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GIASST7IRT
Q32483410
GHAB02397
SHASSSCEBH
GI4B045TS
GHAS04E80
gii4557485
@il4504877
@UABOTO8T
Gi4558406
SHTIB2Z1561
BIH9502067
oHA487TTI18
Sia502503
Gi48zE762
Gi3BG1 6947
Gil45G2008
@il4s03629
GiI1B93354%
giE502183
Qi45024p
SH2TOT 1030
gilass7ase
QIS174411
GHASOS7TIY
SHABOZABS
Gi403 17626
Gi4502511
Qil4507557
giisb7an 123
Si4504781
Q21361845
alj4504165
Q4505733
Qil4502261
gijAs880723
@iAB05081
QHITHAB2T2
QidB023a7
PIE504486
gilz14abese
Oil4s03825
GilDe8s1357
@i9257232
Gi} 14550407
Q21450863
PU4506117
QIABOBTAS
QI TIBZI587
GilBaTR2TE7
QilR1264357
@i4504383
Gild60a783
giisTasa06s
gijs0363217
gHAss7EE 1
Gil4504617
GIIS0658080
oi48S7ITS
Gil4504865
QiAB05857
giliB20 e
gias06547
gilsosIoas
il 4303008
pil27 363488
24507171
Sil11386143
QiAs07TTIS
GHAS57379
GiI5031685
GAOBE4192
GITTOSTES
SH4R 716287
GiiB147 2014
S48 26888
Gi13984151
QI4507907
GH20 149570
gil4502505
gisosTass
QI2BIT2497
G641 8467
GIB0148317
Q4507357
gil 18426806
@ii4501885
QilBs174675
Qii47sE236
gil7es72a2
SiI40217843
SH5803219
GI2TTBATTE
wilze788758
Q4505873
QBT 460659
gilioasaez?
GHREIBED7S
G 24497618
GI39725934
SH4503627
GiIB31543380
Q19743880
Qi34 101286
NTTOGTES
QI32307161
Gil 113215683
QIAB7EZETS
giiaesqaray
Gi474179932
Gi13994316
GHB21 71249
SH18S25737
Gi10838187
Q11545743
oll54607029
Qi2T264322
Qi38045908
Q4504867
GIS802134
Gil23510285
GIHR7THETOH0
pil2826967.2
gi[31542084
SHB1476045
G21381302

138,51

437.52
431,67
126.45
1 2B.67
424.89
122.04
113,93
10B.52
1087
105.34
103,45
100,47
96,43
86.59
4,37
7289
7231
FRAS

transferrin: PRO2086 protein Q.103. LIGHT

H factor 1 (complement) i Tactor-1 (complementy. comploment U racoor Tactor 2 { T 29
alBUMIn précursor; PROOSES protein o726 CL174 LIGHT 22 e 26
complement componant 3 precursor. acviation-stirmutating protmnmm-go Presciet LIS H T 23 83 19
codgutation fadter H.precursor, prothrombin C. 156 LIGHT 16 32 13
Plasrminogen 0 355 G131 LKESHT 20 A7, 23
aipha 2 macroglobulin precursor 0.937 0.128 LIGHT 14 a6 13
B v proteir precur 1006 G247 HEAWVY 14 a2 4
viamin D-pinding protein precurser; vitamin D-binding alpha-giobulin 7y Q226 LIGHT 14 43 20
complermentfactor B preproprotein; G3. pr T O3 B Gl Liaa) Rrotein KRBIC: ¥
Somplernent COMPonant 7 pracursor 0.76 0.186 LIGHT 15 24 18
I factor (Complerment) o.989 0175 LIGHT 18 z8 17
1 gty | proteinase cnhmnor BEadyKkinin ARG 0,183 LIGHT @ <0 7
car e (ferd S 4.32 O.ZE8 HEAWVY 11 33 8
plagma kallikren 81 precursor; Kanikrein, § =S 3 33, pia N Hra vor fasthr 23 A7
atamin precursor; atpha-albumin .98 8188 HEAWVY 12 L 13
Compigment component 8 preacurscr G937 0204 LIGHT T2 22 13
hamopexin 4.00% 0147 LIGHT ] 152 £~
apha-1-ricroglebulin/bikunin precursor, Alpha- 1-mi i pai APt shairbpr
SoMmplement component €A prepraprotein: acidic G4. Rodgers (Orm B, cm«amwmx\n 1 it 12
COMplEMment component. 4 BINAING B . aipha Cor ¥t A 1, Blpria nplenety
faptoglobin 0.646 O1RY LIGHT & s a
complersent componEnt § 0.958 0202 LIGHT a8 15 7
15 HEglycop 1 Alpha-2H8-glycop: 0.875 G0 LIGHT ® £ ]
songulation factar XIl precursor; Hagemian facior 074 0195 LIGHT 2 18 s
fibronectin 1 lsoforrm 3 preproprotein ble globuling Mig BAURD FRADFIT 11 16 16
apolipoprotein B precursor:. apoB-100: apoB-48 0.763 0. 183 LIGHT 8 8 )
somplement corapanent. 1, r auboomponent o.818 0.087 LIGHT 8 13 8
aipha 18 giycoprotein 1109 0.%2% LIGMT s 18 5
complement companant 8, alpha bolypeptids precursor 0.9095 0,188, LIGHT T 1t 7
s igen-iike ¢ o d cymieine Tich famiiy); tid T B 1O, 10
properdin P factor, complement 1,398 0726 HEAWVY 8 1 11
complament Cormpanent 1, & subodmpaneant CUBAY 0208 LHSHT 8 18 10
thrombogpondin. 1 precurscr ,noc Q083 LIGHT a8 1.1 1
complement cormponent © Q.48 HEAVY & b &
tetranectin (piasminegen binding protein); tetransctin (p!asm(nogeﬁminq PrOtEER) HIEAVY - ) P
retinol-binding profein 4, plasma pracursor 120 0.338  FHEAVY 3 13 @
nter-aipha (GISbuting inhibitar H 1) inter-aiphe (Qlobuliny Innikitor; H‘u mpepmﬂ&s FHEAWY 3 7 5
peptidagiyoan recognition protein L precursar ©0.098  LIGHT 4 z -,
geisolin isaforn o 0,645 ©.105 LIGHT a3 2 2
fastor 4 ( ries. (C-24-C FRotin ligand 43 2552 0.68 HEAVY & G F
Berine (or cysteina) proteinazse inhibitar, dlade C (Gntithrombin, ' 13 “ 23 -
t v-related pr LaH Vere e locus o624 G064 LIGHT 5 19 5
pro-glatelet basic protein presursor; cor ive lissu rig plaREts 111 Vi Retrepl g &Pt
macrophage stiniuialing 1 (hepatooyte growlth Tactor-tike) L322 gAPR  LIGHT s 5 8
aipti-2-glycoprotein 1, zing: Alpha-2-glycoprotein, zinc 0.784 C.083. LIGHT = 5 2
histidine-rich glycoprotein precursor; histidine-praline rich roy Hiid o G, ir 4
remunoglobulia J chisiry 0.628 Q135 LIGHT 4 8 3
cosgulation factor X precursor, prothroimbinasd; factor Xa 0.729 G353 LIGHT 3 & 3
soagulation Ector XL subuit preacurscr, T Gase 0.B7T 0.082 LIGHT El 3. £l
orosomucoid 1 prociirsct; Orosomucaid-1 (alpha: 1 -adid w5 tein 1 ES 8 2
complement component 2 precursor; CHICSconvertase o787 G077 HEAWY 2 a &
attractin iscform 27 .atiractin-2; mahogany protein T.856 0,103 HEAVY “ 5 &
protein S (alphia); Frotein S, alphs G.BTT 0,135 LIGHT a 5 S
filwmin 1 (actin-binding protein-280); filamin 1; filamin A, alphy g RO - bleding B o 3
H factor (Complement)-like 1 0708 a4l LIGHT 3 “ “
camplement Tactor H-related 3 1.095 0083 HEAVY 3 5 3
rmancaco-pinding lectin serine protesdise 1 isoforim 1, pracursor; e i ing i 3y A
HGE aictivator preproprotein 0.BAD Q.084  LIGHT 3 4 3
inta@r-alpha (globuliM) Inhibiter H2; InMeraipha (Fiebuling i (- e FHEANVY 2 18 “
PREDICTED: simliar to Carboxypeptidase N 83 kDa chniy (Car td :ubunu) 3 & s
secine (OF cysteine) proteinase inhibitor, Siade A (alpha-1 antiproted ar IHRIIor 1 (antiden
complement component &; beta polypeptide o819 .01 L_|GHT 2 5 2
insulin-like growm f-ctor Biriding protain 3 o.s28 O 184 LIGHT “ “ 8
serine (o i Inbibitor. clade A, member 3 p 1Tt VRSN > 1 El
hiotinidaze precuvsor 1.038 267 HEAVY “ 4 “
L-plasting Lymphooyte cytosolc protein-1 (plasmin}: plastin 2 106G WA LIGHT 1 1 1
plasting 1] 1 isoform; Plastin:1 V06 N LIGHT 8l 1 1
vitronedtin. preturscr! Serum spreading faclor; somatomedin B; =3 ' 2 a El
pancrestic ribonucma:a precursor; RiNase upi-1 Z.1D33 QARG LIGHT 2 3 &
B sfimulating factor; articutar s PRCRBIN = thisbpath y-parie
pimsrma carboxypapudnsa B2 lzoform @& preprop 2, car y [ ¥ # fibrinoiysis inhibitor: cartiox
complement component 1, q subcomMponent, gimma polypep T Cla, O chai 2 1
secreted prolein, acidic, toh ;o n SRS By steine-richyt 2 1
alpha-2-piasmin INhibItor: sipha:2-antipasmio G830 G016 LIGHT 1 1 +
transthyreting prastournin O.87 0.026 LIGHT 2 4 ki
somplemeant component 1 INhiBtor precursocr 1047 0048  HEAVY . 5 1
H factor (complement)-iike 3] factor Fl-reiated gene 2 0.624 0518 LIGHT z 2 2
keratin 10; cytokeratin 10 NI ™A LIS 1 b A
Gomplamant Somponent 1, o subcorponeant, sipha pot T ¥ .3 CIGIA chain 1
clusterin L B 1 I BP-40 0.948 TORE HEAVY 1 1 1
PREDICTED: simitar 16 KIAATS01 protein o.786 0.04 HEAWY 1 3 1
prOTiin 1 profilin-1 4TS T4t HEAVY 2 = 2
PDZ ard LIM dordains 1 (elfird: carboxy termingl LM domain ProteinDiSen ama homiclia@ty 2 =2 2
von Willebrand factor precursor; Goagulation factor Will VIVE (vontins bl factar FEAVY 1 £ 1
RAS guanyl releasing. pratein 2 izoform 1. caicium and FBGuAted guakii@lcleotide exchinge fatlor 1; caldiv;
complerment corr 4 piriding . betal complement ooma Attt 4 L beta poly cofnplernen® o
gatectin 3 binding protein: L3: igen; M inding protein: LAGHT a4 2 1
ubigquitin protein jigase E3 component n-recognin 17 ubiguitin lléa““'!ph‘)!OBﬁ HEANVY by 2 k
leusine-rich aipha-2-glycoproiein 1; 2310031 ECARIKk, 1300008B03NBIOT HEANVY 2 3 2
sirnitar to 1g Kappa chain o827 0.051 LIGHT, 1 <} 4
transgelin 2; SM22-aipha fomolog A.B2S T NIA FIEANY 1 4 h
dop-mtnn Beta-nydroxyiase procursor; dopaming Heta-rIorooKy S el 0002  LIGHT 3 z 2
in; beta actin OL7RS WA FIEAVY 1 1 K
::y’tolnavnch v protein 3; sranuie protein (28 KDayl o i Vg ins 2 2 2
axtraceiutar mairix protein 1 isoform. 1 precursor; secretory TSN PBFATRGLT v cumpaaem peﬁ 2
fetwin B; fetuin-tike protsin 0.868  N/A LIGHT 3

caniiage oligormeric matrix protein, precursat; epiphysess dysplasis, Sa@Iiph/A; peeudd@Rbndropiasia (e;:lpnysa\al dytpla!la
serine protease Inbibitor, Kazal type, 8! irmphoepithelial Kazalty fe0Blited IMROBSTHEAY

ficolin.3 isoforim. 1 precursor: ficolin-3i collageniSrinogan dor ./ﬁbrsnogun ddmnin»comnh
ring finger protein 130, gaileth-protein: g zine finger-pr 0eb HEAVY ) 7 1
phosP o1, i itic; phospr phosp 57, phiophat
FREDICTED: similar (o ig kappa variable region 0.7 0. 101 HEAWVY 1
paptidyloralyl isomerase’ A isoform 1 Tilivy Ay -proty i ABCrYeT o ity rotarnase: oy
ARHGAR 15, LUnchearacterzed bone Marrow protein. BMO46 1 O A HEAW 1 1 1
two AL gorEaln containing proteir; PRO2000 protein 654 oftalst ANVY
ssrine (or cysieire) proteinase inhibitor, clade F (alpha-2 nntxpxasmw-:mqmmt epnhe.iom“aerlvaa fac:lor)l memmer +; p\grr\m—
plasma coaguiation factor XI precurscr isoforrm at thor @
RNA-Rinding protein regulatory stbunit; ancogene D1 1402 N/A HEAVY 1 1 1
transcriptional adaptor 2-liKe iscfcrm &: franscnp 2 IRAR-Tie Vat 2k trar
Zine finger RNA binding pi - M-phiase phosphop NIA HEAVY 1 1 1
MS-14 protein A NS HEAVY 1 1 k)
Sulin G784 RNIA LIGHT 2 2 &
insGlin-lKe arowth factor Binding protein 6 E 20T BIA LIGHT 1 1 1
growth fastor reseptor-bound protein 10 lscform a; matemaily s Ecimptor pratein 3 4
thyroid adencma T cteath v INteracting Profiein: et adEroma austiieiad gene Ed 2 2
ib.alha ide precureor; memts subunit 1 1 k]
w!nu!ats»typc SAMTV intedration site family, member 8A lsdforrn 1wrmvaTBdlmrsor 2 1
i K3y B Qin O sy o] beta-trace proxem, G2 synt
B dislniegrin-ike and metalloprotenss (repralysin fype) with thromhmnmype 1 HEIROE preproprotein E
Insulin-like growth factor Binding protein 2 (36kD) $.314  BNA HEAVY 1 1 1
stromal coti-derived factor 2-like 1; APOOOSSS.G22.4; ST THUMT OSSO THOE2 HEMAVY 1 1 1
ZBKD interferan responsive protein NA HEAWY: 1 T 2
TRAFG-inhibitory zinc finger profein; TRAF&-binding zinc ﬂngwaromin NIA; HEAYVY 1 1 e
tminin sipha 3 subunit imetarm 2 spillarn 170 ke subunit; shilrn albheDomubunittiEeaity 1 SOKD sububit: kalinin 168kl
Firg finger protein B isoform 1) CAHCA-type zinc finger protelrtd/A (RS SHT 1
corshin, adlin binding protetn. 1A; doranin, actin=binding, 1A coro@inasctin: wme; mwna coronin-t z 1
cariage. intermediate layer protein 2: cartitage inter tmyar 1 1 1
suppressor of Ty 6 homalod 0.337 by 1 2 1
sar yeer artigen 8: cantroscmial celon CHTERE BULCBOBEN LISHT 1 2 1
inter-aipha (globufin) INhibior HA (plasma Katikrei aitive 33 VWARKIBIGE, H.polpeptide-fike
PREDICTED: similar 1o KIAA0E4S gene product ©0.71 S/001  HEAVY 1 2 K
serine (or P , clade A (mlpria-1 sotipr o L 4 inhibitar 4. (Kallikte
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£2. 77 AANME (AB,CD) @ CICAT B L BETEROZ L0,

Sample

Ratio (H/L)

FlESY > /87 B

Score > 50

Score > 30

Score > 20

75 2AN (A)

0.882

75

93

133

75 2AN (B)

1.146

7

98

131

TS5 AAN (©)

0.868

81

101

135

79 2AN (D)

0.777

88

115

155

KE AMLE( CT02S)

1.000

o7

76

91

B 7S ANT =il E L SHEE, Sl H B8RS CEB L, Score 20, 30 or 50 M EodERETRES N
FIUNZEERERY, £, BEEREHE Ratio : H/L) & Score 20 BLETREL 22y O NI BEOEBEETRT, &t
B, ADEEE-BETHS,

#3. 75 AANMIE B, C, D RUKE A MIEOMBHTHER

#3—1

79 AANME B

QHA4DDBURBE £ 44 40|ccmp|emem COMponNent v precursor | Zu S0 Rt DOTLTS0
Gi[4503635 671.47 ccagulatlon factor {1 precursor prothrombin 16 24 14 26{1.435
i{4557225 648.675 . 1 g 3 14 50 13 2510425
14557327 516.05] beta-z g!ycop tein | precursar 13 75 12 2311.615
qi{4504579 508:13{1 factor (complement) 14 23 17 42311424
14502397 478 88lcomplement factor B preproprotein; C3 proactivator; C3 proacceleratbr, glycir@rich bet@flycoprotéig C3/C5 2bvéfdse
4504893 451 68lkininogen 1; alpha-2-thiol proteinase-inhibitor; bradykinin 12 39 Gl 1911.311
gi]32483410 445.53}vitamin D-binding protein precursor; vitamin D-binding alpha—globulm 13 47 2811.538
gi il4559406 433.04]Complement component 6 precursor 11 22 1%‘ 8411121
qi[4557485 428 Bajceruloplasmin (ferroxidase), Cendloplasmin 10 27 1511.196
qi[4504877 413.85|plasma kallikrein B1 precursor; Kallikrein, plasma; kallikrein 3, plasm; kallikre?r]B plasr@s8] Fletchet Bactor  37]1.531
gi[4501987 408.64)lafamin precursor,; alpha-albumin 12 20 13 3411.042
Gil14577919 400.15lcomplement component 4A preproprotein; acidic C4; Rodgers form gf C4; C4N naphyla&Kin 15 2811.186
4826762 38647 45 Bl 1210.322
gil11321561 384.7 1jhemopexin __L 9| 1311.355
gi| 16933542 367.93Hibronectin 1 isoform 3 preproprotein; coid-insolible globulin; migratign-stimulag faotorl? 21 6311.500
lgil4502503 365.37]complement component 4 binding protein, alpha; Complement comppnent 4-Bbid in§ §rcm&[1 alphatl] Iypeptidas :bmgﬂemer
gi}4502005 355.921alpha-2-HS8-glycoprotein; Alpha-2HSglycoprotein 8 35 6| 1.082
@3801 6847 336.22jcomplement component s 10 11 12 30 1.209
19ij4502153 333 43[apciipoprotein B precursor, apob~100, apoB-48 9 15 8| 2511.146
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114558BUBESE /29 12lcomplement component / precursor i 18 31 25 5611230
19il4503635 715.14lcoagulation factor Il precursor; prothrombin 15 47 13 2610.975
[gi 4557225 6521.84 16 B2 14 25]0:679
191[32483410 517 87 vitamin. D-binding protein precursor; vitarmin D-binding alpha-globulin 15 83 20 2810.985
14504893 493 d4ikininogen 1; alpha-2-thiol proteinase inhibitor, bradykinin 12 45 8 1811.064
|§1|4557327 482 74lbeta-2-glycoprotein | precursor 12 94 12 2310.993
114502387 450.53lcomplement factor B preproprotein; C3 proactivator; C3 proaccelsratpr; gtycinér"ich be ycoproteide C3/CE Saienase
gi| 11321561 438.53lhemopexin 166 10 13{1.067
q4826762 S | 9 58 g 12[0.245
Ei 14577919 408.28complement component 4A preproprotein; acidic C4, Rodgers form df C4: C4F3anaphyla#®xin 15 28[0.890
4504877 403,27 |plasma Kallikrein B1 precursor; Kailikrein, plasma; kallikrein 3, plasma; Kalikres 5 plasrad@| Fleichef factor 3710900
gil4501887 402.17]afamin precursor; alpha-albumin 3 24 12 3410.875
4567485 3986, &qcerulop!asmin (ferroxidase); Ceruloplasmin 0 43 8] 1511.319
gil4559406 393.62{Complement component 6 precursor 11 17 12 8410.934
114502067, 387.03alpha-1-microgiobulin/bikunin precursor; Alpha-1-microglobulin/bikunin precursir (inter-aﬁha-tggstto nhibitorj@&&&in; pr
1380168847 384.8[complement component 5 <) 18 7 30§0.902
14504579 373.4]l factor (complement) 12 20 11 4210.964
14502005 37.2:7jalpha-2-HS-glycoprotein; Alpha-2H8-glycoprotein 8 85 é] 1410.782
14503628 333.13jcoagulation:factor XIi precursor, Hageman factor 11 19 10] 4010.857
14502503 320.86]complement component 4 binding protein, alpha; Complement compbnent 4-Biding prc!é}x. alphatillypeptidas indddemen

#£3—-3 ;752 AANMED :

g1|4503635 8LE.2bjcoagulation tactor Il precursor; prothrombin i 18 43 15 26]0.795
qi|45580688 704.88jcomplement comonent 7 precursor 19 38 23 5610.763
gil4557225 63357} o 5 61 14 25]0.650
qil4557327 549.16 beta-2—glycoprotem ! precursor 13 56 12 2311.005
191[32483410 514.13}vitamin D-binding protein precursor, vitamin D-binding alpha-globulin| 3 57 15 2810.942
gil4504579 498.52}1 factor (complement) 16 30 20 42{0.887
gi|14577619 4886.82]complement component 4A preproprotein;. acidic C4; Rodgers form gf C4; C4f8anaphyl@@uin 20 2810672
Gi|4504893 491.6]kininogen 1; alpha-2-thiol proteinase inhibitor; bradykinin 12 36 10 1841.010
dij11321561 482 .86hemopexin E) 120 10 13]0.926
gi[4501987 472.63]atamin precursor; alpha-albumin 13 27 14 3411.015
gi|4557485 471 18jceruloplasmin (ferroxidase); Ceruloplasmin 11 37 9 156]1.229
gi|4502397 458.68{complerent factor B preproprotein; C3 proactivator; G3 proacceleraibr; glycirterich bet lycoprote i Ca/Ch Db ERase
(av76762 o7 0 S TR 5 12j0.379
g_i'45 59406 445.971Complement component & precursor 13 19 14 8410.240
Qil4504877 436.57|plasma kaliikrein B1 precursor; Kallikrein, plasma; kallikrein 3, plasmga; kallikréiy B plasn@s) Fletchef ®otor _ 37]0.895
dil4502163 433:.05lapolipoprotein B precursor, apoB-100; apoB-48 12 16 10 2510.714
gil4502067 432. 14lalpha-1-microglobulin/bikunin precursor; Alpha-1-microglobulin/bikunyn precurklr (inter-a8| a-trypsitﬂ'whsbitorj@ﬁmin; pf
gi| 16933542 416 13{fibronectin-1 isoform 3 preproprotein; cold-insoluble globulin; migratidn-stimulaing factof1 19 6310.434
i[4603629 343 . 14{coagulation factor Xl precursor; Hageman factor g 15 E] 4010.626
]gi 38016947 333.26jcomplement component & 10 21 13 3040.823
) J
%3 —4 ; RKEAIMECTO2S)
MG Y A I Ty RN 1A A A A SN YT HE AWM BT YN VA Vs rey v g
gil4504877 455.421plasma kallikrein B1 precursor; Kallikrein, plasma; kallikrein 3, plasma; kalliki8in B plasﬁ@ F!etch@‘.ilactor 37]0.966
gil45580688 431,62 icomplement component 7 precursor 13 16 5610.819
@il4504879 410.35}1 factor (complement) 14 26 18 4210.968
19i|324834 10 405.83 jvitamin: D-binding protein precursor; vitamin D-binding alpha—globuﬂ\ 13 30 20 2817.0a9
gij4502387 397.71Jcomplement factor B preproprotein; C3 proactivator; €3 proaccelerator; glyclfe-rich be! lycoprotiis, C3/C526i0:8fthse
gi|4559406 393.16|Complement component & precursor 11 15 14 6410:973
gi]14577919 366,27 |complement component 4A preproprotein; acidic C4, Rodgers formjof C4; CHA anaphyBRexin 13 28]0.958
[gil4557 327 361,77 |beta-g-glycoprotein | precursor 10 32 12 230,534
gil4501987 355,89 lafamin precursor; alpha-albumin 10 14 10 3411.081
gij4557485 352.19|ceruloplasmin (ferroxidase}; Ceruloplasmin 9 31 &l 1511.023
gi[38016947 341.92 fcomplement component § 11 19 13 3010.975
i}4502005 320.76 |alpha-2-HS-glycoprotein: Alpha-2HS-glycoprotein 7, 24 5 1411.024
gi}112321561 294.99 |hemopexin ﬂ 39 7] 13]0.986
gil4502067 274.59 |alpha-1-microglobulin/bikunin precursor; Alpha-1-microglobulin/bikunin precujor (interaha‘trypsm nhibitor, T 888N, pic
[g_;i 4503629 271.84 [coagulation factor XHl precurser; Hageman facior 11 16 13 4010.647
gil4502153 265.48|apolipoprotein B precursor; apoB-100; apoB-48 9 14} 5[ 2510.965
ij4502503 260,07 [complement component 4 binding protein, aipha; Complement combonent 4tBinding protdin, alphad pplypeptidss finSfemer
Igif21361845 24217 |peptidoglycan recognition protein L precursor 5| 11 ] 13}11.073
114502511 235.98 complement component 9 Bl 17 18 2610.946
tgi 4502493 216.75|complement component 1, r subcomponent 6 7. 7| 2710.946
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Surface Enhanced Laser Desorption/Ionization (SELDDJEDNE S % 0% BH
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Protrudin Induces Neurite Formation
by Directional Membrane Trafficking

Michiko Shirane and Keiichi I. Nakayama*

Guanosine triphosphatases of the Rab family are key regulators of membrane trafficking, with
Rab11 playing a specific role in membrane recycling. We identified a mammalian protein,
protrudin, that promoted neurite formation through interaction with the guanosine diphosphate
(GDP)-bound form of Rab11. Phosphorylation of protrudin by extracellular signal-regulated
kinase (ERK) in response to nerve growth factor promoted protrudin association with Rab11-GDP.
Down-regulation of protrudin by RNA interference induced membrane extension in all directions
and inhibited neurite formation. Thus, protrudin regulates Rab11-dependent membrane recycling
to promote the directional membrane trafficking required for neurite formation.

he molecular mechanisms that underlie

I neurite formation include both cytoskeletal

remodeling and membrane trafficking

(1, 2). During this process, membrane compo-

nents are transported in a directional manner

within the cell by a membrane recycling system,

resulting in expansion of the cell surface area in

the region of neurite formation (3, 4). Rabll

regulates membrane recycling back to the plasma
membrane and constitutive exocytosis (5—/4).

We isolated protrudin as a protein that in-
teracts with FKBP38, a multifunctional mem-
branous chaperone (75). Protrudin contains a
Rabll binding domain (RBDI1), a guanosine
diphosphate (GDP) dissociation inhibitor (GDI)
consensus sequence (/6), two hydrophobic do-
mains (HP-1 and HP-2), an FFAT motif (an
endoplasmic reticulum—targeting signal) (17),
a coiled-coil domain, and a FYVE domain (a
phosphoinositide binding domain) (fig. S1A)
(18). These characteristics suggested that pro-
trudin might function in membrane trafficking,
especially in membrane recycling.

Expression of FLAG-protrudin in HeLa
cells resulted in the generation of long pro-
cesses (Fig. 1A). Processes were observed in 5
to 30% of transfected cells. We also monitored
process formation by time-lapse video micros-
copy in living HeLa cells expressing enhanced
green fluorescent protein (EGFP)-protrudin
(Fig. 1B and movie SI). The processes ap-
peared to grow in a manner similar to that of
neurites with ruffling lamellipodia. In rat hip-
pocampal neurons, expression of the exogenous
protrudin promoted neurite extension in the
neurons (Fig. 1C and fig. S2). We next analyzed
the effects of depletion of endogenous protrudin
by RNA interference (RNAI) in the rat pheo-
chromocytoma PC12 cell line, which extends

Department of Molecular and Cellular Biology, Medical
Institute of Bioregulation, Kyushu University, 3-1-1 Maidashi,
Higashi-ku, Fukuoka, Fukuoka 812-8582, Japan. Precursory
Research for Embryonic Science and Technology and Core
Research for Evolutional Science and Technology, Japan
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neurites in response to nerve growth factor
(NGF) (Fig. 1D). Depletion of protrudin re-
sulted in inhibition of NGF-induced neurite
outgrowth and triggered spreading of the plas-
ma membrane in all directions (Fig. 1, E and F).
Thus, protrudin is necessary for neurite forma-
tion and may function by regulating the dircc-
tion of membrane sorting.

In mouse, protrudin was most abundant in
the cercbrum and the cerebellum (Fig. 2A). In
mouse primary neurons in the early stage of
differentiation, protrudin was localized to the

Protrudin D

pericentrosomal region and neurites (Fig. 2B).
At later stages, it was detected in both dendrites
and axons and was concentrated at the growth
cones (Fig. 2C). We next examined the effect
of NGF on the subcellular distribution of pro-
trudin in PC12 cells (Fig. 2D). In the absence
of NGF, protrudin was distributed diffusely
throughout the cell body. In cells exposed to
NGF for 6 hours, protrudin was markedly
concentrated in the pericentrosomal region,
where it colocalized with the recycling endo-
some marker Rabll (fig. S3, A to C). After
culture with NGF for 24 hours, protrudin was
distributed from the pericentrosomal region to
the tips of ncurites (Fig. 2D). The overall
abundance of protrudin was not affected by
NGF (fig. S3D). Immuno-electron microscop-
ic analysis revealed that protrudin appears to be
associated with vesicle membranes (fig. S3E).
Thus, protrudin undergoes a dynamic redis-
tribution during neuritogenesis.

Although protrudin contains a consensus
sequence for an RBDI1, the amino acids re-
quired for interaction with the GTP-bound form
of Rabll are not conserved in this domain of
protrudin (/9) (Fig. 3A). The amino acid se-
quence of the RBD11 of protrudin is similar to
the corresponding sequences of GDI-o and
GDI-f, both of which interact with the GDP-
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B
.
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Fig. 1. Protrudin induces outgrowth of cellular projections. (A) Hela cells were transfected with a FLAG-
protrudin vector and stained with anti-FLAG (green), phalloidin (red), and Hoechst 33258 (WAKO, Osaka,
Japan) (blue). (B) Hela cells were transfected with EGFP-protrudin, and the fluorescence was monitored by
video (movie S1). (C) Rat hippocampal neurons were transfected with FLAG-protrudin or the empty vector
and stained with anti—~Blll-tubulin, (D) PC12 cells were transfected with short hairpin RNA (shRNA) vectors
specific for protrudin mRNA (KD-2, -3, -4, and -5) or control (SC-3 and -5) and subjected to immunoblotting
with anti-protrudin and anti-heat shock protein 90 (anti-Hsp90). (E) PC12 cells were transfected with
control (SC-3) or protrudin (KD-3) shRNA vectors, stimulated with NGF, and stained with anti~-tubulin
(green) and phalloidin (red). (F) PC12 cells were transfected with a vector encoding Venus and either control
(SC-3) or protrudin (KD-3) shRNA, stimulated with NGF, and examined for Venus fluorescence.
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