny #d ZH o
wae] vz @ 73 Hojste FEAGRAY Fho 1 AFFRE 7HA
2 ok Lipid raftle] FAGRAe] £ ZEAE 1000 A2 FARHD,
complete tryptic digestiong 7FE3-S A%, oF A it ofF9 M2 &
Ho o] dojd 5 98 Aeg dFdr. wepd A T2l s ofs o
#3hE systemol AW, o H3s] Ao TR WA Vg FAHERH AFEA 2T
Zo] Apdoltt OMT 2 e 28 Dud ZRHE A5 83 B4

o

3 =
3 e Aoksln} 1 ApAE

=]

3} interest-oriented method
Walse] o Zorslo] )

e 82

e okﬂ

f

S

Al A ool F MR 2 YRS wele F3

WEe 299 ALY BE P W' 2T 439 FAPY % Wy

© olxd A7dE W capillary LC/MS/MS & Z% (2DE/c-RPLC/MS/MS
technique)

© Z3¥sE, TLEE capllary LC/MS (& LCO/MS/MS)E wigez 3
global proteome analysis (Global lipid raft proteome analysis to enhance
sensifivity, throughput and information contents based on ultrahigh

* resolution/high sensitive capillary LC/MS)

9] capillary RPLC7] &,

ol g ZRElg 499 iiﬂr@.?l FHE, 21UE
& % T 59 MY EE AE T
=

NanoESI 71%, ion funnel® #2-&
ATE HAg da vk B AT
Aol AHAH 2H g |58 &
& B AFIA Erb ol o ZEE
Mol olupx] & Aoz 73t}

S)}\

m!o

~1>

64, WY toleranceE FE3t= 72 1A o FEFA
ek 28 Wi 4l A zvkH sk

HA e} Ao AFE Sl Fud ol AhE 98] high quality

B oAy 2 3
o @ 2234 (monoclonal antibody)®} AL BHAY. 2eiu} Zol B Awd @

M



WAL FA FAole (F ol AT 4F) ofplt Aol FAZ & gl A
o) childe] tig Wedwtes doylE AR WAMEZEc] 29 “immunological
tolerance” & Yo7 AL AT £ 9L Age GLUT4S AT ojEd] F4
Al oy TC-102 Atgda AFAAbolol & 17h9] olujimite] zfolz} Qlof &7

0
)

T
W
fin)
rok
o

Ae Adder &34 &g olEt HELS FE37] Hd
Ay T2 A 7129 vaccination WS Fste] MA@ 2
©] monoclonal antibody array®t #2-& i@ chipAlzo] AMEE £ QS

A LS Ul A7 oA ried

ol
B
r2

oo
J
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M 2 g =i 7170

rol

1. adiponectin®} resistin =& <1+

gelatin-binding protein 28 (GBP28)2A] A& Al HAelA A" &
dE ol A7HE osiA b #H ATAE 3T3-L1olA EolstAl 2elo]
HE e FAAEA AdipoQ, Acrp302 O E olgo2 "HHIHJD o9 A7+
counterpartd! adiponectin F@ A= AWAHE cDNA library®l large scale random
sequencing @ 25 H #A g 2 o|F 28 Zxwy 3z adiponectin B F=
7b Adas vlus) & oo #A3A "elAn olE $AE PPAR gamma®

agonist$! Rosiglitazone ©. 2 A 853e uj =4 9 3] -5 7 & Al ol
adiponectin® @dw %o F7pyt WHase] 1 YA Fadol AdAHUE. ob/ob
micett 9 Moz Txe Bighe AN HAE ARY FEAYAAME
adiponectin® ®ol7} A8l Q& AL S DA 70 AF PHASE Fwen
DAL e 27358 A4S Asisto adiponectin® A g A 2¢ 71A &

U=319] &(Yamauchi et al. Nature Med. 2001, 7:941-946).

Ao 2Yrg TV FY9 A2 FuY DA FH, G0 Aol Q)
!

>

=4
Heol f¢lo] "HoleE ¥ 3urt Ugm, 7 olF adiponectin A &S] $1A I}
o gt =

AA
& A adiponectin FrAAEe] Wol7b A2 FuW i o] AdEGE

2

4

© (Kissebah et al. Proc Natl Acad Sci USA 2000.
97:14478-14483) 549 3 AFolA adiponectin exon 291412l $ T-G single
nucleotide polymorphism (SNP)&] ®ol7} wlgti} oled Az #AZE i
(Stumvoll et al. Diabetes 51:37-41) d¥2] 29 exon 2% intron 2 Z2t4 & G-G
SNP7}  ddxudde dgsre i Adsd HFAd 7 B FAAL
2 9n] gly AAAME wdo=il (Hara et al Diabetes 2002. 51:536-540)
adiponectin® A Fx9 =4, SNP ZHA7b 8uh2d dwdel o5 9 o3t
A zlcho] FQ232 AAMel = (Coumuzzie et al. J. Cli. Endoclinol., & Meta. 2001.
86:4321-4325).

resistin® {2} A7l oal = dl
A+ M E (preadipocyte)oll A AWAMx g 23}g e 5 Az T T 5
AT resistinlge o2 E3tH AHAMEE  insulin-sensitizing  drug$l
rosiglitazone 2 2 A S o 2d $5& "HoyAE FHAE  differential
display 712 27" A AZ2F resistin®  insuling] A3 A gL "ol T
AEW 792 = 429 insulin resistance (3lgd M) E FEsteE 7159 A

r

o
ol 7}l o g W EAL (Steppan et al. Nature 2001. 409:307-312). =3+ &3¢

rr

4 ==
2
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Aol A EAM PLHHE FHAAR dAHADR DR oprjneit Mol
cysteine residue’t A A 10%E AR & EapaFo]l 125-kDa ¢ cysteine-rich
adipose tissue-specific secretory factor (ADSF)E 99 I A3z A WHFMEe] A
wb| L2 o] 238 odalsls differentiation inhibitory factor2 715l €& A (Kim
et al. . Biol. Chem. 2001. 276:11252-11256). &} vl= Albert Einstein 2} th 9]
Dr. Phillip Scherer (personal communication) ¥4 % biotech company<
Genentecholl A resistin 8 A9 FHo] Wil 1D adiponectin T84 ¥ =
MIT¢] Harvey Lodish group, Osaka ¢l ™9 Yuzi Matsuzawa groupl Al = 738}

[e]
3 e

it

24, lipid raftE =3 <l&sd AlzAGDd gighk 1A+

© CAP-Cbl-TC100 E#al7} <lsad 22 9dted lipid raftellA @A 5o
GLUT-47} lipid raftZ ol%ste Mz g ZF34 fdd gzt #2347
ztol Aol whE A m 9} (Nature, 407, 203, 2000; Nature, 410, 944, 2001;
JCB, 154, 829, 2001).

© GLUT-4% ¥3&3t1 9= vesicleo] faaary §3tstr] Hair s v-SNARE
o} t~-SNAREZ 2] @A A s 2b80] ®dg# o] (-SNAREZ} lipid raftell &2
ol wrAH o 2H lipid rafts= vesicleo] ¥dAute] §3r8 + U docking site

dol WAz FHem gk (EMBO J., 20, 2202, 2001; PNAS, 98, 5619, 2001).

© IR, IRS %ol lipid raftel ol&x o g @Astgde]l SHEHAIL lipid raftd] =4S
Aol caveolin-10] Slsrddo] ojsto] <abstga¥ut ojye} g’ AsALS
A7 4 ok (JBC, 27326962, 1998; FASEB J, 13, 1961, 1999; JBC, 276,
9670, 2001).

© preadipocyteoll A adipocyte 29 233 5k caveolin-10] FHF A U=
g Az ALE A (JBC, 272, 20706, 1997, MCB, 21, 4553, 2001).

© caveolin-1¢] 2% Az = white adipose tissueZt EA8HA] den A 28 <
=¥ dAS BoE (JBC, 277, 8635, 2002).
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34. =y adiponectin % resistin A7 T

© A adiponectin @ resistinoll st JAatsty Astd fAEA A Y =
R R 1

©

adiponectin ¥ resistin €3 ¥=& g chimeric ligand A%
2 AFEE adlponectm 2 resisting 533} AmA e Az % 2 o]
TE&A FAAE EFEF7] st AT, sEHEE o] &std oA FTH AE

adiponecting A4t %in 3t

) mlﬂ

FA tolerance® = &3 QU7F adiponectin ¢14 © F&3A] A

A =S adiponectin 914 & FE28AE A28t adiponectin ELISA kitE
AR S, o] kitE 28 Do) A kit2 MYy At x=8EFY

©
q
it
[l
=
3

olsed A3 TaEe] lipid rafte] A3 s A=A ek o} lipid rafte] gk o
DL Sl Bel ® A7 ageld 29 @7eel JBC, I 5ol £E 58 WE
& A Add qAE Fe AAEg Z2Eu dgoes ARE ggd 3d
B A ago 9ete] ooz A #E o

© TNFe ok M EAdo] lipid raft (=caveolae-like domain)oll A A1 2HE (J.
Immunol, 162, 7217, 1999).

© ¥ =x uFd #7A (heat or hypertonic shock)ol 2189} caveolae7b M E W}
3. caveolae’}t U 2EYAE AXTY £+ Qe FaYE F
& (Exp. Cell Res., 255, 221, 2000).

N —{n:
kU
i
L
o
l
ol

O x3td MEAAME caveolin-19] 2ol F7Hst8 caveolaed =A% Eold
. 538 F2AE caveolin-1°l ojste] EGF #8A7F =843 do=4
stz o o2 AFsEEd gdted v&e RolA ¥%& 4% (J. Biol

Howlo

'%'é*égﬁﬂxﬂol p43e] Azdeol lipid raftell M A 2Hg (= A2 A=
v}

~25_



© p433 22 orphan ligand® lipid raftel] 733 A3¢S BAAFE o], ol
raft7} @3+ orphan ligandsol] Whar $£&x5 A7 F23 H7E s =
Aoz 7ld=AET (Fig. 1).

HspT0 (kD 2 1. Raw2647 A ZZ%¥ lipid rafts ¥

Hsp70 (0, 0.2, 05 1 uM)E 4., CollA 20
Foaksalzl 2100000 x gB 2 44 &
dlo] AAES HAV)|Y9EF F  Panceau
staining 3t4 T} lipid rafte 944 F=ol7] o
| = 44 22 A AT a9dA 2R
o] Hsp702 lipid raftd] 73 AFES HAF

t} o]¥ Hsp709 AsAdge 22 Ax W &0l lipid raft® £3ke] o] Fojd =
A

Sy wBE Zewde] g slsdFel g 3R o TzAEL il
Yol 4ge] Fa9 4¥e du ok AFYL awde J5e 2dF o
F¢ AEZ AFste] JCB, PNAS, JBCES) st& Aol =22 AT 2de 7HA
T o9tk hge B ATE 09d 9748 D 988 FYshs solth

O dudgAdas 5TAY +9HHA p38E knock out 3 2 715E HE
th p38s T AFATLETAE olFA ste SAGHAT (PNAS, 99,
7912, 2002). Functional genomicell tisF 23 A 71& B

© Methionyl-tRNA synthetase’} &¢] <o} #3511 rRNA A& Zdste 7]
T ¥d (JCB,149, 567, 2000). A EAE sty B Z3A 7 digh kg

olal ¥ 7l B4
O v¥ldddas Sgayg FAGN A pd3e] HAAELE F4IA I HAolE
7hdd S Zw (JBC, 276, 23028, 2001). Wdsty ExAAEEA 7y dig &
O ASK1S £3 Daxxe Axx ®gtd we 715¥stE 9 (JBC, 276, 39103,
2001). transcription factor®t kinase ¢ Z a3 7l B
© Glutaminyl-tRNA synthetase’} ASKI1E dAg oz qEA44E BATE &
ol =

% (JBC, 276, 6030, 2001). Hsp70°] AN ZAEE
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275, 25665, 2000). A E x4 Hag oe] A7 7le B

O oA GdEa FdA dAdel Askard sl zel dig A (JBC, 275, 21768,
2000; JBC, 275, 31682, 2000). ©@¥id-gd H5ag Ao H8d RE 7)Y

(yeast two hybrid, in vitro binding assay, immunoprecipitation %)° &3}t

54, =19 TR owl A A

A dAdHol uish 4HARE AFTstn Aged dig A4 WS
AAE 5 e FEs wP oz proteomics AT FHE BT dHAdS
w2 AAste 7l=9 WA electrospray s e AR ol2shie] MEE AR
AT Ee AFE s Fe dojAn Ao AVIME HS dEFEAE
S FHow e ZRHYUA Vw9 04%1 THE dEA] Zryeds a5
John Yates 111 Scripps proteomics lab, ¥4 & 52 Institute of Systems Biology
(ISB)4] proteomics 1§, Richard Smxt'xo{} og) Fx5 31 ¥ Pacific Northwest
National Laboratorv (PNNL)9] proteomics 15 2] 2 Steve Hofstadler®t Richard
Griffey 5o 98 FE51 Q= ISIS™ Pharmaceuticals, Inc.?] Z2H ol A7])%

g ol & ﬁ%‘f‘?}%% OF9 258 I astnA g & mel AR H2
o o] ZzelewAar Hab “gel-free” methods & 2DE7|%-& wiAlg high
throughput LC/MS ¥ LC/MS/MS 71& Zow Hab o FAFHe &A7Fn <)
=3

Yates 1E9 proteomics ¥ multidimensional liquid chromatography 71 &2
o] &3 WEx Hof o ®g/lEd  electrospray®  F3]  tandem mass
spectrometryst S1AIE £ HEm 2L 7 oA PRI Uk oW AEE
238k 2DESE 28l Yates1E 9 MudPIT(Multidimensional Protein Identification
Technology) ®¥ -2 cation exchange chromatography®t RPLCE 3v+e] columnell
AeAg oz Bal7l€9 peak capacity® FUlad & Adsdan, A sxa A
A A Ae Y-8 A A sk, throughputs Eoledl F835tch Yates I1§Z
MudPIT S o] &

, 2F 1484 9] Yeast ¢ A S gl on, 523 2DE ol
olg Halo] o] -&& FE low abundant proteinstt =& E AW Ao} wapek
S A E g g vegA dmla 58 v A biasflel AT £ UALE

Bl v} dthi(Nat. Biotechnol., 19, 242 (2001)).

Yates Z2E 9 proteomics 77} large-scale proteome?] Tz 2 &gl
st oA, Gygieh Aebersold®l ISB proteomics1E-& ICAT labelingg &%+
differential proteomicsel A+ #FE& FF3 Uh(Nat. Biotechnol, 10, 994
(1999)). &2 o] ICAT labelingo] 2% isotope pairz oAl 71 27 =24

fit N



et s s adnl Ae 5
Shell ofgh Aoz W@ 84 A F7HAE £ AS
Am. Soc. Mass Spectrom., 12, 1238 (2001)). ©o] uHd
differential expression A X & 5"olgl= dutAel =g
NS AbES Zolg, & AFEME E3) differential expressiond B E A
I, ol vige g I Sle (F 2 A7as dEides HE=4) fE=S A
oz MS/MS3He] sequence information® €1, o]& Fo dolguo]x g e
ol g, HElE BWE = Aot}

Z <t PNNL 289 proteomics 979 key aspects 1A% FTMSE A=3
2 o}]% online capillary LC separationd] 28 ¥, £&dH+= F4A% )
proteolytic FEI=E vl & MMAZR 3746}5 Zlolty. & proteomeA|
A 5362 o 6500709 dldz FTAH YeastdZdWAZRY 7}
olgheo] = olBAH o7 oF 350,00071)2 I L3
LCel ofaff dhestets A=A AdAE o244 P4 dynamic rang
Hojzsteds Aotk o]lE Ea] oF 10008 oAt sF4H dynamic rangeg
vl slth. PNNL %—% Z27] ld HA9gy ofF ZIHF AsEAY

)S AN #AZ accurate mass tags(AMTs)E A4rsiian gloh

v_»o{ =& %fakfrxé A 2% (mass measurement accuracy, ©13F MMA)e] A¥&

<
ZAEE Fese Ak A4 od e ESt nasA o
3

REAE (2 T ool o

T

1
=
olr

¢

ruz

3
Mo rob

bo ¢ ol L orlr ox mo % @S Ob ol ox % ot L m o 1o fo

ey

AZ 132, 25 AMTEH He=v 459 O oo
“biomarker"2 75 4 A ®©Huh  ol¥d E:2 MMAC ojF FE A=k
AMTetatn, o= wpx] wizbd We] 28 A& vtm=rt glof o5 &

Fol digk Arg AL F 5ol

=
el Aeto g vz telE Aolgt & o
A

=
22
=
1o
28
rio
ay
§:)
i)
i
to x
L
it
AL
2
ne
2
2L

o el Q@ Az

P
=
to
i

2 A

Yol sk AMTES dolgfuo]2zsld, AFAdEG0] Ued fE=9f &
ZARo 2T AL Fol A EWo] EA8tE proteomed AAE dobd F AA
ot mEbA proteomedd T 2 BA Y £ E AA F A F den, o F
g A 2 FATHAEES AFY 5 Ade FHE DA doe Aolnh

A Z2Hods dyste F Agrt oy, ns AeEzyol Age
of 9121% ISIS™ Pharmaceuticals, Inc.®) Z2gedx 2§88 Ay Fojs)
I S+ target RNAC 2y Adste HEx=H] 71822 “Lo‘r%’ﬁ-i&ﬂ XF"O*

Ii

= MEsta ot olg& AdriefEe] E3+E combinatorial

A high-throughput screening@ A ¢ & 3% FTMSe] o3l tix oz 4 zolwy

t}. Multitarget  affinity/specificity screening(MASS)et:r HHE o] 7=

FTMS9] = ILE’—OH'E, AR, 275 E AT ol&dozH, AA, target RNA

of Z¥ste A% F718EE 2o ey AEg e AEE deua
3l

4, oS 2= 5 3 target RNAAIO] 9 ¥

HH.
2L
n o

*28,.



£ 3’%573'3}31, A, 2 Zr=7) target RNAC 2 ste HAE ot A, o
RNAEo]l Ao o2 uw, g7+ =9 target RNASHS] Z &9 E oA (specificity) & ol
T+ = i‘é‘_%" w38 W gloh. oju Zpzhe] @Al FTMSO ojsix et 7t st
AY, EE FTMSel o8 Hze asy A¥xz=z o ZFAE LL F o

MASS9 ATAQ 2zt=e 3gd AHAE ¥4 & MMAE FfM% 7hedt
Rolth, 1 o2 Bz 615 Daol d|FetE RISt ES FHFR A7t EAsR
ok Bk 615296301200 s@EE §718E 2L 22 sk ule] EA8A] ¥E

olg1gt Aefol <ol otele] Il YEld RNAY EFAE olF =
CoaHeNsOn 2l 3848 712 paromomycing! Aoz AR 5 YA

et

[t
uy -

(RNASHY S

& = 1230584
\ i (miz) 3059 measured

H - H LI
\ HlY s MW = 615 2960 {+ 0 0006} l: isotope

Hreoratical
isotope
distributions

P! distribusiions

"irze [T.¥T S ¥} " 4852

WAkl = 105,000 {FHkd}

{RNA+Paromomyein-SH}*

1740 1760 1780 1800 1820 1840  nvz

ojutel = o] g FTMSS ZASE A3 o|&8 024 RNA-23E B4
of ZgA7], Azt=o] AT, aeln Ao FeolA(specificity) Toll HaF AR
g % e &5 2 dojulm ok old o3, olg& T o 100749 =S
5709 target RNA®] disl screeningdte ®& T84 4Ee s3FTFo=M, AN
Agg Hed gy WE 52 olFouln ok oMY mEE AYPE NEFY
A4 delgH Ao Agse asn gen], 1 23 FIMSY 7%
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1. Solubilization of lipid raft proteins
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Figure 1. Solubilization of detergent-resistant lipid raft proteins. Lipid rafts were isolated from
HepG2 cells by Triton X-100, collected, and suspended in wvarious solutions with different
detergents at 4C, and 37T, respectively. After ultracentrifugation at 20 000 rpm at 4C for 30
min, the protein concentration from the supernatant was determined by the Bradford method. The
results were found to be reproducible in three separate experiments. TX, Triton X-100; Brij, Brij
35, OG, octvl glucoside;IEF, isoelectric focusing buffer.
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2. More raft proteins were isolated in the presence of Brij35 at physiological
temperature
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Figure 2. Insulin receptor is predominantly found in raft fractions isolated by Brij 35 but not found
at all in raft fractions isolated by Triton X-100. Lipid rafts were isolated from HepGZ cells under
various conditions with Triton X-100 or Brij 35 at 4T, room temperature (24C), or 37C. Each
buoyant lipid raft was collected, and its protein conceniration was determined by the Bradford
method (A). The results were found to be reproducible in three separate experiments. (B)
Morphology of lipid rafts under the electron microscopy. Detergent-resistant lipid rafts, isolated by
Triton X-100 (left panel) or by Brij 35 (right panel), were collected and observed under the
electron microscopy. (C) Each fraction from the sucrose gradient was analyzed by immunoblotting

with anti-insulin receptor, flotillin-1, and clathrin heavy chain antibodies. RT. room temperature.
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pH 3 4C pH 10 pH 3 RT pH 10

TX100

Figure 3. More proteins are found in rafts isolated by Brij 35 at room temperature (24°C) than by
Triton X-100 at 4°C. Lipid rafts were isolated from HepG2 cells grown in four 150mm dishes
using ether Triton X-100 or Brij 35 at 4°C and rocom temperature respectively. The rafts were
washed with washing buffer and resuspended with 300 mL IEF buffer. Aneqgual volume (50 mL)
of raft proteins from each sample was subjected to 2-D gel electrophoresis, and protein spots
were visualized by silver staining. (A) 2-D electrophoresis profiles of lipid raft proteins. (B)
Protein spots in a representative box from (A) were further analyzed to find different protein
spots in different lipid rafts. Black arrows indicate protein spots that appeared in lipid rafts
isolated at room temperature but were absent in the lipid rafts isolated at 4°C. It should be noted
that more protein spots were found in lipid rafts isolated by Brij 35 at room temperature.
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Figure 4. Lipid-modified proteins, such as Src and Lyn, are found in lipid raft fractions even
when they are isolated at room temperature (24°C) or 37°C. Lipid rafts isolated from HepGZ cells

under various conditions were analyzed by immunoblotting with anti-Src and Lyn antibodies.

3. High pH/carbonate-resistant rafts contain cholesterol-insensitive protein

contamination.
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Figured. High-pH/carbonate-resistant lipid rafts are insensitive to cholesterol depletion. {A) HepG2
cells were serum-starved for 24 h and then either treated with 10 mM MBCD for 30 min to
deprive cellular cholesterol or not treated with 10mM MBCD. Lipid rafts were isolated from the
cells by using Brij 35 or a high-pH/carbonate {(detergenti-free) method, and analyzed by
immunoblotting with anti-flotillin-1 and Ras antibodies. (B) The protein concentration from each
raft was determined. The results were found to be reproducible in three separate experiments. Brij,
Brij 35, DF, detergent—free method, MRCD, methyl-B-cyclodextrin.
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Fig. 6B

Figure6 High-pH/carbonateresistant lipid rafts contain many protein contaminants that are not
sensitive to cholesterol depletion. HepG2 cells were treated with or without MBCD for 1 h, and
their lipid rafts were isolated by using Brij 35 or high pH/carbonate. The rafts were resuspended
with 300 mL IEF buffer. An equal volume (50 mL) of raft proteins in each sample were subjected
to 2-D gel electrophoresis, and protein spots were visualized by silver staining. (A), 2-D
electrophoresis profiles of lipid raft proteins. (B) Protein spots in a representative box from (A}
were further analyzed to find different protein spots in different lipid rafts. Black arrows indicate
protein spots that disappeared from the lipid rafts after MBCD treatment. It should be noted that
less protein spots disappeared from lipid rafts isolated by the detergent-free method after
cholesterol removal via MBCD treatment.
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Figure 7. Isolation of detergent-resistant rafts from rat liver. Lipid rafts from rat liver were
isolated after discontinuous sucrose gradient ultracentrifugation. A buoyant and opaque band after
ultracentrifuation was analyzed by electron microscopy and immunoblotting. (A) Electron
microscopic analysis of detergentresistant rafts showed that rafts were composed of membraneous
vesicles of different sizes. (B) identification of raft f{ractions by immunoblotting with
anticaveolin-1, flotillin~1, fyn, and clathrin heavy chain antibodies. After ultracentrifugation, the
sucrose gradient was fractionated from the bottom to the top. Each fraction from the sucrose

gradient was analyzed by immunoblotting. P indicates pellet after ultracentrifugation.
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Figure 8. Trypsin digestion of raft proteins. Raft proteins were mixed with trypsin once or twice,
and incubated for 12 h or 24 h after brief sonication. The trypsinized raft proteins were analyzed

by SDS-PAGE, and visualized by silver-staining

Figure 994 B 5%o] 82 Y2 E FE=ES LC/MS/MSE T8 SA43d o,
A AAlE dEAFEN AHERSA & ¢ iRl FAHHE HEHE= o}y
A AEARE o E5Fo2H, JE =g olFo ohild FAo RS ¥
4 F AAdT

53] o] 2d A,

S %3 figure 109] YEbd asialoglycoprotein® &4 4 3l
transmembrane domaing A YF A XL Yol oF ZHo| duld Mg
o} L. o)
it e g

AT AL WUE F3

_.43_



HA astel Bt gy e dae] Astel vl EHAYE F HoF
= =

R.SVTHANALTVMGK
. 136614, 199 K.DFLAGGVAAAISK
v ¥s
KHVIQSISAQQEK ¥ (#1843/4572)
{§989 / 4.006) N : Y by
¥iy H
b ¥
Pt A o SRR 1 M KALPPGPIPLPIGNFLOIDVK
Yoo ¥ ’ B R ol EI3714914
Pt ¢ N i i ii o
100 b
&
Q
jod
[0
kel re
o
pv]
O
< 50
&
2z
G
O
v
& o = g s . Ry
20 40 80 80 100 120

Time {(min)
Figure 9. Total ion chromatogram of an LC/MS/MS experiment using tryptic peptides of raft
proteins from rat hver. Confident peptide assignments were exemplified by a few representative
MS/MS spectra.
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Figure 10. The sequence coverage of asialoglycoprotein receptorl. The transmembrane
portion 1s designated by bold and italic fonts. The peptide sequences observed in the
experiments are noted by underline.
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Protein list

3-0x0-5-u-steroid 4-dehydrogenase 1
5'-puclectidase

acidie ribosomal protein PG

anligen peptide transposter 2

aplysia ras-related homolog A2

arachidonic acid epoxygenase
asialoglycoprotein receptor 1 and 2

ABC transporter : B11, €2 and D3

ATP synthase o, B, &, v b ¢ e, FBand O
ATPase Na+ /K -+ transporting: o1, i1 and B3
ATPase H- transporting 32

Basigin

belaine-homocysteine S-methyllransierase
bile acid CoA ligase

calnexin precursor

carbamoyli-phosphate synthetase 1

carboxy! ester fipase

CD36 antigan-like 2

cyluchrome b

eytachrome ¢ oxidase; 2, 4a, Su, 5b, 6a1, 6¢ and 7a3

cyloctwome P450: 1A2, 2A1, 2A3, 283, 2011, 2022, 2039, 261, 441,

452, 4A3 and PCN
DAPIT protein
diapheraze 1
dipeplidase 1
ectonuctentide-pyrophosphatase/phosphodiesterase 1 and 3
epoxide hydrolase 1
extrogen sulfolansterase
fatty-acid amide hydrolase
fally acid Coenzyme A tigase, long chain: 2and 5
falty aldetyde dehydrogenase

flotillin 2

sideroflexm: 1 and 3

similar fo adenine nucleclide ransiocase

similar lo adenylate kinase 7

simitar to alcohol dehvdrogenase Panlb

similas to alcohol deydrogenase Pantb-iike protein
simifar o ankyrin

similar to ABC transporter | AB and A8a

simifar to Atp6viel protein

similar to ATPase, V1A1

simiitar fo B-cell receplor-associated profein 31
similar to brain apoplosis-associated tyrosine kinase
similar to CGE105-PA

similar to cytochrome ¢-1

similar fo DCB protein

similar to expressed sequence Al788958

simitar to Fliih protein

similar 1o glyceraldehyde-3-phosphate dehydrogenase
similar to gp25t.2 protein

simifar to histidine-rich membrane profein KE4

simitar to hypothetical protein:XP_225987, XP_217094, XP_224605,
XP_232340
similar o LRG-47

simifar fo LereS protein

simifar to microsomal glutatbione S-transferase 3

similar fo mitochondrial carrier homolog 2

similar to HADH-ublquinone oxidoreductase 30 kDa subunit
similar lo NADH dehydrogenase {ubiquinang) 1: 26, «9 and 10

G 12, GUVGSHEIO) + 12 and B(5) « extra large
G2/milotic-specific cyclin By

glucose-6-phosphatase, franspont protein 1

hemoglobin o1 and v 2 chaing

hypotheticat protein : NP_599237, XP_224969 and XP_220451
integral membrane protein, Tmp21-1 (p23)

kidney aminopeptidase M

kynurening 3-hydroxylase

lectin, mannose-binding, 1

low affinity immunoglobulin gamma Fc region receptor 2
tow molecular mass ubiquinone-bdinding prolein
Merebrane associated progesterone receptor component 1
microsomal glutathione S-transferase 1

mitachongrial 2-axoglutaratesmalate carrier protein
monoaming oxidase: A and B

multidrug resistance-assaciated protein &

multidrug resistance prolein 2

myosin 1b

oxidative 17 [b hydroxysteroid dehydiogenase type 6
P450 {cytochrome) oxidoreductase

paracxonase 1

Pi3-kinase [}

phesphoinasitide phosphatass SACT

phospholipase B

plasminogen aclivator inhibitor 2 type A

prohibitin

putative N-acetylransterase Camello ¢

tibophorin:t and 2

RT1 class | histocompatibility antigen. AA « chain

sequences not having NCBI accession numiber
{IPI0D382258.1, IPIDG382300.1,
PIN0183033.1, IPID0204793.1,
PI00203538.1, IPID0188A06 1,
PI00209714.1 and IPIO0208021.13

SH3 domain prolein 2A

simiar to HADH dehydrogenase {ubiquinones flavoproteln 1

siratar Yo HADH defvdrogenase 1 w1 -like protein

similar to nicotinamide nucleolide lranshydrogenase

simifar 4o nuclear domain 10 protein

similar to o-methytiransferase family member (505201

similar to oifactory receptor MOR183-2

simifar o oligosaccharytiransierase

similar to oxysteral 7aipha-hydroxylase

similar to ATPase class Htype 11C

simitar to protein phosphatase 1. regulatory {inhibitor) subunit 5

simitar to putative transmembrane protein PTG

similar to RIKEN cDNA : XP_215413, XP_217211, XP_214826,
XP_214457, XP_214594 XP_341407 XP_217417 XP_2220%5
and XP_236574

simitar to serine bela tactamase-like protein LACT-1

+ similar o signat recognition particie, 72 kDa subunit

similar {o solule carrier tamily 25213

similar to stromal inferaction molecuie 1

similar lo fransmembrane prolein TMISF3

similar to ubiquinol-cytochrome ¢ reductase binding protein

simitar to ubiguinol-cytochrome ¢ reductase complex core protein
tand 2

smooth muscle-specific 17 B-hydroxysteroid dehydrogenase type
3

solute carrier family; 4at, 10a1, 1821, 16a7, 21a3, 21a10, 22a2,
25at, 2543, 2585, 25a10, 25220, 26a1, 27a2 and 38a3

succinate dehydrogenase complex, subunit A, favoprotein {Fp)

tdfunclional enzyme

UDP-glucuronosyitransterase: 1A1, 281, 282, 283, 286

vesicle-associated membrane pwotein-associated protein A

voltage-dependent anion channel 1

Table 1. Detergent-insoluble lipid raft proteins identified by capillary LC and MS/MS

‘45_



E A4 oln] g9 e Woz guugzeE Ao 197 7o @iz g

Y + 9otk (Table 1) 53] B wujgsel ofg Mol Ye= Fuol o3
FAYE § VAT ¥ 5L WYY F dU% o vuA F 2%E o 9
zZeo] EAste Aol wAAY, £t 4¥3 QLR EAE Aoz Ly

Microsome
20%:)

Figure 11. Functional categorization of detergent-resistant raft proteins. One hundred ninety-seven
detergentresistant raft proteins were categorized to pm/rafts (plasma membrane and rafts),

mitochondria, microsome, others, and unknown depending on their cellular localization.
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Figure 12. Protein sequence covernges of ATP synthase a and P obtamed by the identified
peptides (denoted by underlines) after LC/MS/MS experiments on the whole raft proteome. Some
representative  MS/MS  spectra demonstrate highly confident protein identifications for these

proteins.
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Figure 13. The surface expression of ATP synthase complex on HepG2 cells. Immuno fluorescence
of ATP synthase a and B. HepG2 cells were immuno stained with antiATP synthase a and B
antibodies and mock IgG {(top panel). HepG2 cells were co immunostained with antiATP synthase
a and placental alkaline phosphatase (middle panel). HepG2 cells were coimmunostained with

antiATP synthase P and 5 -nucleotidase antibodies (bottom panel).
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western blot A &4l ATP synthase a¢ B7} AL E EAQTLE =9,
(figure 14C)
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Cyotochrome ¢

Figure 14. ATP synthase complex is expressed on the outer leaflet of the plasma membrane. (A)
HepG2 cells were labeled with membrane impermeable biotin and lysed with SDS lysis buffer. The
lysates were precipitated with avidin-conjugated agarose beads and the precipitates were analyzed
with antiATP synthase @ and B antibodies. (B) Biotin-labeled HepG2 cells were lysed with
octylglucoside lysis buffer. The lysates were immunoprecipitated with antiATP synthase a
antibody, and the immunoprecipitates were analyzed with avidin-conjugated HRP. (C) Plasma
membrane and mitochondria were prepared from mouse liver. Proteins (5 mg) from whole cell
lysates (WCL), plasma membrane (PM), and mitochondria (Mito} were analyzed by immunoblotting
with antiATP synthase a and §, insulin receptor, and cytochrome ¢ antibodies.

2. HepG2Al ZollA ¢sl= gz es2 B2ld & ATP synthase a®} B= western
blot 3%2. Figuer 15AdA X 5ol o] dulase us HZEH Y& T
NIH 373, Hela, 293T, HepG2 AMEEL 1% Triton X-10028 &AL +
detergent-soluble®} insoluble® W& (figure 15B). HepG29t HeLaol A& o] &
WA Eo] detergent- insoluble fraction®] &= UES. o] ATP synthase’} o]&
AEAME gHe e AGFE HodFE A9,
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A Lipid rafts

P 12 3 45 6 7 8 9 101112

ATP synthase o
ATP synthase

Cytochrome ¢

1. Hela
2. NIH3T3
B Detergent- Detergent- 3.293T
insoluble soluble 4. HepG2

1 2 3 4 1 2 3 4

_ ATP synthase a

| ATP synthase p
| Flotillin-1

Figure 15, ATP synthase a and B are localized in lipid rafts. (A) Lipid rafts were isolated from
HepG2 cells by sucrose gradient ultracentrifugation. FEach fraction after sucrose gradient
ultracentrifugation was immunoblotted with antiATP synthase a and B, flotillin-1, and cytochrome
¢ antibodies. (B) Detergentinsolubility of ATP synthase a and B. Hels, 'NIH"’BTS, 293T, and
HepG2 cells were lysed with Triton X-100 lysis buffer. After microcentrifugation

at 0°C for 10 min, the pellet and supernatant were analyzed by immunoblotting with antiATP
synthase a and B, cytochrome ¢ and flotillin-1 antibodies.
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Preadipocyte Adipocyte

Figure 16A. Mitochondria are packed full in fully - differentiated adipocytes. On day 8 of

differentiation, 3T3-L1 cells were used as fully - differentiated adipocytes. 3T3-L1 preadipocytes
and adipocytes were prepared for electron microscopy {(magnification, x25000). Insets in upper

panels were enlarged in bottom panels to see mitochondrial morphologyn detail.

Differentiation

0 2 4 6 8 Day

- ATP synthase a
ATP synthase B
PPAR Y

CytC

B-Actin

Figure 16B. The expression of ATP synthase complex is highly induced during 3T3-L1
adipogenesis. 3T3-L1 preadipocytes were differentiated to adipocytes for 0, 2, 4, 6, and 8 days.
The differentiated adipocytes were lysed with SDS lysis buffer, and the lysates were analyzed by

immunoblotting with anti-ATP synthase a and B, cytochrome c, PPARY, and insulin receptor
antibodies.
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HAe] AFEC osd ATP synthase’} ‘ﬂf’%ﬂ_xﬁ_(endothelial cells)s} A
(hepatocyte)®] A ute] EA5te] angiostatingn EAMP II, &2 Apo-Al # ZA33t
T otk SEATE o]2]dk A|E o] 9] o] M EojAE ATP synthased A Ew &7}
Aol EeA A Gtk AWM EolA ATP synthase?} AEube] &R el=A &el

st7] A3} 3T3L1Y 23} Ay B3t Fo] MEE ATP synthase a, B antibody 2
HAgAdNeg R A T (figure 17A) T8 AWM I E biotine® AL ¥TH L
FHE Fo] HEE ﬁlrﬂ?/‘i’? T biotinol 7 E¥E A A= avidin agarose
beads® biotin®] ¢ & @ A E isolation ¥ ¥, ATP synthase complex&
western blotting© 2 #<Qlstgich (figure 17B) ©l9elx= ATP synthase a, B
subunitso] MEE W EAdn JSE A=s) Y8 A E 2 mitochondria®h A
X A= AAEYE olgste] Estdth.(figure 17C) T A R o]
Ay WA Est 238 g AE WA ATP synthase ap’b 53 A A%
) o Bol] HEE lee U
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A Mmock 1gG ATP synthase « ATP synthase B

Preadipocyte
Adipocyte
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Figure 17. ATP synthase complex is expressed on the outer leaflet of the plasma membrane. On
day 8 of differentiation, 3T3-L1 cells were used as fully-diffentiated adipocytes. (A) 3T3-L1
preadipocytes and adipocytes were immunostained with anti-ATP synthase a and B antibodies, and
mock IgG. It should be noted that permeabilization step was skipped out for visualizing the
surface expression of ATP synthase complex. Scale bar = 10 pm. (B) 3T3-L1 preadipocytes and
adipocytes were labeled with membrane-impermeable biotin and lysed with lysis buffer. The
lysates were precipitated with avidin-conjugated agarose beads and the precipitates were analyzed
with anti-ATP synthase ¢ and B antibodies. (C) Plasma membrane, and mitochondria were
prepared from 3T3-L1 preadipocytes and adipocytes. Each protein (5 pg) from plasma membrane,
and mitochondria were analyzed by immunoblotting with anti~ATP synthase a and B antibodies.
IR, insulin receptor.

..54...



Figure 17A° 412} ATP synthase complex?®] ¢4 Z3-& lipid rafts®] punctate
staining pattern® vi$ FA}E7] W FEo] AA2 o] A So] Jipid raftsol] EAY
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ATP synthase

B Lipid Rafts

P12345678 9101112
ATP synthase o

ATP synthase §
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Caveolin-1

ATP synthase o
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Cytochrome C Human
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Figure 18. ATP synthase a and B are enriched in lipid rafts of adipocytes. (A) ATP synthase a
and B are co-localized with CTB in fully-differentiated adipocytes, indicating that the complex is
present in the plasma membrane rafts. 3T3-L1 adipocytes were immunostained with anti-ATP
synthase a or § antibody and rhodamine-conjugated CTB. It should be noted that permeabilization
step was skipped out for immunofluorescence. Scale bar = 10 ym. (B) Detergent-resistant lipid
rafts were isolated from 3T3-L1 adipocytes and human adipocytes as outlined in Materials and
Methods. Each fraction from the sucrose gradient was blotted with anti~ATP synthase a, and B,

cytochrome ¢, insulin receptor (IR), flotillin~1, and caveolin—1 antibodies.
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Axero] ZAstE ATP synthase complex® 7154 <47] ¢3) AlxLe] ufA]o
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Figure 19. Extracellular ATP synthesis by surface ATP synthase complex. On day 8 of
differentiation, 3T3-L1 cells were used as fully- diffentiated adipocytes. (A) Extracellular ATP
synthesis was initiated by the addition of ADP and Pi to a culture of adipocytes. At the indicated
time, the extracellular media were collected, and the ATP content in those pools was determined.
(B) The effects of oligomycin and CCCP in extracellular ATP synthesis. Adipocytes were
pretreated with 0.5% DMSO, oligomycin 10 pg/mi), or CCCP (0.4 pg/ml) for 5 min. Extracellular
ATP content from media was measured 1 min after adding ADP and Pi. Control indicates the
extracellular ATP content generated in the absence of any drug. DMSO, dimethyl sulfphoxide;
oligo., oligomycin, CCCP, carbonyl cyanide m-chlorophenylhydrazone. (C) The pH effect of cell
media in extracellular ATP synthesis. Adipocytes were washed twice, and then extracellular ATP

content was measured 1 min after adding ADP and Pi into media of different pH. Control
indicates the extracellular ATP content generated in pH 7.4.
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Figure 20. The low expression of mitochondrial proteins in the adipocytes of db/db mice. A.
Adipocytes were isolated from visceral adipose tissue from each 12-old-week mouse. Proteins (30
Hg) from livers, muscles, and adipocytes were lysed, then analyzed by immunoblotting with
anti-ATP synthase a and 8, OxPhos complex II (flavoprotein), OxPhos complex III (core 1), and
clathrin heavy chain antibodies. The livers and muscles of five mice were analyzed, and the
adipocytes of 17 mice were analyzed. Among 17 mice, the adipocytes of 15 mice exhibited low
levels of ATP synthase a and B expression, but those from the other 2 mice exhibited normal
expression. Two cases from 17 mice were represented for immunoblotting. B. Adipose tissues from
LETO and OLETF rats were lysed, and then analyzed by immunoblotting with anti-ATP synthase
a and B, OxPhos complex II, and B-actin antibodies.

FredAS vg Asd Fo F§2HQ 74 2%, 28D AYEHL A58
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24 A OLETFFA A E A==, Figure 20BellA A4 HA(LETO)S
HOLETF)S Arzaoln mEZ=gol duld L@ o] HA #H(ILETO)Y b))
3 Az mEZ=gole] AE NEFECE

Faste e & g ol
Z

glob #AAL o X E FHHACh (Figure 21)

db/db db/+ ¥ ob/ob ob/+ +4

285 IRNA

e
<h

Ratio of ND2
1o 288 rRNA

dbidl db/+ */+ oblob ob/+ +'%

Figure 21. Mitochondrial DNA content is reduced in adipocytes of db/db mice. Genomic and
rmitochondrial DNA (mtDNA) were monitored from adipocytes (n=6) by PCR analysis. Primers for
28s rDNA, and the ND2 gene (subunit 2 of complex I) were used for PCR, in order to determine
the contents of genomic DNA and mtDNA, respectively. The final PCR products were ultimately
electrophoresed on 1.5% agarose gel. The ratio of ND2 level to 28s rRNA was obtained by

measuring the intensity of each band.

Figure 21914 v|E2=e)ol fA29 2Hag 3 37198 285 rRNAS DNA

DNA%S vlug T 2d £33
db/db # ¢ mlEZ=galole] DNAZ AArH ] ul#] v A% ZA398S & 2= 9
th ob/ob A= Aol vl ozt grastgeout BAA L) db/db FHel e 2o

o P
Ag & & gtk
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db/db db/+ +/+ (CS57BL/KSJ)

ob/ob +/+ (C57BL/6J)

Figure 22. Mitochondria disappear in the adipocytes of db/db mice as determined by mitotracker.
Adipocytes were isolated from visceral adipose tissue from each 12-old-week mouse. The

adipocytes were stained with mitotacker. The black bar indicates 100 Hm.
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dbfdb db/+ +/+ (C57BLIKSS)

ob/ob ob/+ +/M+ (C578LIBS)

Figure 23. Mitochondria are rarely found in the adipocytes of db/db mice under electron
microscopy. For ultrastructural examination, epidydimal adipose tissues were observed in each
12-week-old mouse. The black bar indicates I um.
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Figure 24. Mitochondria are increased in the adipocytes of db/db mice after rosiglitazone treatment.
AB. Rosiglitazone (30 mg/kg) was administered in 12 old-week db/db mice (n=7) for 10 days by
oral treatment with gavage. Control db/db mice (n=7) were treated with the vehicle, 1%
carboxymethyl-cellulose. The mice were weighed and bled via the tail vein, in order to measure
blood glucose. C. Proteins (30 ug) from adipocytes (n=7) were lysed, and analyzed by
immunoblotting with anti-ATP synthase a and § OxPhos II (flavoprotein), OxPhos Il (core 1), and

clathrin heavy-chain antibodies.
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dbidb  dbldb + o8]

A

db/db

Figure 25. Mitochondria and caveolae are abundant in the adipocytes of db/db mice after
rosiglitazone treatment. Rosiglitazone (30 ng/kg) was administered to 12 week-old db/db mice
(n=7) by cral treatment using a lavage for 10 days. Control db/db mice (n=7} were treated with
the wvehicle, 1% carboxymethyl—cellulose. For ultrastructural exarninations, epidydimal adipose
tissues were observed. White arrows represent mitochondria, and black arrows represent caveolae.
The black bar in the upper panel represents 25 pm. The black bar in the lower panel indicates 0.5

Hm.
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Figure 26. Impaired fatty acid oxidation in diabetic, obese model mice
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54. adiponectin % resistin $£8A A 2 1 A3 oA dba

1. $E2 A %o A adiponectin ¥ resistin family A %3% chimeric ligand = @&

Y
- TEA R Aadyg dud wag g ol E ligands ¢
* pull down assay
* affinity chromatography
* binding assay

- 84 FHAA WF expression cloningg 3 @A probes
A 2% chimeric ligands9] A2 &4 9

- chimeric ligandsE 9| native form® #Z& A& %5 & 2= &5 20
5

* adiponectin ligands : AMPK (AMP-activated protein kinase)
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I. FLAG~fusion ligands i. Fc (immunoglobulin)~fusion ligands

KDa M 1 2 3 4 5
% x0x

33

1. FLAG-hResistin

2. FLAG-mResistin
3. FLAG-rResistin Adiponectin-F¢ Resistin-Fc RELM a-Fc RELM p-Fc
4. FLAG-hAdiponectin
5. FLAG-rAdiponectin
. SEAP-fusion ligands 1002  100.2
(Heat stable alkaline phosphatase) 55.9 55.9

SEAP-~human adiponectin
resistin, RELMa, RELMb A =xtell FLAG epitope, Fc portion
{heat stable alkaline phosphatase)ell &% Al# HEK293
3%=3tod anti-FLAG, Protein A, anti-SEAP& AR&&}o]

Figure 27 adiponectin,
{immunoglobulin heavy chain), SEAP
AEe] ¥ F conditioned medium$
affinity column chromatography® T3¢,

Phosphorylation of ACC1 in C2C12 cells stimulated with the KOMED
recombinant adiponectin proteins

Human adiponectin—Fc

FLAG-human globular domain

Human adiponectin—His

Lane 1: adiponectin
Lane 2: controf recombinant protein
Lane 3: PBS

Phosphorylation

Figure 28 adiponectin ligands& # S 25, C2C12, o #el F cell lysate® 2538t A4

ey
2 o} &
LS [ =0

3 AMPKS 712 ACCI9 i4tst =& western bloto 2 %
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Effect of mouse resistin on 3T3-L 1 differentiation

0.400

0.350
- 0.300
& 0.250
fo)]
T 0.200
i
o 0.150
O

0.100

0.050

0.000 - :

1 2 3 4 5 6 7 8 9
Conc(ug/ml) 01 1.0 16.0 0.1 1.0 10.0 5.0 10.0 0
FLAG-mRes mRes-Fc FLAG- mAd-Fc 'm; protein
GITRL

Figure 29 <zt 332 (HUVEC)Y full length adiponectin (FLAG-fAd) % COOH-terminal
globular domain (FLAG-gAd)& 32 £ cell lysate® Fsle 843 AMPK ¥ AKT 4tst A
52 western blot2. 2 B¢l 3 FLAG-fAd¥ AKTE FLAG-gAd:s AMPKE &443A17.

* resistin  ligands : resistin® A¥ATF  AX  (preadipocyte)E A WA E
(adipocyte) = 2] ¥3l5 7rE3stAl dAldtE anti-adipogenic factor® ¥&# A Aot
Al =3 FLAG-resistin, resistin-FcE mouse preadipocyte A} E591 3T3L1 celloll
Ae & adipocyte® &38F FEste] ®3dATE 54 stth Figure. 494 =
S o] dose-dependent W2 0@ AWy EEe 232 AAsT YL L 5 oA

resistin chimeric ligands”7} Adal&Alo] &2 < pg=g

¥

3. AEZY chimeric ligandsE A}{-3F &4 @d AEF AR

- A4 4 binding assay : FACS ¥ cell ELISAE %3}4 chimeric ligands & &
olatA At AMEF F<Q

f
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(min) «— p-AMPK

Time
{min)

+— total-AMPK

«—— total-AMPK

e (- AKE

Time
{rnin)

<« total-Akt

FLAG-fAd FLAG—gAd

{(human full length adiponectin} (human globular adiponectin)
Figure 30 mouse preadipocyte cell line$l 3T3L1 celid Mix / Max / insulin ¥ & Fx9
FLAG-resistin, resistin-Fc 9 control protein®® FLAG-GITRL (TNF ligand®] & Z &), mouse
adiponectin-Fc (mAd-Fe)& Aelste Az e £3 Az $F FdodAses A6

A) B)

Adiponectin-Fe ATR-Fc Adiponectin-Fc Resistin-Fc

AlTR-Fc No treatment

GITR~Fo No treatment

Cell ELISA

Figure 31 C2C129l adiponectin-Fe, resistin-Fc ¢} control protein &2 AITR-Fc¢ % GITR-Fc& 2
g Az %

Z anti-Fc-HRPEZ %% AlA image analyzer2 cell ELISAE 8% 2012 A xFo
adiponectin-Fc 2 resistin-Ferb EoldtA Z¢ete 21& 34T 5 &
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Adiponectin binding to Cos7 cells

o
o

128

Everts

Events

10%

Empty
mPrefl-Fe hAd-Fe hAd-Fet hAd-Fe +
rAd-His Anti-hAd

Resistin family binding to Cos7 cells

‘@
&

128

@
&

E)

Everts
Events
Events

Y O e e v B Y T T e aear L A T
Ermpty Empty Empty
mPrefl-Fc mRes-Fo mRELM a-Fe mRELM B-Fe

Figure 32 Cos7 M Edl adiponectin-Fc (B) ¢ resistin family<mouse resistin-Fc¢ (F), mouse RELM
alpha-Fc (G), mouse RELM beta~Fc (H)& # 7} FACSE Fd¥ste] A4 &4 28& 543
2ch = control protein©® Pref-1-FeZ Ab£3to] FACS shift background® Al£33xn
adiponectin-Fco] A% A o¥i22 Q2% full length adiponectin (C) ¥ adiponectin &3 (D)E
Abgsted A blocking S 719l adiponectin 013 $&A7F Cos7 celldl &S & & ok x=%
resistin family®) %9 Cos7 cellol 2 ZE &t resistin-Fe 7} mean fluorescence intensity (MFID)

ha0e e b SeAst Aol BEe % F 8.

=

A) B) & SEAPRosiin
14 one site saturation
Bmax : 19.7787 OD/hr 10 4
12
Kd : 6344.6270 nM Bmax : 3.7762 OD/hr .
] 25 Kd:1210.0237nM
P L]
& 2o
61 15
w »
I d
3 . . o -
S b SEAP-adiponectin g " SEAP-resistin
= 24 [J o
Eg f 8 o5
° " 22 ey =
o 2000 4000 6000 8000 10000 0.0 G “
M protein I}] 500 1000 1500 2000 2500 3000 3500

nM protein

Equilibrium Receptor-Ligand Binding Assay

Figure 33 C2C12 4 £ AA¥ SEAP-adiponectin, SEAP-resistin, @ SEAP alone- d7tale] 4
Lol ZZ 1AIZE we A7l & A" she 70°Col A 308 ¥ F SEAP assay® AAISIY B4 b

4 &9t dojxd SEAP ol A SEAP alone (background)#isted ODE &gt

O
il

i
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- A& 4 binding assay : equilibrium binding assay 2 3| affinity constant®

e
fms

19 AAAN, ALA binding assay ZE : 2003 @, 2004 3o 371X Y
adiponectin receptor’7} C2C12 A3 oA expression cloning WHo 2 $FHA &

= d7e 23t dAsA e Fol AU

* AdipoR1 / AdipoR2 (Yamauchi et al. 2003. Nature 423:762-768) : AdipoR1
< globular domain® high affinity receptor ©]i AdipoR2+¥ full length
adiponectin® high affinity receptor ©Jt}. 203T AlFo] B& A 45 kDaslE =7]
©]  G-protein coupled receptor®]t}, EooAE C2C12 A 2d HE

adiponectin 2% 723 Kd atol 6 mM A% & low affinity receptore]th.

x T-cadherin (Hug et al 2004. PNAS 101:10308-10313) : globular domain
% bacterially expressed full length adiponectin ¥+ A§3HA @1 TEAZA
L hexamer o]+ full length adiponectin #%F ZA3Fsle] NF-kb &4 <& A7)
= 80 kDa HEel GPI link® adhesion @¥iAolt B A4 FLAG-globular
domaing A}&3%F cell ELISA (data not shown) ¢ adiponectin-Fc fusion protein-&
AHE S FACS dataol 4l FACS shift7} bacterially expressed full length adiponectin
(Figure. 6), globular domain (data not shown)3 % competition® 3t= 7o g ®
oF Cos Ao &35l 9l adiponectin &8 4= T-cadherino] opd& Az

T Utk

4. adiponectin, resistin, RELM beta &=&A &8 #<]

- adiponectin &8 A TR &2 1 Cos7 celldlA] hAd-Fc o Zg3sdM ojzd++
off 5 #& 3t full length adiponectin @ FLAG-globular domain®} FACSeol| 4 7 A}
= ©8tE  T-cadherin F FEHE F£83 $RE A AT FAl
FLAG-adiponectin % FLAG-globular domain®] ¥-8-3t= AWM E HUVECS
Abgshed 2hlsh
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n-octy!

beta-D-
Triton gluco-
DDM X-100 pyrancside CHAPS Brijogv
(0.3%) (1%) (0.8%) (1%) {1%)

12 3 123 1231 2 31 2 3 MkDaj

Figure 34 Cos7 cell& biotinyiationg ¥ % o2 712 2759 detergent® AE3dte] o gz g A
A3l human adiponectin-Fec (hAd-Fc¢) % GITR-Fe (control-Fc)st 23 & Protein A bead& % o
1

A 84 T strepatavidin-HRPE A}&3819] biotinylation ¥ 2 ©¥id g w2 spqch

p120—

Molar ratio of used ligands
FLAG-human fAd: FLAG-gAd : FLAG~m4BBL =4 : 1: 2

Figure 35 HUVEC cell& bictinylation® & & DDMS AHg3te] o v g Axste FLAG- full
length adiponectin (FLAG-human fAd), FLAG-globular domain (FLAG-gAd), control FLAG
protein (FLAG-m41BBL) Z % % anti-FLAG bead®& Yol &4 34 F strepatavidin-HRPE A}§
2to] biotinylation ¥ 2 @9 vz sk
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2> Cos7 celll 4} hAd-Fc ¢ 9+83t= pl20, ph0 F 714 84 TnF
A stlem n-octyl beta-D-gluco-pyranoside?’t E#2<Ql  detergent$
HUVEC cell | % DDM lysatedl X p120 9429 globular domain®] preferential
binding st= F8£4 ¥ #& 9 319t

- resistin 8 FH T E9l : mouse resistin-Fc® A= Cos?, C2C12 M
F FH ALAME 23 A AP AHEetE ™ mouse preadipocyte A E 9 3T3L1
AEZFE AHEsted DDM detergentS A4 dte] o dhwlals 3¢ 5 Agsts= 4

L4 T8 7+g gl 33
= <
e W kDa
Probes e 3
2 & Lanes
2 = 1. HEK293
- 2.3T73-L1
115.6 3.C2C12
97.3
4. Raw264.7
15.6
97.3
53.5 p110
53.5
872 37.2
Cos7 cells

pull down w/
proteinA resin

Figure 36  Cos7, C2C12 cell2 biotinylation% g F ooy A EFF9Y Fe 39w AS 2 g31o
DDM = ¢zl s Axsie] A Protein A bead® ¥ol A 34 ¥ suepatavidin-HRPE A}&
H

=2 do 7‘
3tod biotinylation ol gl g 3ol shgioh

- <HE> Cos7 cell A% pll0, pd0 HA A 2% band 7} &< =HJAx <fat
oj2] 7b2] bandE°] B =t ol E0] proteolytic cleavage o 23F AQx] & )
o e gtk o8 71A protease inhibitors® A8l DDM lysate2 WHE 7]
2ol o] beAde vupm A4zt "k C2C12 cell A E DA 98 band 2 el

pll0 A=A 89 =AU 3T3LL cell olAE pllo 2l A 71 AaA 243
AREA © 2 resistin &4 = pll0 € 7540 =o)
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- Resistin-like Molecule b (RELM b) +&4 27 &< : RELM b A X

et ded AYEE dehlle 71 Zejy 334 A F27} resistind FAsH]

HEA FEA7 QA H FHE sbegdel AW FAS FE&A family & 5 S)

Cos7 celll Al RELM b-Fcst Z&8317] W&ol Cos7 cell, 22|31 resistin® ‘ii,%

3l C2C12, 3T3L1, HepG2 cellsdA = @wizas AAsle] A3 F84 THF
At

mRELMbeta-Fc pull down
kDa - species comparison

Lanes
‘ 1. lysis buffer only
-115.6 2. HEK293

500 973 3.cos7
4.C2C12
5.373-L1

-53.5 6. HepG2
7. Raw264.7
-37.2

Figure 37 o8] & cell% biotinylationd 3 ¥ RELM b-Fc §&¢#9ag AHEstel DDM o
wadg AA, 2% F Protein A beadZ ¥l A ¢ F strepatavidin-HRPE A3l
biotinylation & T84 FRrFE A %

.:1

- <ZBE> Cos7, 293T, HepG2 cellelAl p90 ¥% band®E <l sz 53
Cos7 cell lA = pbs Ax 2 7F4 73 band7 B3 2 $1AellA HeDGZ celloll
Ax BAT. mouse cell line Oﬂ}\ = p85 YA NA ZA3A band7t ESl HUA:
pS5A Aol A = ¢F3tA]l band7F E < S AT

5. adiponectin &4 F 22 B&FL 93 expression cloning 71 & ¥

-~ ZREH oA W] noozA 23 Wro 2x AESHA ¥bE<l expression
cloning W& Aok stk oln adiponectin FEA7F ¥d =HE C2ClZ
HUVEC, Cos7 MEXFE &9l 3tl3 203T A XM= adiponectin-F¢, FLAG-full
length adiponectin, FLAG-globular domain $°] bindings <387l @&l
background”} ¢l transfection host® AF&E 4= 9lt}. adiponectin &A1 7 & &
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= 9o M ELFE A unidirectional expression cDNA libraryE AZ3to] M IS
2 107702 cloneg 500 78 colony® ol & 20070 pool & THES] plasmidE
A Asted 293T cellel transfection &G th. %27 HE$ screening MH S in situ
binding assay 1@ @& AA ¥ adiponectin-Fc, FLAG-full length adiponectin,
FLAG-globular domain®l| biotinylation &}°] protein probe& W& ©] probe&
transfection 171 293T celle]l ¥ 3 binding A17131 A& gt} 70°Cel A 30% <E A
2] 3] endogenous alkaline phosphatase® A4 %t o719 Neutravidindl] heat
stable alkaline phosphatase (SEAP) conjugation A%l complexE %3 WA 7

712& 718led purple colord cell$ @wmlZ oz F&3te] positive poold &<l
t}. control protein 2 2 biotinylated GITR-Fcg A}83t9 3 GITRL (GITR ligand,
a TNF family) full length gene-g 293T cell o transfection o reaction control
2 A3 1 Natureol A 2.3138F AdipoR1E 9] transfection 3} biotinylated
adiponectin protein® Z 3l control genel. & AlEdHTd RisteE &4
bindingS <t st

i b

Expression cloning of adiponectin receptor (s)

138

Cos7, HUVEC exprassion cDNA libraty

Eerty
Beenty

pCMV-SPOTRS6
GITR-Fe-biotin

GITRL/pCMV-SPORTS6 mAdipeR1/pCMVY-SPORTS
GITR-Fe-biotin hAd-Fe, mAd-Fc, hgAd-His-biotin

Figure 38 C2C12, Cos7, HUVEC celldlA expression cDNA libraryE& A 23td 293T cellol
transfection & ¥ adiponectin ligands$t ¥2-38l+ clone® SEAPE ARS8l &9 3§t GITR-Fe
/ GITRL interactiong reaction positive control® AdipoR1€ adiponectin ligand® 9 43 control
genel 2 ALE 3ol

d75-



- <ZE> biotinylated ligand ¢ 1 8 A9} A3 interaction chemistryE
AR GITR / GITRL 7+el specific interaction® & #5335 d. o] WHe =

HA} o8] expression cDNA libraryZ screening o Uth 2 AFojq AELH
T - ‘L

g o] 2+ adiponectin ligands £-& Nature B.1¢tE €8 AdipoRlel] Z3§8§HXA]

O}—Ol—q_

1S AA .
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