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Abstracl

Synthesis of new active protein was investigated by heat—treatment and fermentation of kidney beans with
Bacillus subtilis ATCC 51189. The amount of water~soluble protein in raw kidney bean (raw protein, RP)
was greatly reduced by heating (heated protein, HP) and several new amino acids were synthesized by fermentation.
The molecular weights of proteins determined by SDS-PAGE were 118 kDa for RP and a new band of 18.0
kDa for protein (fermented protein, FP) in kidney beans heated and fermented with B. subtilis ATCC 51189.
IHemagglutinating activities of RP, HP and FP were 128 HU, 4 HU and 32 HU respectively. Both of RP and FP showed
anticancer activity against stomach cancer cell line (SNU-1) at 50 pg/mL and lymphocyle stimulating activity
at 1 ug/ml., and stimulated PBMC to secrele IFN- 7 and I1.-12. However, HP did not show any kinds of activities.
Taken together, these tesults suggested that lectin in kidney beans was destroyed by heating, but new active
lectin-like protein was derived by fermentation with B. subtilis ATCC 51189.
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73d+-3E(Phaseolus vulgaris, kidney bean) lectin- phyto-
hemagglutinin(PHA) 2. 2, 22}5F 30,0008 E-type2]
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tau| 5 B EANE] of| A k-2 B, subtilis ATCC 51189
Z nutrient agar medium(3 g/L bacto beef extract, 5 g/L
bacto peptone, 15 g/L bacto agar)& A-&3le] 35] Al )
orslelch, TS nutrient brothell % &Fhe] 37°CellA 484] 7F
ZALA A vl oFll & FREE G (HEAFA A =
WAt -2 743 F) ol 6% A Z-she] 37°CellA] 3% 2k v FA] 7]
I, 40°C @EFAZR7|AAM 4827 A2A 7 F #4354
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buffer, pH 7.0) 100 mL& 7}+3F
she] 9414521 (16,000 % g) & AH54 & sk o) 1009% E3}
it u e 2wl e A7)z 44 el dle] doial
AAEZL 28 likebEde]] Al A 4°Cell 4] 484 25
b Fl sl adorn BEM E QN Eeste] B84 &
AL AAsta o4& gre] == Amicon YMI0; molecular
weight cut off 10,000) 2.2 F-&3}te] A 52| F3Fe] E3H10
ml)e] S =% 2AsAd. A& 52 A 5+ BSA
(bovine serum albumin) £-°4-& EF§-H o7 331, BCA
(bicinchoninic acid, Pierce, Rockford, IL, USA) 4] 2k&- o] &
3oy 562 nmel4 FFEF E43Ach

2-al(0.1 M sodium phosphate
0°Coll A 6417+ 33| &
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ot | pt =M

thalzl A2 2 mlel 6 N HCI 0.1 mLE 7|3}e] 98°Cell A
847} 7}=E8) A 71 18 membrane filter(0.2 nm) 2 o3 =}
shod A B2 A7 8k 80°Col A 1547k FF AFA| A F
1 mLe $h58-dd) 7pste] &) A ek, obrledt 2534
71 (Beckmann 6300 system, GMI, Clearwater, Minn., USA)
o Fglale] EA{3lH

SDS-polyacrylamide gel electrophoresis(SDS-PAGE)

Separating gel 12.5%, stacking gel 8%.2 31927, stack-
ing gcloll A= 50 V, scparating geloll 4= 100 VE 22+ A
AN A GelE 0.125% Coomassie blue 402 4 F
=8 5}e] molecular weight size markerdl sl E2}&&
galstdoh

S| &AM

Apgtel Hal-g 10802} 0.15 M NaCl 4422 F-F-A 7] 3
A4 B2 FA €7 ohA] 015 M NaCl &1 02 /ﬂ] 3
3396 A8 T Bg0-e odglch Microtiler well platel] 0.15
M NaCl 4 50 LS 27 w4 A& 50 LS H7hsted
2d| 42 A A &g 3% HE T -7 50 uLE At
Ble] 37°C wllaf7lell Al 14] 7’* meFAlZl o, HE ZE7 v
wated S5 Asdch 2T SAEAS el
lectin®] &4 ] 4~F hemagglutinating unit(HU) 2 vhepyich,
Mzeier U gerad £H
A 2522 ol A] 4] §F SNU-1(stomach carcinoma,
human, KCLB 00001)-& AF&-3e getaAd & FAshadrch.
22 A4 T 10% fetal bovine serum(FBS, Gibeo), 100 units/
mL penicillin/streptomycin(Sigma, St. Louis, MO, USA)&
#2743+ RPMI 1640(Flow Laboratories, Irvine, UK)¥ 2] &
Apg-8te] 526 COy, 37°Cell A whoFstsiet. A £} trypan blue
£ [trypan blue, 0.8%(w/v) NaCl, 0.06%(w/v) methyl-p-
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hydroxy benzoate, pH 7.2, SigmalS €35} hemalocy-
tometerol| # &k F 442 @97 (Olympus IM)-& ©]-4-5}¢
AZE =5 &2F 3G 834 L 3-(4,5-dimethylthiasol-
2-yD-2,5-diphenyl tetrazoliumbromid(MTT, Sigma) assay
5 o)8-ste] 243tk AMZE 96 well plateell 1X10°cells/
wello] =% 180 UL &58t1 A F=2 A=3 D74
EE 20 0L A7}sbe] 5% CO;, 37°Cell A 724 7k vl oF3t5d o
o] 714 al4bAlel A e =ofl 5 mg/mle] ¥ 52 AZE MTT
%%‘ 20 uLE #A7stm B wieFEA ol A 44)2F o] sl okl

t}h o] & dAl Rl Fte] AFA-g A A5t w, 4R formazan
crystal 2 Z} well @ DMSO 150 iLE 7}8)e] 3057 welsh
- ELISA reader(Molecular Devices, Sunnyvale, CA, USA)
2550 nmell A FH =5 FAstdch A2 e dl=2T
o ¥]3led 50% A zh= AR FEF ICoE e a.
dz7= A8 dal SF55 A7 Ao slgdod, A9
£ 33 uhEsled [k AAEshsth

2= ZAMs A sandwich ELISA(enzyme-linked
immunosorbant assay)

Ficoll—Hypaque(Phannacia, Upsalla, Sweden)el <3}
71748 Al ol 0 2= ¥e] F2]gF PBMCiperipheral blood
mononuclear cell)-S gentamicin(40 ng/mL) % 10% FBSE
Arpat RPMI o #) o] F7-A 2t} PBMC(25X% 10%/wel) &
microculture flat -bottom plate(Costar Cambridge, MA, USA)
of @7 A 8E& A2 ¢ 3 5% COq, 37°CellA] 7247} vl o3}
oit,]. EJn‘}?zﬂ_g__L].‘-— x-"iE/H ZZ) ) olg)l il o 3
MTT assay s o] &3] FA48)l9 ). Cytokine S4-2 [L-12
p40 2 IFN- 7 %44 ELISA kit(Endogene, Cambridge, MA,
USA)E ARg-sle] A 2212] vl ol ote} 8 5}1g] vk Cytokine
standard @ A X2 AAg wioFd-& 96 well(precoated with
monoclonal antibody specific for IL--12 pd0)ef] 100 nL& 2

. biotinylated secondary antibody 50 nL& z+ welldﬂ
7hatich Aol A 14 ZEE-qk vl oF 5= A & 4 ghgod o 2 33
AHgr F zF wellel streptoaviclin—HRP 100 L™ Yo A
214 30 —Er: sl oFatsivh obA] 35 A=A & A A eF(TMB)
100 WLE ¥ 2, 208 7k DA A 712, HySO. R HH-3-& 7] Al

A % 450 nmel A FFEE ST

1+ A E AT 2 RE Qe datad SAS
-4 4 Ducan ™HH 9 2 5(Duncan’s
I‘I‘lultlplc range test)% "a‘/‘] gh4d v} (20).
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23] 7hedste] A FH 3= Aol s1F el o] HA A ek
WAl PHA® 3451, lectin®A &= Ale}A o}, & HE
AlH Faolv] il BetRIB, By 55 A4 B subtilis
= R EIA A A et el 2134 7154 pep-
tide & A2 A2 4 242 AAse AR 4HA ol
th(19). £ AY A= ZdFE € A2l ste] PHAE 584

FA7 F LEAA A2 lecting] HAATE A7
__?_

et -4, DA " R 23 7hd e “g-"‘é )
o ghekg &l 44 wlEl g FAgEREoeR
£217) ¥ BCAA| & o] -85t id 2] o2 A3 A7
B ] 93te] T FE4g T FeFo] B F 4
Shod o], HE A A 2= AW & A 59 Z Aot A
= 7le g wof, AT s LA ] ofs 3 A W
21717 e AR vielylti(Table 1). ¥ o7l = 47
FE o253y Felgk wela-g RP(raw protein), S X &gk
7 ¢ F oz E g gWlalg HP(heated protein) 2]
o Fxlg]ste] WE AT 7dE S FP(fermented protein).2
2 2 3 A8kg

7} A 59 ofv] At /0 248 ZA 2= Table 22} 2}
RP % HPell+& serineo] &3 r=lo] 1= @b ou), Fpoll

/1264-—] serine®] &fH o] 92, glycined} alanine

}'6}" AL vehlt. & RP Y HPY| o}#lx
& Ate]7} glgl v, FPe] ofr|make] 242
24} 7‘}"’].—'—--::' Holch vdabA] L. subtilisel <) & E 33 of &

Table 1. Soluble protein content isolated from kidney bean
Kidney bean Protein_content (mg/g)

Raw 73.7
Heated 13.6
Heated & fermented 198

Water soluble protein was concentrated with saturated (NHi):
504 solution and protein content was measured by BCA test.

Table 2. Percentage of amino acids in proteins isolated from
raw, heated, and fermented kidncy beans  (umit: %, w/w)

Amino acids Raw Heated %—Ieated &
ermented
Aspartic acid - - 0.09
Threonine 9.53 9.25 12.20
Serine - - 4.26
Glutamic acid 1.39 155 1.99
Proline 12.35 11.74 18.34
Glycine 5.55 5.71 7.80
Alanine 4.37 4.28 6.86
Valine 2,90 2.74 3.06
Methionine 0.41 0.35 0.71
Isoleucine 2.99 2.35 241
Leucine 493 .87 653
Phenyl alanine 3.11 3.05 2.95
Hislidine 2.28 2.11 224
Lysine 6.72 6.39 6.50
Arginine 3.65 3.26 3.77
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PHA+ ek Fe)e) subumtﬂ- 57121 o2 el v
T2 tetramer® A3 ] gl2H, o] F isolectine E-
type®} L-type?] subunit® T4 = el gled, 7T F7F
o w2} thekdt Hel R £A)3t = Ho = %A 9lek5). Fig.
1& el e 2 el 7GE gz SDS-PAGE
= Esf g% Fdalo)} Lane 12 RP2| patterno2, T
782 subunit7t Z 3= dimerd| el 554 kDa9] 3%k
band<e} 30.0 kDa #Zell4 + 7j2] ¥} band7} A =,
Azddg ol A Eal g sl 2 B2 118 kDa2] PHA tet-
ramer?] 73 A 3l patterne vel¥.2w E, L subunit &
5E zZby gle 2o 2 byt =8, PHA subunit band
o] o} & bandr}t HojR] ¢f= 702 Hol Sl Fo R
ARQAA A& o84 dd FF e g yRo] PHAY 7.2
B2 vebgdd 22, A4 =gl G E a2y e e vy
A HP)e] A7])%F pattern= B, RPel|4 R4 bande
Atz m, A 22 gl 22 peptide® W3 pattermn2- X
o F= L 9l 2™ (lane 2), WebA] 7G-S 844 D2
Aol 2]3te] A EA} peptideZ HMEE AT FU% 5
glith. FPE] ¢ RP % HPol| A3 Bo|x] @okw 221k
18.0 kDa®] %13 band7} 2.3t} (lane 3). wheba] L& A o
2)3}le] A 22 peplide F-& o] PAH A& FHqlgd
=+ sl

A E 7 S AT o3}e] A7)l A E=]¥ T2 lectin
24% Fag A3, RP(1 mg/mL)+= 128 HUS| &4 o] vie}
wow, HPe 7 o= 4 HUS] #Ade] veld R oz Bof

B xjelel] &3te] PHAZF -3 AFehal A& &A% 5 U
H(Fig. 2). WalA E5o] PHAS &3 470355 44
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Fig. 1. SDS-polyacrylamide electrophoresis patterns of water—
soluble proteins isolated from kidney beans.
lane 1: protein from raw kidney beans (RP), lane 2! protein from
heated kidney beans (HP), lane 3: protein from heated and fer-
mented kidney beans (FP), lane 4: standard marker. Protein was
concentrated with saturated (NH4):504 solution.
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Fig. 2. Lectin activity of water-soluble proteins (1 mg/mlL.)
isolated from kidney beans.

The definition of hemagglutination unit (HU) is the maximum
number of a serial two-fold dilution of protein solution showing
hemagglutinating activity.
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Fig. 3. Dose-dependent growth inhibition of SNU-1 stomach
cancer cells by lectin proteins of kidney beans.

Protein was concentrated with saturated (NHg):504 solution and
the inhibition of cell growth was measured by MTT assay. Results
are an average of three experiments.
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4). IL~12 = 24 3t5 A A T} A H ol o ale]
oA o, THAEV AadAbsh A 2ol 9 sle} INF-» & A433}
A e AHe Aol =3 INF-7 = WA EE &
A slale | [L-129] oF2 27FA 7] 2, Tul-type W52 3
aho] Sk BA S P} wpEbA, IL-12 2 INF-7 = %
Azl 3t 2] whelo] o9 F 8 slc}4). £ AH A=
dgozny ey @z PBMCH wi’t L-12 E
IFN-7y & ] & LE" 2 sandwich ELISA ] 2] &} 74
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Fig. 4. Lymphocyte stimulating activity of lectin protein (ig/
mL) isolated from kidney beans.

PBMC was treated with protein concentrated with saturated (NFL);
504 solution and the activity was measured by MTT assay. Con-
trol was lreated with PBS buffer and results are an average ol
three experiments.
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A 1-12 2 IFN-7 o] 1] 222 274 u]sle] G2

o
T
[=]

T Aol 2 wolA) S A L2 Be} T G0} gl
AelgH g ¥ AW Ae 49T 4 ek 19

v B. subtilis ATCC 511899 2]g+ st o= A28
cytokine ¥H| 2 o] A =% 718 &IT  dxict. vt
A o]} e A oz 2]e 23le] A7FEZ 2] PHASY
g 72 AR FHEAZ 73 F el FiHel ol lectin
< YA EA B2 VoA doER J)FAAE

ol% 7HedE AAHFL ot

50
45
40 + B Control
—
235} g1z e
B
"g 30 5 {25 b
- bS
o 25 2 o
O B
s [o<5 B
' I %%
| ¥ %
=10t K ::' 1
5¢ £
B
0

Fermented

Raw Heated

Protein from kidney bean (ug/mL)

Fig. 5. Quanttitative determination of IFN- 7 {(A) and IL-12 p40 (B) produced by PBMC treated with soluble protein in kidney

beans.

Protein was concentrated with saturated (NH4)2504 solution and protein quantity was measured by ELISA. Control was lreated with

IPBS buffer only and the results are an average of two experiments.
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A2 A dulAd e AFARE Falerdth A7bdEe
tﬁizéf g gste] it on, BaHA
] o] of2- w35l A] ehgt.ot, A ZAg ofplmAke]
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22 Byl o} of A2l gk i & (heated protein, HP)2| 7
% RP4] band: A}=hR] 22, 4 B2} peptide® W 3= gl 2o,
L ETA o] o]3le] 2xeF 18.0 kDa®) A 2L WA (fer-
mented protein, FP)o] 44 & 7-& FQst4v}. =3 RP=
128 HU, HP= 4 HU, FP= 32 HU2) A #3205 B4
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IL-129) #u]5 Zx13}gich 22 HPE #etis), dx7
4 &3}, cytokine®] B ZFHEHE BolA] shet ol
A, 7FF lectind 7Hd o] &gt S FA o] 73 E]‘—Jr B.
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