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Carroll & Hamilton 1325 < DEFS > /87BN hOMED L A5 O0— ) B TREERF

DIEEREL TS Y, Lizdto T, RREEREEROER EERtEs 03Bk, TL
TAOEAEEBEELCEI BRBREEWND 21 HRICB ) SEHrRREEZHRT S
DI, BFY NV BOEERMBENEEND, T XY NV BEIERETSY 2N
BOFTIIEDASFAZINTYS, LML, TN THRIAEIMES, BifiREfIicids
LD UNRIBEREENTNBITHNND ST, TOIFEAEREESD D NIEERE LT
FIHINTVWEDATHD, INHOF NV EOFIREEZE T50IE, BFy >
IS B OREE - TR 2T 2R EN D D, BT >/ BOINTA R E
LEERBRICD . BTY NV EERCT 0T S THD. TDOBEFITIROFE
ENEET S, Thbb, BEERETY N EORMEEICKE R EE KITT.
Bxld, FAZXF NI EBOEERSTHS 7S & 11S 07V > OFFIE L INTRHE
Ikt A OB BT AR To Tkz. M7 07U AN TFH Ty by >~
OB THBDOT. K707 DOREF T Iy MFED 2 WIRERZ Y T 1y
NARKOD TR E R L TRBICHIT L. —EDRREEETENTER? . T
DR, % >N BOFBIERHAT B7-OIIIMIOET Y >/ BICE U T 21
DB & DF N7 BOBRIEICH T 2EOREHSMNT HLEEZR U/, T I T,
LIFOMZEREfE L, T7abb, ¥ /E—=>278 /a7 ), Fx1s 707y 2,
FAZ1US /a7 OBEERBIUONEREZRRT 5, TLT. N5 OBEMREICHT
DEDOMEELE, BT 50EICEo T, BTFY /N EOBMEICH T DEO3R%E
fRIAT .,

2. WZEAIE
21 RABIOMMZ BRI > E—2 78 707 ) > OFAEL
TITE= XD RARD 7S /07 DERESE. TINABAT LA NTS5T
4 —BLURAF NS L0 RIS T 40— D IXo THEEL
<=2 78 /07 OFEEY T2y M THS 8SA D cDNA Z cDNA 7175
J—m5r7O—227 L. TOXSERBRREBEL . BRI DNV EZRENE. &
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AFABAT LI ORI NT T T4 —BIOBUKEN T LI O T 5T 4 —ITE>THE
L7,
22 BMRIB L OSEROERZ TS5 F 1S 071 > OFFE

>4 % 11S 707 > (cuciferin) OEBEY T 1=y bD—DTdHS BNC1 D cDNA &
RTPCR LT/ O—Z2 7L, ZOKRBREARRERELZ, JVTxU > 0E
I AIZEfEE 2 RE L2 CuA DL, BIVAIZEEEZESY 1 X 11S 707U > AlaBlb H2Wid
A3B4 DHDEANHLZ /= CuAlalV & CruA3lY, CHRMERICY 1 X 7S /707 > a’ DL
7 AT i3 VHEEB BN AlaBlb OFEIVAIZEE 21 L 72 CruC @’ CruCAlalV & 5%
L (Figl). TNOICKT2RBERE I A I FeBELe, KLY NV BERES
E, f&rf A mHSLAIaI NI ST 4 —BIOTIVABAIST LI O NTTT 4 =1
Ko THE L,
23 HHRBIOSRZEROMEZ BRY 1 X 11s 707 > ORE

54 2 11S 707 > AlaBlb OFEIVRIEEE D 5W\Wid C Rimshic s X 7s 77y
DIy AT a AEREFEAD DWEITIIL 7 Alaa’Blb & AlaBlba’, FEIVAIZE
PEIEESE . B AIAFESRICHEA LK AlaBbll & AlaBIbIl, £ LT C FRumabifHinL 7=
AlaB1bC ZF&EHL(Fig. 2). TNOHITHT 2 RIGEFER 75 A3 REHEL . FES 2N
DBERLESE, BOKENS LA O NI I T 4 —BXUOBRA A AT A0 N
T 4Tk o TR,
2.4 VEFRIE

0.5M NaCl 2 &% 10mM V) > EARER (pHT 6\ IR U T 545 > /X7 BRI % OFRE
WERINT 52 &L TpH 2 3—9 HBNE 2917, FAMEIEU T NaCl ZEINd
B EWEDTAAREE 0.5 HDWNWIL0.08 ITHHEL., 4CT 20 FfdKiE L7z, 17,000g
T 15 DR ODBET 2 2 &Ik o> T AU ERE L, Bz LEOY )NV EE%
FEL. AWy VBRI T BN s iaEEEE U,

3 REREEBR
3.1 RARBLOEFHROMMI BRI > T E—2 78 707 > OEf#EE
ROTE—CDEFRBLUERARD 7S 70T > (RAMIS) CHBEARO< > 7 E—
>Is a7 (AT MTS) OVEMEMED pH IKFFIEE - A4 > 58 E 05 & 0.08 THIEL
7z(Fig3)e RAMTS, MHZE MTS &b, A F25RE 0.5 ICBWTIL pH IC K 5 AIEE
TH oM A A HRE 008 T, pHA4—64 DRI THEBALBEL., FEETH o7z, 1
VETED pH #EBRIE. R M7S OB MR Z B M7S K DA UIEMo e, ¥ X 7S 717V
SSIDH}E. o s BOWTIOYT 1=y b &b, FEERFORADOL OO,
R/ TR Z B R 0 B IO pH EIFEAYA <  BESHONAFRIEICIEORIRERHFD I L %,
BAIBASMILTNS Y, L L, RAMTS HEROY 712y MEDRGW THD
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EEEETDHE, MHEZE MTS I3FFZT. KA MIS D DREEORR TH 20N E S5h
IIWrE TE/Z,

M7S D—XKIiEiEL S7S D3EDH T 1=y bDI B, BITELIL Thd, & AN S7S
BiE. A 38 0.08 ITRBNWTIE pHA.5-8.5 TRAEMETH O NEMED pH &EFHA WD TIA
WY 7R IEMEIEICERED S EE X 5NDDT, MISSSA & STSBDT I
pliZ B U7z (Table 1). W& CEIEd T 02, BREDENE Y X ) BHEKROZETIIH
BATE/20N, B2 ld S7SBIE MT7S8SA QDI AHIEZIREL TW/=D T, BUKEY 3/
BB Y 2 BOSFREICBIT 20MEHE Uz, BUKEY 2 BOSICITEIT:S
Mo 7N, WEY 2 /) BRDODTIIITRE 22D RS NI (Figd). 3785, M7S8SA Tid.
WEY 2 ) BOSTIDFOMAE BITT ¥ N TH BN S7S B T, BIEENR 5.
LB A FOMETRENTH D, BEWIEIEMTEADEIIITHML TS, ZDLD
TSI X B DDA DENINA 2 5RE0.08 12BVT 5 pH6.4— 8.5 ITBIT DIEFFIEDEN
DRE ETZ>TNBEEZS5ND,

32 BPHRIOMIEZ B 5 X 1S 0T ) > Ok

FHFX11S 7107 > (cruciferin) @ BNC1 B 712y OB B TH S Cu EF 1
Z11S 707 > D AlaBlb B 7 1=y FOMZ I TH 5 AlaBlb DEFEIED pH AK7FE
A A ERE 0.5 & 0.08 THIE U7Z(Figs,6). 1A H8EE 0.5 ICHBWT, AlaBlb idE&TD
pH THAAYETH 5 720N Cru 13 pHS LAUF TR E KT L7z, A A IREE 0.08 1T
BNTIL. AlaBlb Id pH52—7.2 DRIT. T pH5.2—6.6 DI TEEIEDMEN - = DITHK
LT, Cruld, pH4—6 ORITEWERZRLZAY, AlaBlb KD bEmWAREZRL T,

ZDEDIBEREDENIT 2 BHARNES L TN AR Z RS 29I, Cu &
AlaBlb D7 3 J Bk % Hs L7 (Table 23). %< D7 2 ) BOMAIEELIL ThB 0,
—EHDT I B THEERENASND, J72b5, AlaBlb IZHA Cru THE. Glu & Lys @
BB S5%. Asn DEEMN T5%BIEETH O, Gln M 115%. Gly N 140%THb. £z, 7
2 RSN OR—EITE <72 <. 36.5%LMEN, 3.1 Tial/z 7S OBREEEET S &,
Glu & Lys DFEDEITMA T, By I/ BOBKEY 2/ BOSFEERICHBIT 5070
DHEFH BEEET SAIREMED D 208 Cru DIAAEENKEATH 57012, FHHITAHTH
%, Cru DIAREEDMRAD =2,

33 WEABOMMA BT S x 11S 70T BT X 1S 70T > OrEfElk

—MREIT, 11S 2707 i 5 # RO RIEEEN B S, T % 11S7 07 Tl
N R 58 A T 2 B DO [ AIZRHEE R B E < (Fig1).Gly &£ Gn ICBATWS, £z,
A X 1S 717 > OFENIEESII B OF TR O EL (Fig. 2). ABMERHFDT
S/BICEATNDN, FHFXRUS 70T > ObDIESATRY 2/ BOEEDDI
Ve 1 2X11S 707U 0TIy hDIB A3B4 DHDITEL. 7072 /BEDAL
DM, AlaBlb DbDIL 42 7 2 /L VLD, —H. A XS 707D v 71z
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w MIFONKREIC 141 7 2 /B L ORDAERY I JBRICEDII AT > a U
I NBEEE TS TWb, ATV AT a8, ¥4 X 78 /a7y on
BRI AX S FE TSI ERICHSMIL TS, £IT, F¥x11s707J >
DOE I AIEMEE =R LSz CnA L FEIVAIZMHEEZ AlaBlb H5WWd A3B4 DHD L
AU Z 7= CuAlalV & CruA3lV. C RiZ AlaBlb OFEIVAIZEEEBD S WE aDIT A
T3 3 VAEEAEEE LT CuCAlalVE, CnCa’ 2R L (Fig 1. 7#% 11S70
T OEEERKEICY 1 X 1S /a7 OUER, §72HE AlaBlb DEEIVAIZEGHREL
B HVICHMICT T X7S 70T > @’ DLY AT >3 a AARREEAD B WAL
7= Alaa’Blb & AlaBlba’, AlaBlb DI, I AIZSHEED 5WE. CRIFIC AlaBlb
DIV AIZHEE 8 A 5 WL 7= A1aB1bH & AlaB1bll, 2L T AlaB1bC ZFR%
Uz (Fig2). 7% US/07U 2 EFAX11ST70TY > ORERDY 3 Bz
Table 2 & 31TRLTZ.

FH %11 0TV > OREFROEFRIED pH ARTEIE %1 A4 2 3RE 0.5 & 0.08 IZBWNT
BIE L (Figs). 1A 3E 05 ICBWTIE, £ TORENEHER LTRSS —>
EHZ -, —H. A4 8E 008 IZBWT. &Y INAMEONY — a5 T,
CrualalVE CruCATalVIZEFHER SHBRIL 72/89 — > 2 B X et BB RWBHAEERT
pH 7% pH4 705 pHS—5.5 K ¥z, THUL. AlaBlb OBNVEZAER BRSNS, 55
WEEND CERITInENG ZEicko T WET I JENY 18 FREHEA, K4 R
ETTIE pH OHEEZIB oz EL NS, LirL, BADHSWIIIINEH
BABICE > THIRNWD LR D EEZEND, AL BFHEATE pH7 LT TOERE
PEAMETF L. pHA—6.5 ORI CIREFAEME Ao /e, TO/TIE EIC, FARMEOHEZ#
D Gln DENKEEF LD EEZEND, CuA3lVE CuCa’ T, BREEDEN
pH BIFAAYE < 720 | HHIZ CuC 34 37 1S 787 ) > OUAROF TR O > v — 773
M SN D/NY — o E 5 X ]z, CuAlalV, CruCAlalV. CruA3lV, CruC o’ DIEIHTE
X . BT Glu OEMEAL TWS, Lo T, BEREERNBRONS - 25
ZBHTEICHUT, MBI JBEENT D ANKELEDSEEZ5ND,

G4 X 11S 70T > OSREBLOERMED pH KTFEEZE A 7 2 58E 05 & 0.08 IZBWNWT
BIE L7z (Fig7). 14 238RE 0.5 1I2BWTId, £ TORERNEFHEER & FERICETO pH
THAMTH o=, —H. 1 RE 008 ITBNTIE, &Y TINAMEED/NS -2 %25
Z77. AlaBlb OFENAIZFERZMEEEAZ THRAD S NIEIAINLZ AlaB1bll. AlaBlb
. AlaBIbCIERU Y 2 VB ZE DN, ENCER By — &84, WEYI /K
DB Z JZ I BN & TRAEED pH OFEFRIA < 7x>7z. FFiT, AlaB1b i pH8 I
BOWTHBRBETH o/, —H, ¥4 X 78 707) Y721y FOII AT 3
fEE A EA LTz Alae’Blb EAHIIL7Z AlaBlba’ BREIUTY 2/ Bk &R 5. BNIZR
12588 — 2 G X7 REED pH #2572, FHT, Alaa’Blb 23y —7
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Y — RS, ZNE ORI KA LRREET BV BISFRIED pH . 7
S B O EEHRL T HN HEREORIEE BRES B595I&Z2RLTND,

4. fam

BRSO /N BTHDH 7S/ 0T U E 1S raTsy) OB, 73 Bl

RIS TR, By 2 JBOATFECBIBAMOES RIS ZEMHIBALE. L
7= 8o T ETFHRSY >/ BOBRIEICH T HEOMREE IR B eI, 84
D )N B EE E R DLEN D D,
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Table 1. Amino acid compositions of mungbean

16 3

7S globulin 8SA subunit and
soybean 7S globulin B subunit.

Table 3. Amino acid compositions of soybean
11S globulin A1aB1b subunit and its
modified versions.

Amino acid Mungbean Soybean Amino acid AlaB1b Alac 'B1b, 2}:;:2;
Ala 22 22 AlaBl1ba AlaB1bC
Arg 24 29 Ala 27 27 27
Asn 31 33 Arg 27 38 32
Asp 21 21 Asn 37 37 37
Cys 0 0 Asp 17 23 20
Gln 36 33 Cys 8 9 10
Glu 39 37 Gln 48 66 55
Gly 22 18 Glu 41 88 50
His 8 8 Gly 35 43 37
lle 24 26 His 8 21 9
Leu 37 42 lle 26 27 26
Lys 27 21 Leu 33 33 33
Met 4 0 Lys 24 35 29
Phe 27 28 Met 6 6 6
Pro 19 21 Phe 20 22 20
Ser 31 31 Pro 29 43 33
Thr 12 10 Ser 32 38 35
Trp 3 0 Thr 20 20 21
Tyr 8 12 Trp 4 6 4
Val 28 24 Tyr 11 11 11
Val 23 24 23
Table 2. Amino acid compositions of rape 11S globulin
BNC1 subunit and its modefied versions.
Amino Acid Cru CruA T CruAlalV GCruA3lV CruCa CruCAlalV
Ala 30 30 30 30 30 30
Arg 28 27 31 34 39 34
Asn 28 28 28 28 28 28
Asp 20 18 23 30 26 23
Cys 5 5 7 6 6 7
GIn 55 34 60 61 73 62
Glu 23 22 30 37 70 33
Gly 48 34 50 51 56 50
His 10 -9 11 13 23 11
lle 22 22 22 22 23 22
Leu 37 37 36 36 37 38
Lys 13 13 18 15 24 18
Met 3 3 3 3 3 3
Phe 20 17 20 20 22 20
Pro 26 24 28 35 40 30
Ser 31 27 33 33 37 34
Thr 19 19 20 21 19 20
Trp 5 5 5 6 7 5
Tyr 10 10 10 12 10 10
Val 33 32 32 32 34 33
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Fig.1. Construct of the wild-type and modified rape 118 globulin BNC1 subunits.
(1) Cru; (2) CruA IT; (3) CruAtalV; (4)CruA3LV; (5) CruCAialV; (6)CruCa'.
Black and open areas are variable and conserved regions, respectively

The number of the residues from the N-terminus for thevariable regions ( I1-V)

are shown.
v
| 11 {1 v
1 95 168 251 449
(1) NN Mo
19 108 199 290 476

o'extension region
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Fig. 2. Construct of the wild-type and modified soybean 118 globulin AtaB1b subunits.
(1) AlaB1b; (2) Alaa‘Bib; (3) AlaBiba’; (4) A1aB1b1I; (5) AtaB1bll; (6)A1aB1bC.
Black and open areas are variable and conserved regions, respectively. The number

of the residues from the N-terminus for the variable regions (I - V) are shown
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Fig. 3. pH dependence of the solubility of the native and the recombinant
mungbean 7S globulins at ionic strengths 0.5 (A) and 0.08 (B).
B native M7S; A, recombinant M78S.
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Fig. 5. pH dependence of the solubility of the recombinant wild-type and
modified rape 11S globulins at ionic strengths 0.5 (A) and 0.08 (B).
O, Cru; O, CruAtalV; V¥V, CruA3lV; A, CruADl; @, CruCA1alV; ¥, CruCa'.
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Fig. 6. pH dependence of the solubility of the recombinant wild-type and
modified soybean 113 globulins at ionic strengths 0.5 (A) and 0.08 (B).
[J A1aB1b; V, AlaBibIl; ¥ A1aB1bIl; A, A1aB1bC; O, Alaa'B1b;

@, AflaBiba’
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Precise investigation of salt effect on solubility of seed storage proteins

Shigeru Utsumi, Motoyasu Adachi and Nobuyuki Maruyama
Graduate School of Agriculture, Kyoto University

Summary

Major storage proteins of many seeds are 7S and 11S globulins. Although each globulin
shares similarity of amino acid sequence among, plant species, their solubilities are not
uniform. Solubility of seed proteins is one of the fundamental properties required for food
usage. Therefore, it is desired to elucidate precisely the effects of salt on solubilities of 7S and
11S globulins. Then, we investigated solubility-pH dependence of mungbean 7S globulin and
rape and soybean 11S globulins at ionic strengths 0.5 and 0.08 using Eschelichia coil
expression system.

Solubility of recombinant wild-type mungbean 7S globulin 8SA subunit was compared
with that of soybean 7S globulin [ subunit. Although 8SA has structural similarity with 8,
their solubilities were quite different to each other at iomic strength 0.08. Thus, 8SA was
soluble at pH6-8, but fwas insoluble. We demonstrated that this difference is able to be
explained by the distribution profile of charged residues on their molecular surfaces.

Generally, 11S globulins have five variable regions. The variable region IV is rich in
negatively charged residues. The length of the variable region IV is different among subunits,
and those of AlaBlb and A3B4 are composed of 42 and 70 residues. On the other hand,
among @, @’ and B subunits of soybean 7S globulin, @ and @’ have an extension
region at their N terminus, which is rich in negatively charged residues. The extension region
of @’ is composed of 142 residues. Then, we prepared modified rape 11S globulin BNC1
subunit and soybean 11S globulin AlaB1b subunit. The modifications were insersion,
addition or replacement of the variable region IV of AlaB1b and A3B4 or @’ extension
region into or with the variable regionIl or Il or the C terminus. The solubilities of the
modified 11S globulins were compared with those of the wild-type. We obtained the
following results: D11S globulins of mungbean and soybean exhibited different and similar
profiles at ionic strengths 0.5 and 0.08, respectively; @ solubilities of modified versions at
ionic strength 0.5 were similar to those of the wild-type; @ solubilities of modified versions
at ionic strength 0.08 were affected by the length and the position of the introduced
hydrophobic peptides.

As a conclusion, the effect of salt on solubilities of seed storage proteins is affected by
distribution profile of charged residues on molecular surfaces as well as amino acid
compositions. Therefore, determination of the three dimensional structure of each protein is

desired.
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