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Abstract

In order to increase the international competitiveness of domestically produced whedt, it is
essential to improve the grain quality. To achieve this objective, the quality of grain from
Japanese wheat cultivars must be characterized. The N-terminal amino acid sequence of the
glutenin 145kDa subunit was determined using a gas-phase sequencer. It was revealed that the
glutenin subunit expression was controlled by a single dominant allele designated as Glu-D1f
and located on the 1D chromosome. In this study, | observed that the Glu-D1f gene occurred
frequently among improved cultivars as well as Japanese landraces. The Glu-D1f gene has been
characterized as one of the typical seed storage protein in the Japanese hexaploid wheat. The
aleic frequency of the Glu-D1f allele for this subunit was shown to be in excess of 35% among
improved Japanese cultivars but 25.3% among Japanese landraces, while it occurred in only 1.8
% of the Chinese landraces. A strong correlation was observed between the intensity of winter
habit and the occurrence of the Glu-D1f allele. The relationship between flour hardness and the
occurrence of Glu-D1f allele was therefore examined. It was found that in the soft-flour cultivars,
the Glu-D1f allele occured more frequently than in the hard- flour cultivars. These findings
suggest that the geographical clines in the frequency of the Glu-D1f allele observed among the
Japanese improved cultivars as well as landraces may be caused by natural selection for winter
habit and/or by artificial selection for flour hardness.

Key Words: glutenin, high-molecular-weight subunit, seed storage protein genetic diversity,
Japanese common wheat, alele



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 3

gooo

goggoobobbobobobbboddogooooooboooobobo

I PP 5
1 Od0doboboogooboooobboooobobooooboboooon
I 5
OO00D00145kDa0 0000000000000 i e 9
L D e e e e 11

goggobobobbobbbbdodooooooobboboboougaa

N PP 11
H I I A 6 P 12
2 DO00014kDa0 0000000000000 i ieeeeeeen 14
S 16
goggoobobbobbbbodoooooooobboooooooog ... 17
1 00000000000 D0O0D0OD0O0DODO0 e 17
2 UJbOoOoboboooboooboobooboooboobooobobDoooDg 19
S 21

000000 bO0o0obobooboboOouskbal OO0ODODOODOOOOO

I PP 22
1 OD00O00145kDa0 000000000000 000 wiiiiiiiiiin e i ieeaans 22
2 000001k 0000000000000 00000 i 23
I 25
I PP 26
I PP PTRTRN 27
PPN 29
I PP P PPN 29
SUMIMABIY e et e e et et ettt et e e e en s 32



4 ooobOobooooonO 2002001120

goooog

gbooboobooboboboboobon
gboooboboobooboobboobod
gbboobobooboobboobooboo
ubmboobgoboobooboobog
gbboobboobodgboobboobgd
gbobogoboboobooboobboobon

gbmobooobooboobooboobooo
gobogbogobogobosbsonoognon
sbsUuboobooooouoboboooo
gboboorbObOOOooboboooboboon
gbooobooboboobooboobobon
gboboobdoboobooboboadd

gbob0obo0noobooboobooboooom Osinghamand Lupton 19870 00 000000

O000D00O0o0d0oO0oooi19200 00 40
0dd0 1000000000 ooooooao
O0dooooOoOo0oooooooooooaa
0000oDoooOo0000oooooooooo
JddoDoDooOoo0o0ooooooooooo
oJddopDobOo0o00ooooooooaao
0dd0oDobOoOo0o0o0ooooooooooao
O0dooooOoOo0oooooooooooaa
0000oDoooOo0000oooooooooo
1994[11

O000oo0ooOo0000ooooooooaaa
0dd0oDoObOoOo0o00ooooooooooao
oddoDobOoO0o0oooooooooooa
000oDoooOo0o000oooooooooo
000000000 ooooooooooag
AswOOoOOooooooooooooooo
Oo0doDoooOo0 1987 oooooooon
OddoDobOoO0o00ooooooooooa
00d0oDooOo0000oooooooooo
0o0doDoDooOo0o00oooooooooo
00 O Nakamura 1993[1]

O000oo0oDOo00000oooooooaaa
oddobDobOoO0o0oooooooooooa
O0doDoobOoOo0oooooooooooa
00doDooOo0o0o00oooooooooo
0ddopDoDooOoo0o00oooooooooao
ooono

O000o0oDbOOo000ooooooooooaa
O0doDoobOoOo0oooooooooooa
00doDooOo0o0o00oooooooooo
Oo0oOooOooopoosbs-0oooooon
oddoDoDobOo0o00oooooooooao

gboooboooboobooboobbon
goooboobboooobboooilrd s

OGu-BLiOODODODOODODOOODODONg et

al. 1989 onopooosbsOonoooogn
gobooboooboobooboobboon
gboooboobboboboobd
gbooboboobooboobboonbbo
gboogbooboboobooboobobon
gboogbooboboobodgboobbod

0 Shepherd et al. 1996 00200 000000

gooboodooouobooodoooon
O000o0oooobOOoobOoooooooon
00000000 bOO00DOO0o0oooooOon
00000000000 DOO00o0ooooon
000000000 Milfin and Shewry 19790
OO0 19780 0000000000000 80%
O000o0ooooboOoobOoooooooon
O0@o0D0OO00DbOOo0bOo0obOOoOooooooa
Sears[] 19540 0 0 O O O Chinese-Springd O O
goooouoooooooodoooon
goooouooooboooodoooon
000000000 Worland et al. 1987(11 O O
00000o0o0o0obOOo0obOoooooooon
000030000000 000A10B10D10
00000000 0O0o0aoOPayne and
Lawrence 1983a 1 0 O OO0 OOOOOOO
0000000 Glu-Al0 Glu-B10O O O Glu-D10
O0000OPayneetal. 19820 0000000
O00000000O00DOO00o0ooooon
00000000000 bOO00oooooon
0o0o0odooobooodoonddpPayne
and Lawrence 1983alT]



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 5

gboobooboobobooboobgad
gbboobboobodgboobboobgd
gbboobboobodgboobboobgad
gooboogoboobooboobboobon
gboooboboobooboobboobod
gbbooboboobooboobboobod
gbogbbooobuogboboobboobg
gbboobboobodgboobboobgad
gooboogoboobooboobboobon
gboobooboboobooboobboobod

gbogbooboobbobboobod
gboobboobooboobboobbo
gboogbobooobogbooboobbod
gbooboobooboobobooboobobo
gboooboboooboobooboobbon
gboooboooboobooboobbon
gboogobooboboobogboobobon
goooboooobooboobobooboboon
gooobobooobooboobooobobon
gboobooobobooboon

bbb oobuoobboooboboobobgg

oobbooooboobbod

gbogbuogbooboboboboobgd
gbboobboobodgboobboobgad
gbooooboobooboobboobod
goboooboobboobbooboo
sbs-Uboobooooooobboboooogd
gbobogbboobogboobboobgd
gbboobbodgboodgboobboobgd
gobooboboobooboobboobon
gboboooboobooboobboobod
gboooboboobooboobboobod
gbogbboobooboobboobgd
gbboobbodgboodgboobboobgd
gobobbooobboobbogo2.2000
OPayne et al. 198300000 0OOOOOOO
gboooboboobooboobboobod
gogoggoobobboboobbbbboodgogy
gbboobboobogboobboobgd
gobooboobooboobboobon
goobogooboobooboobboobod
gboooboboobooboobboobod
gbobooboboobooboobboobod
gbboobboobogboobboobgd
gbbooboboobuodgboobbod

U doogouobobooooooooon
ggobbodgoobuooooboboooon

gbooobboobooboobboonobo
gboooboboooboobooboobbon
gboobobooobooboobbobobbo
gboboboooooNoboooobbogoon
gbooobooboboobogbooboon
gooooobobobbbbbbobooooooao
gboooboooboobooboobbon
gboooboboooboobooboobbon
gbogbuooboobooboboobbd

1oobgoooon

00o0oooOoOo000ooooooooaao
0o0ooooddoooooboodooodeln
gdopol1e8s000000ooooooooa
0do0b0oO0o0o0oooboOoOoooooooon
000o00o0O0ooooooooooooa
00

goooboeldddOooOoOoOOoOOOooOoOon
0o000o0oDO0o0ooOoooOoooasbs-Od
000000000 O0o0DO0oo0OoOnDsbs-d
O000D00000D00OD00ODOONakamura et
al. 1990 0o00oOoooosbsOo0oonoa
0do0ooooOo0o00o0ooooooooaao



6 ooobOobooooonO 2002001120

gbdoboooboboouooouoouooooa
gboooooboooooouooouooood
gooobooooooboooooo
gdoooooodoooouoououooad
Olomgd O OO0oOog3ou D000 OOO
0000pH 68[1025M DOOOOOOOO
0 O O w/vld 2%0 w/vO SDSO 10%0 v/ivd O O
00000% 2-0000000000000
Do z0000000000000000a4a
000o00d0o0o0o0ooOoonadnis000rpmd O
gbdoboooboboouooouooouooooda
gooooo
sbs-OUdfdoooooobooooooon
0000000000 Nakamura et al. 199011
gooooooilisM ooooooooo
00.27% SDS 00 0O 0O pH 8.80 1 7.5%0 w/ivll O
0000000 O0o0do2%dw/vOOOGOOO
gbooooobooouooouoouoooogd
025M O0O0O00O0OO0O0000.2% SbsO O
pH 680 075%0wvO00000000000O0
0.2%wvOOODO0Ooooooooooooa
O0ooooobooddl4emd d 10ecmd O O
2mmUb0 000000 ooooooooao
0.025M OOOUOOOOOOO01% sbsOOdn
pH 830 000000000000 OOOOO
00750 0000010mAOBOOOOONO
gboooooboooooouooouooood
OdooooooboooonunbodRr2s000d
gooooooodao
sbS-O0dooooooooooooon
goooooooooboooooooood
PvDFOOOOOOOOUOOOUOOOOOA
0000 363000000 200mi0 10% SDS
SmOO00000000O0OBOOOO 3gO0O
0000 200mlO10% SDS smiI OO0 00O
O00O0cCOO0OOO 3gdéamino-n-acid 5.2g00
00000 200mOd10% sbssmidddoon
goooooooooooooooooood
gbooooobooouooouoouooogd
coodooOoononoonWhatman 3MMO O
0000000000000 0A0BOCO
gbdooooboouooouoouooooda

goboboooobobboooobboboAdn
gbobbz200000000000B0000
ob02000000000000000000
gchbuooboopPvDFO 100000DOO0O 1
gobobbooooobcobobbog 200
gbooobobooobd 1mAOem 0D U000 090
gboodgboobboobuodobodbniox
M4embO0O0OO0OO0OO0MOMADODOOOOOO
gopobobobooooooopvDROOOO
gooobooboodgpvDFOOOOOOOO
OO0000O0bO0ORrR250000000Edman

gio4o019500 000000000 0OUUN

gboodgboobboobogboobbod
gooobooooobbbbooooo

O Applied Biosystem Co.,Ltd. Model 477A/120A0

O000o00o0o0oo0oooooooooooo
0000000000000 145kbad 000
OO0ONODODOOODOOODOOoOOoOoOooooo
Oooo
sbs-Odoooodbooooooooon
Oo00d0oooooooooooooooo
O0o00o00oo0oooooooooooon
OO0OO0O0OHirano 19890000 O0OO0OOOO0O
oo oooooooon
SDSPAGED 0O OOODOO 300000
144900 SDS1.0g0 O O 0 0O 0O O O O 1000mi0 O
OO000o00o00ooooo 20000000
O00000o0o0oooooooooooon
goooouoooooooodoooon
Ogodoodoodomooobooobooon
O000000o00oo0oo0oooooooooon
O00Savant Co, LIAOOOOOOOOOOO
O00000o0o0ooooooooooooo
O0OClevdland et al. 1977000000000~
sbSO0ododoooooooooooon
gooboodoooobooooooooon
Oo00000doDo20u 00000000
Ooo0doooooooooooooood
145kDad 2*0 0 012000000000
Saphylococcus aureus V8O O O O OO OO OO
gooboodooouobooooooooon
opoosbsOdonooooooooooooog



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 7

goboooboobboobbooboo
g

20000

sbsS-Uoooooooobbooboooogd
gboooboboobooboobboobod
gbbogbboobuogboobboobgd
OobooooboOoosskbad 00000 10
O0D1w5kbad DO DO DOOODODOOSDS
ooo0o0oDbbOO0000oonbi14skbad 0 OO
goopvDFROOOOOODODODOOOOOOO
gbbooboboobooboobboobod
gboobbg2000b0o00bb0oobgd
ONODOoOooobobbuoooonobooo
gboobogooboobooboobboobon
goboooNoOOobboooobbbooo
gbboobboobooboobboobod

O0o00o00o00ooooooooooooo
O0000000o0oooooooooooo
O0O0o0O0ONOODOOODOOoOODoDOoOooDOoo
oo oouooooood
O00000o000oo0ooo0oooooooooo
O0o00o000oo0ooooooooooooo
O00000o00ooooooooooooo
0 0O 0 00 Anderson et al. 198400Anonymous 1983[1
Forde et al. 1985all Forde et al. 1985b[1 [1 [0 [
gogtdoooootooooouooooon
45kDbal D0 000 O0OoooOooooooo
Oo00oooooooooooooooood
O00000000oo0oooooooooooon
goooouoooooooodoooon
ooo
O0deld0O00O00OD0ODOOoOOoOOg
Oo000oDoO0o00ooooosbs-0oon

gobooobobooboobbooobooboobboon

oooooooo

goodbad

oooooooooooooooo

oooO0O000b
ooooo

ooooooo
ooooooooooooo
ooooooooooo
o-0000D0000

94,000
67,000
43,000
30,000
20,000
14,000

0000000000000000145kDa

145,000

02 0O00000OO0O00OOOOoOoOOOcOoONODOoOOOoOoOobOboOoOon

ooo oooooo

NOOOOCOOOOo

145kDa
2
5
10
12

W > 0 U 0O 0O 0
m mmmmmm
OO0 006ao0
m mmmmmm
>>» > > > > >
w »w v nnon

|I'I'II'I'II'I'II'I'II'I'II'I'II'I'I|

OO ITMmMOE
OO0 00000
| i e e Y N N
O 000000
0O0000 0 X
X X I 0 X 1 DT
m m mm T mmm
rrrrrre-r-or-

goooopoooOoOoONO0OO0Oo0ooooooDopDooo
000000205010012010 007000000000 Shewry et al.019840 0000
0000000000k 00000000000

gooooobooo



8 goo0ooobobogon 2002001.120

00000000 1000001000000
D00DO0020000145kDa0 000000
30000000000 22040000000
0001000 0oooooooaosoyonon
O0000001w5kbal 2000120000
00O 00O O saphylococcus aureus V8O O 0 O O
O00000D00DO0DOCOOO0OOoOooDon
00000000000 000O00Doooo
0ooooooooobooos50000 145kbDa
O000o0oDo0oedOdODDOODDOO 2207
0000000000 120000000000
00000000000 00000D0O0000
00000000 WM5kDad 000000 OD
O0O00D0O00DO0O0ODO0OO0ODOOO0ObD 2200
0lr0000oooooooooooooon
DoOooood

30gon

gbgdgboooboboobboobdadaboo
gbobogoboobooboobboobon
gogogogooobobobobbbbbbooooogd
gbboobobooboobboobooboo

1 L 3 =1 3 O i

01 0000060000000 0OCOOOOOCOO
cooobooooobooooon

10 0000000020145k 000000300000
00204000000 01205070 00 O Staphylococcus
aureus V8O O OO OOOOOOOOOOOOOOOOOODO
O00050145kDa0 000000000000 O0OsBOO
godood2zx0o00o0ooooo7oo0doooo12o00d
ooooo

gbooboooboobooboobbon
gogbbooobboobboobooood
gboogboobobodobodgboobbod
gobooboooboobooboobboon
googboodn 1978l
gbooobmobooboobooboobn
gboogbooboboobooboobobon
obobooobobo 2090001200000
goboobooobooboobooboboon
gobobooobboobboobooobn

O Haford et al. 19870 Sugiyama et al. 198501

Thompson et al. 19850 0 0000000 O0O
000000000000 000DO 220O0NdO0
goocopDoDoOOoooooooooooon
0000000000000 0000dForde
et al. 1985bI 00000 OOOOOOOOO
000000000000 TAGODOODOOO
0000D0DDo0oOO0o0D0O0O00000OGlu-Alb
O000o0o0o0ooOOooDoooooooaon
00000000000 DO00o0o0oDoon
O O Forde et al. 1985b[1]
0000oD2090120000 220000
000000000000 Shewry et al. 199011
O000o0o0o0ooOooDo0oooooaon
gododoooodooooooooodn
OONOOOODOOoooocooooooao
00000000 DO0o0nDo0oooooon
000do0o0o0d0ooDOooDooooooooon
OdodoooooooooOo 22000000
Oo0000o0o0oooooNOoOoocoooon
0do0oooOo0oo0s000 100000000
000000000000 00oo0oooon
0900012000000 0000 10000
0od0ooD0dopDOooooOoooooooo
000000000000 200NOO0O0O0OO
00000000000 20000000000
000000000000 00oo0oooon
000do00o0d0ooDOoooDoooooooon
0000do0o0odooDoooDoDoooodoooon
gododoooodooooooooodn
000000000000 000o0o0ooon
00000000000 Shewry et al. 199017



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 9

O0000000000000Oo0oooog
00000000000 00OD00O0ODOo0ood
0000000000000 O0oODOoood
goooooobooouooouoouoogd
O000000O00oDooooooooood
00

Saphylococcus aureus V8O O O OO OO OO
OO0000O00oOocoooooooooood
0oooooooooooooooo3oon
0ooooooooooidskbad 0 oooon
000000 200000000012000
00000000000 0D000oDoood
000000000000 300opoood
NOODooouoouoouoouoouoouoogo
0000000000000 0000 Nakamura
gal. 199010 000000000O0O0OO0O
OD001M5kDal 000000000 0OO0n 2*
O0000000D0120c0000ODOoOnd
gooouoooooouooouooooogd
gooouooobooouoouooooogd
O000000o00oDooooooooood
00000000000 00000DO00o0oOd
O0D000WMkDad OO0 OO0D0OO0OO0DOO0
O2x0000000001200000000
gooooooooouoouooooogd
O00000000oDooooooooood
00000000000 0000O0Do0ood
00000000000 145kba0 00000
oNOOoooooooooooooooood
dooooooobooooooocoooon
O00000000oDooooooooood
000000000D0o0oooooDoood
000000000000 0OD0O0OoODOo0ood
000000000000 DOD0O0oODOoood
gooooooooouoouoouooogd
000000 Haford et al. 198700 Sugiyama et
al. 198500 Thompson et al. 19850 0 0 0 00O
0000000000000 O0o0ODOo0ooo
000000000000 O0oo0OooDoDo
M5kDal OO0 OO0 O0oOOoOoooooooao
gooouooouoogoo

O 0000D15kbal 000 0OO0O0DOOO
gdd

OO0D0D0OwMskbad DO DODOOO0OOO
gboooboboooboobooboobbon
gboooboboooboobooboobbon
gboogbobooobogboobooboboo
gobbooobboobboooboooobod
gbooobooboooobooboboobd

oobogoogod

002600 145kDall D OO OO O Ox
Gamenyall 145kDal D 0D DO OO0 OO0DOO
Tordo 145kDall D O DD O0OMx OO OODO
O00uMskbDad DO O0ODODODOO 20000
googleesoogooooooooon
gboooboboooboobooboobbon
gbobogobbooobbuooobrOO0O0
grb0ogbbooobobuoooboboon
gooboboooorROD0DDORODO0O0O000
gooooobosbsooooooooobon
oooboboO00Owmskba OO O0O0O000O
gboboobobogoobbisM Oogooooo
gubo.27% sSbsSOOUOpH 8.8007.5%

OwinOOOOOO0DODDOOO0OO0.2%0w/vO OO

goboobooobooboobooboboon
gboooz2sM 000000000 00.2% SDS
O0O00OpH 680075%0wNv0 000000
ooooo2ntdwnvDODOODOODOODOOOO
gboooboobobobobtdil4cemdd
locmU OO0 2O 0o ooooooog
gooooz2sm D000 D0O000do1% SbSH
UbO0OpH 830 00000000000 0O0O0
gobob75%00000010mAD 15000
gboooboobobodobooboobbod
goboobobooooobbbbooooo
R2soU 0o oooooooon

20000

U d2ed x Gamenyall U O U UFUOUOUORO
O0O0O0D0wMskpbad D0 0000 OO0DO0O
g3b0bguborRO0O0bb20000000



10 obooooooooono 2002001.120

Ouskbal D OO0 O000O00D0OO00D0ORODODO
gOozo00000000mskpa00onon
oboobo0i11s3:4700000000 3:10
oboobobOobDOby2=0.240 0.500 PO
0.70[1]

O3000Tordox OODOOOOODOODOO
OO0ORODORODOOODOO145kDal 00O O
obooboooobobbo 2mRO000D00O
00000000145kDald 00O DOOOO
goobborO00011800000000

03 00260x Gamenyal Tordox 00 0000002000000000145kDbad 00000

coooooooood

ooooo

145kDa00 00 0 00O

00oo 000 0 0 O0oao x0 oo
0 0260 x Gamenya
FO0O 20 20 0 1o
FO0O 200 153 47 301 0.24 0.5000 0.70
Tordox OO OO OOO
FO0O 20 20 0 100
FO0 118 85 33 301 0.55 0.300 0.50

F:

= 145k #77 2= |

= 14SkDa +7 2=k

02 Todox OOO0O0O0COO0ODOO0O0O0COROOCROOOCO0DOOO0OCO
O0000145kDa00 000000000000
sbS-000000000000



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 11

M45kDal D 000000000000 oOoss5:33
ggguouob 3:1guuouoboobbod
Ox 2=0.550 0.300 PO 0.50C1]

O0o0ooDbO0OO00o0o0ooOonDDiisskbad O
gboobooboboobooboobboobod
UboooboobooobOooDbUOUPayne et al.
18300 0ioooooooooooog
gobobboooooobz22000000000
gbooboooboobooboobboobod
goosbsuooooboooooobbonod
gbobooboboobooboobboobod
gboobooboo

30gon

gboobooboobobooboobod
gooobboO0oO0ooooobDDbiisskbDal O
ogobobrROOD0OROOOODODOOO0O0O0O0
gbbooboboobodgboobboobgd
gbboobbogbogboobboobgad
gogoooobobobobbbbbbbooogod
goobboboi1AbiIBO OO0 1IDODOODOO
gbbooboboobooboobboobod
O00000000DO Payne et al. 19840 Payne
et al. 1987000000000 ODOOOO
Glu-Al, Glu-BlO O OGlu-DIDOOOOOOO
OPayne et al. 1982100 00O000O0OOO0O0O
goooogcu-ibboooooooogog
gododooooooobbbbbbbnPayne
et al. 1983al 1] Payne et al.[0 1983b00 O O O O O
2200000uooobobbbboboooogogog

gboobbO00o0oooobi14skbal OO0
OO0Gu-DIfDODOD0ODOO0OOODO0OOO
gogogno

g god

O00000DO0o0DooOooooooooon
0000000000000 00o0oooo
O000Mkba0 000000 OODODOO
gooooobooboobooboooga
gogoooooooog
100000000000 000000000

00000000000 O00oooooooon

O000000OO00DODoOoooOoooooon

O00ooOoOouskbad 00 oono
200 0M45kDa 00000 O0DODOoDOoOoOoOoag

NOOOODOO1400000000000

Saphylococcus aureus V8 D OO OO OODO

O000000O0o0DODoOoOooOoooooon

22000120000 00000000000

goood
3000000000000 00o0ooonn

000000 220001200000000

00000000000 O00ooOoooooon

goooooogad
40145kDal D0 OO0 O0DODOOOOOODOO

000 20000000000000000

00000000000 O00oooooooon

O00000D0OpDO0oooooood

Jotdoboobobotuobobtobtuobobubobobobubobaga

oobgoobogon

gboobooboobboboboobad
gbbooboboobooboobboobod
gobboooobobooooo3bbuod
gbobobooooobobobobuobg
Glu-All Glu-BiO Glu-D1ID OO0 OOOOOOO
gboobooboboobooboobboobod

gboooboboooboobooboobbon
gboooboboooboobooboobbon
gogoobbobobobobbbbbobooggogag
goooboooobooboobobooboboon
gooobobooobooboobooobobon
O001mskDad D0 O0O0O0ODODOOO0O0OO0



12 ooobOobooooonO 2002001120

gboboobboobooboobboobgod
goo

U gbboboboobooboobbo
gbooboobboobobo

goboboOobobO3ssbboouoggooooan
gboboobboobogboobboobgd
gboobboobodgboobboobgad
goboooboobobooobbooboo
gboogoboboobooboobboobod
gboooboboobooboobboobod
goo

1ooooobad

000000 000000ooooooaao
O000000000O0oo01310o0o00 1000
0o0do00oO0o0oooOo17v40000 2000
odd0oDobOoOo0o00ooooooooooao
000000 oOo0oooooooooboooao
19880 19900 0 000 O00D0OO0O0ODOOO
0dodooooOooodooooooooooon
oddoooo0o0oooooooDm@ooooon
odoo0Oe-9-60000000OO0DODOO
7.5kg/al1 8.5cm0 0 00 080cmd 00 8ma O
O00o0oO00O0oO0oboooosbs-000oo0ono
oo0oooooo0ooooon

O00D0oo0DOo0o000ooooooooaaa
Olomgd O OOOOO300u IDO0DODODODOO
O00O0OpH 6800J025M OOODOODOOOO
0 0O O w/vd 2%0 w/vO SDSO 10%0 v/ivOd O O
O000005%% 2-0000000000000
dddz000000000000000004
000000000000 DD15,000rpmd O
oddopDobOoOo0o0o0ooooooooooa
oo0oooo

sbs-O0000o00oobooooooOon
0000000000 Nakamura et al. 199011
oodoooddilisM DOOOODOODOO
00.27% SDSO 00O 0O pH 8.80 O 7.5%0 w/vd O
0000000 o0do2%dw/vOOOGOOaO
00doDooOo0o0o00oooooooooo

025M OOOOOO0ODOODO0.2% ShSO OO0
pH 680 075%O0wvO0 00000000003
02%0wNO0 000000000 ooDooon
O0000000o0odOdoi1d4emd d 10emd OO
2mmO0 00000000000 O0OOOd
0025M O0O0OO0OO0O0OOO0OO01% SbsOO OO
pH 830 0000000000 ODOOOO0OO
0075%00000010mAO1IS000000
goooouooooboooodoooon
O0doo0d0odoodoOonnoodRr2s000
oOooooooood

ooooooooooooooooooon
Glu-10OooDoDooooooooooood
00ooooooodoouoonddPayne
etal. 1987 O000O000OOOOOO 10Glu-
Ala00 00000000 20Glu-AlbO0 000
00000070 80Glu-BlbO0 OO OO0
000 50100 Glu-D1d0 O O 0 145kDall O O
oo00d0OGu-DIf0 000000000000
Gu-lOOoOoOOooOoooooooooooo
000000000 000D0DOPayne and
Lawrence1 1983a1 D OO0 OO0 OO OOOO0O
OO00000o00oooooooooooon
0000000000Glu-A1l0 Glu-B1O O O
Glu-D1IOOOOOOOOODOOODOODOOO
O000000o0o0oo0oooooooooo
O00oooooooooooooooooa
Bezostaya-1[0 Champleind Chinese-Spring[
Danchid Dunav Federation] Gabol] Hobbit[
Hopell Lancotal] Norin 6100 Sappol [ [J Serbian
0BO0oooooo

20000

gboobbooboobooboboobbo
gsbs-0oguooooboooog 3nonbon
goooobobobobbbbbbobooogooo
obob0OcGu- 10000000000 DOb000n
gbooobooobuog 400000

OO00Gu-AlDDO0DO0O0DOOO0DOOoOoDn
O00OGlu-Alc000000dgooouooogo
gooobooorugr4irnoiononononis:
gosesxnloooobooboooooon



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 13

gbobooobobddclu-Alal DOO0O0DO0O
0160 0 12.2%[0 Glu-AlbOD D 0D 00 OO 18
b7 0obooboooooooon
goobogooboobooboobboobon
gboogo

Glu-BlO ODOOOoooooiBOoOoODOO
noogbooobodgboobobuodoboo

-
—
—

|
lll
i
i
1

O3 000OO0O0O0Oob0oOooOocOoooooboOoooOono
coooooooosbs-unoobooooooon
od

001450145kDa 0 0000020000000 20700000
gor7ospoooboboOoOosblzobooooo2000d

o
‘III
III I

gboooboooboobooboobobon
gogoobbobobobobbbobooodguggogao
Oobooobobodcu-BlibDOOOODOOODOO
000doioen bse3.2%ldinnniesd
0o41%000o0oboooooobbboog
OO0OGlu-BlbOOODODOOO0ODODOOODOOOO
OoboooobooooobooooDooondclu-
BicD O OUOUOOODDOOOOUO12.9%0 17
gobobobboooooobbDbi2wh 2000
OoobobobOobooboboOdodcGlu-Blad
Glu-B1f0J Glu-B1hU Glu-B1j0 O O Glu-B1kDO O
gboogbooboboobooboobobon
OO0oboobOooooooboDbGlu-B1dO O
ObobO0bOob0mcGlu-Bled DOOOOOO
Oo0ob00120MGlu-Blgd 000000 0O0OO
gbo0ocGluv-BriDODDOOOO0OODODOOOO
gbmog1l1b20000000000000
0O 00O O Glu-B1fDD Glu-B1gU Glu-B1hO Glu-B1jJ
Glu-BlkD O OGlu-BlIOD OO OOoOoooooOd
gboooboboooboobooboobbon
gbobodocGlu-Blg 000 0ooonnGlu-
BlaD 04410000000 Glu-BlcD OO O

04 0O0000O0O0O0ODOO1310000000017400000cGe-100000000

ooooooo ooooooo
oooo0 ooooo oooodoo
Oooao ooooo ooano ooooo
Glu-Al a 1 16 12.2 8 4.6
b 2% 18 13.7 15 8.6
c Null 97 74.1 151 86.8
Glu-B1 a 7 0 0 3 1.7
b 708 109 83.2 164 94.1
c 709 17 12.9 2 1.2
d 60 8 1 0.8 2 1.2
e 20 2 15 1 0.6
f 130 16 0 0 0 0
g 13019 1 0.8 0 0
h 14015 0 0 0 0
i 17018 1 0.8 2 1.2
j 21 0 0 0 0
k 22 0 0 0 0
Glu-D1 a 2012 72 55.0 122 70.1
b 3012 2 15 0 0
c 4012 9 6.9 2 1.2
d 5010 2 15 6 3.4
e 2010 0 0 0 0
f 145kDall 12 46 35.1 44 25.3




14 ooobOobooooonO 2002001120

000 20 MGlu-B1d] O O IGlu-Blel O 0O I
ObOOcGu-BliDOOO 2000000000
gbooboobooblio3boboboonboon
gogoooobobbbo3sbbmooooog
gboooobooo
Glu-D1OOUO4OUooooooooobobo
ggogobobboboobobbbbboodgggy
OO00D0O00OGlu-D1al 0 00O 0O 0O O 55%0
Glu-DIfDU O DD OOO3B%RIOOOODODOO
gboooboboobooboobboobod
Uo70%00025% 0 00000000000
OO0b0000O0Glu-DlabObODbDOobDOonO
OO0cGu-DIfCDOOD0OOO0OODOODOODOO
Glu-DleD DOODOOOODOOODOODOD
gboO0OdGlhu-DibD 00210000420 000
OGlu-D1d0O0O30 00000000000
gbogobboobogboobbono 200
015t iougooabooaon
O000ODbOO0O000O0oobODDD145kDa
gobooooobobogoc-Dfocbogn
gboooboboobooboobboobod
gboboobboobogboobboobgd
gbboobboobuodgboobbod

30gon

gbdddoooooooooooooodd
00000DO00D0000oo0oOoooooongn
000000000 0o0o0ooooooa
145kDa] 0 0 0000 D0 0O0OOGlu-DIfO0 O O
Mmooooooooooboogoooogn
pgddoooooocodoooooonod
0 Morgunov et al. 1993 Glu-DIf0 0 O 00O O
00000 DO0o0D00oooooooongn
000000000000 000DONakamura
et al. 1999all Nakamura 1999b[T]

gododoooooooooooooodd
00000DO00D000oo0oooooonagn
00000000 ooOooDoOooooOooog
0o000d0oDOO00D0doooooooongd
goooooooooooooooooonod
goboodoooooooooooooond
0000ooDOoo0Doonooooo

gbooboboobooboobboonbbo
gboogbooboboobooboobobon
gboodgbooboboobooboobbod
gobooboooboobooboobboon
gboooboooboobooboobbon
gboooboooboobooboobboo
gogoobboboobobbbbooodoggogad
Glu-lDODOoDoDOooooooobooboooDo
goooboooboobooboobboon
goooboooboobooboobbon
gbooobooboboobooboobbon
gboogboobobooboobooboboo
OoobOooboobooobOocGcu-100000
goboobooobooboobbooboboon
gboogoood

O 0000D1us5kbal 000 0OO0O0DOO
goog

gooobooooooobooooooo
45kDall DO 00 O0Ooooooooooon
gogobbobobboooooobobbobbogoo
gogobboboboooooobobobobboooo
ggobbobobouooooboboboodad
gogoobbooooooobobuooogoooo
goooo

wmobgooobood

gboobbooboobooboobbo
gboogbooboboobooboobbon
O00D0O0O0wmskba DO OO0 O0O0Ooon
gobbooobboobboobooobo
145kDad D0 0D OO O0DO0O0Ooobooooog
gobboooboboobboobooobd
gbooboogbooboo

20000

gboooobooboobooboboonbbo
gooooboboobbbbbooooooooo
5kbal0 D0 OO0 ODOoOoOoOooDboOoOoOoo
g400000000000000000 50
gooobooboboooobobobooog



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo

0000 ‘0o on
il 0oooooog—
yooé¢moo0g—————— —————————— | e
lmmmmmm oo r------ |
— 00590
000347 R
%fDDSDD
oooooos’ooce | e e
O .DDDDDDD
00o00o00G PR P q7
0 Fm----- i meomu
DDDG;::::%V —og20f—— +-------
00000~ c------ 3
oooon
0
ooooo
%fmmsmaf
Beloturka I 00290 3 .
r==-=-=--- 5 A N
,0ooo ﬂDDDDDD$———————
O00B—— r---------
ro----- %1DDDDan—*
:DDDD ---------------------
el » 00001800
ooog—————— | el
%—DDDDG— oo ]
onooo ‘00610 0— |

U4 0ODOOODOOOOO

000000ooooooouskbaooooooo

goooooooo
goooooooao

'*DDZBD

13 0
ooaoao
oooon
e
\ooooo
000000000 — 0000108———7 -
ooooo
ooooooooo

gooooooboo

g5 0booobooog

O
ET_’*DDSlDBi

oooao
o010
ooooo
ooooo

JDD49D

O000O0OO0OopoOoooDuMskpaOOOOoooOO

e
e
i)

Odessa
MinturkO
Turkey

0030
O
006560

00 2400+

0019503
Purple strawd—,
Chinese vxOJ

MichiganO
Amber

O
oooos —
O

0 01030

— 002750

002400 0—

— U-11

—oooooooo

15



16 ooobOobooooonO 2002001120

gbooboobooboobboobod
gbbogbboobuodgboobboobgad
gbboobboobodgboobboobgd
gbobogbbowlebodbooboboobod
gobobooo3gobobooobbboon
Glu-DIfiDoogooobovyOo8ooonboOoO
gbboobboobuogboobboobgd
gbboobboobodgboobboobgd
good

Oobo0oDuskbad DO DODDDOOOOOO
Glu-DIfD OO O0ooDOooooboooooDoo
gbogbbgoyboooboobboobgd
ooocGch-DIf000OO0DO0O0OODO0ODOO
gob0oedbbObOOOG-DIfODDDOOO
gboooboboobooboobbooba2od
gboboooob200000000Glu-D1f0
OO00OxDOOo300cGlu-DIf0 0000000
gbboobboobodgboobboobgd
gboooboboobooboobboobon
gbooooboobodboobbod

gboobooboobobobboobod
ODOO0o0oD0Owskbad D0 OO0DOOODOO
Glu-DIfDOODDOO0OOO0DOOOOoDOoboOo
gobob200000000b0bbO0O0OOonD e
gboboboboobobobobobg
Glu-DIfD OO Q0O DOOoOooDbOoooooDoo
OoOobD20000cGl-DIfCOODOOODOO
gbbogbboobuodgboobboobgd
OboOobooooobesdnogn 200 Glu-Daf
goboOx Oogv7odOGlu-DIfD OO0 MO
gbooobboobooboobooboon

gboobooboobboobboobgd
ObOO0O0umskbal D00 ODOOoOoOoOooOon
OcGlu-DIfDDO0O0O0ODO0OOODODODOO
gboogoboboobooboobboobod
gboogoboboobooboobboobod
gboogboo

30gon

goooobboooooooobooooodad
bbb oobobouoboon
goobobDOo0owmskbald DO OO OoOooon

OGlu-DIfC0O00O0O0O0DOOOO0ODODOOOO0
gboogbooboboobogboobobon
obobodebO0O0obDOObOObOODOODOO
OO00Duskbad D OO0OODDOOOOOOO
gboooboooboobooboobbon
gobobooboooooobbbboooon

O Nakamura 2000c]

gboobboobooboobooobg
gobboooboboos3sgoobooboooon
gobbooooboboooobobogryg 8sd
gbooobooboboobooboobobon
O0DDDDOOwMskbal DODODOOOOOO
O0O00D0000000000DO145kDal
OobooooboboooboDbclu-Df OO0
gbobooboooboboobboon

gboobbooboobooboboonoobo
gboogboobobooboobooboboo
O15kbal D0 D OOD0DO0OO0ODOOO0ODOO
OcGlu-DIfCOO00O0O0ODODOOO0ODODOOO0
googboooboobooboobbon
gboooboooboobooboobbon
OcGlu-DIfDO0OD0OO0DOOOOODODOOO
gboogbooboboobogboobobon
gbooobooboobooobobooobobd

g god

ggoobbbobobobbbogisigagn

goobibob1r4boooooonoboooo

goboobooobooboobooboboon
gooooboboobobbbbbobooogooo
gbooobobooboboobooboobbon
gboogboobobogbooboobobon
gboooboobobodoboobooboon
gobogbooboobobooboobmoo
goooboooboobooboobbon
oboobbob0oOooogoidskbal 00000
goobDOooogcGh-DIfi0O00onDooon
02500 00000000000035%000
goboobooobooboobooboboon
goooboooboobooboobbon
gbooobooboboobooboobbon



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 17

goboobbob0oO0oooooidskbal 0000
gbogobboobuogboobooboboo
lggbooobboobooboobbodan
O0O0O0oooobooooboDbOdclu-Difd
gboobooobboood
2000000000000000O0O004
145kDall D 00000000 0OGlu-DIfO O

gboobbooboobooboboobbo
goo
30obobooobgc-bDIf00Ob0nogon
gboooboboobooboobboonobo
gboobobooboobooboboobbo
gboobbooboobooboboonobo
gboobobooobgooboogab

bbb ooouoon

gboobooboobobooboobod
gboobooboboobooboobboobod
gbbooboboobooboobboobod
gbboobboobodgboobboobgd
gbboobboobodgboobboobgad
gbooooboobooboobboobod
gboobooboboobooboobboobod
gbbooboboobooboobboobod
gbboobboobodgboobboobgd
gbboobboobodgboobboobgad
gbooooboobooboobboobod
goooDbbO0oooguskba 000 ogd
gbbooboboobooboobboobgad
gbbogbboobuooboobboobgd
ugoo

U gbboobgoobuooboobboon
gboogo

gbogbouoobooboboboboobgd
gbboobboobodgboobboobgd
gogoooobobobobbbbbbbooooogd
gbooooboobooboobboobod
gboobooboboobooboobboobod
gbbooboboobooboobboobod
gbbogoboboobuodgboobbod

wwooooogd

gboobooboobobooboobad
goooobz2raDb0 00400000000

gopobobobbboLBuoob 10b1310d
gboooboboooboobooboobbon
gbooobobooobodbodDh 988l 19900

gbbogbbogieoudboooboagoong

gbogboobobodgbogboobbod
gobogboooboobooboobobon
goooobbobboooooobDe-9-60
Obooobooogbod.skg/al8.5ecmb 00
gbsoem OO smubboodooooognd
gosbsooooooobbobooooooo
googboooboobooboboobbon
gboooboooboobooboobbon
gbooz0bogobogbooboobbon
ggbboooboboobbooobooobd
gboogbobooboboobooboobbod
gobooboboooboobooboobobon
gboogboboooboobooboobbon
gobbooobboobbooobooobo
gboogbooboboobooboon

sbs-O0O00000ooooooooboog
goooboboooboobooboobboon
googood

20000

gboobbooboobooboobbo
gboogbobooboboobooboobbod
gobogbooobooboobognbobso
Obob0OcGu-AlD 00000 ooooooon
goooooooboooboooooggoclu-
AlcDO00gouoooboobobaseodnunonond



18 ooobOobooooonO 2002001120

05 0027400000000000001310000
O0Guw-1000000000000000000

oooad
0000 00000 Ooo0ooooo oOooogd oooo
Glu-Al a 1 5.2 12.2
b 2% 14.4 13.7
c Null 80.4 74.1
Glu-B1 a 7 12.3 0
b 708 71.9 83.2
c 709 8.1 129
d 608 3.9 0.8
e 20 1.4 15
f 130 16 0.7 0
g 13019 0.4 0.8
i 17018 0.7 0.8
k 22 0.7 0
Glu-D1 a 2012 84.6 55.0
b 3012 1.1 15
c 4012 2.1 6.9
d 5010 10.5 15
f 145kDal] 12 18 35.1

o741 000goooobooboboogo
gboooboboobooboobboobod
O00GIu-Alab 000 000D0OO0O0OS.2%0 0
O0Glu-AlbO 000000 O0oOooooon
gboobboobooboobooboon
Gu-BlOODOOOOODOODOOOOOODOO
gboooboboobooboobboobod
00000000 Glu-Blad Glu-B1fd Glu-Blk
O0ob0obDOooOOobooobOoDOodclu-Bla
ggooobobbobbobbbbbooodgggy
bbbt ogoobooooooon
gobooobbooobooobbid 2%
gboboooboboobocGlu-BlbODOOODOOO
Uogr7i9%b000doogyssz2wnd il
gbogoobod
Glu-D1IOOOUOUOOoOoOooooboDbboOoOo
gboobogoboboobooboobboobon
gooboooooboboOcGlu-Dlad 0000
gobbooooooosswl b00ddlss%
OO0o0oo0ooooooboobGlu-bdd 0O
oooooooobob 20015%0 000
gopob200105%000b0oooogo
gboogoboboobooboon

O0o0obO0O0000o0oobDDii45kDal O
OoobobooobOobocu-DIfDDO00O0
oboboooo3ss»ooooobgoon
goboobooobooboobooboboon
gbobooosbdg2wbboogooboon
Obo0obDO0Oumskbad D0 D0ODODDOOOOOOO
OO0Gu-DIf0DODOOD0ODOO0OOODO0OOO
gboogboobboobogboobbod
gbooobooooobg

30040n

gbooboboobooboobboonbbo
O0O0O0bDO0O0umskba 00O OoooDOO
ooboOocGlu-DIfDO0D0O0OOODOOODOO
Bwhddoooooobooobooooo
gboooboooboobooboobbon
gboooboooboobooboobbon
ggbboooobboobboobooood
gboodgboobobodgbogboobbod
0O0000Glu-B10 O O O O Glu-Blal Glu-B1fJ
Glu-BlkD DO OOOoooOooooDooooog
0O 0 0O 00 Nakamura 2000al] Nakamura 2000bLT]
gboogbooboboobooboobbon
gboogboobobodobogboobobod
goooboooboobooboooobboon
gboboobooobooboo

gboobbooboobooboboonobo
gbogbooboobobobboobmoo
gboogboobobodgbodgboobbod
gooobooobooboobooboboon
goooboooboobooboobbon
goooboooboobooboobbon
gboogbooboboobooboobbon
gboogbooboboobogbooboboo
gobooobbooobboooboobbo
goooboooboobooboobbon
gboooboooboobooboobbon
gboogbooboboobooboobbon
gbogbooboobood

gboooboboobooboobbooobo
goooboooboobooboobbon
gboooboooboobooboobbon



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo

gbbooboboobooboobboobod
00145kDal D 0000000 ODO Glu-D1fO
gbboobbodgbodgboobboobgad
gboobogoboobooboobboobod
gboobooboboobooboobboobod
gbooooobooon

U dogouooidgoobobbouoooda
gogoobbobobooooon

gboobooboobobooboobad
gobooobooooboooboobbo
gbbogbboobuogboobboobgd
gboobboobodgboobboobgad
gopobooobooboooobbocluv-aoon
gboboooboobooboobboobod
gboooobooboobooon

100o0oooggd

OboooboobobBioboooobon
gogoooobobobobbbb400bDDDOs000
gboboooboobooboobboobod
gbogoooboobobooboobbobd
19880119900 OO Utmi1991n oy
gbboobbodgbodgbogo4buonogd
gboogboobooboobooboboobg

19

O0o00o00oo0ooooooooooooo
Ooo0oO0oo000gde-9-600000000O0O
0 00 7.5kg/al] 8.5cmO O O O 0O 80cmd O O
amiododooobooooosbs-odn
O0o0o0ooooooooog

Oo00o0DOO0o0oo0o0oooooosbs-0dn
O00000o0o0ooooooooooooo
000000000 o0o0oo0oooooooooo
goooouooooboooodoooon
gooooooodgo

20000

Gu-AlD 0000 oooooooooooo
O0000CGlu-Alc0 0000 ooonDooon
gobogboboooboobooboobbon
gboooboboooboobooboboobbon
oo0b0OoooboboooobDOdclu-Alall Glu-
AlbDOO0DO000000D0OO0OGIu-Alad O
OO000O0DO0D0OOoo0O0ob0OoOgGlu-AlbO 00
gobogbooobooboobooboboon
goobdel@miooooooooooon
20000Guv-Alad 000000000 oOon
gbooobobooobogbooboobobon
O00oDbO00oO0o0bo0oboob0oOoDbdcGlu-Ale
goboobobooobooboobooobobon
gboboobb2rodnb2500092%0 000

06 O00DOOOUOODOOUOODOUOUODOOOOGU-10O00O0DOOODOOODDOOOO
oooooooooooooooooboo ooooooooooo
o000 Oo0Oodoo oooogo

ooo ooo 0oo0 0Oboboo oopobbo OO0 Oooboo| 000 bOmoo

Glu-Al a 1 31 4 46 10 7 14 0 16 12.2

b 2% 23 4 0 10 7 7 34 18 13.7

c Null 46 92 54 80 86 79 66 97 74.1

Glu-B1 b 708 46 100 62 75 100 86 90 109 83.2

c 709 23 0 38 20 0 14 10 17 12.9

R. S 31 0 0 5 0 0 0 5 3.9

Glu-D1 a 2012 54 92 47 55 20 64 38 7?2 55.0

b 3012 0 0 0 5 0 7 0 2 15

c 4012 23 4 38 0 9 6.9

d 5010 15 0 0 0 2 15

f 145kDall 12 8 4 15 40 80 29 62 46 35.1

ooooo 13 27 13 20 15 14 29 131 100.0

R.SOOOOODOODOO



20 ooobOobooooonO 2002001120

gboboobboobooboobboobgod
dodoodggodgetdbdewooodnd
ubodroogseeudboooobogong
gbobogoboboobooboobboobon
gbooobboobooboobboobod
gboooobogo

Gu-BlDODOODUOOOOOOOOOOOOO
OO00OGlu-BlIbODOODOODOODOOOOODOO
gboobogboboobooboobboobon
gboO0OGlu-BlbOOODOOOOOOODODOOO
gboobboobooboobboobod
OOo0obOcGu-BlbOOODOODOOOOODOO
OO00OD0OGlu-BlcODODOOOODOOOOODOO
Ooo0ooobooooboooboDbOdclu-Bib
goboboblo0n0ooooobobodclu-
Bl UOOOOOOOOOGIu-BleD OO O
oOoobobOobD1200Glu-Blgd 00000
oboobocGlu-BliDOOOOOOOOODOOO
bbb mbl20bo0boooboboonoobg
gb4000000000O0DOODODOO

Glu-D1OOOGOGOoooooooobobooo
O0OO00DOO00O0b0O00DO0ODO4skbal
oooboooboobooobdclu-bf0boood
goooboboobooboobboobon
googooboobogboobboobon
gboooboboobooboobboobod
gbogobboobuooboobboobgd
gbogbboobogboobboobgd
gobooobobooobbooobbowbod
gboobogoboboobooboobboobon
UobooboooobDsovwdl O de2%U U0
gbooooo

Glu-DIdOD D OOOOOOOoOoDOobDOoDO
gbboobboobodgboobboobgd
gboogoboobooboo 20000035
oobooobooooboobobooondclu-Dic
gobbooobobbooobboboooonb 3
gbbogbsgubouodgboobboobgd
gbboobboobodgboobboobgd
gbobogoboboobooboobboobon
70ooo2ab000310boog3sbogod
gboogbobsgbogboobboobgd

googog
gboobbooboobuooboobbg
gboogboobobodobodgboobbod
gobobooobboobboobooobo
7MGlu-AlD 00000000000 DOOO0
OdbdbGlu-Ala0 00 O00ooooooon
Glu-AlbD OO D OO00OO0OD0O0D0D0O0OD0OCGlu-
BlUOouobOoOoouoobooboouoboooao
Glu-BlaU D OOGlu-Ble DOOOOOOOO
gobooboooboobooboobbon
gboobooboboobogsogi
Glu-D1IODODOODODOOOCODOOOGIu-
Dlall Glu-DlcOGlu-D1dD D00 OO OODOO
goboobooobooboobboobobon
O00OGlu-Dlad 0 0Glu-DIf DO OO0OO0OO
Glu-DicD OO Glu-D1d0 O OOCOODODOOO0
O0O00D0O0O0DwMskpal OO OO0ODOO
OOGu-DIf0ODOD0ODOO0OOO0DO0OOO
gooobooobooboobbooboboon
goooboob sgoot
Ooobobooobooooboobobdclu-
1o0o0o0o0Oo030b0b0bbbo0oouugggg
gboogbooboboobogboobooo
O00O0oo0obobOoOooboDbOoOcGlu-DIfOd 0
gooobooobooboobooboboon

07 0OO0OO0OOOOOOCOOOOOOOOOOODOO
Gu-10000000000000000

ooooooon
D000 00000 oopoop 00000000000
000 000
Glu-A1 a 1 56 0
b 2% 0 46
c Null 44 54
Glu-B1 a 70R. S.0 11 0
b 708 63 92
c 709 19 8
e 200 R. S.00 7
Glu-D1 a 2012 4 46
c 4012 37 0
d 50110 22 0
f 145kDal] 12 0 54
000000000 27 13

R.SO0000000OO



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 21

gbbooboboobooboobboobod
gbboobboobodgboobboobgd
gbogooobod

30gon

0000000000000 000000OO
goobO0obOOobOobooboboboboboo
gbobobobooboobobobobobo
0000O00o0o0ooboooooboos30on
00000000000 bO0obOobOOobOooOo
o0o00O0bO0obO0obOOobOOobOobOobOood
00 0Nakamura 2000d0 00 0000DO0O0O
gooboooooooooooboomoooog
00000000000 bO0obOobOOobOood
00000000000 bO0obOobOOobOooOo
o0000bO0obO0obOOobOOobOobOobOobod
oo0oo0oooooooon
01moog

OO00O0o0oO0oooooooooooooog
00000000000 bOO0obOobOOobOooOo
00000000O0bO0obOO0obOobOobOood
o00obO0obOOobOOobOOobOoboboboboo
o0ob00obobOobOOoboboboboobo
gbobobobobobobobobobo
00000000000 bO0obOobOOobOood
00000000O0bO0obOO0obOobOobOood
o00obO0obOOobOOobOOobOobOobOoboboo
oo0oboobooboobooo

OO000000000o0oooooooossy
00000000000 bO0obOobOOobOood
0o000obo0oooDoboobodcelu-bD1dO O
o0o000bO0obO0obOOobOobOobOobOood
ooo0o0o0o0oooooooooooomoo
ooobo0ooooo1wyobooo310ogossod
0000000 4000000000D000O0
00000000OGlu-Alal) O O O Glu-BicO O
OdGlu-DicO000D0OO0OD0O0OO0O0ODODODOOOO
ooobo0obobOobOobobobobobo
ooooooooooobobobobooboooo
00000000000 bO0obOobOOobOood
04000000000000D0O0001300
Martins Amberd Turkey Redld Turkey Red] O [

OVelvetDOOOOOOOOOOOOODOO
gboooboboobobogbogboobobon
goog
g2gogogod

gboobobooboobooboboonobo
gbogbooboobboboboom™oboo
gboogoboboobobogbooboobobon
gogbbooobboobboooboooobd
googboooboobooboobbon
gboooboooboobooboobbon
gboooboooboobooboobbon
gbooobobooobogbooboobobon
gboogboobobogbodgboobobon
gooobobooobooboobobooobbon
gboogboboooboobooboobbon
gboooboboooboobooboobbon
gogooboboboobobobbbbooooogogo
gbogboobobodgbooboobbod
gboboobooobooboobooboboon
gbobooboobboboboobooboon

Ug3oobougod

gbogbbooboobooboonbbo
gboogoboboobobogbooboobobon
goooobobobobbbbbooooogooag
gboboobooobooboobooboboon
gboooboboooboobooboobbon
gbooobobooobogbooboobobon
gboogoboboobobogbooboobobon
O0o0O0ooobobOoOooboDbOoOclu-DIfO0O
goooboboooboobooboobobon
gboooboooboobooboobbon
gboogbooobooboo

U oo

gbooobboobooboobboonobo
gboooboboooboobooboobbon
gboooboooboobooboobobon
gboogbobooboboobogboobobon
gboogbobooboboobooboobbod
goooboooboobooboobobon
gbobooboobobooobon



22 ooobOobooooonO 2002001120

lggbooobboobooboobboon
1200 0 0000000000000 0Glu-
Bla D ODOODODOODOODODO 2%00
ooooog
20Glu-D1IDO0O0O0O0OODODODOOOOO0
O0OOooboo0oooboobi0OoGlu-Didd
gbobobobo0oogogi10s5wiooggdd
godgd
30Ghu-DIf0 000D OO0O0O0ODDDO 2%
gbooboobooboboobboobon
g3kl dooogooobooooogn
gbogoboobuogbogboobog
40000000b000bo0obboobad
gbooboooboobooboooboobon

gboobbooboobooboboonoobo
gboobboobooboobboobbo
gbooboboobbooboobdadaboo
soodbooooboobooboobobon
gbobOcG-DIfDOOO0ODOOO0O0ODOOO
gboobboobooboobboonbbo
goo
ceUbOobOoboobobooboooooooon
gbooobboobooboobboonobo
gboooobooboobooboboonbbo
gooooobobobobobobbobobbbbob
goggoooobobobobbbobobbobboo
gboobboobodobooboobobg
gboooboboobooboobooboo

D000d0ooooooooobobb1skbal OO0 oDooon

Joooggoboggd

goooobooobobbbbbbbomo
gbooobboobooboobboobod
OD0O0O0DO000b0OO0D145kbad 0000
ooobooobooooobgooclu-DIf 00
gboooboboobooboobboobon
googgoobobobobbbbbbooooogd
gboooboboobooboobboobod
ggogobobbobobobbbbboogggy
gbogbboobogboobboobgd
gboooboboobooboobboobon
gboogoboboobooboobboobon
gbogobooboooboobooobboboobg
gbbooboboobooboobboobod
gbogbboobogboobboobgd
gboobbooboobogbooboon

O 00OO0O00O145kbab00noogn
gbogobooon

OD0O000O000D0O0O0DO0O145kDal 0
gbboobboobodgboobboobgd
godcGlu-DIf 00 0O0D0O0OODOOODODOO

gogoooobobobobbbbbbbooogg
gboooboooboobooboobbon
gboogboobobgoobooboobbon
gboogbooboboobogboobobon
googbooobooboobooboboon
gboogboooboobooboobbon
O015kDad DO O O0O0OO0OODOO0OO0O0000
goo

10ggooooo

gogooboboobobbbbLeuoooon
gooboboobbobomesouuoooon
goobmloerg198stigdunooooo
gogobobooooobb yoooboboogo
O00DO0O0000wskba 000 00oon
O0D0DO0O000000D0ODOOO0OO4skba
gobobboooooooood

20000

gboobbooboobooboobbo
gr7odbobooboboobodgboobbod
gooobooobooboobooboboon



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 23

gbbooboboobooboobboobod
gboobboobmooboobboobg
gbboobboobodoboobooboon

ooboooocl-DIfCOOO0O0ODDOO0
gbooboobobogosuguboooboboobad
gboooogooboc-DIfi0nobogoon
ggoszeniouuobobobogs3a4dud
gerexl0000000D00O0NNO00DO0
36.4%0 000000040000 22.5%0 0 0
O1s5kDal D000 oooooooooon
gbobogoboboobodgbozrboobgd
gbbogbboobogboobboobgd
ODOO0o0obD0wskbad D0 OO0 OO0D0O0
Glu-DIfDOOO0OODODOOOODOOoOooDOd
gbobooboboobooboobboobod
gbooooobooo

30gon

gbodgbouogboobbobboobogd
gbooooboobooboobboobod
gboooboboobooboobboobod
gbbooboboobooboobboobod
gbbogbboobuogboobboobgd
gbboobboobodgboobboobgad
gobooboobooboobboobon
gboobooboboobooboobboobod
gbbooboboobooboobboobod
gboogboo

gbodgbouogboobbobboobogd
goobooboooboob robboobg
ooooDbboOoOogwskpbal DO 0o
gboobooboboobooboobboobod
ODOO00oDO0o0ob0boODbD14skba 00000
gbboobboobodgboobboobgd

gbooboboooboobooboobbon
O0O000O0o0obDO0o0oo000bDOoiisskba
gobboooboboobboooboooobod
goooboooboobooboobobon
gboobooobboobbo
gbooboboobooboobboonbbo
gboogboboobobogbogboobobon
gboooboboobobodgbooboobobod
O0145kDall DO O DO OO0ODOOGlu-DIf0 OO
gboooboooboobooboobbon
gmobobobboobooboobooboo
gbooobooobogbooboobboo
gboooboobobodgbooboobbod
gooobooboooobgod

O O000O00145kbal 000000
gboogbooobodo

gboboobooboboboobog
gogooooboobobobbbbbboooogd
M45kDal DO DD OD0ODOO0ODOOODO Glu-DiIf
gboooboboooboobooboobbon
gboooboboooboobooboobbon
gbodbuoobbo@moboobooboo
goboobobooobooboobooobobon
goooboooboobooboobobon
gboooboboooboobooboobbon
gboooboboooboobooboobbon
gbooobooboboobogbooboboo
gobboooboboobboooboooobod
Mskbad DO OO OoOOooooooog

wmoobgoogd

gboobbobbooboieiooagoon

08 000000001100 0000145kball 00 0000000000000

gooooooooo O O O O O O O
145kDa0 0 00000 10 23 4 9 0 0 0
oooooobooooo 19 34 11 40 13 13 1
145kDa0 0000000000 52.6 67.6 36.4 22.5 0 0 0




24 goo0ooobobogon 2002001.120

gboboobboobooboobboobgod
gloooobooooboobbouoouoooooad
gbboobboobodgboobboobgd
gogoobobobobbosobbeocnbooogd
gboooboboobooboobboobod
gbbooboboobooboobboobod
gbobogbboobuodgboobboobgod
gbboobboobodgboobboobgd
goboooboobobouobbooboo
o0 el ogooooobbbboood
gboboobboo4000000000D000
45kDald D0 OO0 D0OO0DOOO0DO0ODOO
gbboobboobodgboobboobgd
gooooboobooboooobg

20000

goobobobooobobobboooogisigd
gbboobboobuogboobboobgad

gooooooo

06 0OD0O0OODOOOODOODObOOOOOO

gobbebDODD140010.7%M 000
00130 09.9%L U 0004450 0 34.4%0
Oboobooosen04.0000 0000000
gooobooobooboobo 20000
gboooboooboobooboobbon
gboooboobooobogsugubooon

gboobboobooboobboobbo
O0O0000o0DbO0oO00O00b0DOoDiisskba
goboooobboobobooobooobo
gooobboobooboobboobbon
oboobO0O27000000145kDball 0 OO0
gboogboobobooboobooboboo
gbodmoboobooboooodaboo
45kDball D000 O0Ooooooooooon
gbooobboob4dbz200b00nDos9
Ubze000000000000O00O0DOOO0
gboogogd

gooood

09 000000001310 00000145kbal 00000000000 OO0O0O0O0O0O

oooooobooog oooo oo 0O 00 oooo
145kDa0 000000 26 20 0 0
ooooooooo 59 45 13 14
145kDa0 0000000000 44.1 444 0 0




gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 25

30gon

gbodgbouogboobbobboobogd
googoobooboobon e
gbooboooboobooboobboobod
gbobooboboobooboobboobod
gbbogbboobogboobboobgd
gbboobbogboogboobboobgad
gobooboboobooboobboobod
gbooboooboobooboobboobod
goboooboobboobbooboo
ggbbooogoboooobbi3iooobogg
gbobostbbnaoogooogboooboon

gbobooobobuoboobobg
145kball DO OO0 O0Oooooooooogon
gboooboboobooboobboobod
gogobobbooooobbbbogdd
145kDal] D D0 000000 0O0OGlu-DIfD O
goboooboobooboobboobon
gooogc-DIfi00boooooogon
gboooboboobooboobboobod
gbobooboboobooboobboobod
gbboobboobodgboobboobgd
gbboobbogbogboobboobgad
O000O0O0DOnegativel DO O OOODOOO
0 0O Tekada et al. 2000(0] [0 O O O O O Glu-D1f
gbbooboboobooboobboobod
gbboobboobodgboobboobgd
gbboobboobodgboobboobgad
gboogbbooboobooboobooon

gboobooboobobooboobad
gbbooboboobooboobboobod
OO0O0wskbad DO 0 OO0OCGlu-DIfD OO O
gbboobboobuodgboobboobgd
O0o00DbbOO0O00o0dOoudskbal 0000 d
gboboooboobooboobboobod
gbobooboboobooboobboobod
gbbogboboobuooboobboobgd
gbboobbogboogboobboobgad

gbooboboooboobooboobbon
gboogboobbobboobogbogob

g god

OO00DO0Omskbad D0 0ODOOO0O0O0O
OOoOcGh-DIf00OO0DO0OOODOOOO
gbooobobooboboobogboobobon
goboobobooobooboobooobobon
OoobDbo0oO0wskba DO OO OoOooon
gboooboboooboobooboobbon
gooogo
lbbodgooooooo1sinoooogy

gooooobobobobobobbobobbbbobb

rO0O0o0bogoog
200000015kDa D0 00O ODOOO
gboobbooboobooboboonobo

gbboo30bbude4todn3red U

oboboooobobobioz3%bdod

gboogobobooboobooboboonbbo
gboogob3gobodz7ogboboooobo
goboobboooboobbooboo

g
30wB1OO0000bo0oboboooobobooon

Ubo0nboobogi1soooognasy

googsoboobooboooboobod
40000000000002700000D0

M45kDad DO 0000 OO0DOO0O0O0DOO

oot

gbooboboobooboobbonobo

oo

Oo00ob0O0O0000o0oo0onbDiisskbad OO
goobOooOogch-DIfi0O00DOob0Oon
gboogobooboboobogbooboboo
gobooboboooboobooboobobon
gobogbooobooboobooboboon
gboooboooboobooboobbon
gboooboboooobogd



26 ooobOobooooonO 2002001120

goooog

gbdodoooooooooooooonnd
goboodoooooooooooooond
0000000000000 o0oo0ooon
140 00000000000 000000
00000 DO00D0doooooooongo
OO000Yamamori et al. 19950 000000
godooooooooodooooooon
goboodoooodooooooooodd
000000000000 o0oooooongon
0000D0DOO00D00oooooooongn
do00dDoOO00oDoDodoooDooooogd
O0o0ooooooooooooomoon
goboodoooodooooooooodd
000000000000 o0oooooongon
0d0000o0o0ooooooooooo
do00dDoOO00oDoDodoooDooooogd
goooodno

gboddoooodooooooooodd
000000000000 o0oOooooonaon
0000000000000 01450 kbad O
0o0ooooboDoD0doooooobidd
godO0OGlu-DIO0O00OO0OOO0OOOOOO
O0O0OGlu-DIfb 0000000000000
00000DO00D0O000oo0oOooooonon
00000 DO00D00oooooooongn
do000d0oDOO00Dodooopooooongad
gobooooooooooooooooond
gooodoooooooooooooond
000000000000 DoOooobDOoOooong
000000000000 o0o0oooOooonon
do000d0oDOO00Dodooopooooongad
0 O O 0 Nakamura 2000al] 2000b0 2000c[] O
gooodoooooooooooooond
00000DO00DO00o0o0Ooooooonoan
000000000000 o0ooooooongn
ooooood

0O00do0o0oDooDskbad 0O O ODOO0O
oodooooooooodgooooooonn
O00ooooood 2000000000

godoodoooodooooooooodn
20000 10000000 20000000
000000000000 00o0o0oOooDoon
000000000000 00oo0o0ooon
000d0oo0o00ooDOooDooooooooon
0000do0o0odoDOooooooodooon
gododoooodooooooooodn
0000000 oo ooooooOoon
Jdd0d00d00000d0OoOogaGlu-bif0o0o0n
00000000 DO0o0D0o0ooOoooon
000do0o0o0dooDooooooodooon
oddooooooooogoooooon
gododoooodoooodoooodn
000000000000 00ooOoooon
0000000000000 00000Glu-
DIfDOD0O00ODO2% 0000000000
35%0 0 0000 0 0 Nakamura 2000a] 2000b
2000c 000000 ooooooooooo
000000000000 00o0o0oOooDoon
00000000 DO0o0onD00oooooon
000000000 oddodoooooon
gododoooodooooooooodn
gobddodoooodoooodoooodn
000000000000 00o0o0oOooDoon
00000000 DO0o0onD00oooooon
ooodoooon
goooooooooooonondn
145kpad 00 OO0 000000 Glu-DIfO0 0O 0O
000000000000 00ooOooDoon
0000D0ooooOoODO0O0OO00000000oag
000d0o000oDoDOooooooooooon
0000do0o0o0dooOooooooooooon
gododoooodooooooooodn
000000000000 00ooOooDoon
000000000000 00oo0oooon
O000dO0o0o0ooDa45kbad 0O OO OO0
gddGu-DIfDODDDODODODDODOOOOOO0
gododoooodooooooooodn
O00000000145kbad 0000000



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 27

gboocGcu-Dfi0O00boooooobonog
gbboobboobogboobboobgd
gbboobbogboogboobboobgad
goboooboooboobbooobobo
Glu-DIfD O OOoOoDOoOoooboooooo
gbobooboboobooboobboobad
gboboobboobogboobboobgd
gboobooooboooooomoog 19900
gboogoboboobooboobboobon
O00000D0OnegativeD D OO OODOOO
0 0O O Takada et al. 20000
gbogbuoobooboboboboobgd
gbbooboboobogboobboobgd
gogoooobobobobbbbbbbooooogd
gbooboooboobooboobboobod
gogoooobobobobobbbbbbooogg
gbbogbboobogboobboobgd
ggoooobbbobobobbbboodgggy
gobooboboobooboobboobod
gbooboooboobooboobboobod
gboobooboboobooboobboobod
gbogoboboobuodgboobbg
gbogboogbooboobboobgd
gobooboboobooboobboobod
gboboooboobooboobboobod
gboobooboboobooboobboobod
gbogboboobogboobboobgod
gbboobboobogboobboobgd
goboooboooboobobooobobo
gogomoboboboooooooooooooo
gboobooboboobooboobboobod

0d0ooooODOo0o00ooooooooboooaao
0d00oooDOo0o0o0ooooooboobooaao
00000oo0Oo000000ooooooooo
oooooo
0ddooooo0oooooooooaaa
odooooOobOo0o00o0ooooooboooaao
0do0b0o0o0o0oooboOoOoooooooon
000000000 oo0ooooooooaog
0000oooOo0O00000ooooooooo
0doooooOo0o00ooooooooooaao
0ModdddoooOooooooooooo
0d0o0ooOobOo0o00o0oooooobooooao
0d0o0oooOoO00oo0oooooboooooo
0o000000oo0poDOooooooooOon
0do0ooOoOoOo000oooooooooooo
odooooOobOo0o00o0ooooooboooaao
Oddo0ooOoODOo0o00o0ooooooboooao
OdooooObOo0oooooooooboooaoo
0000oooOo0O00000ooooooooo
0do0ooOoOoOo000oooooooooooo
odooooOobOo0o00o0ooooooboooaao
0d0ooooODOo0o00ooooooooboooaao
OdoooobOo0ooooooooobooooao
0000000000000 oooooooo
000000000 Yamamori et al. 19950 O
0do0ooooOo0o00ooooooooboooaao
0do0oooODbOo0o00ooooooooboooaoao
0d0o0ooobOo0o00o0ooooooobooooao
000000000 o0ooooooooooao
0000oooOo0O00000ooooooooo
0doooooooooooooon

ooogd

gboobooboobboboboobad
gbbooboboobooboobboobod
gbboobboobodgboobboobgd
gobooboobooboobboobon
gooboogoboobooboobboobon
gobooobooboboobbooboo

googooobobobobobbbbbboooooo

gboooboboooboobooboobbon
gboogoboboobobogbogboobobon
goooboooobooboobobooboboon
gbooobooboooobgod

1g0b000boobbooboobboob



28 ooobOobooooonO 2002001120

gbooboobooboobboobod gbobogooocGh-DIfCOOO0O0ODOOO
gbogbuogbooboobboobgd gbmbogoboobogbooboabo
gbodobggboogbodan gboobboobodgbooobboobbg
20000000000 0O0O0O0O145kDbalb O googo

gboobooboobobobboobad gboobobooboobooboboonbbo

gboobooboobboobboobgd Obo0bD1umskbad D000 O0ODOOOO0O0O0
gbogbuogbooboobboobgd OcGlu-DIfDO0OD0OOODOOOOODOOOO
gboobooboudgboogboobod goobobboboboobobbbbooodgogoaag
3000wMskbal DO OO0 O00OO0OoOoDOO googboooboobooboobobon
gooooobbbbioooooobb22 gboooboooboobooboobbon
gbbooooobobobooooobbogd gbooobooboboobooboobbon
OO0oDbOoobpiooooOoOocGlu-bioboO g

OOoobooooboooogcalu-bifg b O gboobbooboobooboobbg
obooboooboobooon gooobooobooboobooboboon
40 145kDall DO OO OODOOODOGlu-DIfO gboooboooboobooboobbon
gbbooobboog 2%wbooooogd gbooobooboboobooboobbon
gbooobbuoobo2s%iiooogd gboogbooboboobooboobbon
03z 0booobooboooooon gboogboobbogbogboobbod
shgoboobooboobobooboon googboooboobooboobbon
OooOoodOocGc-DIfOC0D0O0OOO0DDO obooboooobobooobooogooodclu-
gboobooboobobobboobod DIf0O0O00D0O00DbO0Ob0bOO0ObDbOOn
gbb48iibogubobooooogd gboogbooboboobooboobbon
gbogbuogbooboobboobgd gboogobooboboobooboobobon
goooooooon gooono
clobuoobooboobDbOoobOoon gbooboboobooboobboonobo
gboobooboobboobboobad gboooboooboobooboobbon
OOooooboobooboooboooodclu- gboogbooboboobogboobobon
DIfI0O0000DLOODO0OOOOODODn gboogobooboboobooboobobon
gbooboobooobooboooboobon gobooboooboobooboboobbon
gbooboobooboboboboobon googboooboobooboobboon
OOcGu-DIfDOD0OODODOODOODO gboooboooboobooboobbon
70145kDal] DO 0O O0OOO0O0OO00O0OOO0Glu- gbooobooboboobooboobbon
D0 O0000DLODO0OOOOODODn gboogobooboboobooboobobon
gbogbogbooboobbodobgd gboodgboaoon
gbooboobooboboboboobon



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 29

gooo

gbooboooboooboboboboobon
gbooooboobooboobboobod
gboobooboboobooboobboobod
gbbooboboobooboobboobod
guboouoboooboobobooobbd
gbboobboobodgboobboobgad
gboogooboobooboon

gbhboobooboobobobboobod
gbbooboboobooboobboobod
gogooooobbobobbbbbbmood

goboboooobbooobboooboodd
gobogboooboobooboobbon
gboooboooon

gboobobooboobooboboonbbo
gboogbobooobogobooboobobon
gboogbooobogbooboobbod
gobogboooboobooboobbon
gboogboooboobo20000000
gboooboooboobooboobbon
goo

gooo

Anderson, O.D., J.C. Litts, M.F. Gautier and C.
Greenel] 198401 Nucleic acid sequence and
chromosome assignment of a wheat seed storage
protein gene. Nucleic Acids Res. 12, 8129-8144.

Anonymousl] 19830 Descriptive list of varieties
of cereals,Maize and Oilseeds. Alfred
Stropheverlag, Government Varieties Office,
Hannover, Germany.

Bingham, J. and F.G.H. Luptond 19870
Production of new varieties:an integrated
research approach to plant breeding. In Wheat
Breeding. Ed. F.G.H.Lupton, Chapman and Hall,
London, 487-537.

Cleveland, D.W., Fischer, S.G., Kirschner, M.W.
and Laemmli, U.K.O 19770 U.K., Jouna of
Biol. Chem. 252, 1102-1106.

Edman, PO 194900 A method for the determination
of the amino acidsequence in peptides. Arch.
Biochem. 22, 475-476.

Edman, PO 195000 Method for determination of
the amino acid sequence in peptides. Acta
Chem. Scand. 4, 283-293.

Forde, B.G., A.Heyworth, JPywell and M. Kreis
[0 1985al1 Nucleotidesequence of a Bl hordein

gene and the identification of possible upstream
regulatory elements in endosperm storage
protein genes from barely, wheat and maize.
Nucleic Acids Res. 13, 7327-7339.

Forde, J., JM. Malpica, N.G. Halford, PR.
Shewry, O.D. Anderson, F.C.Greene and B.J.
Miflin( 1985b0] The nucleotide sequence of a
HMW glutenin subunit gene located on
chromosome 1A of wheatl] Triticum aestivum
L.[TJ Nucleic Acids Res. 13, 6817-6832.

Haford, N.G., J. Forde, O.D. Anderson, F.C.
Greene and PR.Shewry[] 198701 The nucleotide
and deduced amino acid sequences of HMW
glutenin subunit gene from chromosome 1B of
bread wheat Triticum aestivum L. and
comparison with those of genes from
chromosomes 1A and 1D.Theor.Appl.Genet. 75,
117-126.

Hirano, H.[J 19890 Microsequence analysis of
winged bean seed storage proteins electroblotted
from 2D-PAGE gel. J. of Protein Chem. 8, 115-
130.

gdoooieel0oooooooooood
O0.0000000000 20 55pp.



30 ooobOobooooonO 2002001120

Milfin, B.J. and PR.Shewry[d 19791 The biology
and biochemistry ofcereal seed prolamins. In:
Seed Protein Improvement in Cereals and Grain
Legumes.|AEA, Vienna,, 137-158.

Morgunov, A.l, R.J.Pena, J.Crossa and S.Raarm
[J 19931 Worldwide distribution of Glu-1 alleles
in bread wheat. J.Genet.and Breed. 47, 53-60.
Nakamura, H., H.Sasaki, H.Hirano and A.Yamashita
[0 199000 A high molecular weight subunit of
wheat glutenin seed storage protein correlates
with its flour quality.Japan.J.Breed. 40, 485-494.

Nakamura, H.[J 19930 Relation between seed
storage proteins and Japanese noodle viscoe adticity
in wheat. Japan.J.Breed. 43, 625-628.

Nakamura, H., A.lnazu and H.Hirano[] 1999al]
Allelic variation inhigh-molecular-weight
glutenin subunit Loci Glu-1 in Japanese
common wheats. Euphytica 106, 131-138.

Nakamura, H.O 1999b[] Identification of Alleles
for Complex Gene Loci, Glu-Al, Glu-B1 and
Glu-D1 Which Code for High-Molecular-
WeightSubunits of Glutenin in Japanese
Hexaploid Wheat Varieties. J.of Agric.and Food
Chem. 470 12[11 5273-5277.

Nakamura, H.OJ 2000al] The association between
high-molecular-weightglutenin subunit compositions
and bread-making quality of Chinese and
Japanese hexaploid wheats. Australian J.of
Agric.Res. 517 3[1J 371-375.

Nakamura, H.OJ 2000b0] Allelic variation at high-
molecular-weight glutenin subunit Loci Glu-Al,
Glu-B1 and Glu-D1, in Japanese and Chinese
hexaploid wheats. Euphytica 112, 187-193.

Nakamura, H.[O 2000c The high-molecular-
weight glutenin subunit composition of Japanese
hexaploid wheat landraces. Australian J.of
Agric.Res. 511 611 673-677.

Nakamura, H.O 2000d] The relationship between
high-mol ecular-weightglutenin subunit composition
and the quality of Japanese hexaploidwheat
lines. J.of Agric.and Food Chem. 480 7[1]
2648-2652.

Ng, PK.W. and W.Bushuk[ 19890 Statistical
relationships betweenhigh-molecular-weight
subunits of glutenin and breadmaking quality of
Canadian-grown wheats. Cereal Chem. 65, 408-
413.

00000001990 00000 333pp.

00000001970 00000 191pp.

00000001980 0000000 399pp.

001ooooooooooobno?2o00000
00000 42-55.

Payne, PI., L.M.Holt, A.JWorland and C.N.Law

[0 198201 Structural and genetical studies on the

high-molecular-weight subunits of wheat
glutenin. 3.Telocentric mapping of the subunit
genes on the long arms of the homoeologous
group 1 chromosomes. Theor.Appl. Genet. 63,
129-138.

Payne, Pl.and G.J.Lawrencell 1983al] Catalogue
of aleles for the complex gene loci, Glu-Al,
Glu-B1, and Glu-D1 which code for high-
molecular-weight subunits of glutenin in
hexaploid wheat. Cereal Res.Commun. 11, 29-
35.

Payne, Pl., L.M.Holt and G.J. Lawrenceld 1983b[]
Detection of a novel high molecular weight
subunit of glutenin in some Japanese hexaploid
wheats. J.Cerea Sci. 1, 3-8.

Payne, PIl., L.M.Holt,E.A.Jackson and C.N.Law
[0 198400 Wheat storageproteins:their genetics
and their potential for manipulation by plant
breeding. Phil. Trans. R. Soc. Lond., B304, 359-
371.

Payne, PIl., M.A.Nightingale, A.F.Krattiger and
L.M.Holt0 1987 The relationship between
HMW glutenin subunit composition and the
bread-making quality of British-grown wheat
varieties. J.Sci.Food.Agric. 40, 51-65.

Sears, E.R.00 195400 The aneuploids of common
wheats. Univ. Mo. Agric. Exp. Stn., Res. Bull.
572, 1-59.

Shepherd, K.W.[ 199601 Gluten genetics-a
perspective after 30 years.Gluten 96, 8-13.



gdboobdooooooooooooooooooooooooooooobooooooooooooooooooooooooooo 31

Shewry,PR.and A.S.Tatham(] 199001 The prolamin
storage proteins of cereal seeds. structure and
evolution. Biochem.J. 267,1-12.

Sugiyama, T., A.Rafaski, D. Peterson and D.Soll

0019850 A wheat HMW glutenin subunit gene
reveals a highly repeated structure. Nucleic
Acids Res. 13, 8729-8737.

oooopo1es/oooooooooooon
gdoooooodooboouoouoooad
ooboooodouooouoououood
0000002552

Takada, K., H., Yamauchi, Z., Nishio and
T.Kuwabarall 20000 Effect of high molecular
weight glutenin subunits on bread-making
quality using near-isogenic lines. Breed Sci. 50,
303-308.

00ooOo19780 00 00D0DOOOODODOO
000000000410 42-50.

Thompson, R.D., D. BartelsN.P. Harberd and
R.E. Flavelld 198501 Characterization of the
multigene family coding for HMW glutenin
subunits in wheat using cDNA clones.
Theor.Appl.Genet. 67, 87-96.

Worland, A.J,, M.D. Gade and C.N. Law[] 198701
Wheat genetics. In Wheat Breeding. Ed.
F.G.H. Lupton, Chapman and Hall,London, 129-
171.

gooooimedoooooooooooooa
00000 71pp.

Yamamori, M.and T. Nakamurald] 19951 Inheritance
of waxy endosperm character in a common
wheat lacking three Wx proteins. Breed.Sci. 45,
377-379.

ooooo19780 0000 OoOODOOOOoOoOa
00O 0O 0410 35-45.



32 ooobOobooooonO 2002001120

Characteristics of High-Molecular-Weight Glutenin Subunits
in Japanese Hexaploid Wheat[] Triticum aestivum L.[J

—Genetics and Potential for Improving the Grain Quality
in Seed Storage Protein—

Hiro Nakamura*

Summary

In order to increase the international competitiveness of domestically produced whest,
it is essential to improve the grain quality. It is also necessary to develop a unique product
that will satisfy the demand of the Japanese consumers. To achieve this objective, the
quality of grain from Japanese wheat cultivars must be characterized. The processing
quality of wheat grain is strongly affected by the components of the seed storage protein,
particularly high-molecular-weight 0 HMWO glutenin. The present study was undertaken
to analyze the alelic composition of HMW glutenin in order to improve the grain quality
of Japanese hexaploid wheat.

The allelic composition for the HMW glutenin subunit of 131 Japanese improved
cultivars, 174 Japanese landraces and 274 Chinese landraces of wheat was investigated by
sodium dodecyl sulfate-polyacrylamide gel eectrophoresisl] SDS-PAGELT] according to
the procedure described by Payne et al.00 197911 Gels consisted of 7.5%[1 w/v[
acrylamide and of 0.2%[] w/vO bis-acrylamide containing 1.5 M Tris-HCI at pH 8.8 and
0.27% SDS. The stacking gel contained 0.25 M TrissHCI a pH 6.8. Wheat flour(d 10
mgO was suspended in 300 | 0.25 M TrissHCI bufferd pH 6.80 containing 2%[1 w/v[
SDS, 10%!0] v/v glycerol and 5%0 v/v(] mercaptoethanol and shaken for 2h at room
temperature. The suspension was heated at 95 [0 for 3 min. The top portion of the
supernatant was collected after centrifugation for 3 min at 15,000 rpm and 30. L of the
extract was loaded into the gel dlots. The electrode buffer consisted of 0.025 M Tris-
glycine at pH 8.3, containing 0.1%[] w/v(] SDS. Electrophoresis was conducted at 10 mA
constant current for 15 h until the bromophenol blue ran to the end of the gel. The gels
were stained for several hours with Coomassie Blue R 250 in aqueous ethanol and acetic
acid.

In this study, it was observed that the 145kDa HMW glutenin subunit occurred
frequently among improved cultivars as well as Japanese landraces. This subunit has been
characterized as the Japanese hexaploid wheat seed storage protein. The N-terminal amino
acid sequence of the glutenin 145kDa subunit was determined using a gas-phase sequencer

0 Nakamura et al. 1990[T] Examination of the amino acid sequence and electrophoretic
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mobility revealed that this subunit was identical with that of the 2.2 band reported by
Payne et al.[0 1983[T] An investigation into crosses between variants with and without the
145kDa subunit reveaed that the glutenin subunit expression was controlled by a single
dominant allele designated as Glu-DIf located on the 1D chromosomell Nakamura et al.
1990(1]

The allelic frequency of this subunit was found to be in excess of 35% among the
improved Japanese cultivars but 25.3% among the Japanese landraces, while it occurred
in only 1.8 % of the Chinese landraces. Genealogical examinations revealed that the Glu-
Dif dlele was not only present in Nisikaze-komugi prevalent in the Kyushu district

0 southern Japanl(] but also frequently appeared in its pedigree, while it was absent in
Horoshiri-komugi in the Hokkaido districtl] northern Japan[1] being carried only by a few
of its remote ancestors] Nakamura et al. 1990[T]

A conspicuous geographical cline has been reported in the frequency of the Glu-D 1f
alelel] Nakamura et al. 2000al 1] To analyze the factors involved in the establishment of
this cline, the association of the occurrence of the glutenin subunit both with the winter
habit and with the hardness of flour was studied.

Wheat cultivation environments in Japan are characterized by a diversity associated
with the distance of the isdands spanning from north to south, the improved Japanese
cultivars as well as locally grown landraces differentiated into distinct types of winter
habit. A strong correlation was observed between the intensity of the winter habit and the
occurrence of the Glu-DIf allele. The improved cultivars with a weaker winter habit
tended to carry the Glu-DIf alele more frequently, while this alele was absent in the
cultivars with a stronger winter habit.

Flour hardness of wheat grains is considered to be closely related to the grain quality.
The relationship between the flour hardness and the occurrence of the Glu-DIf alele was
therefore examined. It was found that in the soft-flour cultivars, the Glu-DIf alele
occurred more frequently than in the hard- flour cultivars. It was suggested that the
geographical clines in the frequency of the Glu-DIf allele observed among Japanese
improved cultivars as well as landraces may be caused by natura selection for the winter
habit and/or by artificial selection for flour hardness. Japanese hexaploid wheats are
characterized by a high frequency of aleles at the Glu-1 locus such as Glu-B1g and Glu-
D1f00 Nakamura 2000a, 2000b, 2000clT] Natural and /or artificial selection is considered
to have narrowed the genetic base of Japanese wheat. The frequent occurrence of the Glu-
D1f allele supports this assumption. The unique composition of the glutenin subunits of
Japanese wheat grains is of considerable interest to both the Japanese wheat breeders and
cereal chemists.

Cultivated hexaploid whesat is considered to have originated in the Middle and Near
East and to have been transported via the Silk Road through China to the Far East and to
Japan. In the course of this long journey and adaptation to diverse local environments,
Japanese hexaploid wheat seems to have lost its genetic diversity. As a consequence of
its spread, adaptation and phenotypic refinement, Japanese wheat has acquired the unique
composition of glutenin subunits and a narrow genetic base. To further improve grain



34

ooobOobooooonO 2002001120

quality and/or develop unique grains of hexaploid wheat in Japan, the genetic base of
domestic wheat should be widened by inducing new and useful mutations like
glutinousness or by introducing more actively exotic genetic resources.
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g 138 1 709 2012 7 ooo
oo 153 Null 708 4012 5 ooo
od 165  Null 708 2012 6 ooo
g 180 1 708 4012 7 ooo
oo 183 Null 708 4012 5 ooo
od 195  Null 708 2012 6 ooo
oo 240 Null 20 2012 4 ooo
oo 17 1 708 4012 7 ooo
od 18 1 708 4012 7 ooo
g 22 Null 20 2012 4 ooad
o000 1 Null 708 2012 6 ooo
oooo 2 Null 708 2012 6 ooo
oooo 3 Null 708 2012 6 ooad
ooo 62 2% 708 2012 8 ooo
od 95 2* 708 2012 8 ooo
g 98  Null 708 145kDa0 12 5 ooad
oo 104 Null 708  145kDa0] 12 5 ooo
od 113 2* 708 145kDa0 12 7 ooo
g 149 2% 708  145kDa0 12 7 ooad
oo 150 2% 708  145kDa0l 12 7 ooo
og 151 Null 709 2012 5 ood
od 152 2% 708  145kDa0 12 7 ooad
oo 153 Null 708  145kDa0 12 5 ooo
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Breeding of "Wheat Norin-PL 80 Tanikel A6599-4[1, a waxy
wheat line with starch showing a stable hot paste viscosity.

Chikako KiriBucHI-Otosg, Takashi Y anacisawa, Hisashi Y osHiDAP!, 1sa0 Y AMAGUCHIP?,
Hidefumi Sexo"®, Tomohiko UsHivama® and Yoichi Amano™®

Summary

Mutant wheat Norin PL-8[] Tanikel A6599-4[] was induced from low-amylose whesat
Tanikei A6099 by sodium azide treatment. The line contained 1.6% amylose and was
considered to be a waxy mutant. Analysis of the amylose content of F, seeds revealed the
incomplete dominance and gene dosage effect of the Wx-D1 alleles. Norin-PL 8 exhibited
a unigue pasting curve with stable hot paste viscosity in the Rapid ViscoAnalyser[l RVAL
measurement. Genetic analysis suggested that both the waxy character and the stable hot
paste viscosity of Tanikei A6599-4 were controlled by the same mutated Wx-D1 gene.
Although Norin-PL 8 showed a high yielding ability, the line could not be registered as a
new variety because of the small grain size, low milling yield and poor flour colour.
Therefore the line was officialy registered as a parental line by the Ministry of
Agriculture, Forestry and Fisheries in 2001.
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