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1D Advanced) ZHWT, EBXRIKEIFED 7 IV OWHIE
(1) 2557kDafd#y ¥ 328 (41 57kDa
M2 DD o7 Bl O4F, 57kDad v
2 (37-39kDa Z V7)) v ak 22-23kDa 7V T
1) ¥ BORTERK), 37-39kDaZ V7 ) ¥ a, 26kDa
ryua7) v, 22-23kDaZ V7 ¥ B, 16kDa 717
IV, 13kDas/u2 o3, 10kDa7 253 v 2EsR
L, 78K EZRIT L. SThhony 8y

AW 5 OEFHMEE 100%E LTK Y ¥ 87 Bl 50
BEEHM Lz, RIFZETIE, BEH0 59 8D (20
T, 10kDa7m2 53>, 13kDa”u253I v BL
16kDa 715 I v O&FEI#PB-1 & L7,

ko sy v HEfasi%, 80CT3 H L
IR LR R B AL LT, BRBEEE OoE oM
(b A Y% —ntl, rapidNI)) (2X->THlEL7
BREARIKD Y 8y FHREARE5955 L
TR L, &2 7 HESOEHFEIL, B v
N EEHRIZEY Vo MG 0EEaEFE L TH
HL7-.

2) R
(1) PUERER R & PR RT3 B A o o

WyxkoTh®E (T HRE) &, [=hr<H
] & JLGCY 7 b] owvwFhizBnwTd, LT
FEEALE 220 5 FBEAIREDSEH T EKT L7
(#138). 1 REAMRE 2 REMR 2 AR LI2T
RCOROTHRELXZLXEHXE TS L L, #
DEF [=Fkr<%1) ] T06g, [LGCY 7 ] T
08 g ThHotz. WTFhodiEd, THREIT 1 K
BERLD F5 25 2 REAERL L D & 3.6~ 3.8 g FFFEAS
Hodz. 1REMER, 2 KEMR L I, TREIE
[=Ry=H) ] B [LGCY 7] XD b22~26
g Hpo Tz,

1883720 OFTRXTORDOBRAEGIIHT 5B H
MEORBIAETI o7 BB1HR). Lirl,
[LGCY 7 M| @ 2 REAHR TIE, HXDOEIRE
1, MX & LXOB#AGIZHEL T13~17 %K
Modz. 2 REBAERLOBHA L 1 REMR OB %
AE IV EINICH D, BRRESEHVIEIEZD
HIIEEE CThH o7, 72, 1 KRBk & 2 B
WowTFhicBwTd, [LGCY 7 b OE#SE
F =k r=H)] L)<, HXTLZD#EDH
HThHol.

1883 72 ) ORZREITH T 2 BHRE O FEIE
BFETIE 2027 (515, 1HB-)oOBEK
i, [=Fhry~<HY ]| Tldl42~144 g Tho 172
A, [LGCV 7 ] Tld105~119gThHH, Bk
DR D EA - 72 HIX THFER 2K & 5o 72
(2) & 87 BRRIC T BB o i

1 KRB & 2 REBHERL % AAIZ L 723X TORL



KV KRR Bk & > 78 7 L ORI - A3 &ORRLN 73 A0 R

1R WU & PR ISR I RT3 Bk B 0 RO

R h A TR AL PR 1REWE  XKTHRIE  BRRES VR NN
A AN (g) (%) (2)
1RERE =k~ HY L 45.8 £0.5 25.1 £0.6 89.0 £1.8  1.02 %0.04
(P) M 45.4 +=0.8 24.5 £0.4 91.6 1.5 1.02 £0.02
H 46.2 £1.5 245 0.4 92.0 =0.8 1.04 £0.04
LGCYZ L L 43.6 =1.1  22.7 =0.2  79.0 £4.7 0.78 +0.07
M 44.5 0.7  22.2 £0.3 82.5 £1.7 0.81 +0.03
H 439 £0.6 21.9 0.3 76.9 =2.7 0.74 +0.04
ST L (A) ns * ns ns
infE (B) ns ok * %
AXB ns ns ns ns
2R =R~ L 21.9 +1.2  21.3 £0.5 85.7 =3.3  0.40 +0.01
(S M 22.1 =1.3  20.8 £0.2 88.7 £3.4 0.41 +=0.04
H 22.7 2.7 20.7 0.4 83.6 =0.8 0.39 +0.05
LGCY7 b L 26.9 =1.5 19.0 =0.1 80.9 £3.6 0.41 +0.02
M 26.3 £2.7 18.6 =0.2 76.7 =1.0 0.37 £0.04
H 26.3 £1.0 18.3 =0.2 64.2 £3.1 0.31 +0.03
STHOIHT (A ns * * ns
‘fE (B) * skokek skkok ns
AXB ns ns * ns
ST R () ns * * ns
HEENE (C) sokok sokok sk sokok
AXC ns ns * ns
P+S =Rr<H%y L 67.7 =1.2  23.9 £0.6 88.0 £1.7 1.42 £0.05
M 67.5 £1.2  23.3 0.2 90.7 =2.0 1.43 £0.05
H 68.9 =1.2 23.3 0.4 89.5 =0.4 1.44 £0.03
LGCYZ bk L 70.4 0.8  21.3 =0.2 79.6 £4.2 1.19 £0.08
M 70.7 =3.3  20.8 =0.2 80.6 £1.5 1.19 £0.06
H 70.2 =1.2  20.5 0.3 72.7 £2.5 1.05 £0.06
Sy S (A) ns * ns ns
fnfE (B) ok sokok *ok ok
AXB ns ns ns ns

B 3T + BEE R A2 2R 9. iR I3KD 15 %M ME. *,

k%, xxkFFENEFNS5 %,

1%, 01%KETHETHHI LERL, nsid 5 BRETHE TRV L ZRT.

MR ETHE, [=hry~H )] oy 2]
DB PB- IR Y v 8 BoaiEtasa (UT
PB-T#&) 13187~257%THh-7: (5 25K). F
7z, PB-1HEELY Y 37 HOFTRELEEZ LD
TWwWbAMDiF13kDa7u2 5 I Y Th-o72. [LGCV 7
M| $13kDa7 a5 I VAPB-IH§k Y v /87 D
HCROREBEEEZHEOLY, TOHEAEI1X273~
376 %% [=F =%V ] ®22~26fTHVY,
PB-I1H&d [=FRY<H V]| ®19~20fTHo
7z PB-THERLY 0 UMD o7 B, [=
Ar<H ] TlE22-23kDa 7 V7)) v BB L UN37-
39kDa 7 V7 ) ¥ aENEN209~228%B L
282~316%E RELREELX LD, WE 37 Bl
SOERNIH s EE o2, —J7, TLGCV 7 1]
T3, 22-23kDaZ V5 » B 37-39kDa 7 V7 1)

Y aDEEDEFNE218~262%TH Y, [=F v
<~H) ] D1/2UFTHoi.

PB-1H§ 4 > 787 DN, 13kDa7u1 73 v &
16kDa7a 5 I v O#T V87 HIZhHD B E AL,
BREESFEVIEERL, HEOEHIREN 72
DiF13kDa7a T I v ThHo7z (BE2HK). 1K
R 2 KRR 2 AR L 72T RTORIZDO W
T, 13kDa7 05 I v oO#EAGEHX L LIXTHET
e, [=Fkvy<H1Y ] Tix62%, [LGCV 7 ]
TIX103%DERDH 72, Tz, WL BHRE
DX 5 %KETH B LR HEAEH RS H 7z,
PB-1#§1% 5 v 787 BUAD & 237 TR, [=K
v=HY ] E [LGCY 7 M owdhd, 22-23kDa
VT ¥ B, 37-39kDaZ V7 1) Y a, 57kDa ¥ v
IN7EB L OSTkDalB 5 X7 DR v E



8 Ve Y [ R R v 7 — RS #5145 (2015)
B2k WERDY V37 BB RAZ T B RRE D
PB- 1 #ifl & L D EIG (%) PB- [ Rk & L RV LS D & L R B OEIE (%)
-8 o wEmE  10KDa 13kDa 16kDa ot 22-23kDa _ 26kDa  37-39kDa _ 57kDa _ >57kDa
AN FAC A= A A INT VY saFyy ST v
B o
1B =R~ L 1.9 £0.4 175 £09 7.1 £0.6 26.5 =0.5 20.8 £0.4 6.0 =0.2 28.0 £0.4 7.9 £0.1 10.8 £0.8
(P) M 1.7 £0.3 13.5 £0.5 7.0 0.4 22.1 £1.1 21.6 =0.7 5.4 £04 29.7 £0.3 9.1 £0.4 12.0 £0.8
H 2.1 £0.1 11.3 £0.6 6.3 £0.2 19.7 £0.7 22.9 £0.1 4.4 £0.1 31.4 £0.5 9.9 £0.5 11.8 £0.2
LGCYZ b L 2.4 £0.3 39.2 0.9 88 *£0.5 504 £0.3 8.7 =0.3 9.9 =0.2 12.5 £0.3 6.8 £0.2 11.6 0.2
M 2.2 £0.2 34.1 £0.8 8.2 £0.5 44.6 *=1.1 8.7 £0.1 10.3 £0.2 14.2 £0.1 8.9 =0.5 13.3 =0.8
H 2.5 £0.3 29.1 £1.3 7.9 £04 395 +1.4 9.3 £0.4 10.0 £0.2 16.3 =0.7 10.4 =0.2 14.4 0.4
SO e (A) ns stk s stk s s ok o %
mfE (B) ns sokok ok sokk sokok sokok sokok ns sokok
AXB ns ns ns ns ns * ns * ns
QW =R ~H L 1.9 £0.3 15.6 =£0.6 6.2 =0.2 23.7 £0.1 21.0 £0.5 5.4 £0.2 28.6 £0.3 9.9 £0.4 11.3 £0.7
(S) M 1.9 £0.4 11.5 £0.5 5.6 =0.3 19.1 £0.9 21.4 £0.3 4.6 £0.2 30.5 £0.3 11.7 =0.7 12.7 £0.8
1.9 £0.1 9.1 £0.4 5.2 £0.3 16.2 £0.5 22.6 =0.3 4.0 =0.1 32.2 £0.4 12.3 £0.2 12.7 £0.5
LGCY7Z L L 1.6 £0.3 34.7 £1.1 7.3 £0.5 43.6 £1.7 9.0 £0.7 9.7 £0.3 13.9 =0.1 8.9 £0.3 14.9 +0.3
M 2.1 £0.1 30.8 £0.8 7.4 £0.2 404 =0.9 8.7 £0.2 9.9 £0.3 14.6 £0.1 11.1 £0.4 15.4 =0.6
H 1.6 £0.2 229 £1.5 6.3 0.3 30.8 £2.0 9.7 £0.1 10.2 £0.6 18.1 £0.5 12.8 =20.6 18.4 =1.9
SIWOINT e (A) ns ok * bk * ns ok ok *
fhfE (B) ns ok *ok ook stk itk stk ns *
AXB ns * * * ns * * ns ns
SO R (A) ns ok * otk * * bk bk ok
EAEAE (C) ns sk * Kk ns * *k *k Fokok
AXC ns ns ns ns ns ns ns ns ns
P+S =Rr~=Hy L 1.9 £0.2 16.9 =0.8 6.8 £0.4 25.7 £0.4 20.9 £0.4 5.8 £0.2 28.2 £0.2 8.5 =0.1 10.9 £0.7
M 1.8 £0.1 12.9 =0.3 6.5 =£0.2 21.2 =0.5 21.6 £0.5 5.2 =0.2 29.9 £0.2 9.9 £0.2 12.2 =0.3
H 2.0 =0.1 10.7 £0.5 6.0 £0.1 18.7 =0.5 22.8 =0.1 4.3 =0.1 31.6 £0.4 10.5 =0.3 12.1 £0.2
LGCY7 k L 2.1 £0.3 37.6 £0.6 8.3 £0.5 48.0 0.8 8.8 £0.4 9.9 £0.1 13.0 £0.6 7.5 =0.2 12.8 0.0
M 2.2 £0.1 33.1 £0.8 8.0 £0.4 43.2 1.1 8.7 £0.1 10.1 £0.2 14.3 £0.1 9.6 =0.5 14.0 =0.7
H 2.2 £0.3 273 £1.2 7.4 *£0.2 36.9 +1.4 9.4 0.3 10.1 £0.1 16.8 0.6 11.1 =0.3 15.6 =0.7
SIWOINT e (A) ns ok * ok * * stk stk ok
SaFE (B) ns ook sk Kook ook ook ook ns *x
AXB ns * ns * ns * ns * ns

Bl 2 + B 2 % s,

BWZ ERIRT.

2 A EIEE, SRR

¥, kk, k%% FFNEN5 Y,

DEGVLHT & o 72,

FEMBEICE > TRED Y V8 7 GBI R 7%
D, [=Fkr=H¥1)] & [LGCVY 7 ] owFhnd,

13kDa 71 F 3
HEH
).
BB L O 57kDa it &

7,

B F 38 DR,
& THERBMIL,

RO b N hoTz.

RN (OEAVPAT AT iy
b, AAEMIE LSRR L DRI

16kDa 715 X 3B X O'PB-1
1T RAAERL K D 2 REBAERL TR > 72 (5 2
—7J, 37-39kDaZ V7V ¥ a,
YN BEOEEG 1 KRB
K& DD 2 REAER TR Ao 7.

57kDa % ¥/

5 28 BRLRIZ
1 RAHERL & 2 B
2B T
R HARH X

(3) & Yy HEAFRIRIT BRI DLE
1 REBAERL L 2 RBMRL 2 A B L7 N TR

xR ETHE,
<% ] TI363~65%,
73%THY (FE2X),

Wy ORI EEAERE, [=FkY

[LGCY 7 b TlE7.1~
BB 2 SRR 22 (P <

1%, 01%KETHEETHL I &R, nsld 5 %KETHET

001) ﬁsﬂtb\b%h;& ﬁf

ELlahole (52X,

KDY VN7 BEFARIZH
EIZFROON G, TmfEE b,

SO AVIATR

B DL LRI IR
5358, FEAER oK

, BRIREICLLAIHEE
AV AT )
AL T RBAR XD b 2 REAR.O 554 B2
ol (P<001).

HEeEHREFHETRLEZY

WAZHEOWTH B L72PB-1 &A%, BIEED

FWLFEX T ST L (552 ).
2 REBAFHL % A A

1 RAAERL &
L2 3RTONDPB-1 &A%

COWTLXEHKX EZIEEET S L, FOEIZ

[=h =¥V ] TIE04KA ¥
TIX0.7KR A ~
IKHETHF 2 il & B
h (355,

THFETH-7- (B2X).

FNTHo 7.

PB-1

ﬁ K|

L, TLGCYV 7 |
23, %
BIIRE & O HAEH DTERD

BRMEOETICE

b%RIHIPBIH
AROKTIEX =k ~<HV] kv [LGCvY 7 ]



K KARHE TR 7 v X 7 B ORI -

=<l

BTG (%)
O = W Ul ®

HafaE (%)
S = N W ks Ol O

BRy

52 WMEROK Y 7 HEARE LUPB- T A

D

A A EORRLN AT R 9
P+S Y ALy
oPB-1
[n P N/ L
BPB-1

Bl F§ BB 5

P 1 REM, S; 2kE#M, L;FH240C, M; F#H2807TC, H; F5306T.

FAUIFRIER A2 2R, [ — N o 58 7 B SE3CF 12

2L &md (LSDi%).

H3E HEKkoOBRY VIV EEEREPB- I A=
V2 FAE T B D S D 5 E T

Mk e PB- 1
A =R yé%gﬁ iR

1 RALAE IRE () ns solok
(P) ShFE (B) Hox stk

AXB ns *

2 WL IRE () ns sk
S sE (B) *k sk

AXB ns *

BE () ns stk

EHAENE (C) ok Kok

AXC ns ns

P+S WA () ns sl
G (B) *k o

AXB ns *

k, kk, kR R FETNENS5Y, 1%, 0.1%KETHE

THbHIERRL, nsid5 %HRETHETEVWI LEZRT.

3) EBE

— KA (=& ~H) | &y oY
ZEKAKMEE [LGCY 7 M) owFhd, Kkio
Wy NI S 13kDa7 0T 3 B X UPB-

135 %KETHEEDD S

I OEA&E, BRRENEHVIZEELS o7 (B2
). RfECcHESNz13kDa7 05 3 VI 5
R, HP S B ERKMWE [2—h 7]
ORERARFERBRICL Y, BHME2STEHKL T35 T
TlX13kDa 70 T X Y OEEIVNE o722 T H3
1, B XU Yamakawa 5 9 HEE O &£ KAG
mn il & IEER LT, B 33/28 CTiE25/20C X
D13kDa7 B 7 I Y ERIIKELWA LT 58
He—F L7z, BRMNOSRSEME, W&y 37
BRI 2 A T RBE AT S, 1 Td 183kDa
TuT I VOBETRAEPEEFEIKTT2%. 2
OZENS, [=hry<Hy ] & [LGCY 7 ] 12
BWTH, HWBHIMERMAFFTIX13kDa 71 7 3
YOBIETRBEEIIMETL, 13kDa7u 53 B
O'PB- 1 OAREAMK T Lz & HEH S 5.

26kDa7 17V &k PB- T Y » 287 L
Ny oy Bl OFEE, BRIRESEWIETE

Bl ol B4 AFETIZBWT, BT 2
J BRI 2 U TR 2D, ImRERIE

HRMPZT YN HICHK - IS h A L EZ LN



10 AL b U [ SRR I R v 8 — BifgE G

TWa., —REHKEREOMFho 7 V7)) v &
AR, BE#S HE2S28cmL, Zue 7
vEAmLEAEES HH2OE L4 12INT 582, —
Ji, 7ug I vEAmIIRE#S ~10HH Tk
FEAZEMEY, FIERIOHHIREIC: > Tl
mLtt®, Z7vry) v L FERICHE®30HH
EHICIRKE%RZ9., 20X BRAMOMETHIZE
F5 5 Xy BAEREOREIE, ¥ U8B
FRAARSAE [LGCY 7 b OXKEBTH S 5 %
ZOBERRARE (VY —3— 1] THIERS
nTws (HHE AE). chesoZltziEz b
L, BRRENFEHWIIEI3kDaTES I v B X
PB-T DHEEWPMKRT L, & & %o iR aEFz
57kDa % Y X2 R S NVT ) iR EDF o8y B
TOEERICHEDbNI LN SI NG, TDIENIT,
BB 2SR O B E & LD, R IR
WCERT 5 13kDa 712 5 3 ¥ OEE DRI L
ozl EZONLD, ZOMIZOVWTIEES
e DI BLETH 5.

REF7ECld, BIEEIC X 5 PB-1EA& 0L
[=Fkr=HY] X0d [LGCVY 7 ] TRED»-
72 (B 2%). i L7z v 87 BRI RIETE
RREOREZMET D L, BIREIS T 728
A2, 13kDa 7 a5 I Y OEEDN [=Fk <3V |
DI Ew [LGCY 7 ] T, [=Fy~<H1 ]
X D EEFIZ13kDa 70 T 3 v DA RN 0B
XTI EN 2 E NSNS,

[=Fv<HVU] & [LGCV 7 ] owiFhnd,
B EMTEIC X > TREDZ V87 BRI R D,
1T REAERL X D D 2 REAERL D)5 7513kDa 71 7 3
YOEAFIIMKL, 57kDai ¥ 82, 57kDa ¥
VST B L U37-39kDa 7 VT ) Y aDEAITE
W EBHL NIRRT (2K, ORI,
(1) Z Y7 EOMHEIZ X > TREHMIZBIT A#%
R RERONY — PR R EE, (2) 1R
KRR & 2 AR CTLRBF AR 5 2 LIk
W35 eELEEINE, T4bh, 7us Iy idsnv
T I BENTEREZMGL, HAICWNT s
ERHBNTWES, ZLTC, BHEOLMIT BB
REOEBFRITHAT L, BROBHAE I, B
W47 8 L CMmEB R L BB FE TR, L
7255 TC, 2 REMER TR S ¥ /37 HOWEAH

#1475 (2015)

Ator7e ) HATHRE - B L, 1 RERER & g L
TS Y7 HICHD 5 13kDa 70 T X ¥ OEIE DS
B o 2R D B, F72, 2 REMER TIE,
TNT ) Y OHEMKTH % 57kDa 5 /87 73 9)
DEENE o728, WY v /37 BIER D&
HCRRL ORI - DS T L7 et 2 /RIg 3 %
bOTH5.

1 RAGAERE & 2 KRR & TF 787 BRI R
o leh, BHAMEOEICL %) K5 V87
SOEE OB 1 KERER & 2 KB & CHIBL
L, KA OAEEME & BRI L OMICHERRH
EREED SN hrolz. LT, KND %
VN EDOEE - BRCKT A B RIRE OB
X, BEOBEMECLPDOLTEHELLZITLLEE
Zbhiz.

KELOH S ¥ 37 BERFRIL, BRIMED T
EHIML 722 OGN H B 1 39 7479, 9 Zd,
KRB B2 U7 EOEREICNLTTF YT
DEBEISMIICA R, FREIMET L2 L
WEBEEZLNTWS T %) KiFRIZHBE VT
b, BEMIEICA2D S TEREEEVIZ ETH
HiEWEH AR N (E1HR). LrL, B
BIRBEE Ry Y SRR L OMIH B = AHB B
FRIZFRD SN o7z, R 6 MAERFOHF T 1 &
FED I, WS KKINDORE 7 ¥ 8 7 B A RV
RIBEDWELZ T eh otz $5RS O
wEETLHE, [=hry~<H1)] & [LGCV 7 ]
&, By T HERRDBRIRE DB R
SRV TH LI REIEZ OIS, ThET
2, LS &, BEEERRPIEM SRR 07
VOGS OFER, BHME LR VNV EEaRL
ORI L > THERICL D o722 L2
HLTWwAE., ZLT, HH? L, BILSY OFfE
IZOoWT, BRICEA2ZKRINEOVKTFREICL -
THY YV EEABOERIIENEDLL L2 X%
OHHELTHRELTWS., I ERs, K
KOS VX7 HEHFIZRATTERIREDORED
AR L ZOEKIZOVWTIE, —BRiEONM
BhbEEZEZ LN



KV KRR TR 5 > 787 B ORIR - & =8 & ORRIN A etk 11

2 FHAPERBOK[RESFESTITKHD Z /N
BRSSO N IEEERICRIFTE
-

— AR & 8 o8 7 G BRI R O
WD, KKNOPB- T #4138 RIRE T WIZ
EL Y, TR VS EERERIIRITTE
R OREI/NE otz AR, BRI E
THFE—FEMTHEELTAETERHZ, TOBALR
RENZBW TR T COMESRMF 288G, H4
—BE LRy FERBIZESLCDDTH L. —T,
GR35 S o Gl O A = = I 5 | A WA B A QS
<, ERD D VIIBMIRE 02212 X - TE#HM o
HiE L BRPORIMBRKELS RR L5651 H L. 72,
ERRPBHMBEICL > C, WEoEFTERCERFE
IR, BRM O HSE, PUEB X OWERE R R
BELD, REOBY V7 BEHEL Y VNG
MR % BT T RS H 5. — M B KA i
T, KOS v X7 HEaHRS MBI % O
BRRENBORELM TS 2 EPLHEE S
NTWwb., X512, RKEOKRSY 87 BERFILE
g}l“,ﬁ‘ﬁ@agﬁ—im 76) ﬁ; Uﬁé}l‘,;ﬁé\z 38, 68, 88, 96) t
bEBTLIZEFMSNTWS, $72, THEBX
OREE R DZ V87 B E OBIZIZEED H
HIEDRIBENT WSS, —J5, & 8y AR
KA TIE, KKOKRY VR HERRL Y~
N7 BRI OEBERICOWT, EEEE, DU
EFE B L BRI ORG& ML OBENAY]TH
5.

ZZT, [=dhy=Hy ] & [LGCY 7 M| 2
Z, &7 VF ) ¥ - 26kDa 7 a7 ) v R ICKAKFT i

lovy—y—#] 2K LA 2LT, £RE
R 2 MRG58 12 & o THI &M T °F
B OKIMDED B R R L, B & Rk
DF X7 BRI E DBRIZONT, Ky MlBRO
WROMRZRAT. T2, BAMORGR LM LK
BDOKSY NV EEERBIOY Y7 Bl E D
MERZWAS2PICTHI R HE L.

1) MEBLUHE

—WEHAMGAE (==, ¥ 2H
BEAKMWHE [LGCV 7 b BIO [y -2
—H] 2R LA vy —v—# &, Ty
— Y= 1] C—BAEMHKMEME [2>eh)] @
26kDa 7" 1 7' 1) ¥ RGGEIRA TR M % SCH L TH K
ENAKZ VT ¥ - 26kDa 7 1 7)) ¥ RS K AKRR
MAETH Y5O, KT VFY) VEIET Lgelle 1D &
26kDa 71 7)) ¥ REBART glbI'™® % IITHFEO 5
FECTH5.

PR IL, 2003 4E 2> & 2006 45 (2 30T 2% v [ Py [
BEIEY v ¥ —oKHMY; (R BREAMmLT, A6k
34° 307 - H#F133° 237, AEE 2 m, MUK AR
) THEE L. KWHBER L (ADDBEE)
EEO-BHH (14 x 32K, ADLEH) 122003
X1 RD72D 1R, 20044~ 20064F1% 1 KD 72
D 3R OMEIF LM 23R L, ZEE34~500%
#A4H28H~6 H20HICTHI A L7z (354 %).
200446 H11HIX [LGCY 7 b] OABHIL 7.
2003 4E 15 M 30 cmAk ¥l 25em, 1 #k 1 AHH 2, 2004
AR 5 2006 4F 125 B 30 cm AR [H] 15em, 1 & 3 ARl 2
L7 MBXIZ11~19n & L, 20034E1% [LGC

H4F BHIHL [LGCV 7 b OMEHE: L BB 55k & Hif &

HEE%0~15H HF#E#%16~30H HFE%0~30H

Bk BRAE R KR A& & iR BEE SR BEE
(C) M n? (C) My n? () M m?

2003 5H13H 8H 40  26.4 15.2 27.8 16.6 27.1 15.9
2004 5H13H 7H28H  27.8 18.1 27.0 15.7 27.4 16.9
67110 8HI13H  26.9 15.1 25.5 13.1 26.2 14.1
2005 4H28H T7HISH  28.3 21.3 28.3 19.5 28.3 20. 4
5H17H 84 2H  28.4 19.4 26. 6 16.6 27.5 18.0

6H 2H 8H 9H 27.4 16. 0 26. 2 15.6 26.8 15.8
6H21H 8HITH 26.5 16.6 25.9 14.4 26. 2 15.5
2006 5H16H 8H 4H  29.6 20. 2 27.6 17.8 28.6 19.0
6H29H 8H22H  26.6 16.6 23.2 12.6 24.9 14.6

[Ty —=y =] & =&~V ] oML, [LGCY 7] &2 HUNOET

Hot.
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V7 b & [=ky~<%Y] % 3 IEOEBLE TR
EL, [Ty —3—#] ZMIAEL L7z, 2004 4F
(2 A OBLILEE CTRCE L 72, 2005 4F & 2006 4F &
MR 2 £ X, Mz EIX & LT3 E (20054F)
vl 2 AR (20064F) o470y 7 CRIE L
7o. MEEHZ, WIhoOFER - HEIX L AL LT
N, PzOs, KzO %%h%hm“%f: b 4 gﬁﬁﬁﬁ L, JE.
fBi%, 2003 4E 1 HAHAT 23 ~ 25 HIZ, 2004 4E 7 5
2006 FF X AR 27 ~32 HICN 2 i 72 1) 4 g i
L7z. 20064 6 H29 HEALIZENESZ 2 g & L7,
W HUER BRI AT O BRI Lzh o 72,

FIE 1.8 mmPh E DR X KK 25 g & Ky#iesk (UDY 4L,
A7y 3I)) THIEL, TT-1] IZHELAK
BHE L TR Y Y X7 BEAFOME & SDS-PAGE
GBI V37 BRI DN 217 - 72.

3 D& & H Bk, 8 U ST e
VF—DREBIMT — 5 W,

2) #HR
(1) BEROKGN, BB X OB DR
5t

20034F1x 6 H FHI2S 8 A FAJIC ) THAE X
D HACREEIRICHRE L7s (ERAER) . IR,
20044F1% 6 H A5 7 H TR IE o612
Hote. 72721, 20044FE8 HEE 1 PE 8 A& 4 ~
555 FAYITTAE L D IRIRZEITH - 72, 20054F13 6
AD1r A PFEL ) BREETHY, 7THEL ~
B2 PIHRIRER E o2k, THR RS TH
THABOEREBTH 72, 2005413 8 J LA
SEARICHM L 2R/ M TH - 72, 20064E1F 7 HE
4~ 5 PANCIKIRER CTH - 7225, 7 HE 6 14
o8 HE 6 PHFETHELY) HREHTHY, =
D% 9 AR E TP X DV IRIRERTH - 72.

BHELZ 4 H28 055 6 H29 H &)LHICH T
72Zkl2kb, TLGCY 7 b oliEHix 7 A18H
o8 H2HE -7 (B4%). MK O~15H
O HIFB RN (LU AR) 13264~29.6T,
16 ~30 H D& iRIZ23.2~283CTho7z. 1FLA
EOVE T B 0 ~ 15 H o & iE H B 16 ~ 30
HoRMmL 0 b Eh o 7245 20054F 4 H 28 H Al
TIRMH DML, 20034E 5 A 13 H BRI TIdH
i 16 ~ 30 H D5 J5 28 B # 0 ~ 15 H O &l

X0 bE»o72. WE% 0 ~30HTIE, 20064 6
H29 HBMOLIRA249C L i b, b ED1o
72OWRES HIeHBETH Y, TD#21E37CT
Holz. Tz, 4AWERTS5 ArhEBRIZET S
WA 0 ~30 H O&AIIZ27.1 ~286C T, 4ERM=
15 CTH o 7225, WM 0 ~ 15 H 052w
DRIMLIZ1X 264 ~29.6 COEREE DV, FEXMH
IR ART32CTTH o 72,

W% 0 ~15 HO H P H & (LU HEHE)
13151 ~21.3MJm™2, %16 ~30 H O HY =i
126 ~195MJm2 CTdH -7z (54 3K). FH—FERXTII,
5 Hfyfeh & bk L C 6 H B~ F B ;)
H 5 3K - 7.

[Ty —y—H] & [=hr=%Y ] oL
X, [LGCY 7 M| L 2HPUNOETH 722 &H
S, Wi fE OB O HfF I [LGCY 7 1]
LFKETH o7z (HE4F).

(2) Ry o8y BM, %y 37ERF
BLUPB- I &%

WEKROy 7 HRE %6 5 RITRL 7.
[LGCY 7 ] TiX, T=Fr~<H1Y] XY 22-
23kDa 7 )V 7 1) ¥ B& 37-39kDa 7 VT ) ¥ a DEIA
ML, 13kDa7a o I Y OHEEE W & TPB-
I1#HEbEPo72. F72, [TV =Y —#] Ti,
22-23kDa 7 V7V ¥ BE 37-39kDa 7 VT ¥ a®d
AN TLGCY 7 M) XD T LTz,
26kDaZ a7 YHREL, 13kDa7 B 7 I B &
O'PB- T HIG 25— & h o 7.

[Ty —y—#] ®1l6kDa7a 5 3 v & 22-
23kDaZ V7)) v B, [=x =41 ] ®10kDa 71
F 32 22-23kDa 7 V) v BIE, TOHEIEITEXK
BIXOBHETOA (P<005) XiEd5hkho
7203, ENLANDF o7 WG TIRAEDNRD b
72 (85%). PB-1#l&E, [=Fkvy~H 1] Tk
169~216%, [LGCV 7 b | Tix372~461%, [~
WY =¥ —] TIE569~628%DEH %R L7,

KR KROK Y Y HEARE, [=hr<HY ]
736.6~81%, [LGCY 7 +] #369~89%, [T
V=Y —H] 7969~82%TH Y, /ME L A
LoEE T=hv=H) ] & [y —y—#] »
1.3~15KA4 ¥ b, [LGCV 7 ] 2081 » +T
Hotz (BF6FE). BHHZ 4 RHIET 7220054 T
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B5E BIRICBITLY VS HEGOHEE

PB- I iRk % o N7 B OEIE (%) PB- I il & L XV BUSND & 2 R 7B OEIE (%)
fin ER B H 10kDa 13kDa 16kDa At 22-23kDa 26kDa 37-39kDa  57kDa  >57kDa
A=Vl = B ARV i = B ANV ITNTVy ra7 )y FuTry v
B o

=Rr<H 2003 54 13H 1.3a 15.5a 4.7bc 21.6a 21.7a 6.4a 32.0ab 8.6¢ 9.8b
2004 58 13H 1.3a 13.5 be 5.1ab 19.8 bed 21.8 a 6.4 ab 31.9ab  9.2abc 10.9 ab

2005 4H28H 1.0 a 11.0 de 4.9 abec 16.9 e 21.6 a 5.5b 32.7ab 10.0 a 13.3 a

5H17H l.4a 11.6 de 5.4a 18.5cd 21.7a 6.3 ab 31.0b 9.8ab 12.8a

68 2H l.1a 12.1 cd 5.1ab 18.3 de 21.9 a 6.3 ab 31.0b 9.8a 12.8 a

6H21H 0.8a 14.9 ab 4.2c¢  19.9 be 21.4 a 6.2 ab 32.2ab  8.9bc 1l.4ab

2006 5H16H 1.3a 10.5 ¢ 5.1ab 16.9¢ 21.8 a 6.1 ab 33.5a 9.9a 11.8 ab

6H29H 1.2a 14.1 ab 5.2 ab  20.5 ab 20.9 a 6.3 ab 31.6ab 9.2abc 11.4ab

LGCY 7k 2003 5H13H 0.8b 38.5 a 5.7b  45.0a 8.0b 11.5 ab 14.5d 8.0 bed 13.0 be
2004 5H13H 1.0 ab 34. 3 bed 6.2 ab 41.5 abe 8.5 ab 11.6 ab 15.1 bed 8.4 abc  14.8 abe

6H11H 1.1ab 38.7 a 6.3ab 46.1a 8.7 ab 12.2 a 14.4cd  6.7d 11.9 ¢

2005 4H28H 1.2a 30.0 e 6.1ab 37.2¢ 8.9 ab 10.8 b 16.0ab 9.7a 17.4 a

5H17H 1.0 ab 30. 7 de 6.5ab 38.1bc 8.9 ab 10.7b 15.6 b 9.3a 17.3 a

6H 2H 1.0 ab 31.9 cde 6.1 ab 39.0 be 8.5 ab 11.1 ab 15.6 be 9.3ab 16.6 ab
6H21H 1.0 ab 36.7 ab 5.8b 43.4a 8.4b 11.5 ab 14.3 d 8.0cd 14.4 abe
2006 5H16H 1.1 ab 29.6 e 6.7ab 37.4c¢ 9.7a 12.2 a 16.9 a 8.9 abc 15.0 abe
6H29H 0.8 ab 34. 4 be 7.1a 42.4 ab 9.2 ab 11.4 ab 15.1bed 7.8 cd 14.2 abe

= v——i# 2003 5H13H 1.7 54. 0 7.1 62.8 5.7 — 8.7 7.8 14.9

2004 5H13H 1.7 ab 52. 4 ab 6.9a  60.9 ab 6.3 a — 9.0b 8.4ab 15.4ab

2005 4H28H 1.8 ab 47.9b 7.1a 56.9b 6.8 a — 9.2b 8.7a 18.5a

5HI17H 1.8 ab 50. 7 ab 7.1a  59.6ab 6.5a — 8.3b 8.1lab 17.5ab

6H 2H 1.9a 50. 1 ab 6.8a 58.9ab 6.7 a — 8.6b 8.2ab 17.7 ab

6H21H 1.7 ab 54.1 a 6.7a 62.5a 6.4a - 8.7b 7.1b 15.4 b

2006 5H16H 1.8 ab 48.9 b 7.3a 58.0b 7.1a — 10.3 a 8.3ab 16.4 ab

6H29H 1.5b 51.8 ab 7.2a  60.5ab 6.0a — 8.6b 7.7ab 17.2 ab

[fl— AN DR 2 P MNCIE 5 WAKRETHEEDN D S L% R"T (Tukey-Krameri®:). B, [TV I ——#H] ®20034ED T —
FIIRIED 720, SEMED BRI L7,

HoR MIKOKS N7 HEGHEE (%) - PB-I1EAR (%) LEHRMBOK
i+ H e & oMBIREL

) =&k~ LGCYZh TV — il
K BHEH TP PB-1 TP PB-1 TP PB-1
2003 5H13H 7.3b 1.6 a 7.7 cd 3.5 be 7.6 4.8
2004 5H13H 7.0c 1.4b 7.7 cd 3.2 bed 7.3 be 4.4Db

6H11H - - 8.9 a 4.1a — —
2005 4H28H 6.6 d 1.1d 6.9 e 2.6 e 6.9 c 3.9¢
5H17TH 6.9 c 1.3 be 7.4 cd 2.8 de 7.1 be 4.2 be
65 2H 6.9 ¢ 1.3¢ 7.3 de 2.8 de 7.3b 4.3 be
6H21H 8.1a 1.6 a 8.3 b 3.6b 8.2 a 5.1a
2006 5H16H 7.4Db 1.3 ¢ 7.8 be 2.9 de 8.1a 4.7 ab
6H29H 6.9 c 1.4b 7.4 cde 3.1cd 7.2 be 4.3 be
KR E D 0~30DAH -0.120 -0. 561 -0.319 -0.517 -0.010 -0. 258
FHESFREL 0~15DAH -0. 247 -0. 751 * -0. 336 -0.625 -0. 003 -0. 342
16~30DAH -0. 003 -0.295 -0.235 -0.325 -0.012 -0. 132

At & 0~30DAH -0.312 -0. 740 * -0.607 -0.768 * -0.244 -0.516
THBAGRE 0~15DAH 0. 354 -0. 769 * -0. 549 -0.743 * -0.291 -0. 568
16~30DAH -0. 218 -0. 589 -0.590 -0. 699 -0. 168 -0. 400

TP & PB-T1X, WEXKOKSY v EERAELPB- I EAFEERT. *1X5%KETHET
BT EERRT. H—RMHENORRZELTHEICIES KETHEEN DL I EERT
(Tukey-Krameri%). %k, [TV Y= —#] O20034E0 7 — 5 I IED R\ 72, LHMK
E SN2, DAHIZ I H 5 &R,
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, WINORME L B HANEWIIERSY V82K
AHY# WEINC B o 72 T2, B % 2 KR
%1F7220044E D [LGCY 7 b] T, By V%7
éﬁﬁfi5ﬁwﬂﬁ$lbﬁﬁu5@ B )5 H

o7z, 6 H29 HBHOARRERH =2 W LT
722006 4T, L3 WMEoR sy v BHE

AFIE5 HI6HBM L D 6 H 29 HREHM DK HMKH
o7z, WTNOFERIZH Il L TR 5 AR
FECl, 20054EDFE T ¥ 8 7 A RHIMBAER X 1
AN 3 - 7.

X KOPB- I &AKER, [=Fry<H¥1) ] H11
~16%, [LGCY 7 M| #326~41%, [TV —
=] A39~51%Th-o7z E6K). ¥y~
N7 BERRDPEHVERRLBMEY T, PB-1&
AFRLBWENCH 72, LarL, #lziE [LGCV
7 N TIE, 200345 H 13 H&AH L 20064FE 5 H 16
HEME TR VXV EEREFEDAZIZ01KRAL ¥ b
L o7zny, PB- I EARDEIZ06K, ¥ T
HY, PB-1EAFEOEIIRY VRV EERELY
b PB- T #6250 < )W L 725565 05580 b7z,

AL b U [ SRR I R v 8 — BifgE G

B1E BLROKY VT EEGOEE L

#1475 (2015)

(3) BRMORREME KDy v 87 KB
XY U BERE L ORR

KD PB-THERL & >~ 78 7 Bl 5D H ¢, 13kDa
7us IV, wTFhoMfEs HiEE 0 ~15H0
KimE BHOMBEERL, HHZEO~30HB L UH
BgEo~15HoHE R D AOHBERZRLZ
(#73). —Jj, 16kDa71 3 3 B X U10kDa 7
073 oEGEER OB X O H R & O’
WCIIHELHEERIRO N7z, PB-1%H
F1313kDa 71 7 I ¥ OB 2 O L TR 5
(& H 4 & ORI BIAR AL L 72.

PB-1#m & ¥ X2 LD & v 0% 7 B 5501,
[LGCY 7 b] TiZ, 37-39%kDaZ V7Y vyaB X
22-23kDa 7 V7V ¥ BOEEAHEEZ 0 ~15HD
Sl & IEOMBIRFR (r =0.923™*, 0.717") %R L
72 (BT, 72, [Zvy—3y—#] THLEML
I H o7z, —T, [=hr=HY] TiE, M
itk 0 ~ 15 HoAU & 37-39kDa 7 V7 1) v abB &
r22-23kDa Z V7 ) ¥ B OMBIZED 5 NT,
57kDa ¥ ¥ X7 B O G L IEOMBEE (r =
0.787*) #mRL7z. HE®ELOBEFZTIE, PB-1EEG
&, A% 0 ~30HB L OHER 0 ~15HDHE

BHH OIS X OV H §H & oM BERE

ord HIEE# PB- 1 k& » X7 & PB- 1 Al & L RO BLUSND B LRI
H %% 10kDa 13kDa 16kDa Gt 22-23kDa 26kDa 37-39kDa 57kDa >57kDa
(B) 7mus3ry Fuilry Fuiv TNTV B Tad )y Zurl)va
=R~y
SR 0~30 0.279 —-0. 689 0.132 -0. 699 0.774 * —0. 490 0. 528 0. 536 0. 301
0~15 0. 395 —0. 912 *%* 0. 507 —0. 849 ** 0.515 -0. 409 0. 465 0. 787 * 0. 502
16~30 0.132 -0.371 —-0. 163 —-0. 429 0.774 * -0. 431 0. 448 0.233 0. 089
A 0~30 0. 180 0. 796 * 0.205 -0.813 * 0. 449 -0.771 * 0.524 0.711 * 0. 544
0~15 0.135 -0. 816 * 0. 320 -0.816 * 0.204 0. 753 * 0. 497 0. 760 * 0. 606
16~30 0. 199 -0. 646 0. 049 -0.679 0. 642 -0. 666 0. 469 0. 544 0. 389
LGCY 7k
SR 0~30 0. 506 -0. 609 -0.203 -0. 655 0.237 -0. 108 0. 694 * 0. 652 0. 485
0~15 0.539 -0. 849 * 0. 367 —0. 832 *%* 0.717 * -0. 027 0.923 *+k (0,629 0. 562
16~30 0. 369 —-0. 302 —-0. 559 —-0. 383 —-0. 156 -0. 141 0. 377 0.521 0. 321
HtE  0~30 0. 457 —0. 805 *%* 0.014 —0. 836 *%* 0. 395 -0. 394 0. 783 * 0.818 *k (0,722 *
0~15 0.535 —0. 850 *%* 0. 267 0. 846 *%* 0. 594 —0. 342 0. 796 * 0.732 * 0.714 *
16~30 0. 322 —0. 661 —0. 243 -0.722 * 0. 145 —-0. 397 0.673 * 0.804 ** 0.642
T P——il
IR 0~30 0.612 -0.610 0. 326 —0. 583 0. 656 — 0. 624 0.715 * 0. 150
0~15 0. 522 -0.792 * 0. 442 -0.773 * 0. 850 ** — 0.701 0.651 0.379
16~30 0.522 -0. 325 0. 161 -0. 299 0. 350 — 0.410 0. 580 0. 052
HiE  0~30 0.510 -0. 805 * 0. 439 -0. 788 * 0.717 * — 0. 545 0. 754 * 0. 483
0~15 0. 386 -0. 825 * 0. 382 -0. 824 * 0. 760 * — 0. 492 0. 680 0.579
16~30 0. 558 -0. 679 0.434 -0. 650 0. 581 — 0. 522 0.722 * 0. 329

%, kxBLOxkkE, TNENS5 D,

1%BLT01%KETHEETHLZ LERT.
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wEAOMMBLR (r =-0.846"~-0.788") ZmRL
7z.

BT, BAMMEEZ S HE$ 212X > TPB-1
HG L ARB X OCTHEE & OMBBERE KRG L7
[LGCY 7 M) & [Ty —v—#] TiE, Wk
0~5HBXU6~10HD%IMEAY, PB-IHALH
OMBEBEFR (r =-0857*~-0709") #/RL7 (48
#). —F, [=hr=Hy] <ig, K6 ~10H
BLU11~15 HOKAPB- 1 #4 & A0 ER
(r =-0.788*, -0.756*) Z/n~L7z. HEEICEHLT
&, [LGCvY 7 M) TIIHEH%ZO~5HE 6 ~10H,
[y = —#] TEEHEZO0~5 HOHF=ED
PB-1 &G L B OB (r =-0.783*~-0.713*)
RARLIZH, [=&vy=3) ] TlEmf%oo~5H,
6 ~10 HD W3 d 5 %KETHE 2 AR
PO LN Do Tz,

KB o# sy 37 EfasE, Mk o ~15H,
16~30H, 0~30HOMHoOVWTIhORIIE b
5 %KMETHBELRMBEBRICRL (F6K), HH
wmEDFKRTHo 7 (FEKENE). —F, PB-1&H
KL, [=hr~¥1) | CHEZO~15HOHMD
A& 5 %KHETHE R AMHBBRTED bzl
», [=hry<H)] & [LGCY 7 M IZBWTH
% 0~15H, 0~30HOHMOHF®ELE 5 %K
ETHERMBEBERIRO Sz (556 %K).

3) BE

[O-1]12BWT, KKOPB-I#HIEE, B
DIMEA T EEL 2B 2 & 2k Thig,
BALE 2 N TRSHIE L Cads L 72k RO <
A%, B BHAER - BRI 2 808 L 72 [ R St
TTHFEBORRAFER S N2, S 51T, KWF5EH

B, ¥ v 7 BAEFORKRR A T A% 0 ~ 10
HOSImAPB- T HIGICHET 5 Z LR a gz
(E8F). —F, —MEMKMME [=h <4 ]
TlX, Wit 6 ~15 HOKImASPB- T #l14 & mvAl
BaRL7z2ehn, IFEY ¥ /37 HoERMIEIC
B2 AERIRBEI NIz, T XD il
mREELERNE D TICEET 5.

[I-1] OoERIZBWT, BilisfFTid13kDa
TuT I VOBETHEAERSMET® L, 13kDa”
053 YBLUPB-1OAEGHEAMET LR, &
& 7o IR S EA5TkDa ¥ VX R SV T )
YREDY N EESOEGHRICEbN-Z L &
w7z, L7zdio T, —MEHKMmEEE ¥ 37
AR L Tl 13kDa 72 5 3 VEIETO
FEHFIIC &N D B 2 & TRIRD B 2T
WIS R e 5 722 EAMEHLE LTHIFHNR D, &
DIEFPI, PB-IEAEPRESINDI AN = AL
25 ETIE, PB-IRERLY Y80 H UMD 5 Vo3 s
HWEGIZOWTHERTLIUEDND L. KR
B, [=Fkr<H%V ] T, 37-39%kDa 7 V7)) Y a
BXUr22-23kDaZ V7 ) ¥ BOTHI A TH B
57kDa % v /87 B 9 3R 0 ~ 15 H DX &
EWIEOMMEEZR LD LT, ¥ o7 GER
KoKFREAECl, 37-39kDa 7 V7 1) ¥ aX°22-23kDa
TNT Y v BOEEG SRR 0 ~15 H O&IR & v
EOMBERLE (B7F£). £LT, —BKEHK
A cix, ZVvsy VidBE®Rs HE2510H
WX TERBITRNICERSNS Z E2%5
NTw52, F72, V7)) YOEERIIIPD S
BETICE, TORBRBEDPEAGMOEE L Z\T 5
BOLIFILEALEZTRVLDOND L EDHEEIN
TWBW, E5(2, & 287 B2 RKKE DK

H 8 Aihd X UHEHE EHLRDPB- T H4 & ORBIRE

it Rk E & (F)
-5~0 0~5 6~10 11~15 16~20 21~25 26~30
S
=ARr~Hy -0. 140 -0. 658 -0.788 * -0.756 * -0.408 -0.614  —-0.080
LGCY7Z -0. 165 —0. 838 ** —0. 851 ** -0. 496 -0. 332 -0. 525 -0.118
T)LY——H  0.036 —0. 857 **k -0.709 * -0.300 -0. 347 -0. 434 0.019
EESE
=kr~Hy 0.028 -0. 662 -0.597 -0. 233 -0. 460 -0. 865 ** 0.267
LGCY7Z 0. 190 -0.772 % -0.783 *% 0.153 -0.511 -0.832 *k 0.139

=)L ——il -0, 131

-0.713 * -0.663

0.315 -0.710 * —0.589 0. 189

kL ok ki, TNENSDE 1 DKETEETHDLI L 2RT.
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VT YIEIE, RNATHICE->TZ VT ¥
DL ERRTROFBSHH S N7z Z L1T X %%,
INHDOZ b, BAMPOKmE 7 VT) YD
B TRBHABLOEGKE ORI Y 8 7 HER
KoKl & — e AR E TR Y, Zhas
PB- I %4 & B3R & O HBIFR B RS 0 12 B
5 AR A RO L 72 2 & AT S e

RIZ, BAKHE KK OR S YR ERELD
BIRICOWTEET 5. AIFZETIX, WIhomfl
THEIGIRE KR OBy vy BEHREME %
IRE Motz (556 3K). AWFFRICBIT 2 HEE O
~30 HOFHRImIE, 249TC~286TC L H<, 2006
6 H29HBAZ R < & 3XT26 CUL Lo s
BEUThHoToZ v THE (452, —H,
KELOK S ¥ 87 BEAFEIL, BRAKIRSEVITE
EEDET LG 3 % TlF, ATRRE
W& D BALEZ 17C~29TR20C~275Ch L
CIRHICRELTWA. T, BASME Ko
¥ Ny AEARE OMRE BRI X o T
L7zt 28 33 34 65 89 2 Bl 3 & MAE# 30 H &
%\ TR 40 H B O P &2 20 ~ 25 CLAT &
oltikBX 2L EENTEBY, ~HTIIEAK
TS WIRBRIX Tl3 28 ~30 CH 5\ 1326 ~27CT
Holz. LT, KROKY V87 BEFRIC
FIETBRLRIBOEEIZOWTIE, BRI
BCUT L2502 REL TS HICHET 2%
B b, 72720, MERERTERLINm L KK O 5
YN EEARL OB L UM T, B
% 2 5 THRASIRDMR S TR OR S 23
TEERAEPEE 572 T AL . AT
b, BFEMHELN—& LB %% 2 722004
AE L 2005 4 ORERTIE, BALRE % 2 58 TH
LIRS TR Y ¥ 87 B EHEDE WIS
Hotz (6. ZToEEF, BAKIRIENS
WX o TRY YNV -GHERDVEL o lzD P,
MR 2 2 5872 2 & TRk D 22 R R INEDT
T o THRY YT HEARDVEL R o 72O HAH
THY, COHIOVWTIRERHETENT 5.

HitE & PB-T1 #1648 XL UPB-1 &A% L OBR
WZDOWTHRL, AW TR L2 3 miEe B 1,
PB-T # AT HAEZ 0 ~30 HB L O HEE%Z 0 ~15H
OHEEEAOHBEMEFREZRLE (7K. Th

SOMMOHFEIE, wIhdAiRE B L
THY (r =0.839"~0925", KNEHM), BRK
MOERELZ XML 72 lErISwEEZEZON5.
[=Fk¥<H)] & [LGCVY 7 ] OPB-1&H%
DHEE% 0 ~30 0B X OHAE 0 ~15HOH &
EHOMBBREZRL (563K, PB-THG % [k
L7z g sz, 5%, R 25175 C,
BAKRE HEROEEZHLNICT 2LELDH
5.

3 EEASAETE - NEMICRIFTHE L XKD PB-
[BEHLVHECNVEEREEOTEER
BIHCTHONHMAEE T 2, EVER R
P RIFTHEZP ST HE LB, EF - I
wmEERBOKRSY VR EEHFEBLOPB-1HE&

EDOMRERETT 5.

1) MRBLVCFE

Bkl K OBHEREZE X TD-2 ) LHUETH
5.

AU 1 BRI B 720 7RO EROILEDFER
EREF (a=H I 2 V¥, SPAD-502) Tilll
FEL7. [LGCV 7 M lZowTix, Wz 1#®
BX &7 8 ~10&EKk &MY, TONOHRHZ
2R R, TS, - R, MEEICOm L., £
7o, SrRREICEETRR 2 ARG (74 A4, LI
3100) THlE L7z, RIS L edo 726 ~ 8 HED
WEE Y Mo 7214, FHLZMMEDLEDTIOTT
SHU RRZIEL, HEEAWEL Td 7z ) O
ou Y E L WAL (LAD 28U L%
BRI % (CMT 4k, TI-2000 TH#H#EL, 80T
T3 HUL LRI L 21, wRoER (1 xr%
—)UFE, rapidN ) THRBEEICK > TEEREARE
HE L 7.

ANz, 1B D720 7HRoOREREZR
L7z, MEEOMAERIR1,005~1077C - HIZ1
REEX H 720 22 ~32mdOfkZ A D ELY , U= &
IR E A ([CHE TR L2, KIE LS
mnPL EOZKREREL K E L, BEKREE ZKTH
HIIKG 15 %ARFMEE LTFERL 7.
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2) R
(1) £FEIE

[LGCY 7 b] oMo EIL, 20064 6 H
29 HRAAI730gm™2 L ik HIK <, LIS TiL 863
~1,154gn 2 ThH -7 (F9F%). T/, B
LALIZ424~641THh -7z ILEOHEME (SPADH)
i, 343~399THY, TOEIIWAKTE6RA ~ b
Thotz. [TVY—=Y—H] & [=Fr<H) ]
OMBE O FEMIZZENZFN33.0~38.3 & 332~38.0
Thh (MEREW), FEXHDVIIBAENICE S
BAO®EEAY TLGCV 7 b ICHBL L 72, RBAE
% 4 BRI 72200546 Clx, WIho Wb 4 A
28 HRHL L 6 H21 HERMOFELAS H 17 HEHL &
6 H2 HRH XY EdL o7, BIEOEEEH =% R
U 7220064 6 H 29 HBMOEMIZ, W homfl
b 200645 A 16 HBHE X 0 Ko 72, MBI X
W EEEHFIX095~1.33%, EMEIEHEGHE
12762~ 11.32gm2 Td - 72. 20044 Tld, EZEHRSE
FOARIBMHOBNEBE P72, F72, 2005
FETIE, OBV H21 B X EREREH
PR DEN o7z, —T7, 20064 ETIXEETEERE
ARICBAMHICL 2 2RB0 %, EERERGHE
B HORWEFREr- 72, BER, wiFhodh
i B 20064 6 H 29 HERIA R KL, KD E2-o
72DIE20054E 6 H 2 HEBMITH Y, ZDHEIZ114~
128mTH -7 (4H105).

FZoRER, wWihomfid 20064 6 A 29 HE
HiA bK<, 486 ~506gm2 TH -7 (E105K).

ERE

ZhPAcix, TLGCY 7 b] 23556 ~617gm2, [=
Ay ] L [y —y—#] H3541 ~667gn2
Tdh o7z, FEIL, 2003443325 ~337AKAm2 L w
THhOMETORID %L, KDL > 72D1F 2005
4 H28 HEHED 5\ 13 20054E 5 A 17 H B AL
535~556 A m2Tdh -7z, WWEIL, WKEOELL L
FF LD T, 20064F 6 A 29 HREAHA26.9
~286 TR m?2 &b <, 20054 6 H 21 HEAH
A$365~385 TH m2EiRd Loz, BIKEAEI,
(=& v~<HVY] »71.0~913%, [LGCV 7 b #*
80.8~889%, [Ty —v—H] #682~859%T
HY, WTFhomiE b R RS % h - 722005
6 H21 HRHMTEHABREGPROE2 o7z, TH
HiE, [=Fy~%1) ] H217~237¢g, [LGCV 7
Ml A197~216g, [Ty —Y—] 29202~
225gTHY, TOHEIIRKAKTII~23gTh-o7-.
(2) ABEBIVONREICHT 2HIEHE L KOS
VST EEREB X OPB- 1 #4 L 0%

[LGCY 7 b] oMM OEIEREREGHF LN
EREAHEIE, BEKROBRY VR BERFLIED
HEBEER (r =0714% 0767%) %R L7245 PB-1
HE L IIMHERD ON ol BEIFRK). o,
W o4 E, LAIBXCILEOERIX, By vo8
7 EEHRFERLPB-1EA L MR RO SN
ol [=Rhy=HY ] & [ZVvy—y—#] T
b, IFEOEMIIHBY V2 EEAEB L UPB-1
HE L MEERS Bho7z (KFEW).

PR R TIE, BREG LR VNV HER

[LGCY 7 ] oRFICBIF 24T L &EFRAEINE
i S éig LAI %ﬁ Z.’?f)ﬁ?ﬁ}i Z.Ei%/a\lﬁ%
(g m?) e (%) (g m°)
2003  5H13H 939 def 5.03bc  36.8 be 1. 16 be 9.39 bed
2004 5HI13H 1154 a 6.06 ab  36.2bcd  1.03cd  10.28 abe
6H11H 1022 bed 6.17 a 37.1b 1.31a 11.32 a
2005  4A28H 920 ef 4.80bc  37.1b 1.07 cd 8.42 de
5H17H 1090 ab  5.53ab  34.3d 0.95d 8.81 cde
6H 2H 1057 bc  5.39abc 34.4d 1.00d 8.91 cde
6H21H 863 5.46 abc  39.9 a 1.33a 9.54 bed
2006 5H16H 971 cde 6.41 a 36. 6 be 1.24ab  10.60 ab
6H29H 730 g 4.24 ¢ 34.9 cd 1.24 ab 7.62 e
FHEAMREL TP 0. 046 0. 554 0. 544 0.714 * 0. 767 *
PB-1 /TP —0.204 -0. 024 0. 395 0. 587 0. 327

BEROAFEEROARE, EEBIBILEAELEAEERT. TP L PB-

TIIHEZERORY VX B aHREPB- 1 6ARZRT. B bR TFMICIX
5 %KHETHEAEDHHZ L 2/RT (Tukey-Kramer ). k13,

HThHbHILERT.

5 %KHETH
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10 MR, Dib X PR R

B ER BHREH BE RZKE R f‘*ﬁi}%{ BEEE TRl
(em) (@gn? (En?) (Thnd (%) (g)
=kr=HY
2003 5H13H  80.3b 606 bc 336 d 29.6 cd 86.4Db 23.7 a
2004 5H13H 8l.1ab 655ab 466 b 33.4b 84.7b 23.1 ab
2005 4H28H  T4.4c 665 a 536 a 32.7b 9.3 a 22.3 cd
5A17H 8l.4ab 667 a 528 a 33.9b 87.6ab 22.4c¢
6 2H 85.0a 636 ab 429 b 32.1bc  86.3b 23.0b
6H21H 81.3ab 580 c 489 b 36.5a T71.0c 22.4 ¢
2006 5H16H 81.3ab  607bc 489 b 32.9b  84.9b 21.74d
6H290  73.6¢ 504 d 378 ¢ 26.9d 82.8b 22.6 be
FERE TP 0.369 -0.309 —0.058 0.477  -0.856 ** —0.120
2% PB-1/TP -0.043 -0.493 -0.768 * -0.388  -0.388 0. 757 x
LGCY7Z b
2003 5HI3H 75.1ab  583ab  325d 30.6c  88.0a 21.6 a
2004 5H13H 75.8ab  610ab 502 b 35.2ab 83.1ab  20.8 be
6H11H 75.6ab 556D 539 ab  33.8b  83.4ab 19.7e
2005 4H28H  68.3 ¢ 603 ab 556 a 34.6b  86.6ab  20.1de
5A17H 75.8ab  610ab 537 a 33.9b 88.9a 20. 3 cde
6H 20 77.9a 604 ab 427 ¢ 32.9bc  86.9ab  21.2ab
6H21H 72.4b 617 a 487 b 37.3a 80.8b 20.5 cd
2006 5H16H 76.5a 573 ab 505 b 34.4b  83.4ab  19.9 de
6H29H  66.2¢ 486 ¢ 391 d 27.1d 88.3a 20. 3 cde
FEES TP 0.305  -0.093 0.121 0.280  -0.666 * —0.283
RE PB-1/TP -0.014 -0.299  —0.403 -0.196  —0.249 0.195
z——iH
2003 5H13H  81.4 615 337 31.7 85.9 22.5
2004 S5HI3H  79.3¢ 620 ab  511b 37.0ab 76.1abc 22.0a
2005 4/28H  74.9d 665 a 535 a 37.2ab 84.3a 21.2 cd
5A17TH  79.1c 650 a 547 a 36.8ab 83.7a 21.14d
6/ 2H 86.8a 608 ab 442 b 35.0b  80.0ab  21.7 ab
6H21H 85.0ab 562bc 480 b 38.5a 68.2c¢ 21. 4 bed
2006 5H16H  82.4bc  54lc¢ 490 b 38.0ab 70.6bc  20.2e
6H29H 74.0d 506 ¢ 400 ¢ 28.6c 8l.9a 21.6 abc
FEEg TP 0.643  -0.533  -0.188 0.316 -0.812% —0.254
23 PB-1/TP 0.251 —0.242  -0.563 -0.307  -0.117 0.673

TP L PB-11%, WiZKko#s v 87 BEAFEPB-1 &A% E2RT. H—MmHENORL S
BTN 5 WK METHEAEN DS Z L &2/RT (Tukey-Kramer{:). %8B, [TV —
V=] ®20034EDF— 7 ZEDN BN T2D, SEREDPSBRIIL. k& kkid, Z
NENS%E 1 U%KRETHETHAI LERT.

KEOMIZADOMHBMLR (r =-0.856" ~-0.666")
AImMETHOON (F10FK). 72, =4
<H Y] TIE, BB X OTRENPB-IE4 &M
MKk (r =-0.768*, r =0.757*) Z=mx L7225,
[LGCY 7 ] & [Ty —v—#] TiE, BE%
HRARIAR IR B o 72,

3) EE

[LGCY 7 | oKk PB-1E &1, WO
hER, ERTERTAEBIONEEGHERLHE
EAMHBEMARSED ST (B9 R), &, &
R, BRERELIFAMTH -7z (FE10FK).

¥/, [TV =y —#] OPB-1H&H Mo
fa, B L OWURRER R & S AHBIBIAR 2R &
Blrolz., TNHDOI NS, ¥ Uy BERKK
FRfnfiIC B 5 KR O PB- T #4%, e %2E2 72
B o MBI BT 2 BHRKEIRE, AF, 2561
R, TREDB X OEIRA R EL oBEEIX
g shs, —J, —HEHKRLETH S
=k r=H%) ] T, THREIPBIHGELIEOH
BIBIMRZ /R L2 (BF10%). [tk MEIAN: [T-1 |
DRy PREBETHROOLNTWS, 351, 1K
MZH RS A KT 2 KM OREZ kL D bR E
BREWZENR O THY, AWF%ED [T-1 ]
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WZBFS [=hrx¥] & [LGCVY 7 M %Mo

SRR CHFBETH B2, 1 REMORE KL, 2
REAOREL KLY 13kDa 725 I v OEHEIE
{, PB-IHIEmhrol: (255K, BES
FIEDENZKIZ, AL AKREY 70T I rodls
MWDol L 2WHE LTS, L2dioT, Aif
ROTHREE PB-THIG L OMIZRED S N72IEOHM
MERRIE, BERETFBELZWEEZONRS. LA L,
KHFFETIE, & o387 BEFKKME TS =k~
<) LFEBRICTREIZH L7222 0b 56T,
T-R.HE & PB- T H4 & o B 2 BItR 2580 H
Loz, TORIZOWTIE, BETAEMEIR
T5HELTELIIMFHT 2LEND 5.

KbLD# Sy > 7 B EAsid, ekl 7z 3 mff &
LIS OZE® & 5 %Ki THE R HBEBERIC 2
Mole (BB 93K, —NEEN) 55, WERY FA
#1172 [TLGCY 7 M T, B vy HEhH%R
GBI OB REAFTB L ORERERES
HEEOMBERICH -7 (895, HBELH%
DR DOERKEIREIL, KHOBRY V2 EEH
REBHELREREZRTIEDNBLECHE SR TS
0, & Ry BRI I OVEI SR 7 5 St
WZBWThH, KOy v 87 BEHRICHE o
BEFBREPBE LTI EELLIORE. $72,
ERMHEDH—OWE, BREHZES S5 &M
FHOMAKOBHZKBERENE T > Tz (59
F)., ToZE,s, [T-2] TRD LN BAEE
IS CANERP'S TROT T ANPAY/E k= =V M= 2%
513, BAMEOKBOERI VLT LA, ko
BEIEBRENEIHZLICERTLEEZ SN
7z.

KELOK S 7 BEHFIL, BREEGLEADOM
BBRERT Z EDA SN TS HT2 38 68 88, 96)
& V87 BRI B VT RO BRDS
AfgeTRD SN (B5105). BRAWKEB X Ol
EHFROEETIE, KREOKRY YN AEHER:
HOLRWI ERRDOENLEZ LD, BIEEIZY
BE LT EIB X O S SEE IR 5 L
EZz b,

I ZFREARGPKHOZNVEERELIVZ
CPINTEERERICRIETHE

1 BRRAZRGISKROZ N EHERE LU
AUONVEERERICRITIEE

MRz L, Wy DN HEORE LB 720,
H I KOREMZ SHDO LML, S, BHEMTE
RO XTI EEAERE OBV SN
7210, 12, 30, 3L, 69, 7 GRAEIZ T B &, KRR S L8
TEEAREPREVITERBCRO BRITELT L L
WHOND L) o722 23 429 F/- 0 AR
KOFEEOFE Y L LB, FREERIED %W
EEEIC X B RAEDI, MRS W TER
HEZRAML, By 7 HEaR 2T 5 05
HEHEM O BE {Atbhi. —), EFKH
SRR D & 2 X 7 BB AT TREII DOV T
DM AR SE T b FasA 7z 50 668695,
5 o8y BRI T 2T T bT
NTH 5B,

Z 2T, AR, K7V T VKRR
MBI VT v - 26kDaZ a7 v REK
KFf A2 R L€, @R R & E3E R
KBLDF V87 BRIE RS V87 BERFIINIE
TRBE MR L.

1) MRBLOHE

— ARG (== ], yo32H
ZRAKKRRSAE [LGC Y 7 M (K7 V7 »kk
FRmfE) B [z vy—y—#] K7 LVFY
v+ 26kDa 717 YR ISKKRR ) &2 R L 7-.
BRI, 20034F, 2004 4F 3 X UV2006 4 12 0T H
B[ DY ] B SERT g 7 — N DK TET - 72, BRI
ARy NEHEEE (14 %321, ADLEE) %
vy, BliEL (AOLESE) Zikdith, #FL
7oA RAE 7o, RAERIEE, 20034FE1k 1 K7
D 1AL, 20044F & 20064 1% 3R & L7z, L IX
— MM HETHEN L, 20034 & 20044125 H 13
HiZ, 20064E1E5 H16 HIZH X ¥ % — N DKHIC
FHEZ L7z, 2003 4FE13 5 30 cmbR [ 25ecm, 1 8k 1
Az & L, 20044F & 2006 413 52 30 cmbk [ 15 cm,
1R 3 AR Z & L7z, BRI, W% 11~ 18
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L, #REHLHEEFEX, BHEEEIX L3250
KL D 3 KAE (20034F) 2w L 2 /KA (2004
4E L 20064F) THEUE L7z, 72721, 20034E0 [T
VY= —W] EREE R T ko 7.

DEI, BIEERDOEMHFITOVTLITIIRT.
200341, mERX, PHEXB L OEEKX % 3T,
WEERHNEIIVIEX A6 gn? (GEIE 4 gn2, 450F
O DBME 2 gn?) &L, HEEKXIZ10gn? (FEHE
4 gm2, SPFORKH 2 gn 2, SBOEEIH 4 gn?) &
L7z, 20044F1%, @ERAHMWIC4 gn2fiHI L, 50
DR, O], BEE LR, DR o
WINPT 4 gn 2 fiH§ % RERIX GRE R & 8
gn2) % 3MMFEICERIT 2. ZolEhe, TLGCY 7
kL ZoWTIE, SR L SRR Ic g%
FNFN2gn?é 4 gn 2B L CHEEH10gn2E L7
RERX 23T 72, 8512, B sraFHMnstzk
ET BTN, HRITEAET 4 gn2 & AR 7
BIRFE (Fv vIEEF, LP100) 3 gn2a e L
THEFA L, BEoLcEEz 4 gn 2t 3 % bk
X GR=ERGEH = 1lgn?) ZikiT7z. 20064513, %
JBEL T4 gn?0EFREZML, BIELZWEERKX
(RaEHZMEH 4 gn?) 27z, /2, 5 AW
B TIEEEDIZ I E LN 4 gn? 0 EFR %
fiH$ % B IX (RREFEH =8 gn?), 6 HTH
BACTIE DR b 2 gn 2 D&%
fi 3 % RERIX GRREFMEH = 6 gn?) % ki) 7.
B, WITNOWHIXE P05 & K03 2EEE LT

#1475 (2015)

4 gm?HtiHH L7z,

JAI T 13 % R BRIX 2 5 428k (20034F), 54 ¥k
(20044F), 48#%k (20064F) ZAIDHLY , FiE 1.8mm
DEOTREHBEKRE L. BEKRH25 g & Hi
W (UDY#:, 423 ) oL, [1-1]
ICHEC TR Y X7 BE AR OWE & SDS-PAGE 5
MB LY ¥ 287 BHIKDOIENT %247 - 7.

2) R

(1) WA & B O[S 5

MBS, TI-2]) TRt L7z 912, 1EMIAH
—THhIENHEOERIZI1I~2HTHo72. T2,
WIS, SWHEMH LM X 5 MR o2 5R
T 1HUDATH -7z (MEEN). Leh>T, ¥
BB ORE SRS, 1EM2SH—ThuIRFER B
KX OEHRIEH LB ERIZITI L A LR h o7,
(2) KK & ¥ o8 7 FHBAC J T3 88 F e S

D

BUIEPOEURIIEERORKD Y 37 ]
MR L7z, REZEMARE 0 gn? (EEEKX),
6 gn? (ABIX), 10gn? (FEMEIX) o 3 WLP % F 1)
7220034 T, PB-I1#HIG2Y, [=hkr<HY ] T
13199~216%, [LGCY 7 b Tid43.1~45.0%,
[TV Y=Y =] TIE607~628%THhb, #HaE
FEMHEI R D % 05 2BERX O PB- T # &30
MITEWEANCH o 72 GB115). Rk, BEFR
i D% W5 TPB- 1T A O R W EI AT, 2004

F11ER BFRMHAFMHEEZRO Y 87 BREB LY 87 BEERIIRITTHE (20034F)
Z N7 R (%) BB a R
o PB- T k2 v N7 PB- T ik 2 v NS D 2 TG (%)
B %Qﬁ 10kDa  13kDa  16kDa a1 22-23kDa 26kDa 37-39kDa 57kDa >57kDa PB- 1
JLER 7\U7 7\t17 7\D7 VA =AY % LAV
N4 RS N4 VB % Va 3
=kRr~%Y
I 0.9a 14.3b 4.6a 19.9¢ 22.9a 5.6a 3l.4a 10.0a 10.2a 5.8 ¢ 1.2 ¢
DAE 1.0a 14.4b 5.4a 20.8b 22.2a 6.4a 3l.1a 9.2ab 10.3a 6.7b 1.3b
i e 1.3a 15.5a 4.7a 21.6a 21.7a 6.4a 32.0a 8.6b 9.8 a 7.3 a 1.6 a
LGCY7 k
MEZEHE 0.5a 37.9ab 5.2a 43.5a 8.6a 10.6a 15.1a 85a 13.6a 7.1b 3.1b
DA 0.5a 37.0b 5.6a 43.1a 8.5ab 10.9a 15.2a 8.7a 13.5a 7.2 b 3.1b
FERE 0.8a 38.5a 5.7a 45.0b 8.0b 11.5a 14.5b 8.0a 13.0a 7.7a 3.5a
)L ——iH
WEHR 1.0 53.3 6.5 60.8 5.9 — 9.1 8.8 15.4 6.5 4.0
AE 0.7 531 6.9 60.7 5.4 — 8.6 9.7 15.5 6.8 4.1
e 1.7 54.0 7.1  62.8 5.7 — 8.7 7.8 14.9 7.6 4.8

[TV Y=y —#] IERL. 2y =Y =] 1ZIE26kDaZ7 a7 ) VAL Bz [—] TRLZ.

[l — i

PN DE 7% 2 Y SLFMNIE 5 %AKETHEEDNH D Z & 2m$ (LSDEE).
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£0 [LGCV 7 M (5135), 20064E 0 5 H )
BRoOMGRENE (51458 TROLNE. —H,
20064E0 6 H THIBHI T, REXRGHEIERL S
FfEcdh [=hr=H) ] & [y —v—H] T
PB- I & ICH B R MHEMZEIZRD SN h ol
(5514%). 7, REFHHEZF L L TELE
W & 28 2 72 2004 SE ORER T, WIFhomfEd
BRI XL 2PB- T EAICERIIRED LN 25
7o (BE123%).

PB- I &I C R E LA OERB B SN b
BEWZBWT, PB-THK Y /87 Bl o TH
BLRAERIBEDOSNDIR13kDa7 25 3 Y Tho
72 (8511, 143%). PB-1#EK & v X7 G UMD ¥

21

YR DhT26kDa 2 7)) Y ORI, FD
HEVPB- 1 HAENEL 256 TR LW
(511, 135%) »ELhb (BB14F%) @ANCH - 7.
PB-T & &My v X HEah %L o HAERE
1£0.088 ~0.453 (P >0.05) TdH-7z%%, HHEZO
~15HORMOEEZI Y & (BAKEE ),
PB-T#IG &# s 37 HEs & oM % fat
5L, HHBFREIZ0.831™~0907" TH Y, W
FTHhoMED HVIEOMHMMREZ R L ($15%K).
(3) KoKy v X7 BEAEBLUPB- 1 HHE
BT BR M S0

KR OKS 7 BEAEE, EH—Thh
EREBFHHEOZ VWEHTEE -2 (11, 13,

F12F% BREBEFREIREL RO F V7 EREB LY VX8 7 HERRICRITTHE (20044F)
& X7 R (%) BRI EEAR
PB- 1 #k & > X7 & PB- 1 Mk & > R G LS D & X E (%)
o 25 10kDa 13kDa 16kDa AFF  22-23kDa 26kDa 37-39kDa 57kDa >57kDa i PB- I
L T I 25 A A s A Ats INF rads IAT By
NS SV RV DN NS U =
=Rr~HYU
SSFOoREH 1.0a 13.0a 5.5a 19.4a 22.3a 6.5a 31.6a 9.2a 10.9a 7.2b 1.4 b
BEsS o o# 0.8a 13.0a 5.6a 19.4a 21.9a 6.4a 31.8a 9.3a 11.2a 7.1b 1.4b
FEEEH 1.3a 13.5a 5.1a 19.8a 21.8a 6.4a 31.9a 9.2a 10.9a 7.0b 1.4 b
FEIERKE 1.2a 13.9a 5.3a 20.4a 21.9 a 6.3a 32.3a 8.8a 10.2 a 7.8 a 1.6 a
LGCY 7k
TR 0.9a 33.1a 6.6a 40.7 a 9.1a 11.5a 15.2a 85a 15.0a 7.8 Db 3.2a
HETFHOH 0.9a 34.9a 6.7a 42.6 a 9.0a 11.7a 14.9a 8.3a 13.6a 7.9ab 3.4 a
FEEMEE 1.0a 34.3a 6.2a 41.5a 8.5a 11.6a 15.1a 8.4a 14.8a 7.7b 3.2a
FEIERKE 0.9a 33.9a 6.7a 41.5a 89a 12.2a 15.2a 8.0a 14.2 a 8.4 a 3.5 a
- —H
ST oRKE 1.3a 51.3a 7.3a 59.9a 7.0 a — 9.6a 8.4a 15.1a 7.3 b 4.4 a
BEsS o/ 1.4a 51.7a 7.2a 60.4a 6.9 a — 9.3a 8.3a 15.0a 7.2 b 4.3 a
FEEMEEA 1.7a 52.4a 6.9a 60.9a 6.3 a - 9.0a 8.4a l15.4a 7.3b 4.4 a
FETERKE 1.5a 51.9a 7.2a 60.6a 6.5 a — 9.6 a 8.2a 15.1a 7.6 a 4.6 a

[Ty =Y =] BEEL. [Ty —y—{l] 121326kDaZ 27 ) Y EE LW [—] TRLUZ. [W—5n
WO 7 P CF NI 5 %KRETHEESR D S Z L #RT (LSDE).

133 BEWMHELMUEN [LGCVY 7 ] OBZKD Y U7 HHRB LY v A eEHBIZRITT

=3
(2004 4F)
2 X7 R (%) VAV X
PB- 1 fik & v R E PB- 1 #k & o R B LS D & X E (%)

10kDa 13kDa 16kDa &FF  22-23kDa 26kDa 37-39kDa 57kDa >57kDa i PB- I
SR M AL Fus sy sns INF rad IAT By

SV 7 vy B vy Ura B
AR GEZhME) +BAELE] 1.0a 34.3a 6.2a 41.5b 8.5a 11.6a 15.1a 8.4a 14.8a 7.7b 3.2b
FEAE G +BAE2[E] 0.8 a 37.3a 6.8a 44.9 a 8.8a 12.7a 14.6a 7.0a12.0b 9.1a 4.1a
IR CHRAPE+ ) 1.0a 36.3a 6.6a 43.8 ab 8.1a 12.3a 14.3a 8.1a 13.4ab 8.9a 3.9 a

+EAE1E

(RN GEADEE) +BJE 1 ] 1358 13RO E LB IE & [ — 0B T s 3k

MRt 8 gu2Tdh h, [FEME GEAIE) +BIE 2

W] 3% 12RO L Mk BRI REFEMNE 10gn?) TH 5. [FEI0 GHERME + R +800 1 ] oRER
TR 1gn?, BRI E LT 5. #k 2 FCFHICIE 5 BRETHEENH S 2 L 2RT (LSDE).
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H1AF BERBEIEEKRDO Y V7 BHEB X O V87 BERFIRITTHE (20064F)
&N BRI (%) R TEEAR
PB- 1 #ipl & v /308 PB- 1 #ipl & v /X7 LGN D & R (%)
z25% 10kDa 13kDa 16kDa & 22-23kDa 26kDa 37-39kDa 57kDa >57kDa 2 PB-1
i B e a5 es ez INF ruTs I sy
v v R4 VB Vo Ura =
=N N
S5HHA) 4 1.1a 9.0d 4.8a 14.9¢ 21.9 a 5.5b 33.7a 10.4a 13.6a 6.6 ¢ 1.0 ¢
4¢N 1.3a 10.5¢c b5.1a 16.9b 21.8 a 6.1a 33.5a 9.9ab 11.8b 7.4 a 1.3 b
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e e 81.1a 1.0 a 655 a 466 ab  33.4 a 85 b 23.1 ¢
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Vil L, TV Y=y =] LR, [y
—y—=1][avesV ]| ®26kDazZua71) ¥k
RERERJZFEELZR L THERSNZE VT
v+ 26kDa 71 7 VR IKIKFG AT % 5.
20034F 4 H 18 HIZKFH B iR T (A D2 #EE)
RO ENH (14 x 32K, ADDLHEE) (THEF
Fit2 1 RH7-0 1RIERE L 72, WBFERISIEITERIC
HWUCT2HMBEW LA, 5 HI3HICH (Hk4.6~
49) % E DU E B EW Y v 7 —NOKIIZSE
M 30cmik 25cm, 1Kk 1 RTTHIZ L7z, &5
OFFEMAE T 12 E L, 3 XEOELIE CTRE L

7z, BMEEHZ, JEAEE LTN, P05, K2O0%ZEhEh

mb7zh) 4 gL, BRZ27HHIZIZEEE L

TNZEZm»H7-0) 2 gt L7z, ZoEH»c, [T

V= —ifi| TEBMKEOHHIZ, [Ty —v—

W) 2RO TIIBMEZESHHEICNZH 2D

4 ghiH U7z, BCBNCRRR 2 B CTAI D LD, Al
VBBE - W) LCRE1L8mPl EOo L ka KX
K& L7,

(2) KEZROIGKE & KA DR

AL 7oK X ok, ROk (AR AERT,
RICEPAL31) T90%ICH#Eki L, S SICHIEIR Ok
K% (3% 4, Grain Testing Mill TM-05) T80%,
70%, 60%B X O50%IZHR L7, ThoilL
HKREBZROZENZENR25 ¢ &, BPERE
(UDY#E, 427 a2 3)V) CTHIELZZ.

(3) KRN % > 232 D SDS-PAGE 534F, #% >~
WRIEEHAFEOMNEBL RIS Y7 ED
EHAE DR

SDS-PAGE 3B X % ¥ o3 7 B DIENT 72 &
CICHZKREBE LB ROR Y YR EEHFED
WElE TI-11 I2#EL2. BEERBIOCHK R
B0y RIEEAEEX, 1R O YE
W27 N EEARER U CHEB L.

K5 R B ORI BT L EOEE =
RS DOIFAEE AL, UTICE > THIBLA. 45
ok (GEREAA100%) L BREAE 90% DKk O
TR EERERDEE100~>0%BD 5 v I8y
HahEe Lz, KIS, 100~>90%BD % > 5y
BehmElBEkoy Xy EehETlRLT100
~>90%BIZBTHY RNV EOHEHSEEH
L7z, FRRICIBR ARG ORLR 2 RN O% Y v %87
HefmoREeBHL, BEKkoy R EH&E
THLT, 90~>80%JE, 80~>70%)E, 70~>
60%JE, 60~>50%J&, 50 ~0%EICBIT 545
AV (oYX i g =i A YA

2) R

(1) KRWNICBIFEZ 7Bl &4
B NOEAVPAV R R oty v S dOL SA P S

WOy R EEEROENSHEB LB 5 ~
WNIBEREREIORITIN L. PB-ITHK Y » /%
PEDOTRERY o8y HMi5rTdh b 13kDa 71 7 3
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JiE, WINORFETH90~>80%ETid %<,
COREEY)NBETIENINEIERT L. £REICs
75 13kDa7u 7 I yEARIE, [Ty —v—1]
ETLGCY 7 M) Tl [=Fry=%V] XhH19
~35% L, [TV Y—v—if] T [=Fkr<¥
V] »31~43fTHo72. 16kDa7r s3I v &
10kDa 7”25 3 »i&, 100~>90%J& & 90 ~ >
80%JET% o7z, 16kDa712 5 I Y EAHEIER, W
TNORTY [=Fr~<HD | XY &y Xy gER
KT D 3% % 2o 7275, 13kDa 71 F 3
VWY 5 L KB BT D a4 RO S 23N
Edolz, ThE3200% VS EliGOBETH
5PB-1 &A=IE, 13kDa7 a5 3 ¥ E[AEIZ0
~>80%ETHRHEZ L, ZOBIHYHNBIHTIEN

#1475 (2015)

iz &A% h o7z,

22-23kDa 7 V7 ) ¥ BEA R, wWIhomil
EDBI~>B0%ETHRDE L, 80~>T70%NE L 1)
LM TIIFEA T L (5195, £REICBY
% 22-23kDa 7 V7 Y) v BEAEIE, =R =Y ]
0y [ZVI—2—1] BLXILGCY 7 M @
TSPl Ty =y =il Zohs
2L DD EBH I Lol 26kDaZ T v
i, [Zvy—3y—11, [LGCY 7 ] BIU [=
Fr=H] EBHI20~>80%ETRFBVER
wmEaL, TNLDHNMTIIELAIEK T LA, £
72, WTNORBIZBWTY, [=hry<HY ] XD
[Ty —v—1] & [LGCY 7 ]| ®JFH26kDa
rua7) vEAmiE%g o7z, 37-39kDa 7 VT )

19K WIRLEHEEIIBI L5 vy HEtie

— P&I%W&Vﬂ7gﬁﬁ%(ugﬁ)P&I%WﬁyﬂﬁgU%@57N7ggﬁi(uyﬁ> WE LRI
i piteg _10Da  13kDa  16kba At 22-23kDa  26kDa  37-39kDa  57kDa  >57kDa Ak
TRI TRI TaI TNTIVB TaTVe ATV a (ug/H)
ES e K 21.6  218.9 80.9 321.3 341. 1 80.6 482. 6 121.7 145. 7 1493.0
100~>90%J& 4.9 33.1 15.0 53.1 46.0 13.1 86.7 54.8 44.2 297.8
90~ >80% /& 4.1 66. 0 17.0 87.1 100. 1 19.5 132.7 24.8 14.8 379.0
80~ >70% & 2.6 28.2 6.8 37.6 46.8 8.7 66. 1 8.6 8.6 176.5
70~>60%/E 2.6 20. 3 7.7 30.6 34.1 8.6 48.0 7.4 14.0 142.6
60~ >50% & 1.9 16.2 5.7 23.8 29.9 6.6 36.0 4.8 9.7 110.8
50~0%)@ 5.5 55. 1 28.6 89.2 84.2 24.2 113.1 21.2 54.4 386.3
(50~0%J&) (1.1  (11.0) 6.7 (17.8) (16.8) (4.8) (22. 6) (4.2) (10.9) (77.3)
AT —] IR S 27.1  613.1  118.2 758. 4 110.9 160. 8 181.2 99.5 174.1 1484.7
100~>90%J& 9.9 91.8 25.7 127.4 15. 4 25. 1 37.5 55. 3 48.2 308.9
90~ >80% 8 4.3 186. 7 20.0  211.0 24.5 42.6 42.7 17.5 23.8 362. 1
80~ >70%fF 3.1 98.9 14.9 117.0 14.7 21.0 19.7 4.2 12.8 189.2
70~>60%/E 1.0 69. 5 10.8 81.3 12.7 16.9 17.4 3.2 13.3 144.9
60~ >50% /8 2.9 48.0 10.1 61.0 8.6 12.9 12.3 2.9 10.6 108.3
50~0%)= 5.8 118.1 36.7 160. 6 35.1 42.4 51.6 16.3 65.3 371.4
(50~0%/&) (1.2)  (23.6) (7.3) (32.1) (7.0) (8.5) (10.3) (3.3) (13.1) (74.3)
LGCY7 b IR S 20.6  525.3  100.1 641.0 120.0 165. 1 212.0 106. 9 191.1 1436. 1
100~>90%J& 6.3 79.3 18.8 99.4 15.1 26.0 40. 4 54.0 52.6 287.6
90~ >80% /& 3.8  156.8 19.4 180.0 26.9 41.0 48.0 20.5 27.2 343.6
80~ >70%fF 3.0 91.1 12.5 106. 5 17.1 24.7 28.0 6.6 13.9 196. 7
70~>60%/8 1.5 59. 2 9.0 69.6 13.1 17.8 21.2 4.8 15.5 142.0
60~ >50% & 0.7 35.9 8.5 45.1 10.2 12.4 16.5 3.2 11.4 98.8
50~0%J& 5.4 103.1 31.9 140. 4 37.6 43.2 57.9 17.8 70. 4 367.4
(50~0%]&) (1.1 (20.6) (6.4 (28.1) (7.5) (8.7) (11.6) (3.6) (14.1) (73.5)
TP ——iF IR S 31.7  768.0  104.2  904.0 58.4 — 104. 1 97.0 221.2 1384.6
100~>90% /& 7.9  116.6 18.8 143.2 5.4 — 29.6 54.8 72.1 305. 1
90~ >80% /& 6.3 2117 21.6  239.5 11.8 — 16.5 14.7 26.9 309.5
80~ >T70% /& 3.6 118.8 1.1 133.5 4.9 — 9.4 3.9 13.3 165. 0
70~>60%/8 2.6 82.0 10.4 94.9 6.2 — 9.7 4.6 17.7 133.3
60~ >50%J# 2.7 68.7 8.9 80.4 4.9 — 6.5 2.1 13.4 107.3
50~0% & 8.7 170. 3 33.5  212.4 25.1 — 32.4 16.8 7.7 364.5
(50~0%]E) 1.7 G410 6.7 (42.5) (5.0) — (6. 5) (3.4 (15.5) (72.9)
ST
;;ﬁ'j ns seksk skeksk skeksk skeksk skoksk seksk skeksk seksk skeksk
W2k - BRESE Hokok ko sokok Hodok sokok Hokok Hokok sokok sk sokok
SRR RS oK - iRk A TS * sk ns skekok sokok kokok skokok ns sokok sokok

RN OBAEIL, 50~ 0 % L fhofg & DD =012 1 /5 L7z R L7z, *,

k%, kkkFFNENS5%, 1%, 01%KkiE

THE, nslE5 %KETHEETRWI L 2mRT. 26kDaZ a7 ) YoV TIE, [TVY—y—if] ZBRVTOOHZ2iTo 7.
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vagaEE, T=kry<¥) ] TIZ90~>80%)E
T, 80~>T70%E L) WM TIEFE 4 IS
‘rFLAE —), [Zvy—v—1] & [LGCVY 7

b T4 37-39kDaZ VT Y aGAEIZIO~>
80% & T b %o 7275, 100~ >90%JF & D745
XL, T vy =y —if] T, 100~>90%
J@hdb%Zrotz. LT, TOEHEIKRREON
Wz EAieh ol %BIZBITSH22-23kDa 7 VT
)V BEAREDMENZ22-23kDa 7 VT ) V&
ML L 72, 57kDa % v /87 B L 57kDailBi ¥ > /%
HoaHEIX, & v87 GERKKMSHE, [=4&
YWY EHI2100~>90% A b % <, 90
~>80% MBI NIThi X, 80~>70%kE L b Nl
TREFEIDRL, EHICHBIEZEKRT, 50
Z—ETHo72. 57kDa ¥ ¥ N7 &A=, 100
~>90%E TIEMME R AN AN d o2, £
NIDIWHETIE [=F<FV ] Xy onrg
LR KIGMFED J 950 2D T by o 72, 57kDa @i
¥R EE, WIThoBETy [=Fhry<H) ] X
0 & 87 BERKKRGGED FF A3 % {, P T
b [TV =Y —if] TEho7z.

Wy s EeEREREE WTFhoRED 90~ >
80%IBTIROE Holzds, [Ty = —if] TIE
100~>90% @2 b IZIFHBEBAAAE L (5519F%).
ZLT, 80~>70%Ex &LHNEHTCIEHmIZE
KT L 7.

(2) KRBWNICBIT 2 V87 BO RIS E

KRIZ B 2 7 ¥ 7 B ORG-S L @Rl
S PIIT 572010, FRICEEFNL T 8y
et BERE ROy vy BafaThLTE
DY YRV EOHEHEEEZHBLE SHITRLZ.
50~ 0 %)@ DAFFEEI G, Mofg L DI Z 75512
TA5DIC1/S5%FLIMETRL.

PB-1 B X UPB-1 D EMREH TH % 13kDa 7
093 YOEEEAE, W BTy 100~ >
90%EA15~17%TdhH Y, 90~>80%EH27 ~
0%ERbEMNo72 FE3Ma, b). £LT, 80
~>T70%@EH12~16%TH VY, ThIYVWNEEHT
NG S 572, PB-I1 B L UM13kDa7 25 3
YO OFIEE TR & 2 AR 213 A 5 e
-7z,

22-23kDa 7' V7 ) v B, 26kDaZ a7 Yy BLIY

37-39kDa 7 V7Y Y a D EEEE, 2y —¥
=] ®37-39kDaZ VT Y akkwT, 90~>
80%E7322~29% L b <, 80~>T70%E%% 8
~14%THYH, T XY NEIHTIETHNMIZT KD
o7z (83K c, d, e). 57kDa¥ ¥ /37 HOAf
TEEAIZ100~>90% @445 ~57% L b i <,
90 ~>80%EH15~20%, 80~>70%MEHB L 1°
FONEEHR2 ~T%ThHho7 HEIKE)., T/,
100 ~>90%J& 2313 % 57kDa ¥ ¥ 73 7 O AFAE ]
HFix s Vo8 BAERRKAREE TR 2> 72, 57kDa
iy X7 H OAFAEE AL 100 ~ > 90 % )8 328
~33%E b E L, 90~>80%EN 5 NEERTIX
6 ~14%Th-7 (E3Xg).

¥y R EOFAEEEE, 100~ >90%E 5520
~22%, 90~>80%kEN22~25% L F <, 80
~>70%@H12~13%, L N TN
FEEAo72 GE3Mh). FEOKRSY Y7 EHD
FAEEI A B 2 iR I 221 A S e b o 7o,

3) BEX

— ARG (=R ~<H )] OBy vz
Bix, Z045%03100~>80%EIAHFEL, ¥ v
Ny EERKKMGAE [V Y=Y —11, [LGCV
MBI TZVY—=y—iG] I2BWTYH, Ak
DEETHAET LI EPWS IR -72 (BE3K
h).

5 2N 7 B FOR KRR L, — i A KR R
CHBLTHRSY Y87 HITED AL PB-T, i
13kDa 71 7 I Y OEEGVRENZ EVHMONTE
D) 19,55, 56, 90) - RAFFE T FAROMER DR S N7
(#19%). PB- 1 B X '13kDa 71 5 I v &A=,
KEHNOWFTNORIZBNTH [V Y — ¥ —{f]
Prb%L, [TVvy—3y—1] & [LGCY 7 M/
BENCHEE, [=Fhry<H )] EmdPbinz
PHONIZ o7z (55195%). T2, By 378
EREEIC, PB-IBLUN13kDa7 25 3 V1390 ~>
80%fBITIDB L AHAEL, WREIZEA W EAUR
hz.

57kDa % ¥ 7327 B L 57kDa@# 7 v /87 F1x, »
FTHOMBELRY N7 HRPB-1 &8 %D 100
~>90%EDOERMNEIIRDL HFIEL GE3K T,
g), FIZF ¥y BB R KAR A Tl 57kDa %
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fal c) 22-23kDaZ /L7 U v B g) bTkDafBifh % o /37
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i lin |1 Tiw 1N e o N D
N1 NIN RN DAR AN SN0 1ER JENCisR 0O uil ol
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d) 26kDaz m 7 h) &N IH
50 50
40 40
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20 20 } H
10 HE -8 il }--- 10 } - -- - e oo
. ﬂ ﬂ I m | I 1IN s
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{ { ! {
>90 >80 >70 >60 >50 0

% &

EIM RKWNIZBT MO 23 BOEAEEIS

W [=kyvHdyl,

1/5f L7lia R L7z, BHUIEIERELRT.

YN HEOBRNEIZB T LZREOBRENKE Do
7. F7o, [Ny = =] OHA37-39kDa 7 VT
)Y ad100~>90%@ Ik b % L AFFEL (53K
e), F YNy EMIC X o T KR 12 i FE R
EDHDZ ENW LN 7.

37-39kDa 7 V7Y ¥ ak 22-23kDa 7 V7 ¥ B
(&, 57kDafiBkik s ¥ 87 B APB-1 12k Sz

CTIav—y—1], O:
V== 1] MO E R L2720 T -5 2K L.

[Ty —y—if]. [LGCY 7 ] &, T
50~ 0 %J@ 1%, Mg L DD 72D

BICHAELTERINE™ 9, L2277, Kk
WIZBIF 5 37-39kDa 7 V5 ¥ a & 22-23kDa 7" Vv
TV Y BOGAITEMT S M EN. Lo,
[TIVY = —{f] 1ZBIF537-39kDaZ VTV ~a
£ 22-23kDaZ VT ¥ BOGAGIE R 5 Tz,
Pk L7c s o8 HAESKRRM WAL, wWIh bk
TWVT) VIR Lgel'® 1D oA, 37-39kDa
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FNVTY) vatHEE 22-23kDaZ VT v BEH
B, [TV —=v—06] OB [Zry—v—1 ]
BIXOILGCY 7 M X W2 o7
(%19%). PB-TI2i&, 37-39kDaZ V51 Y ak
22-23kDa Z V7V ¥ BIZ A T26kDaZ a7 >~
DEMSINLO 22z HbE5E, [TV —
¥ —ifi| ®26kDaZ a7 ¥RIEIET glb1® 7,
37-39kDa 7' V7Y ¥ a & 22-23kDa 7 V7 ) ¥ D
AR, BRORRIAT S 0 REE T L REED
H5.

[TV Y= —0%] &, K7 V7 » & 26kDa”
a7 YREDZODIE 2 FoHb ) IZ13kDa 7
05 I VOEEIRY V7 EDIRITES % DS
MHETH B0, [TVY—Y—if] P ThIES
VT KA [Vvy—32—1] & [LGCV
7] b IVF) VIR IX, RNA T#IC X
STHELSBY, LirL, [TVI—=Y—0F] L9
W7 VT ) v G Lgel's 17 122 C 26kDa 2
7Y YRKEET glbl® oL, MK v
FYYREN [ZVvy—3y—1] & [LGCV 7 ]
I HmcBNG (19K ORI KRFEHTH 5.
F72, 26kDaZ 07 ) YHBRKTDHAHIZALEARN
HTH 2. ¥ 37 BEFKKmMmED 13kDa 7' 1
I I VOEEDPEHVERIE, K7V F) s
T YOEBNRH EN L IEENSRRNC Y, FD
FEA13kDa 7 a0 T I VOERICHHENRZ LI
LB EHMEINEIEND, ¥R EO5MmITH
M ARZECEZNEERTLIHY, 5%
CNSIEBER 2 A T = XL DRADLETH 5.

2 BREFENEMBBREICLIKNAICETIEF

BTk 2 > 1N B D3 DT

BIEHTIE, BEXEABLOERLAEZEHKXDSDS-
PAGE 3T IZHEDWTRKIND & ¥ 28 7 55045 % G
C7z. Lal, XKzHEMHITL L, ZoRRIIEN
S MIEDL 720, HINDF v oS82 Bk
KD S EOREOMEICEDOBREORDHFET S
Mol RN Y V87 B AIZEETE %
W, F 7, IBRICEBRAES L ENL, RKEOZ
CHED Y 287 B b IBRPATETH LS. 2
I L7 2 IR T ORKND 7 ¥ 28 7 B 504 &
RS 5 TFihE LT, RO Z/ERL, S06HE

PR E TR Y 2 B0 R ST 5 )
EHiF 5N b. Furukawa 56 1%, &7V 571 »
KRR - RAICDOVTPB-1 O EEREHZETD
513kDa7m2 5 3 v L PB-I O FEHEEHZD—DT
B 5 23kDa 7 VT ) v R aOGEGE L CBRMEEBILE &
fioCTwad., ZLC, ~MEMAKMBELY D
13kDa 71 J I Y DL ROAEF 72T TH L, 7T0%
BRE L7 ROIVEEIC D L BICHET A L&
LML TWA, L2 L, e L7oRAIEE <, Bl
ZIZHE L 72U R oE IRt ch 72, Zo
Ehe, BISERIIEKRET0%ER LAk
BAVE DO —E5Th Y, & 787 BHAERRKN G
FEIZOWTKROER G EZRZ - ETTas I v
TNVT) Y OGMHEINE TREN TP 7.

UL4E, Saito 57 1F, HEEKAE 7 4 VA EIL
MLUTKRRI R 215 L, PukEzHwTy v 808
RHOUER L CBIR T 2 T2 ME L. AFET
i, BIBICHE L - BIF R REBOE YR 2450,
KB OERIGEEWRZ 72 LT V7 054 % g
T&5%., 2Ok, [N-1] TREBTEX Loz
VREKEHD S D5 v 87 O, Ko <
WRBIZBIT A5 o587 oA, & SICERIRR MM,
TESRH, FEEMD 5 > % 7 B oA DFER A B 5 H I
TEXALZ NI NLE. 22 TZOFEEFHNT,
— i B KRR AR, K7 V) VR AR S X O
7 VT) » - 26kDa 7 17 1) ¥R ISKAKRR LS
DWT, KFWNIZBIT 5 13kDa7 1 T 3 » & 23kDa
TNT ) YOS5 & IRA L 7.

F 72, WOCPAMBIBIZ T EBROEM S 2 5 itk
TELKBOBIZRY BB o722 L0 s, KhATEE
EEERE DY T B DA RRRIZ O WT, BHld
B\ B & BFE L 72 K620 SDS-PAGE 43#1 12 & -
THHES L7,

1) MEsLUHE
(1) PEENAE & FREFBESE I & OVRE oK o 4
(V-1 EFBkE L7z,
(2) 23kDaZ V51 & 13kDa7 05 I Ok
WP & T 72 BRI S B R
Saito & ™ [ZHE LT F Ol Tiro 72,
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a Wi - YRR

L7 EZROPTHREO RV ZFED, 1
RIS X 3R E 3% AV KRFI AT LT —R
(CMOC) HHZike T 24 Re AL PR L 72, Kawamoto -
Shimizu® O FFEICHE L TT T AF v 7 B %L
WIEBROKZ AT AN, 3%CMCERIEL, Wik
BETHHA L 72ATH U ipCRliE 872, —25T
CHELZ7 ) A A% v b (Walldolf #1:, HM500M
MICROM) W<, 794 FT7ANVLAINT VAT 7
—F v b (T4 B BHOCTER LA 7 14V
LZE M) I VITBORBIICHEY T, B
10pm OMEWTHAE D 2 ER L7z, WRHIEAFAF
7T AEEL, BRTHHEL TI00% L8 ) —)
WZiRIE L7,

b PURRIL

Y% 4% 7 VAT VT FCTREIEL:HR
(1045, i), 5202 e buffer (0.IM phosphate
buffer (pH7.2)) T 3 [Ipkif L7z (%i). TBST#H
i (0.01M Tris-HCl (pH8.0), 0.15M NaCl, 005%
Tween20) THML721%BSAERTT Oy ¥ 7
BS&4T - 72 (604, =ii). #otfF Cy3 Bkt
13kDa 71 7 I ¥ Hufk & dtta 3 Cys Bakdi 23k Da
7V ik (Amersham Biosciencestt) % H
WCHENS T THARIS 2175 72 (6047, i) . [F
BRCA T4 7a>y bha— & LT Cy3 ity 4
FIgGHifk (Amersham Biosciencestt) %M T
ST TS 21T - 72 (6045, =i . UG#
2 TBST VT 20 404512 3 ki L7- (535). #
D, 30%7 )k Y TREEHRHALZ.

c  HOLHMEEBILE

HHTHOEEMSE () o3 2%k, BX51) MW
THRKISEfTo 2@ B B XA T4 7a b
— IV EEIELT.

(3) WHAMLSEEILM (% O HO6E E O K HAL

& f#HT >~ 7 b Image] (http://rsb.info.nih.gov/
ij/index.html) % H\C, K2 K OMERTE) A5G
GOEEREZFEL L7z, W—mfETd, MR
A OREREMEORSIEEKRICE-T, T, Yk
VERLEE D LK D YW EIZ & > Th TN R 572
729, HilEd 2 WVIEHEOR S 2 100L LT, XK
KA S OO HOGE 2 Mt L7z, R4
ROEHEBIFIZZRICE > THRLE 72720, BRIBL

A KRB B W IZIEH O ER R

T2 HOERE O AR E 100 & LT, HXHEEICBIT S
HXT HOGIREE &R L7z,

(4) KEOFMDH 5V IZBER OB & Ko 5 ~
INTBRK - R N HE A RO
KZKROBEMD 5 I3 EM % K25 05m, 7
VIV FATHML B ORZHRL-EERTD
TR L2 (4 ). 1 EICD X550k 2L,

3 RAECHER L 7.

K KOBEM D 2 T WM %2 B L 72Kk 2 h 2z
ns50k %, Bk (UDY#H, 42 3I0) T
WML TRY P X7 HEHEOHEDS L USDS-
PAGE M #H I 35& & v X 7 B LK O RN % 1T -
7. KEANOY X7 EERERPHLEHD 5 WI3E
R X RORAT S RO R A ZAVAE S ¥ k- & . AP I
T, BB L0IIHEROBT v EEREB LY
Ky oG EREEIR L.

2) R
(1) BOCHEMEEBILE L WGRITIcL 2707 v
A B ANINAOY S AN

W2k (DUF22K) offehrt) i o SOt Bigt
W {2 85 5 ISR L7z, [Fl— @il oK, [H—
B2 SHELNbDTH S, 23kDaZ V71 Vg,
HOEt % Cys ki 23kDa 7V 7 1) ¥ Bk & FR
WA SETRBTRL ES5MA), 13kDa” |
7 I ViE, Lt Cy3EakPt13kDa 71 7 3 Ui
R RIS SETREBTRLZ (BE5KB).
13kDa 715 3 » & 23kDaZ V7 1) ¥ Z ke L 721
BrBEhRGdbEcig E5KC) TiE, My o8
DR, HDHVIE T GEBICHEET 258
TR L7,

13kDa 7’1 7 X ¥ &R HOLOREE & FHIg D)L S
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=hr=yy )

TAV——1 )

LGCY 7 b

TNV——iE ()

(B) (C)

53 23kDaZ V7V »k13kDa 7 a5 3 v OKRIND A
HOGRE PR % 7O R DM o Bligmifg. (A) Hi23kDaZ V7 U Y Hifk, (B) $il3kDa
705 3 PR, (C) ALBOERQAEDLEERE. A7r— W N—=3 1m%ERT.

B THE TS L, [2hy<H )] L) K
FNF) kAR vy —3—1] & [LGC
V7], KT IVFY - 26kDa a7 VRS
KA [TV Y — 3 —if] THREDRVEEAS
Mol ESKB). T2, ERGDELEIE)S,
[=hrv~<HV ] ERHELT [Zvy—Y—1] &
[LGCY 7 M Tid23kDaZ V7Y ¥ %R 9 fkth &
Db 13kDa7 8T I VERTROOBEINRL,
[TV Y=Y —ifi] TEZOMNAE—EHETDH -
72 BESKC).

(=R ~H U] &F o8y BHERKKRRSED
Wiy, 23kDaZ VT ) v ofkts BE5IKIA) &
13kDa 7B 7 3 yoiffy B5KB) X, Kkost
JEici <, KiopRicialdBgsni. X
2, 23kDaZ V7)) v & 13kDa 705 I v D54 %
PRI HEIR S % 72012, BRI & - TREHNO
HOGIREE & Bk L C48 6 XIZ/R L7z, 23kDa 7 v

7)) ¥ OB AEERE X, LKROBEMIZBNT, »
Tl b ZREmE D SR HEE2 ~ 61—~
D, MXTHEEER 20000 F T LAz, -
7 ORI E X 13 ~19TH o7z, —J7, THl
TiE, Wihomild ZoKkER2 ST ERE4 ~5
W=7, [k~ | Tt By
40, [Z VY=o —1] & [LGCY 7 | TIIHH
BHEE30~35, [Ty — ¥ —if] T HEEER 20
DOAE F THWA L7z B0 Y — 7 O HOGEEE
i, WIhoOMED 21 ~25 LM X 0 &2 o 72,
EREDA O KRNI BT S 23kDa 7 VT ) D
A HOEIRE L 06 ~09 & IZIT—ETH - 7.
13kDa 71 7 I ¥ QMM AL, TR JEM
WZBWT, WIho il b ZoREE A S T HEE 3
~6 DMBEICE—=2HH Y, 23kDaZ VTV ¥ L
B R 20 F CRA LA (6 IKD). —,
BHTIE, WIhoamld ZORER A S AR EEE 5
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SEERA

TE Al

Mg
a: 23kDaZ LTV b : 13kDa”' 173 ¢ : 23kDaZ VTV d: 13kDa7' 173
=Rr~HY 5.0 5.0 5.0
4.0 L l 1.0 l 1.0
i i
%3.0 Es.o §3,0 é
R 1 1 fH 1 1 fH R
jg 20 f v é 20 |l ¢ v H20 {j—; :
=z = z =
1.0 1.0 1.0
00 b v 0.0 0.0 X
VO 25 50 25 DO VO 25 50 25 DO BO 25 50 25 A0 BO 2 50 25
RSt BEE R B R B R B
T ——1 5o 5.0
4.0 l 4.0 l
%3.0 ﬁ%s.o % é
«H 1 1 fH 1 1 -H B
jg 2.0 ] v é 2.0 v v g ;r;
m = = m
10 10 T =
0.0 0.0 .
VO 25 50 25 VO 25 50 25 DO BO 25 50 25 A0 BO 25 50 25
RS} B HH ) PRAE RS} B
LGCY7hk 5.0
4.0 l . 4
& fe N b
Cil| &> s E
HH2.0 : ! o, o 3 9
z v v 2 7 =
EN kS £ 2
0.0
VO 25 50 25 DO BO 25 50 25
AH ) ERAE AH ) ERAE
T —IE 50 50
4.0 l . 4. 4.0
N i p
#3.0 l E . g gg 3.0
H 5 1 1 #H 9 Bt 2H 9
= 20 [l v &7 il Hoo
: = =
“ 1o Y L 10
0.0 . : 0.0
VO 25 50 25 DO VO 25 50 25 DO i BO 25 50 25 BO 25 50 25
R B R B R B R BEE

%6 HOGBAPRSE WS D & KL U 72 KRN O H X} a8 650
BEO MG L7268 273, AOIEZ05m. BEOMIT MR L, IKEO[IET-IE + FEiE %
ZRY. EROERANTERBREOE —2 %2, HMOEHIKZRT.

~T7TOMBEIZE—=72HY, [=Rr=<H)] Tk
HxEEEER 40, Ty —3—1] & [LGCV 7 M
T AR 30, [ Y — 3 —i% ] CTlEAHBE
HER 20 DAL F T L7z, BRSO KRN JE
HIZBIT % 13kDa 71 7 X OHMIRHOGIE L 0.5
~09L T~ THotz. [=hr~<HV ], [T
V—3y—1] BXUILGC VY 7 b] Ti&, TLKHEM

IZB1F 5 13kDa 712 F 3 ¥ d ¥ — 7 O aOGEEE
323~25THY, BEHOLE—-27HlTH519~23
IyEwEmcH -7z, —F, [Ty ——if]
TlE, ZKHEMIIBIFS13kDa7 BT I vy OE—7
DOMFFHICREIZ20TH Y, BEHMOE — 728 &
DA o 72,

YROIEFRMTIL, BEBST23kDaZ VT ) vk
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/

13kDa7us5 3t c**ﬁﬂiﬂﬂﬁrﬁﬁfﬂﬁw%ﬂﬁ X

DA -7z (BE6IXD). THmMTIE, wihomtl 205 WFHI L 72 Kok o

b 23kDaZ VT v <‘:13kDa7U7 ¥ ORI HEE o i wn g REVSUE
SR KT MM 2 ~ 4 ofric ey PRI o T Al
2B Y, HAEEE20~ 300 E F THA L. TH .

10 SR T IR 20~ 30 DL 1 il T L
M D TR ZR T A & A HLEER) 40 DALTE & D DK WA 2.46b  22.5b  8.0a 7.0a
RIARTIE, 28kDaZ V7 ) v & 18kDa 7wy YT o .
Y OFMXFHEICHRE I T IO WmAE D 0.6~ 1.1 DHiPH zﬁmzﬂ ; i;g ;i g E 3 i j 22 :
TEIE-ETHo7 Lecmﬁk
(2) KAFEHEEHDO Y 87 D JR[ZIEDFER XEE 2.88a  22.6a - 7.3a

WM 200 iﬂgmu%omﬁﬁﬁuw:*%w: (420 R S
) EOMICMLT, BHEETOKY v 87 BE TV —iE
ARETILS ' LR L7z [=A =y ], W sasn 1886 70a  80n
[ZTNVY—v—1] BEXO[LGCY 7 ] TiX, & JEMBRE 2.38b  18.8b  8.2a 7.6b
W bVWEELORY 37 HEA= 1142~ Sy
157ng/KiCab ), IR L CHEREY (P< i
005) Ehhotz. —J, [Ty ——if] OWEH dRFEXBEHIALER s

D#E vy B EA R 22lng/ K & O 132pg/ TR B2 O B & P AT O R E TR L TR L7z, % * &
. * % % FZENEN T DBLO01%KETHERTHS I LERT.
R & DAEE (P<0.05) frofe (7H). N1 5 %A TH TR S & RRT. W N DR 5%

DENIIEIROR Y VX7 B EHFREPH NI & (sﬁ SCTNCIE 5 %AKIETH AN D B 2 L 27T (Tukey ).
20%) ICBERE L. [=Fky<%Y ] Tl&, 13kDa

=R=PU TAP——1 LGCYZh INT——1F

1800 1800 T 1800 1800 i
—_~ I
& 1600 | = | b 1600 | b 1600 | b 1600 | 1 .
2 1400 | 1400 | 1400 | 1400 | -
u 1200 | 1200 | 1200 | 1200 |
d o
g 1000 | 1000 | 1000 f 1000 | Ot RS
;2\ 800 a 800 a 800 a 800 a wjE s
N 600 | 600 600 600
S 400 f 400 | 400 f 400 t

200 200 - 200 200 - )

o L v 0 b 0 [ .. 0

250 250 250 250
—~ o> a I\
2200 f 200 | 200 | 200 | STkDazr /7
= B57kDa% /U H
e ®37-39kDaZ LTV
2 150 F 150 150 | ST
M 026kDaZ'm7 U
100 + 100 | 100 100 | m22-23kDaZ L 7Y B
2 m16kDa7 T3
§\\ 50 50 50 O13kDa7 173

B10kDa 7 BF3
0 0 0
P g T HE K 5 5 T 5
Ah

EII KR OBTHB L OO ¥ 37 BE
TR EE(R 22 2 R . E&Zﬁ@(%l’? X5 %KETHBEAPD D 2T (Tukey ). *1X, WEBEIEEOMIZ 5 %KETH
BENHDLEERT (tHE
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TUIIVEAERIITHREEHE THEERENY
(P<0.05) E%&hroi GBETH). —TF, ¥y
AERKKMMA T, 13kDa7 05 3 Y EHEN
TEE v B THEICE -7z (P<0.05). %
DI [TV Y= —1{fi| THFETHY, 13kDa
TUTIVEREORTEEREOEIEUETH

> 7.

3) EX

ABFFETIE, Saito H 7 25—k & KA R %
WCEN L 725 & AR, KRR oGz z 72
BTy 8 HAEFCKRAKRR O KRB NI BT 5
13kDa 70 5 3 v & 23kDa 7 VT ) ¥ D434 & HE
ISR 5 2 EATE, — e HKAR AR & L
M4 525 CT&7. 13kDa7 25 3 v &/R$H
TeOREE & FIHDIA S b THIERT 5 &, —#%
RN [=ho~<HV] X 7rvsy v
KokFRaAE [y —v—1] & [LGCVY 7 ] T
FHOLD RV EHIEAE {, K7 V7 ¥ - 26kDa 7
07 Y RICKAKRHEE [V Y —v—if] Tik®
DI —JBETH 72 (5, 6M). D
B, KRASHIE L72% » 327 8D SDS-PAGE %
Wik oT, & 37 HARKKRGSETIERSY >
NIEIE® 5 22-23kDaZ VT v BB X ON37-
39kDa 7 V7 ) v aDEEHEL, 13kDa 71 F 3
Y OEEDENE T B Y 8 7GR KK SR
BB S % ety 19 55 56 90 K> [~
BIO[NV-1] oFEEHEKL.

INFTIZ, KUK ThO®RS w7 BEG L
TBIZET AL RIS LY, — BB HKAR b
ok s 87 Eix, RNONEEE L TobE
HOMMBEBLOY 77 2—a VBIZE L 54T
Z):_ &iﬁiﬁ%éhfb‘é 4, 30, 35, 48, 49, 54)‘ LZ’;)L’
TaIIVRTINVT) v EDfi A Y VN TFIZD
W, 25 OKKN OG5 & Em I L 726l
EhThTH L. EIIS™ E, — B AR
[aveAh )] oZKkE2EHL, HiohkEdho
& 87 HH % SDS-PAGEEIZ X > THOMT 5 2
ETRINOEK Y YOG ERIEL TS, L
ML, ZTREEET S L TEmM & LT &
ficlm L CEHIbN, LKOBRER T F
ODHKRDBELN LW Eh 5, TAERIS DR

#1475 (2015)

FEDHEEC Y ¥ 87 D% 534§ % DA% IEMEIS
RS 5 2 LIBEH™ CEIATRTH- 2. T2,
PRBIFRAR DL Z 05, KO HNEICE
2% Y7 HO5AD INETICHLMIEN
TWirhoiz,

Z ZCTARWFZETIZ, Saito 72 ICHEU 2 TR
O HOGHMSE L 2179 & & b ISR %
o7z, ZOME, WwFhomfEicd i@y sZ e
ELT, PB-IDOEMELEHKTH S 13kDa7 10 7 3
YEPB-IOEMEERTH S 23kDa 7 VT ) »
&, ZoROBEM, MEM, TEEGE O ZORE A S AH
il 2 ~7 OMNEICHHEROE =7 93H 5 2 AR
Ehsz. F/o, HAROKIIEM TIZZRER 2 S
AR FRAER 20 DA E,  THYG M TIAY 20 ~ 30 DAL E
Thotz. —F, BMTIF, 13kDa7uBI3I L
23kDa 7 V7 ) Y OIZAKREMD L5 M ED)IKE TD
MR BEBEEDS, Wiy v X2 eI [=hy <
V] >Tznvy—=v—1] = [LGCY7 ] > Tx
WY == OBRICHY, WEHEROD D
EDH S Do, TOXHITROIIEE T
13kDa 71 F 3 ¥ & 23kDa 7 V7 ) ¥ D434 A3
FIZEAEL T2 LT, NEHTIE, Wy~
INTEPFEAETHLOD, LHRVETIEIFEILH
MdTHIELHLENTHR 7.

X 51T, AWFZETIE, HEOGHMEBILSEOKE,
[Ty —Y—if] ®13kDa7 a5 3 YDA
V=7 3L KROBFMEI Y BEMTHEL, [=Fr~
FU ] LIRS L RRET B BRIV
iz (56 ). FOGHMEIBIZIC X 2 BT
OFEREFMICHE T2 L, [=Fr<H%1) ] T,
FEA & IFMIC BT 5 13kDa 71 5 3 ¥ ORI LR
DY — 7 HD#I1Z045 R ¥ b THo72DITH L
T, [Zvy—=vy—1] & JLGCY 7 ]| TidZEn
FEHN014~029KA VP ENEhoT (6.
F72, BB A13kDa 70T 3 ¥ OG5ARDE
i, =Ry =H%) ] Xy [Zry—y—1] &
[LGCY 7 M) OB AR R L AR WLEICDH
o7z, INBLEEETSLE, 13kDa7HT I VDS
MREDPZROEM X ) EMICL W EmiE, vy
— =] > Vvy—vy—1] = [LGCV 7
M >[=Fkr=3V] OBMRIZHLEEZOND.
L7ehoT, & v 7 BHARKKA Al & — i i
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KGR & TIEE M & BEMIZ BT 5 13kDa 71 7 3
ORI B 2 AR S T,
HEHMBEBRTROON T EBERE D
13kDa 7’12 7 X ¥ O ik om0, #Ba
YR L 722Kk D SDS-PAGE 5 HTIC & o THRER S L
7. TOX) MBI AERE AR U ERNEYELET S
i, HEESELLRDZAENRVIZOICHEETSH
L. oL, TRETIZY v 282 B2 Rk KRR bR
T, —HEMAMSEL Y S 13kDa7a53I >0
LRESHEBZIGHHORSTE L, Bl Ty
V== OXH)BRIEI VT v - 26kDar BT
) U RICKKRRFE T, 13kDa 7B J 3 v VB
BT THEMLET S EFMEINRTVWE), L
7eho T, TOL) REBHRBHICEBIT S 13kDa 71
7 X VAR OHER O T [ 22 5 S KRN O 534 O
IR AR OER & o TW B REWD D 5.
BHGHFEIC BT B EHBEANOY %, T
MR Z @ L THEM2 ST, BEMSBEORK R
5, BIEE 6 ~7 HHIZZ S ¥ /87 Bk AR D
BTUTHERISNTWES W, T Fr 7 Uk,
BAET: 4 HH2 5RO b HLEBICB VW TZEDE
ROHER SN TBY Y, ¥ Uy BHEOERIY
RRPFALTVE, O RS, BILHLERTIE
13kDa7u 5 3 v & 23kDaZ V7V ¥ O dd
vy, LB &2 LY FHEL A, A%
DERIZOFHIIKTAHDDTH-7:. Tanaka
582 1%, BB BUT D RN 2 oKk O RS
SR EY, T IERE®RS ~6 HH2 5 18
HHEZ T, &7 287 BIZRHAER 7 HHE2 S 20
HHEF CARICERINLZLE2HMEL TV,
O EnS, MR 2 ARGEOMMIIT YT B
LY YR TEDI DU ENFEHEIN TS L&
EZOoNBE, ZOEHZ, FrrrEY UNTHIZ
SHICERINIHOL I PEL > TWDHIZHH
b5, 13kDa7u 7 3 & 23kDaZ V7)) D
G EIRAAME IR CREE IR 2o 72 (555, 61X).
INHDZ L, 77 DRI LE» HERH S
NHEZDIZH LT, &7 F3s 2060 &
KRR ONIEETIEA %, AR TE CERE S I,
LRBEENRLLZEEREL TS, L2L, B
A M LR N D R 2 7 23 7 A E RS
BIZOWTIL, & 37 HERKKN MDA 7% 5

ARG THMEL RS 540w, Lz
Ao T, BRABBEOERN R Y ¥ 7 H OB &
THEEBIE L B L s TS NITT 5 2 355
DELEZ R b,

V BEZE

1 AFARTEShEFRMRICFEIZER
1) ¥ - REXGE 2NV EHER

I DORFFE 00 86 95 TIE, — A H KRR SO K
KD VX7 B L KM Y V87 HEFHRIC
PT T ERMH R OB Z KA Y V87 MO
HIHIZ X B 0HHAERICESVTHRT L 2 %o
7. LaL, diEmEcI-sTEOREZT—5 D
IEHEEIZOWTIRHE THRRAZEBYTH S, At
J2ClE, SDS-PAGEZGHTIZHEDOWT, BILihe %
FMH T EOLEZ T 52 &L THHOHE %1%
T ENTE. 9, BRKMOKEL LTI,
KRV ER Y X7 IS D A 13kDa 70 5
IVOHEBIUPB- IHIGIZMET L, 26kDaz 1
TV Y EBRLPB- IS X2 HUND 5 o5y
BHESOHEIETLIENHLN 2. T2
BASIERAS KR D 13kDa 70 5 3 Y OESIIKIET
WENL, —EAARRREEL D b & o8y HAEROK
KRB D R 2T A T EARBEINZ, Th
F T, BIGIRSKRD Z 3 7 BB 3T
WMEIZOWTHm L2 bdFrThnss 9, L
LM TIIENND 5 WIE D5 V7 H DA
BT AMERIRENLDATH -7, —T5, Kif
JETIE Y v 8 7 AR AR S & TEREMIC
BRI ¥ 78 7 BRI AT 3B 2 B 5 512
TELMTEFZIIRZ V.

KKLD & 228 7 BRI & IR 12D T
MrizzBEmcl, ERiHELS05L, Ko
VT VEERPEEICEIAIETRY V32 Y
GHRNETDHEINT W06 9% —J Kif7e
T, KoKy v 7 AEaRN T 5 EEMM
ST, KMy U EOGEHEEIHIMLTEY,
HTH13kDa 7 a7 I Y EAENEE DR TV
BN ODOREBTED SNz, AR TRD LN
7oy R BEAREDNE T A LM TI3kDa T H T
IV OHEEDE T A, FHICHEERR N, Z
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DE) BBGFA U BEL LTIL, (o HR
AEMBM T CHEICERK L2 LT, ZVT
YUY EBRTRRENICERINE 7053 08
DEERENEH T o722 EHEMINLEH, 2D
EERBEMTIEEN T =7 IIBELhTwiRnZ &
MPOSHOBHPLETHS.

2) #HEE - REXGEHEEIONVEEEE
BERBHAFMITORELRE L [T-2] 28w
T, [=xry=%V ], [LGCY 7 M| BXU [TV
V—=Y—#] owvwgFhomfETcd, HEHoREGL
KRB O# S 87 HE AR E &Ik o BB AR
(r =0.809"~0.888"*, #1674, —ifXILEN) %
R EEWES L. )7, 1B OB % Kt
L7z TI-3] 128w T, Mo RED L KoK
¥ oy AEARE OMBREIZIEOMEZZDS, 5%
KETHRELEGLRWHRIHBEONZ. Thbol
En, TEMIARZ 5 50 Cid, MM oREa s
KRR DI Y 8 HEHRITRE B2 JITT
BWHDBH -7 2 LRI N, ThETIL, /A%
LR OFHRE RS, BRI O H Y& & RN D
My R BERELZAOMBERERT I LT
WEINTWAH20 70 F 7= B oML
Lo THRAREIZMET L, KKNOTF Y7 B
AT B L THRSY V8 B EA RIS
L4000 Z LasiiE X Tt wAh,. T, ARIFFETIE,
BRI O HFERENICE > TR S 22120 2
boF, KENOKRS Y XV HGHEL —EORE
Rlighedror GE6R). ThozhaTsL,
VEMI S8 7 % 5fF T, M o3 & BN o
HAtE & DSH IR DR Y ¥ 8 7 B EH I
AT LIHER, TNENORBENANHE L o7

WA E 2 b7, 22T, MEHoRES % [EE
H21k MM oREOMEE FE LB
2 BRI O 0GR L RO S
YRy B EATRER L ORI
b i TR B £
=R~y -0.757 * ~ -0.608
LGCYZ b -0.724 * ~ -0.701 *
v ——iH -0.503 ~ —0.463
HIRE O B (0 fil 13 1R 3 & S 2 DT H IS F 27—
Y& HCTIRAT L7z, HAHRIGIEETE 0 ~30 HO
& 7z %135 %ARECTHETH D Z L ERT.

LCHBGHZ1T) &, KRROKRSY 387 B EHH
BRI O H S = & ORMBEREA-0.463 ~
-0757* TH VY, [LGCY 7] & [=Fhr=<H%Y ]
T 5 %KRETHELZAOMBEBRTRED 5Nz
(5214%). 2oz kix, HMEMORMMAREERFEER
AL TH UL, BAMBOHE RS NITE
FEWATEIIC R D2 22X, FHENTHIIZ
Z NI bR OERGEHIN L TR
DY YNV EEHEFIRTTLILERET LD
DTHAb. B, BFHMHOHNEZFEET S LM
M OEGME LR Y 87 BEaHERE ORMHBRE
130504 ~0803*TH V), —&B5 %KHETHERIED
HEBtR 2SR b (KA. Thbol
M, VRN 2 50 Cld, BRI O 0 L
B O SR FEFRRBOMTT AR O S ¥ 787 B
GHRIEEE RIT LRI,

3) BN EORNAR

INFETIZ, & 287 TR O KRN
WZBTFE Y X7 EOH5 A L TlE, Furukawa
56 O VT Y VKK E R R & L THEOE
VSR BIR R AT 2R H L DA TH 72, T2,
Furukawa & ) O#A%, PRS2 FH L CREE
NOTa T3y e 7 NT) v Dok —ie & K
il S FOTHOTHHL L 72 THROTHEETH
05, KB OERAHETH o722 En b, K
WOEKGEERZ BT 2SI T olz, —
i, ARBEFETIE, BB S KRB R ok
FED 2 Hnwb 2T, KoK GEERZ 2L
T7UIIVETVTY OG5z fts s L
MNCTE. T2, BV FY VKA T T2
CARZ VT ¥ - 26kDa 70 7°1) ¥ R IR KA bl
IZDoWTC, BIEANTEINAZ LI &ETERMICY VN
JEDREEHLPIZT LI LD TEL.

RUFFE S, — M HARRGAE & i L T4 o8
7 EERRKEGEO BN T eI I e ST v
KRB DTN B CTHEIBICRIET 2O H %
CEWIRENT. F72, ¥ oSy LR KIKHG A
E—BEHAKMEMEE R, a7 I UEMH L
0 RN IZZ < 50 A B REEDIR S e,
CDT7aT I YO5ARED MR 2O W T,
T 2 B & BFED L 72 Kk SDS-PAGE 4347
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DOFERENP S BRAINZ, 29 Lizg V2 B0sy
MBS B LX), Hikd %Ik
XoT, HBIZRUTRN®S Y Y7 Ba by
HIEDNUEICREEEZEZLND.

K5 L 72K SDS-PAGE 73412 360 < KRN
¥ YR TBEOGA DN S, LTI oy »
237 B b AVEICE  siAi LINIEIE &4 % v s,
57kDa# & /87 L 57kDa % Y37 HB L
[TV Y= —if] ®37-39kDa 7 )V 7 1) ¥ ai 100
~>90%FITH b L AL, ThPI Dy 3
7B E90~>80 %8Ik b L S fFfEL 722 &
No, NI EOMBIZL > TRELEEDD S
CENHLPII o7z, T2, F U HESIC X
ST, ¥ X7 B FRIKAR hAE & — % £ KA
il (=R =% | L THAVRLRLIGERD S
ZEHLHLRIT R T

AfgEcHLNZzINSOFHMLIE, & 82
ORI L > TERBH»R 252 L83, BLUY,
BHGEBICBIT D 7 87 BRI ORI ZAL sy ~
I8 7 AR KRR AR & — R KA R & TR 2
%50 Z L LMY AR D B, BHMEAICE
VB RR N D ZERI R Y 2287 M O BRI B
ERIBHTH Y, KRHNOY VS JERA =X
LAERIAT 2 L CHBMREANLETH 5.

2 AUNVHEEERHLIVZONIEHRBROBITE

B 7 ST & N R AR ISR BE
1) BRI ERMBAE

AWEFE O B kBRI LA BRI CEB L &
&, LR L SAIGIRERINTH A LS, i
B C— AR RS X OV % v 7 AR KK
a2 B35 L2t LTz, KK
KoM EB XN EEEom EEx HiyE Lz
G, KBOKSY v X BERAFIBEICEL RN
EAEF L., BHFEHZ 6 H TWICESES L,
BN O HGHEIMET L, SREH = — 0%
HlEMENOMAERFELMHEIHELI LT, K
FORYT N7 EeERRIETLEMIHo72. F
7z, BV OBA CIZNESET LR 3 2o 7.
—J, A AT 5 A Lh OB TIZRSY v /37
HEARIZIH LR T 207228, milbEEIc k- T
ZKRONBIWE DK T 25| &ite 2 LR 5 B

EEND A6~ 27T % Enl 5 @I H
o7z, BilbEEEZZTLE, KRNOTF VT v R
VAR R 35 (s ANl i Q% Y = b N F: 3 | [ s
b7 REUCK D RO IR JiE ko B
e 1 X BB REORR DB O 2 h 5. Th
S5Oz Ers, 4 ATHR 5 A L oBanLET,

6 H AW F TOMBEIZIE L 2 S W B RS
MERETHIENLT LV EEZ BN,

kD% < DM L FRRIZ, RFRICBWTHE
E I RN E YAy N TADL O AVPAT A e A
Krorz. F7z, — ARG REAR T,
FEAE &2 SR RS 3% 2 &AM Th 5.
LaL, RWEHER2S, =A< )] 0k
T HRO R KRB L OARIZE A L 72
T BRVE BN S & % 7 28 BoROK AR LR T L,
MRS X 0 D 10 HIZE R WL o
BEZIT, TRUBEOBIEZITHORWI LT, 4
FETE B 0 8 IESE A DR Z FEPR L 2255, KR
Wy NI EEERERMTE LI ARSI
7z, BER, BEE LM oBIIERE o TALEIR 2 L

CMESETHREZYET S ELEHIC, oy
MESETTERIEL L TZHAZEL R
H, BASGOKTBLIONEVKT 2522 ¢
LENTEZY, LiL, AWfgecill 72— &
AR (=R~ ] BXOY vy BHER
KRR ClE, BEMEOEFZBEEZIT->ThH
29 LAEREBIRO b Ne o7z, 2, fitik
L7zanffi2s, WIENb R TESIE LR TWIE
BrfolowLlEzbh:.
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Analyses on Composition, Content and Distribution
of Seed Storage Proteins in Rice Grain

Yoichi ODAIRA !

Summary

Effects of temperatures during the ripening period, cropping seasons and nitrogen application condi-
tions on seed protein composition in rice grains ware analyzed quantitatively based on the SDS-PAGE
technique using a normal-type rice cultivar and seed-protein mutant rice cultivars (SPMC) which have
different genetic characteristics of protein composition in rice from normal-type rice cultivars. Also, the
effects of the cultivation and environmental conditions on total protein contents (TP) in rice grains ware
investigated and facters affecting protein compositions and contents were analyzed. In addition, charac-
teristics of the protein distribution in rice grains were analyzed by SDS-PAGE analysis of rice grains
which had different milling percentages and immunofluorescence microscopic analysis.

A normal cultivar ‘Nihonmasari’ and a low-glutelin cultivar ‘LGCsoft” were grown under a natural
condition until the booting stage, and then in temperature-controlled greenhouses set at 24.0 C, 28.0 C, and
30.6 C (mean temperature). The ratio of the PB-I (sum of 10~ 13 kDa prolamin) to total protein (PB-
I/TP) was lower and the ratio of another protein fraction excepting 26 kDa globulin was higher in high-
temperature conditions in both cultivars. Also, the effect of temperature on PB-I/TP was larger in
‘LGCsoft’ than in ‘Nihonmasari’. The grain weight and PB-I/TP in the grains on the primary branches
were higher than those on the secondary branches in both cultivars. The patterns of change in the pro-
tein compositions with the temperature during the ripening period were similar for the primary and the
secondary branches. In field experiments of ‘Nihonmasari’, ‘LGCsoft’ and a low-glutelin 26-kDa-globu-
lin-deficient cultivar ‘LGC-Jun’ over several years and cropping seasons, a negative correlation (r=
-0.849* ~-0.773*) between PB-I/TP and air temperature from 0 to 15 days after heading was observed in
all cultivars. This tendency was similar to the result of artificially controlled temperature. It was consid-
ered that there were no relations between protein compositions in rice grain to the shoot nitrogen status
or growth characteristics (for example, culm length) under different cropping seasons and years. There
was a positive correlation between PB-I/TP and 1000-grain weight in ‘Nihonmasari’'. Based on the field
experiments over several years and cropping seasons, a significant correlation between TP and tempera-
ture during the ripening period was not observed. However, as limiting in the same year, TP tended to
be high by delayed transplanting with lowere temperature during the ripening period.

Effects of the amount of nitrogen application and the timing of nitrogen topdressing on protein compo-
sition and TP in ‘Nihonmasari’, ‘LGCsoft’ and ‘LGC-Jun’ were examined. PB-I/TP became higher
slightly under elevated TP conditions by high amount of nitrogen application. Similar to ‘Nihonmasari’,

Lowland Crops Research Division, NARO Western Region Agricultural Research Center
' NARO Tohoku Agricultural Research Center
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TP of SPMCs tended to be high under high nitrogen status of shoot at heading stage when larger applica-
tion of nitrogen fertilizer and delayed nitrogen topdressing. It is considered that nitrogen topdressing at
the neck node differentiation stage, which was about 10 days earlier than the panicle formation stage,
enable to suppress TP compared to that at the panicle formation stage. In addition, yield was equal
between the timing of nitrogen topdressing at the neck node differentiation stage and the panicle forma-
tion stage.

Distribution of seed storage proteins in rice grain of ‘Nihonmasari’ and three SPMCs such as
‘LGCsoft’, a low-glutelin cultivar ‘LGC-1" and a low-glutelin 26-kDa-globulin- deficient cultivar ‘LGC-
Katsu' was examined by SDS-PAGE analysis using rice with different milling percentage. All of the pro-
tein fractions tended to be higher in the outer layer of rice grain. However, 37-39 kDa glutelin a of ‘LGC-
Katsu’, 57 kDa protein and 57 kDa excess protein of all cultivars were highest in the 100->90% layer,
another protein fraction was highest in the 90->80% layer. It was revealed that localization patterns in
rice grain were different depending on the type of protein and there were varietal differences of the pro-
tein localization. Characteristics of protein distribution in rice grain were examined directly by immuno-
fluorescence microscopy using fluorescence-labeled antibodies of 13 kDa prolamin and 23 kDa glutelin.
Abundant 13 kDa prolamin and 23 kDa glutelin was observed in the outer regions of rice grains. On the
dorsal side of rice grain, 13 kDa prolamin and 23 kDa glutelin of SPMCs localized outer region than that of
‘Nihonmasari’. Distribution patterns of 13 kDa prolamin of SPMCs differed from ‘Nihonnmasari’. A
larger quantity of 13 kDa prolamin localized on the ventral than the dorsal side of rice grain in SPMCs.
This result was confirmed by SDS-PAGE analysis of grains grinding the ventral side or the dorsal side.

It was suggested that the solar radiation during the ripening period and the nitrogen statas in shoot at
the heading stage had large effect on TP rather than the temperature during the ripening period under
different cropping years and seasons. To suppress TP and PB-I/TP in rice grain considering eating qual-
ity of cooked rice and sake making properties, it is important to not adjust the excessively delayed trans-
planting and also adjust the planting season to avoid extremely high temperatures during the ripening
period. The desirable transplanting timing is considered to be until about mid-June from late-May with
the reduction of applied nitrogen amount in warm region. This study revealed characteristics of distribu-
tion of seed storage proteins in rice grain of nomal-type rice cultivar and SPMCs. Therefore, these find-
ings might be useful to remove specific seed storage proteins from rice grain by appropriate milling per-

centage for the various purposes.
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A New Soybean Cultivar “Koganesayaka” for Temperate Regions,
with Lacking Three Lipoxygenase Isozymes

Yoshitake TAKADA, Masayasu SARUTA, Akinori OKABE !, Akio KixucHI 2 and Sadayoshi ONoO ?

Summary

A new soybean [Glycine max (L.) Merr] cultivar “Koganesayaka” was developed at NARO Western
Region Agricultural Research Center in 2014. In order to develop a cultivar lacking three lipoxygenase
isozymes (L-1, L-2, L-3) for temperate regions, plants were selected from a cross between “L-star” and
“Sachiyutaka”. The date of maturity of “Koganesayaka” is almost same that of “Sachiyutaka” at
Zentsuji, Kagawa (Latitude 34° 13" 37" N, Longitude 133° 46" 39” E). The cultivar was classified
into group IV based on the date of maturity. “Koganesayaka” has purple flowers, gray pubescence, point-
ed ovate leaflets and light brown pods at maturity. It shows a determinate growth type. “Koganesayaka”
has a medium plant height. There is little occurrence of delayed leaf senescence. Yields of
“Koganesayaka” are higher than that of “Sachiyutaka”. The seed characteristics of “Koganesayaka” are
yellowish white in ground color of seed coat, yellow in hilum color, large size seed and lacking three
lipoxygenase isozymes. It is suitable for processing soy milk and tofu made from “Koganesayaka”,
because of reducing a beany flavor by lipoxygenase isozymes deletion. Also, it is suitable for soy sauce
and miso (soybean paste) production. Kinki, Chugoku and Shikoku district are compatible with cultiva-

tion of “Koganesayaka”.

Crop Breeding and Food Functional Components Research Division, NARO Western Region Agricultural
Research Center

' Lowland Crops Research Division, NARO Western Region Agricultural Research Center
NARO Tohoku Agricultural Research Center

Ex-NARO Western Region Agricultural Research Center
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Demonstrative Studies of Improved Greenhouse
for Post-Disaster Restoration in Coastal Iwate Area
— 1. Climate Assessment for Environmental Applicability of New Pipe-Framed

Greenhouse for Saving Energy and Greenhouse Using Scaffold Materials—

Hisashi YosHIKOSHI, Yuji NAGASAKI ', Shu MATSUDA, Hiroki KAwAsHIMA and Makoto SUGIURA

Summary

In Rikuzen-Takata in Iwate pref, agriculture and horticulture was thriving by utilizing comparatively
genial climate and abundant sunshine among the region. However, the huge tsunami on 11 March 2011
seriously damaged the agriculture and food industries of the region. Since 2013 we have been participat-
ing in the post-disaster restoration project in order to improve rural agricultural activities by means of
technological innovation of the greenhouses. We have conducted substantive empirical research to intro-
duce our thermal-enhanced and low-cost greenhouses that strengthen the weatherability to cold climate.
This paper confirms the suitability of the greenhouses built in Rikuzen-Takata based on the climatological
data.

In this region they experience temporary shortage of sunshine due to specific sea fog in summer.
On the other hand they receive more than 140 hours/month of sunlight in winter. Therefore it is impor-
tant to improve lighting of greenhouses to compensate the shortage of sunlight in summer by utilizing
transparent covering materials instead of covering materials that diffuse sunlight in order to improve the
overall transmissivity. Additionally, it is also essential to improve heat retention of the greenhouses in
order to reduce the cost of heating in winter. Even under micro-thermal climate they have approximately
10 tropical days in summer. As average ice day in winter is more than 25 days improvement of thermal
condition of the greenhouse and reduction of the cost of heating is essential under such cold condition.

The maximum snowfall of 18cm in 2014 did not cause any problems. The design load of 338.8N/m?
(34.6kgf/m?) based on the twenty-year probability snow depth (25.6cm) gives sufficient margin for the
actual designed load of 50cm snow depth. However, in order to introduce those greenhouses to the neigh-
boring mountainous area it is necessary to take more snowy condition into consideration. Greenhouses
under construction are more susceptible to wind pressure due to insufficient structural strength.
Therefore it is necessary to draw up an implementation manual regarding the procedure for structural
reinforcement during construction. Since strong seasonal wind with the constant wind direction in winter
was observed, windbreak is expected to improve the heat retention of the greenhouses markedly and con-
sequently reducing the cost of heating.

Hillside Horticulture Research Division, NARO Western Region Agricultural Research Center
Department of Planning and General Administration, NARO Western Region Agricultural Research

Center
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Studies on The Development of A Sloping Greenhouse Using Scaffold Materials
and A New Horticultural Production System on Sloping Lands with It

Hiroki KAWASHIMA

Summary

Sloping-land agriculture comprises about 40% of the total farming area in Japan. Japanese agriculture
faces a number of serious problems, including depopulation, aging farmers, and increasing abandonment of
farmland. These problems are rapidly intensifying, particularly in sloping-land agriculture, most of which
occurs in hilly or mountainous areas. In contrast, sloping-land agriculture offers potential due to its more
versatile characteristics compared with those of flatland agriculture. Intensive horticulture is expected to
play an important role in the development of hilly and mountainous areas. It is necessary to improve the
low productivity of conventional vegetable and flower cultivation with rain shelters. To promote the
development of mountainous areas, a new horticulture production system for sloping-land agriculture is
needed. Accordingly, to establish a new horticultural production system on sloping land, a sloping green-
house has been developed to replace the simple covered rain shelter.

The objective of this thesis is to establish a new horticultural production system for the sustainable
development of mountainous areas. Therefore, a sloping greenhouse, which is a greenhouse that can be
constructed on a sloping field, was developed. The characteristics of the thermal environment in a sloping
greenhouse were elucidated to establish techniques for its control. The adaptability of a sloping green-
house for the horticultural production of vegetables and flowers was investigated and a production tech-
nique was developed.

This thesis consists of 7 chapters. Chapter I is the introduction, and chapter VII consists of an all-
inclusive discussion. In the introductory chapter, the outline and the background of the problems of slop-
ing land agriculture in a mountainous area and the objectives of the studies are described as mentioned
above.

Chapter II describes the characteristics of the thermal environment in a sloping greenhouse, which
was constructed as a high pipe tunnel on sloping land, in order to develop techniques for its control. The
thermal environment in a sloping greenhouse was elucidated and internal temperature changes were
investigated. The adaptability of a sloping greenhouse to vegetable and flower production in a sloping
field was also investigated. At first, the changes in internal temperature were compared in high pipe tun-
nels on flat and sloping land. The ventilation of the sloping greenhouse was superior to that of a standard
greenhouse constructed on flat land. When the sloping greenhouse was ventilated by opening both end
walls, the internal temperature gradient along the slope was maintained. However, the internal tempera-

ture gradient was reasonably uniform in a sloping greenhouse ventilated with side openings. The
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changes in internal temperatures were compared by sending hot air from one end to the other.
Temperature gradients were observed in a standard greenhouse. However, the temperature distribution
in the sloping greenhouse was uniform, that is, the temperature difference along the slope was below 1.0
degrees. It was also affected by the attached circulation fan. These studies showed that the thermal
environment in a sloping greenhouse, constructed as a high pipe tunnel, could be controlled and that a
sloping greenhouse was proper for vegetable and flower production in sloping fields.

However, some problems were found when the sloping greenhouse, constructed as a high pipe tunnel,
was adapted to an actual sloping field where tomatoes were cultivated with a rain shelter. For example,
unavailable space remained around the sloping greenhouse because its configuration was not fitted to the
non-rectangular shape of the sloping field. Further, the surface of the field by the side of the sloping
greenhouse was affected by rain shed from the roof. To solve these problems, a sloping greenhouse using
scaffold materials was developed. Chapter III describes the characteristics of the developed sloping
greenhouse. The developed sloping greenhouse was adaptable to various configurations of the sloping
field because of its free construction. It could also be constructed at a low cost with mass-produced scaf-
fold materials, which made a strong structure. The 3-m high eaves of the developed sloping greenhouse
allowed ventilators to be placed on all sides for smooth ventilation. Its construction also increased the
internal space for working and cultivation. The area usable for cultivation in the developed sloping green-
house was about 30% greater than that in a conventional rain shelter. Rain drops on the roof were
drained along the slope of the roof; therefore, surface erosion disappeared.

Chapter IV describes the thermal environment in a developed sloping greenhouse and the develop-
ment of control techniques to establish a new horticultural production system on sloping land. The inves-
tigations were conducted in a farmer’s sloping field, in which tomatoes had been cultivated with a con-
ventional covered rain shelter. The differences between the internal and external temperatures of a
developed sloping greenhouse were smaller than those of the sloping greenhouse constructed as a high
pipe tunnel. This was because the eaves of the developed sloping greenhouse were higher than those of
the high pipe tunnel, creating a larger ventilation area. A ventilator was attached between the roofs of 2
developed sloping greenhouses constructed on a terraced field; this connected the roofs like a step. When
the ventilator between the roofs was closed, the internal temperature increased in the upper part of the
developed sloping greenhouse, and a temperature gradient was observed. On the other hand, when the
ventilator between the roofs was opened, the internal temperature decreased and became equivalent to
the external temperature, even in summer. In other words, the temperature distribution was uniform.

Chapter V describes the development of heating techniques in a developed sloping greenhouse and the
characteristics of the thermal environment of a few configuration patterns. At first, the internal tempera-
ture distribution in the developed sloping greenhouse whose length along the upward slope was greater
than that along the contour was investigated. Hot air was generated by an air heater, with or without
polyethylene tubes and circulation fans. When neither polyethylene tubes nor circulation fans were used,
the hot air around the air heater at the lower part of the slope seemed to be moving in a vertical direc-
tion, and then upward along the roof. The directional pattern of hot airflow was changed by means of
polyethylene tubes, and the downward airflow was made parallel to the slope using circulation fans. In
the case of a developed sloping greenhouse whose length along the contour was greater than that along
the upward slope, the internal temperature distribution was made reasonably uniform by using air

heaters with polyethylene tubes set at the lower end of the slope.
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Chapter VI reports on the availability and utility of a developed sloping greenhouse in sloping land
horticulture. Farmers benefited by producing vegetables and/or flowers year-round with a developed
sloping greenhouse, which was developed as an alternative to a simple rain shelter. An economic analysis
was conducted using simple calculations of data from when the farmer cultivated tomatoes and a newly
introduced crop, sweet peas, in a developed sloping greenhouse. An economic advantage was found with
the new cropping system, which increased the total turnover by 30% compared to a conventional crop-
ping system.

These studies were conducted based on regional production needs and undertaken in a project entitled
‘Developing an intensive vegetable and flower production system using sloping-land resources in
Shikoku’. In the region where these studies were conducted, the horticultural turnover and production
area increased by 73.9% and 73.7%, respectively. The new production system with a developed sloping
greenhouse, developed in these studies, has been extended to other mountainous areas. These studies
contribute to the sustainable development of mountainous areas based on a new intensive horticultural

production system.
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