SUMMARY AND CONCLUSION

Chapter I

Some kinds of leguminous seeds harvested mainly in the tropical
and subtropical areas were analyzed for their nutrient components and
antinutritional factors. The seeds contained a high level of protein
(20% or more). Protein was extracted sequentially with 2% NaCl, 30%
isopropyl alcohol, 4% lactic acid and 0.5% KOH from the seeds. The
NaCl extract had the highest range of protein concentration (50% or
more). The saline extract was separated into two fractions based on
solubility in water. The water-soluble fraction (WS) was made up of
albumins and the water-insoluble (¥I1) of globulins. In all cases, the
content of Wl was higher than that of WS. The amino acid compositions
of the flour from the seeds and of WI and WS were determined. High
contents of lysine, aspartic acid, glutamic acid and leucine were
obtained, whereas the contents of the sulfur containing amino acids
were low. Trypsin and chymotrypsin inhibitory activities were general-
ly observed in the leguminous seeds. Hemagglutinating activity was
also found in the legumes. The seeds had high phosphorus contents in-
cluding phytate-phosphorus.

Among the legumes, winged bean (Psophocarpus tetragonolobus)

seeds had the highest range of protein (27.8-36.6%) and fat (14.8-
17.9%). The values were similar to those of soybean. However, winged

bean milk did not form solid curd like soy curd (tofu) under the same
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condition as manufacturing tofu. Winged bean contained tannin (1.35-
6.75 mg/g of bean) and phytic acid (7.77-12.03 mg/g of bean) as non-
protein antinutritional factors. Phytate-phosporus represented a con-
siderable percentage of the toatal phosphorus (44.3-54.8%). Chymo-
trypsin inhibitory activity was about twofold higher than trypsin in-
hibitory activity. a-Amylase inhibitory activity could not be detect-
ed in winged bean. Hemagglutinating activity was observed with re-
spect to all types of human erythrocytes (A, B and 0). However this
activity disappeared completely after heating in a boiling water bath

for 10 min.

ChapterIl
The «a-amylase inhibitory activities were found in various kid-

ney bean (Phaseolus vulgaris) seeds but not in other kinds of legumi-

nous seeds. When kidney bean (var. Cranberry) seeds were soaked in
distilled water for 15 h at room temperature, the inhibitory activity
decreased, and after boiling treatment for 10 min it completely
disappeared. However, dry heat treatment at 110°C for 30 min caused
no loss of the activity. The activity level of a-amylase inhibitor
in cranberry bean reached a maximum 4 days germination. A similar
change was observed for the trypsin inhibitory activity.

a-Amylase inhibitors were purified from two cultivars of kid-

ney beans (Phaseolus vulgaris), cranberry bean and kintoki bean,

respectively. Both inhibitors were glycoprotein. Their molecular
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weights and carbohydrate contents were 45,000 and 14% for the in-
hibitor from cranberry bean, and 45,000 and 15% for that from kintoki
bean, respectively.

The cranberry bean «-amylase inhibitor (CBAI) exhibited in-
hibitory effects on pancreatic « -amylases from the following mam-
mals: pig, dog, cat, horse, sheep, cow, rabbit, guinea pig, rat and
mouse. CBAl showed a maximal inhibition at pH 5.5 against porcine
pancreatic «-amylase (PPA). It was confirmed by gel filtration that
a complex was formed in the 1:1 ratio between CBAI and PPA when they
were incubated at 37°C for 30 min at pH 5.5. A similar inhibition
pattern was also observed at pH 6.9 that is optimal for the amylase
reaction, but much higher concentrations of CBAl were required to
give 50% inhibition at pH 6.9 than at pH 5.5.

CBAl was composed of three different subunits not linked by
disulfide bridges and only one of them contained carbohydrate. Al-
though the inhibitor was stable at pH 3 to 7, it was heat labile at
pH 3 and 5. Chemical modification of the amino groups and the guanido
groups in CBAI molecule resulted in rapid loss of the inhibitory
activity, respectively. Oxidation of the tryptophan residues also led
to loss of the activity. On the other hand, reductive methylation of
the amino groups scarcely affected the activity. CBAl was quite
resistant to the proteolytic digestions by pepsin and trypsin, while
it was seemingly susceptible to the action of chymotrypsin.

A rabbit was immunized with CBAl and the specific antiserum for
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it was obtained. The inhibitor distribution in legumes was re-exam-
ined by the use of the antiserum. As the result, the inhibitor iden-
tical in antigenicity was proved to be exclusively occurring in cul-

tivars of the same kind (Phaseolus vulgaris) but not in those of

other kinds. Additionally its in vitro digestibility was investigated
from both immunochemical and amylase-inhibitory viewpoints. The in-
hibitor was gradually inactivated by chymotrypsin digestion, although
being resistant to pepsin and trypsin digestions, respectively. The
antigenicity did not correspond with the inhibitor activity with
regard to their loss in process of digestion; the former was left
alive by half after the latter had disappeared.

CBAI was treated with [14CIHCHO and NaBH; to modify the lysyl
€ —amino group. [14c¢]Labeled inhibitor thus obtained was used as a
radioactive probe. The reductive methylation of CBAI caused neither a
significant change in its susceptibility to digestive enzymes nor in
its immuno-reactivity with rabbit antiserum. Consequently, gastric
emptying and intestinal transit of the inhibitor was represented by
radioactivity measurement and simultaneously complemented by quan-
tification due to single radial immunodiffusion. As the result, the
bulk of the inhibitor was found not to undergo digestion and absorp-
tion but to pass through the small intestine without a considerable
loss of antigenicity and radioactivity.

No considerable increase was observed in the levels of intra-

luminal a-amylase activity, blood sugar and plasma insulin in the
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animals given CBAl at a dose of 10 mg each. These results suggest
that the purified preparation from cranberry bean serves in fact as a
potent inhibitor of rat pancreatic a -amylase.

The results of radioactivity and antigenicity measurements im-
plied that CBAI rid of digestion and absorption was transferred to
the ileocaecum to some extent. Even so it is doubtful whether the in-
hibitor activity of CBAl remains intact there. However, it is highly
probable that CBAl escapes intraluminal digestion beyond expecta-
tions, when the use of too much protease in the in vitro model ex-
periment is taken into consideration. Actually, intraluminal a-amy-
lase activity was significantly low in duodenojejunum relative to the
reference without CBA! loading. Therefore, CBAl would be useful as a
non-poisonous pharmaceutics for the improvement in hyperglycemia and

corpulency.
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I. 3

SRR eI s HNEOFAR I s TRES R ALS
OEXZMATHIENTE, ZORFTRER Y VYN IVHAGGENE
SN XA FRIRMAENCELRS, 8 - S&BEOTH LG
Mo HTCUAREIRL TR VIORLEFHOS OMNZE L,
TOAENEM ED 2, Z AR IS TaRTHE EN S, H
o A COTHBTRE, REPHROB® I B VWY i <
OREB I v NI HHEFR L LCHEHEN B, —F. S RHE®H I
ML R LA T 2MEYE (1 veEr—) DL IFrBEoRiE
TN FRMFLET B ERMONTBY, THELE2THHHB T 5 -
DI WAEBREEEEL2RET B IO BN S KAEENT
OMNERHFHI RSPV THLIAR LULTEASERSBZ, BHATH, ¥
YN VEMNOMAEBIZEEYEHECODVWTR N Sy v REE Y S
vvkkwd s “TueFr v - A veEbEy =" 2Rk PFES
NTWVWBENR, a-7¥IF3—F¥ A vebsys—-—CBHLTOMARIDY R
A ‘

ARXE, SETFTORDAHACBLTHMEE RS2y v X2 HR 2
DHMOEHBDIROD>VWTREBEBFHRM D S BT 24T 5 &3 cranberry
bean (Phaseolus vulgaris)h o B @ - W L ca-73 53—+ - 4
veEE Y -0y NIHEBERETCHHEALE BT 5 EH &K
Ao >VTRFIZMALIDOTH %5,

V27i

0. M7 v X2 ERURRENF OB

Mg c MAWNETHETFTORBRDERRKBER TR O2OVTHF L
INLOEMFE, WR2XBEOY v XIER2EA. T 5 DK
¥ 2% NaClTchiE S htc, 7TI /BN OKR, 8T/ B S
BEE» s, VWP UvyERBRIELS, BV ELORRBRREE T I /B
237D —JHAORENR B IR, BHEEOMMAE (Psophocarpus
tetragonolobus)® ¥ v Y7 H G & (27.8-36.6%) L& & (14.8-
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JEBEdo 7TUE =R
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1T.9DBAGOZhCBELH L. SHOXBTRAB & LG @ El complex® B L 720 CBAINE AL 7
TR, KEBERTFTELI—MOBL Iy =v, 74 FvB. v %Z 1,2-cyclohexanedioneic &9\ FY 7} 7 » viKI%E N-bromo-

/.

Y. YTy AV EE S —BLOFEL YTy - A vk succinimidelc & O Fh K7 3 /&2 2,4,6-trinitrobenzene-
sulfonate W &k o TEM T 2 LM EFEU,OAFERETNSE S NI,
CHRRKUL, VY vk De-7 3 /78 %2 formaldehydeT i@t » 7

y —MMEFh VB ERHERL 2,

I Sfta-7 5% -4Avees—wlssd% MAEL T O E G R BB U ok, oy ATMALRR O %
KB &, FELPY T Y VHALAEH L TERRPPRPALEE B bR A
() a-7 37 —% -4 vEEy—0RA4RFHOHE NIV VER) T MARH L CHBD CEETH » .
EEOURTFWR2VT a-73I5—¥ 4 vy —iE¥H2BRH
L& %, Phaseolus vulgarisK @3+ 2 HEHECOH AL vy E LY (3) In vivo HIHEE COCBAID ALK Hi o & 4 1 4F A
—EN AR SR, 20— (EE®HOED E W) cranberry ['9C1A F L EEECBALE HCBAIY % #HME R W L. < h %M
bean O K RBEE2EE T I5BHHEIEE a-T I 53— -4 vl WICCBAID 7 v LB BUYBZEHZRHN L, BHBEEZMMT
5 — P B0% KD Ly SHRBEADCIORHMBT 5 &4 OB TR O RGP (JRE) WEOHR, &5 S h B0
ZAMNHAEBRNRZ2Z2TFTFRZOFFIORERBTHEBE2HEAL TV

EE sy —FEHEHAELL, LAL, SEFREBE 110°C T304 ik
5 — ¥ -4 vEE Y —EHRENLLRAES G RF2ABEINnk, COMRBZbd LR, CBAlIZIto B KD & L

4 v v meal-feeding® & H Tl d 55 v bBEROHES L, oM h 7 20

MM LTd a-7
M o trs Cranberry bean BRHFEEF+ PO a-73I 73— -
y —wEMR I, RHEBEBEMNOBECRERERTD, ZOBKRBRBERD T I -2WERTMAA Yy ) vVBEOELLEBH LR, T ORYE
BMIA 2R L K. CBAIEE 5 5 v rO A oy 7 —¥HEHECELLIBE VR a-7 3

S—¥EtEHABNEMERL, BRLISCOBHEILT 4 v ¥

2z

(2) Cranberry bean a-7 37— ¥ . 4 vty -ORA S VMESECMASN BT EARHBL K,
&t

¥y # L 7 cranberry beandk D ki, BMMIE, 7oV 3 — bR, V. #0weh i<

DEAE-cellulose 7 o ¥ b ¥ 5 7 4 — RO Sephacryl $-200% )b i ity Cranberry bean b @-7 $ 5 —¥ A v EE s — B — 1 88 L
LD BREBHEH - mREEEG (UT, CBAIEEE) €Ol 2O in vivok U B MAMAH EBEHRE DV CHN & T 5
P A M Nt CBALRS TRWL5,0000M 5 v N 7 0 (HARI4%) AR e S o T me DB E RS a7 — LM% E
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