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Abstract It is already known that adzuki beans (Vigna
angularis) are able to control appetite. Therefore, this study
isolated from adzuki
protease resistance and interaction with the intestinal muco-

tested the proteins beans for their
sa. The major proteins from adzuki beans were found to
be resistant to the digestive enzymes pepsin and pancreatin,
and were identified using 2D-SDS-polyacrylamide gel elec-
trophoresis and mass spectrometry. The major adzuki proteins
were easily fractionated by treating the soluble protein
extract with 10mM CaCl,, and were found to contain lacto-
transferrin, a homologous protein to the dynein light chain
domain, proteinase inhibitor, and proteins with unknown func-
tions. From a tissue binding assay using mouse intestinal
tissue sections, the major protein fraction showed weak, yet
significant and specific binding to the mucosa layer of the
small intestine. Thus, the current results suggest that adzuki
proteins are resistant to digestive enzymes, which enables
them to survive protease digestion in the intestinal tract,

plus they may interact with the intestinal mucosa layer.
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Therefore, the molecules responsible for controlling appetite
in adzuki beans are presumably protease-resistant proteins
that interact with the intestinal mucosa or delay digestion in
the digestive tract.

Keywords: adzuki bean, protease resistant protein, pepsin,
pancreatin, tissue binding
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o] glycine®|™ valineS A &gt A5 ofmizito] FH3ITh
(Hwang et al., 2005). 53] lysine &=¢] =o} lysine®] F=
o A3l ) e whlE Bl ulg- g o]t} o]
o= HE Ble] dv|RtiE o @el FHrEe] o] Z71H
257 aAH ot} o=z, FEI|FE EFo] wn HE}
A, B2, 4, 9, R 5ol FEo] vk T3 o] 9
Aol Abzd Fdolgte Aito] Sl detaztel A
Y Aol =go] vk dEA glom, xFhE Alxd
o] AFE e 54 wie IF vgol= o]§HrkKang
and Han, 2012). &2 9% o} tho|o]E AFoaw 713
Wy ) 9™ (Thomson and Winham, 2013) &2 2]o]d &
G100 )= AeES =9 Huls|LoxE EHKim et al,
2003). o]A® B Fol HlEjA = olgo] HAT H LY
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G Fol azAelh Ao i
Fagol 24NN Ralsle] FruLh 2ok, A ATFE

o =W Fo FaThilFe AFo|a] $ds] EI|EA] &
=TH(Wati et al., 2010; Betancur-Ancona et al., 2014). ©]&
st T AES dud Felas A ddoelzt By &
S o3t F wAXY 4] HelEA] v A dd
I Augt A5 AL-S e B wldo] & Aol e
2 uwd Fo Astad A3 e oisk AtE
FHoZ A¥e YAt

R

Defatted adzuki bean &89 A
BE 4°C FFF 18 Al B9 AAAA YU E 2T AlA

3 & Ao wke 108 FeF 100°CE AT S s Y|
e AAE glo] zhzt AR s RS AA
Qok 2 F AxE Exy B FEAY S A4 2370
Zrolx ne BuE wE 22 30 g & 0.1 xPBS 150 mL
A7 51 A % AedA 200 pme2 wyksto] &
A5 5313 12000 rpm, 4°CollA 3087 QAR k] &=
4 SE AE5Ae Aok

Simulated gastric/intestinal fluidsA] 2 2 £

T84 2 9d 8AS omLy F L pepsing HE
32mg/mLE =% F7Iste] pH 22 930 F31(Galia et al.,
1998) 37°C water bathollA] RES-AIZ1™ 0, 1, 2 hell Z}2+e] ®F
S22 AFEI 1 M NaOHS 7I5te] pH 72 %o uk
= TE AR F 0°CeM Basisith AFe 3 2 e
A WEEEo] 1| M NaOH §9& 716t pH 682 ¥ &
pancreatin®] ¥ FE=7F 10 mg/mL FE=E 3718} (Galia et
al., 1998; Stippler et al., 2004) water bath incubator(37°C)°ll
A WrSA7I 1, 2, 3, 4, 18 hollA] 2z wke-ES A
5%7F 100°C =0l 7 dAest wkes T4 AR+
0°ColA B3ttt

1 oo

GRS ELE AP S £

GAg|el FEAET 2 DHA-S pepsin & pancreatin® 2 A
S & AslEde] A3dE Hols WEFEAS sl 12%
Sodium dodecylsulfate-polyacrylamide gel electrophoresis(SDS-
PAGE)Z 100 VoA A719F5 F gel2 Coomassie Brilliant
Blue G-2502.% overnight staining, 10% ethanol &% o =2
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destainingd}a?. SFTE AAEE S scan SFATHEpson Perfection
V700 Photo, Nagoya, Japan).

CaCLZ major ¥ @A AA

Fdxg 2 dmd A58 95mLel] 0.02 M 10mL ©] 5
T2 0.5 M Tris-HCl, pH6.8 04mL¥#} 1 M CaCl, 0.1 mL<
4o #F 10mM CaClLel 9] S= 20mM Tris, pH 6.8&
AL 10mLE THE 5 0°ColA 1A1ZF Bx]ste] o] A7)
T2 &3 16000 rpm, 4°ColA 102 5¢F A4lEa)Ee] major
childo] AR SN major TN EE T3 pelletS
2

sl WAR sk,

Pancreatin A2 @ ¥ @A 2D gel ¥4

Fdxig] 9 gx2] 2 9N E S pancreatin®E 4h A A,
Z2]3L CaCl, 223l &2 major proteinS- simulated intestinal
fluid§-Hol] Ho]aL o] §Hg pancreatin® = 4h A3 AlE
3mLol| 1:1 H]&Z phenolg ¥ ¥ vortexing 33l 5E7F
3000 rppm, 37°CollA HAEE3IH . 2 ¥ whilldo] Eof 9]
£ oll% phenol5sS FH3le] 5xH32] 0.1 M ammonium
acetate/methanolS o] TS HAA AL HHE g
S 70% ethanol2 ¥ 3L vortexingd}o] washingdt FH SE7F
12000 rpm, 37°ColA] ARSI pellets A= H8E 3
H THESIITE MAE dld NEE A7z o B
AR 450 pgs AHE3Sled pH 4.0-7.0 77F2] IPG-strip(Biorad,
Herculus, CA, USA)E ©]&3}o] 36000 V-hZE isoelectric
focusingdt3A T}, 13 7195 0] ©]Fo}X stripS equilibration
bufferollA] 30:27F A2] F 22k H7195S 12% SDS-PAGEZ
AAIEI T 71950l Bt $ gel2 Coomassie Brilliant Blue
G-2502.F staining(overnight)3t & 10% ethanolZ destainings}.
SHTE AT 5 gel AJoll E21E DM imageS scansIT.

MALDI-TOF &%

2-D gelol|A] @t @l spotES 50% acetonitrile/0.1 M
NaHCO;, pH 8.0Z destainingd & W57z slo] B3390
Matrix Assisted Laser Desorption Ionization-Time of Flight
(MALDI-TOF) Z#EA & spot2 A3t THAAZS gelol
I mg/mL 0.1 M NaHCO;, pH 8.0, Trypsin(Promega, MI,
USA) & 15ul® 32 IFolA] 30% &<t incubation §+ F
37°C water bath®ll 16A17+ RESAIFTE Trypsing *|2]gh tubeel]
A 15 L £9S FHat] Al tubeol] ©IZ Y Fol| 54 Ax
3lo] MALDI-TOFE 91§+ AZ-5 Wt MALDI-TOF £4¢]l
2] AojR mass spectraS M-over-Z T2 IO 2 calibrations}
3 2 HEE 7MKL NCBl-databaseZ AAste] @ald S &
A A TH Webster, 2012). MASCOTS AMAR o= A3
B2 scoreZTE 7HE AFETF £ AES A HER

A58,

CaCl, AT & 92 major ¥ FYZAEL o] &3} tissue binding
WE HASAH major B DA CaCl, pelletS biotinylation
317] 98 1 xPBSZ 10mg/mL SE2 25T 10mg biotin/
I mL dimethyl sulfoxide 0.1 mL3} 1h 204 k& A|AFIL
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Figure 1. Protease resistance of proteins fractionated from adzuki beans.
The soluble proteins from no-heat-treated (A) and heat-treated (B) adzuki
beans were dissolved in simulated gastric fluid and digested using pepsin
at pH 2.0 for 0, 1, and 2 h. The 2 h pepsin-digested sample was pH-
adjusted and digested by pancreatin for 1, 2, 3, 4, and 18 h at pH 6.8. The
samples were heat inactivated right after sampling and stored frozen until
analyzed using 12% SDS-PAGE.

I Sl WARASY Hel 242 paraffine 2 743}
o 4um HHOZ lateral 1A A slideE ©]83F4] tissue
bindingS AR TE WA paraffin A|AE 9130 xyleneol] 10%
7k slides ©23 ZHHE 100% ethanolol]l 3%, 95% ethanol
o 3%, 80% ethanol®ll 3%, 70% ethanold] 3% F<F E<th.
2 5 =l 5%, 3% H0, &9 13% A & Eof 1587k
@t} Antigen retrievingS 13l slideE 0.01 M citric acid,
pH 6.0 ¥ mlo]AZgolH @ FojA 1087+ 7FEAAEL
3087 28 23 & Eofl 101, 1xPBSel| 10 AzZ]|ghch
Slide 22| v}Z Zo| paraffin® 2 BT ¥9& 28 marking
S}aL blocking 822 2-3 AJ7}F blocking 3T}, Biotinylation
H AES} aviding 1:2°]&2 4L slidedllA] blocking 8-S
AASIL 0.1% Tween 20°] S+ blocking &S Hojr
Ak 2 & F e ZF Zb7; 20, 40 uLA HojmAL)
1 xPBSZ 3H A3 ¥ mounting §4-2 Hojra]al coverslip
©2 Yo mountingdt} I ¥ =&2 Light 10ms, FITC 4 s,
DAPI 600 ms= &n]7 #H2sigich

4

T duFe vl BEIEL AP

x|t FExE BelA g F84 dudS 5k
Bradford *H (Bradford, 1976)2.2 iz g T
d3g BolME 60 mgmLe FEE ThiEo] o
AT E 6 mgmL ©]stE T Fo] ZA o] IA 9

CaCl,

CaCl,
Pellet

Figure 2. Removal of major adzuki proteins by CaCl, treatment. The
soluble fraction of the adzuki proteins (Total) was treated with 0.1 M
CaCl, for 1 h on ice and centrifuged for 30 min at 10000 g. Most of the
major proteins were removed as a pellet fraction and the proteins
remaining in the supernatant (Sup) were enhanced and visualized using
12% SDS-PAGE.
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Figure 3. Protease resistance of major adzuki proteins pelleted by CaCl,
treatment. The major proteins from the adzuki beans remained resistant
during 2h digestion by pepsin and a consecutive 4 h digestion by
pancreatin (Pan_4 h).

ofs| o] ¥ wuldo] E83lEE Ao FAHHJTH
(Figure 1B). WEba] o] Fof A= FExE] € &4
S ol&st A Yt FEAgel dxgd 2 oy
1] thlz P& AFPLAS Golry] fla 4 &
S2 pepsin®Z 2h 2|3 pancreatin®Z 18 ha<t BH-3-A]
T WalEA @ g TAS 12% SDS-PAGE AdellA
Zslir gas 3 A3 FEAYS 2 D E2 pepsind
EE AgAES BT pancreatindl] i E 4h WES
Al S gRE AL BHUom 18h WSl tiFEe
major T ES0] FAEIYS W U] dHES AFEE
B a8y, EAEe 2 dde 40 FEE o
wZ o] Tk Yol gel AgollA Fu|st Buld pandE HAE
d pepsin ¥H-5-oM= AEHS HH O pancreatin HE-3-o| A
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AL Ao oJsf o]5 As|aiEe] A
1912l % pepsindll HlsiAl= 3] @l Ha gl A
e B & & Auh EE 29 major TAES 23]

Vs BTk

AMAE =

ol g kol Ao} o] WMARS A A 47}
_\é_ <) o)
g

29 major protein®] &3

SDS-PAGE 4olH #2 o]%e
2 nFo g EAjshes vds
AES BAHs] Y8l 8 2 dEES F&, AlA] 4
3] Omana and Wul®] WL Fsle] CaCl, ABE AN
THOmana and Wul, 2009). 584 & ©hild golo] 10mM
CaCLA 2] A8 A3}, CaClLxg] 5ol major TZ o] A
AR e ESo] FiFoR o & <1 = F 3o

= T MM—
o AAE FolE major ©A 2] band”

T sl AR
B8 5

Aol major T

S AR
UeEbl ek (Figure 2). 3 F8 ©ES AAZE CaCLA 2]
4ZAS pepsin X pancreatin® = 233+ A3}, CaCl, 228}
7] A3 vlaLste] S whdSo] whld e adel] s
el Ee Both(Figure 3). ol & Ty

o ol A2 pepsin
o o8] a7l oyl 2] major proteinE TS & o
WZEo| Bl pepsin AFAFS 2L AS HodA 2] major
proteins°] THE Fajai A wlEdS & F ATt

MALDI-TOF £4& 53 9¥d E3as APy ddE
3

& ol 2 chlA R g A ] oA ES By 53
at7] 98 FEAE 2 EEE 2h FRF pepsindE] § 4h
&<t pancreatin A2 stal EaHA] 3 FE SR AESS 2D

gel Aol ekt 272 Bl Ralad #2E o)
A ke @ thilds e

23t 2D gel imageES Y3 F imageE PDQUEST
software= (Biorad, Herculus, CA, USA) ¥4 3lo] Fo]
& Hol= oA Muetith(Figure 4). Gel T i3l
= THESS trypsin®E A3 F Hof7l peptides MALDI-
TOFZ H4I3}%] mass spectrumS AT ©]E mass #<S o4&
3l NCBl-databaseE AAste] Sl dES 533130tk ol
ofA #e]

Wl >

5

Figure 4. Protease-resistant adzuki proteins separated on 2D gel. The
total adzuki proteins (A) and CaCl,-fractionated major proteins (C) were
digested by pepsin for 2 h and pancreatin for 4 h (B and D, respectively),
and separated using 2D SDS-PAGE. Based on an image analysis of the
gels using PDQUEST software, the protease-resistant proteins are
marked with arrows and numbers. The marked proteins were dissected
and further analyzed for protein identification by mass spectrometry.

AL 4= gl7] wEol F, Arabidopsis, Ak} o] A F7HA]
genome H71AHo] BE%] A& 34} database®HE] AR
Tuldse] ARg Fahs vigAd B4 I 5wl 9
Atk 2 A= Table 19 Aelsto] vebllth. 22y vig- =

o138 Bl ThAEZRE major TA0] lactotransferrin
AR THspot #11).

Protease A4 Ao FAY =F AY
Z dhidEo] thld B g gt AFAHS Holy)
o ol& AP "dHEEe] &L%ol HEE
FoAeS Ba Y] Ay #Aees T 5

1=
| biotinylationgt & THAES 7kste] W&
oA 2]

AlZL § avidin-FITCE #AF A3} gdut Aol 2 dudo]
AoE AR BSA(bovine serum albumin) *]2]tol] H|3]

Aduiror APehS HAtHFigure 5). ©] A= I @

Table 1. Identification of protease-resistant proteins from adzuki beans by peptide mass fingerprinting

Spot MOWSE score Protein MW (Da)/pl Accession # Identification

P1 60481 77626/8.6 P14632 lactotransferrin

P2 2280000 118028/5.5 Q5TIBO dynein light chain domain

3 483594 62019/4.9 B2A0KO0 hydroxylamine reductase

8 1570000 9130/4.9 P01058 proteinase inhibitor
133044 65947/9.4 Q4R744 uncharacterized protein

10 6376 92093/6.5 QI9LZA6 triacylglycerol lipase

11 2430000 77838/8.9 P08071 lactotransferrin

13 162671 97747/5.9 QOWPZ6 pentatricopeptide repeat

16 362938 80876/5.6 Q9Y2L9 calponin

17 126596 9153/8.8 P07081 9.2 kDa protein

Curr Res Agric Life Sci (2014) 32(3): 149-154
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DAPI

Li‘ht FITC
B

Figure 5. Binding of adzuki proteins to intestinal mucosa layer. The
biotinylated soluble adzuki proteins (B) and BSA (A) were conjugated
with avidin-FITC. The conjugates were incubated with sections of the
small intestine from a mouse. The sections were visualized under a light
microscope (Light) and fluorescent microscope. The binding of the
proteins to the sections was highlighted by green fluorescence (FITC)
and the nuclei of the intestinal cells were visualized by DAPI staining.
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g 2w £4& 9siA= genome H7IMEY F5 ol
e 9] cDNA HQ7IME BAS 53 ¥d whde]
£ =31 (Huang et al, 2013) o]= A% WAFS B
NHDE2 MS 23 peptide mass fingerprinting®l] <]
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o7 SlEnt
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