Jo Meaiiromes- of a-ctmvhise dArringnees

The activitien of aod salivary and pancreasic a-xmviase
olutions werp determined by measurement of the reducing
sugars prodyced during action on soluble starch. by using 2
Wpper-reduding power method [5} Full details have besn
given Previeuly 31, )

- N PR s
Measuremens of w-amylase inhibiny Actvny deoends cn

determination of szamylase ac ¥ remaming ater injers
aien of an afiquor o] ihilitor preparation with a known
Smeunt of w-amylase” Tor this procedure, 2 modificazion of
an iodine staining power assay of w-amviase VLY was
used [6]. To a solution 1.5 ml, this being the pre-incubation
digest, <ide 2rra) containing vp to. 1 Unit of e-amvlase,
a 37 C.ois added 2 solution (1.2 ml) of solubie swarch
solutien {12 mgz ml in 132 mu slveerophosphate buFer pH
6.9}, whidch has been pre-warmed w0 37 C.and mixed. Afer
incubation a: 37 C for exacily 5 min, an aliquot (2.1 mi:
irom the dizest is added 1o 2 zolution (3.0ml) of 3,220,
iodine in C2w, patassium iodide. and the absorbance of
-resulting starch-fodipe complex read 2t 652 nm. The -amy-
bise activity i ¢xpressed as the change in absorbance from
that of a canrol digest withous «-amylase. Control expesi-
ments showed thag the decrease in absorbance is direesl-
proportional 1o the a-amvlase activity in the digest as ‘ong
as the decrease jn absorbance Coes nor excoed €31,

24 General Consideraiions Regading a-dmylzse Inbibitor
Assay

240, Seleczion of a-zmyluse. Studies on the specificity of
phaseolamin showed that, like most other «-amylase inhib-
ars which have been examined, iis inhibizory actvity is
ricted 10 e-amylaces from 2nimal sources, e.g. pancreztic
w-amylase and salivary a-amylases [3]. Microbial and plant
#-amylases are, therefore, unsuitable for use in the asszy of
. #-amylase inhibicor activiry.
242 Spontancous locs of w-cmylase inhibitor aceivizy, The
action of phaseolamin on z-amivlase is ‘not instantaneous:
assay of inhibiror aCTViITy requires a pre-incubztion siep
{(vide injray during which amylase and inhibitor interace.
" Preliminary experiments indicated thaz, in addition o in-
hibition of #-amylase acuvity, spontaneous loss of enzyme
. =euvity also ook place during the pre-incubation period.
- This was particularly eroublesome in the case of hog pan-
réanc g-amylase and is presumably due, at least in part,
10 the action of proteolytic enzymes, which are usualiv
Pesent in even the most highly purified preparations of
ancreatic g-amylase {7]- The problem could be con-
veniently circumvenred by incorporation of calcium chlo-
ride and humap serum albumin, both ar a concentration of
mg/ml, into the Pre-incubation digest. Under these con-
tions both hog Pancreatic and human salivary u-rmylases
rerained 1009/, activity during pre-incubarion at 37 °C, in
the absence of inhibitor. Neither calciurm chloride nor human
~ umalbumin alone wag completely successful in prevenzing
is of activity.

A3 Interference by amylolyiic emzymes in seed exeracts,

e wamylase inhibiter assay procedure (ride irfra) in-

-ves determination of the amount of inhibition of a fixed
T of «-amylase, caused by an aliquot of inhibitor
n. «ron. When the inhibitor preparation itself conrains
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amlolvtic enzrmes, the rewlts obtained will be inaccurare
because of the eScer i the endnzrnnng amelace on 1
iodine Stuning power of the subscrate, Suitable control
digests are fecessary am suth cases. The decrease in iodine
stain of the substrare caused by the ishibitor Preparaton
alone s determined -and ubstracted “from the decrcase in
todine stain caused by the uninhibited amylase in the res
direst. I is advizable 1o inciude sud controls when crude
eitracts are being assayed. z2ithough the amounr of endo-
races is low, and its effect on

serows amyiase in lesume «
the assay is small.

244, Principle of inbib:ior assav. Two tvpes of inhibizor

asiy are possible. The first would involve measurement of
the maximem amoun: of @-amylase which an aliquot of
inhibitor preparazion can render inactive, this, being deter-
mined dirzeily by the stoichiometry of u-amylase/inhibiror
interaction, The aiternative method would involve meas-
Jrement of am exten: of inkibition which s less than the
maiimum obtainable with the aliguor used, and expressing
the inhibizor ACUVHY in terms of the rare of inhibitien of a
fixed amount of w-amvlase,

Aszays based on detsrmination of the rotal amount of
c-amviasy which 2 szmple of the inkibitor can render in-
active wers unsatsfaciory, the main problem being the
requizement for extended pre-incubation times 1o achieve
LAXimum inhibidon, and the resulting complications asso-
siared with sponiancous loss of «-amyiase activiry, Meas-
erement of the rare of inhibition of «-amylase was found o
be much more convenient and accurare, fequiring only shorg
pre-incubarion times, aithough these times mist be carefully
controlled.

3. Results

3.1 Dependence of Inbibitor Actizity on Time and Tim-
peratire of Pre-incubarion
The extent of inhibition of 2 fixed amounr of «-amylase by

2 cermain amount of phaseolamin s dependent on the dura-
tion of pre-incubarion, Figure 1 shows the time course of
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Figure 1. The time course of inhibition of hog pancreatic a-amy-
lase by purified phaseolamin ar 25°C and 37 °C. Phascolamin
{6.75 e protein) was oreincubated a1 each temperature with hog
pancreatic u-amylase (i Unit) in digeses (1.5 ml} containing hu-
=an serum albumin (1.5 myj and caleium chloride {1.5 mg), buffe-
red with sodium glveerophosphate (33.3 mM, pH 6.9). After diffe-
reat rimes, residual wamylase acriviey was determined by using
the iodine STining assay.
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inhibition at temperatares of 25 C and 37 C. Inhibition
did not take place when -amvlase and inkibitor were pre-
incubated ac & C. The extent of inhibition ar 37 -C is
approximately proportional o the duration of pre-incuba-
ton up to 33 % inhibition. It should be noted that in this
experiment the pH of the pre-incubation digest (6.9) was
not the optimum pH for inhibiror activiey (vide infra).

3.2. Proportionalicy between Extent of Inbibition and
Amount of Inhibitor Used

A fixed amount of w-amylase was pre-incubated with dif-
ferent known amounts of phascolamin for 20 min at 37 °C.
The amount of w-amylase remaining in. each digest was then
dezermined. The results, shown in Figure 2. show thac under
the conditions used there is a linear relattonship between the
extent of inhibition and the amount of inhibitor preparation
incorporated into the pre-incubation digest, a5 long as the
extent of inhibition does nor exceed 50 %y, As in the e¥pert-

.ment above, the pH of the pre-incubarion digest was 6.9,

which does not result in maximal inhibiter activity.
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Figure 2. Iahibition of a-amylase by different amounts of pha-
seolamin, Digests (1.3 ml) containing hog pancreatic a-amylase
(1 Unit}, phaseolamin {1.76—17.6 uy protein}, human serum albu-
min {15 mg) and calcium dhloride (1.5 mg}, buffered with sodium

=,
giveerophosphate (33.5ma, PH 6.9} were pre-incubated ar 37 °C
for 22 min. The residual a-amylase actvity was then determined
by using the iodine staining assay,

3.3, Dependence of Inbibitor Actzity en pH of Pre-inca-
bation

r-Amylase was pre-inéubated ar 37 °C wirh phaseolamin ar
a number of differenr pH values. Following pre-incubarion
fer 22 min, residual n-amrlase activity was determined by
additien of soluble starch solution (1.2 ml, butfered wich
120 my sodium glveerophosphate pH 6.9} to each pre-incu-
bacion digest. and use of the iodine staining assay as de-
scribed above. The effect of the pH of pre-incubation on
the extent of inhibition is showa in Figure 3.

3.4, Prorocol for Measuremen: of w-Amylase [nbibitor
Actizities
Taking into consideration the above observations, the fol-

ion of inhibitor activiry

lowing procedure for derermin
was developed.

An approprizte amount of inhibitor solution is pre-incu-
bated atr 37 °C with a-amyhae (hog pancreatic or human
salivary, approximarely I eeg containing abour 1 Unip of
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a-amylase acitvity), humzn serum albumin (1.5 mg) ne
caletum hloride (1.3 mg) in 35.3 mat acerate buffer oH 3.5
the volume of the pre-incubation misture beng 1.5 mi
Adter 2 suitable duration of pre-incubation. starch solution
(1.9ml 18 me'mlb in 123 my sodium ghveerophosphate by e
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Figure 3. The pH dependence of the inhibitery activiey of pha-
seolamin towards hog pancreatic a-amylase. Digesss (1.5 mly con-
waining a-amylase (1 Unit), phaseolamin (1.74 #g protemn), human
serum albumin (1.3 my), caleinm GHoride {1.3my) and buffers of
different pH values {vitrsce-phosphate, final concentration .7 s
were pre-incubated a: 37 °C for 23 min. Residual «e-amylase was
then determined by using the iodine starping assay. after addiion
of soluble starch (1.5 ml) buered with 100 mx sodivem glyeero-
phosphate pH 6.9. Conzzol digests were included 1o cotrect for the
loss of w-amylase aesiviey during pre-incubation, which is con-
siderable az che lower pH values. The inhibiton is expressed as
the toral decrease in a-amyiase activity during pre-incubation
with inhibitar, less the amounr of aczivity loss by pre-incubarion
of the «-amylase as the same pH in the absence of inhibitor.

pH 6.9) is added and the u-amylase activity remaining
mezsured by the decreaze in iodine stain during incubarion
for 3 min. Appropriate substrate blank and control digests
are run simultaneously. One unit of w-amrlase inhibirer
activity has been defined as the amount which causes 53 ¢ o
inhibition of the «-amyvlase in 22 min under the above con-
ditions.

The amount of «-amylase used in each digest should be such
that the uninhibized enzyme gives 1 decrease in iodine
staining power of the substrate which is in she range where
it is linear with time (63", decrease}l. The amount of n-
hibitor and duration of pre-incubation should be such thas
not more than approximarelv 529 ¢ inhibition of the enzy e
takes place. The validity of the 1550y procedurs under these
conditions is apparent from Figures 1 and 2. Thos Figere 2
shows the direct proportionality berween the amount of n-
hibitor and the extene of inhibition, Figure 1. Hkewise,
shows that the exzeat of inhibition at 37 C is appro <i-
mately proportional to the durarion of pre-incubation up
o 52 ™y inhibiton, The slighc deviation from fincarity ix
the larrer case (Fig. 1) is probably accountable for by n-
hibition tzking place during the 5min r-amviase assiv
peniod. which follows the pre-incubation. Closer linear
can be obuined by considering the time of interaction
e-2myiase and inhibitor as che pre-incubation time plus by
the assav Juration (2.5 minl. However, throughout
work. we have wsed pre-incubation times whidh are reis

v othme

tively long (usually 22 min) compared with che ass
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t3ming and the edecr of assuming that further inhibi

1on

dows not take place durina the w-amvlawe assar does nor

uhicant crror. in any case. i should he note

the experiment iHusezated in Figure 1 way performed

bath pre-incebation and assay at pH A9 when pre-
imcubazion iy perivrmed. at PH 5.5 less inhibitor will be

present, and peg stgmificant amount of mhibition will aceyr

eurig the assay process a1 pH 6.9,

35 Mecszremens of v-Amvlase Libnbizor Activity

i begumie Frraces

Sexds 10 be tested were ground tw a coarse flour in a hand
midl. Samples (25 3 were then extracted with 150 ml wager
for 1h 1t room temperature with stirring. The extracrs
were then fliered through cheesecioth. and clarified by
centrifugazion (32 min, reom wmperarure, {2.22C g The
chear supernatant solutions were then assaved for inhibi-or
acrvity sowards salivary and pancreatic a-amvlases 35 de-
scribed above. The results are shown in Tabie 1.

Tabie L. e-Amylase Inhibitor Activity in Varieties of Phascolus
M
THIGIYIS.

Irhibizor activity

Pancrearie Salivary

Variery a-amylase rt-pmylase
Units 3 Units.my Unitsiz  Units myg
beans  protein beans  prowein
White kidney beans
{Greatr Northern) 5040 56 4340 63
Navy beans 6630 +3 65352 44
2l white beans 3658 +0 3610 41
. beans 3310 45 5170 37
Pinto beans 4560 41 4420 43
Red kidney beans 3782 48 +08¢C 57
Small red beans
{caili beans) 2852 42 2900
Pink beans 2560 74 3812 - 7o

Exzraczs of the beans were prepared and assayed against salivary
. and pancreatie “-amylases as described in the texr, Inhibivor levels
are expressed in terms of total unies'g of dry beans, and a5 the
" specific Ach¥IyY {units,mg protein) in the exrracr a-Armylase
inhibitor activicy was absent in extraces of the following legumes:
fima beans, warbanzo beans, black oye peas, lentils, split peas,
whole peas, soy beans, Jads beans and mung beans,

4. Discussion

“rotemaceous inhibicors of z-amylase are widespread in
alaacs {t]. A variery of methods for derermination of
r-amylase inhibitor activites in plant exrracis have been
- wed, 2ad virnually all workers have expressed inhibicor
cuvities in differen: ways {1]. With only a few exceprions,
ww has been realized rhat i is necessary to pre-incubate
«-amylase and inhibiror for inhibition to take place, racher
an simply 1w incorporzte inhibitor directly into a digest
muaining a mixture of enzyme and substrate. However,
for the most part, the durazion, pH, temperature and other
conditions of pre-incubation appear to have been arbirrarily
osen. Amylase inhibitor activities have in many instances
expressed in units, based on the amount of inhibiror

will inhibit a cerrain proportion of a fixed amount
ctw-amiviase, T has not usually been made clear whether

e Sidre 7. Jabry, 1975, Noy

the measured exzent of inhibition Tepresemis the maxim:

v rhe amomne of mhihirne vead e w

obtamahhe - :
it is less than the maximoem obrainable with that amoum of
inhibitor. In the later case. inhibitor acuivity is being meas-
ured in wirms of the rawe of w-amylase inhibiton, rather

than reflecting the « ometry of amvlase-inhibitor inter-

Gtion.

By uwsing purified phasesiamin, we have investizated the
conditions vf pre-incubzsion which give a reliable assay of
inhibitor activity. A procedure based on measurement of
the rate of inhibition of Rog pancreatic or human salivary
-amyiase has been developed for che assav. Oae of the
mOsE importang factors 1o be tzken into consideration 15 che
PH of pre-incubarion; maximum rate of whibition occurs
at a pH (5.5) which digers markedly from the oprimum

" pH (6.9} for e-amrlase action. Pre-incubation should be

performed at above zmbien wemperatere; the rate of in-
hibition of weamylase 2z 35 °C s only about 10%% of the
rate at 37 C (Fig. 1}, The amount of mhibitor vsed. and
the duration of pre-incubazion should be such that not more
than 5G%% inhibizion of the w-amvylase wakes place during
pre-incubation, since onlv ender these conditions is the
extent of inh:bition proportional to the amount of inhibitor
and the duration &f pre-incubation.

By using the assay procedure which has been developed, the
levels of inhibitor activity in a number of legume extracts
were determined {Table 1), All varieties of Phaseolrs vl
garis tested contained high levels of inhibitor activity, there
being little difference between the varietjes. Inhibitor acriv-
ity is absent, or very low, in legumes of other species. In
most cases the inhibirory activity towards pancreatic and
salivary w-amylases are closely similar, so that either of
these enzymes is equally satisfactory for measurement of
inhibitor activity. Jafé and co-workers [S] have reported
much greater diferences between the amounts of inhibitor
activity in different varieties of Phascolus vulgaris. In their
experiments, however, the assay conditions were not con-
tzolled in the manner we have shown ro be necessary,
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Zusammenfassung

Priifung  der a-Amylascinkibiter-Aktivitie in Halsenfriichten,
Es werden die Fak:oren diskusicrr, weldhe die Apiivitgr des
w-Amylaseinhibitors Phaseolzmin aus Nierenboknen, Phaseolus
vulgaris, beeinflussen; dizu wird das Verfahren zur Priifung der
Inbibitorakiivitit beschrieben. Die Gréfle der a-Amylaseinbibi-
for-Aktivitit in einer Anzabl von Hillsenfriichten wird mitgeteils,

Résume

Essai de Pactivicé inhibitrice vis-a-vis de Pu-amylase dans Ies
légumineuses. Les fuctenrs gusi influent sur Pactivité do Pphaséol-
amine, un inbibitexr de 'a-amylise du baricot, Phaseolus vulgaris,
sont discutés, et un mode opératoire pour un test de Pactivicé inbi-
bitrice est décrit. Les rzux de Factivité inhibitrice de la-amylase
d’un cerinin nombre de iguminenses sont indigues.
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