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Purification and Characterization o a Novd 0 - Amylase
Inhibitor from Wild Amaranth( Amaranthus panicul atus) Weeds

WANGLin, ZHOU Tieyang, TANG Xing ,WANG Xiarrchun ™, LIANG Sng-ping
(College d Life Sdences, Hunan Normal University, Changsha 410081, China)

Abgract A rovel proteinaceous inhibitor of 0-amylase was purified from the wild amaranth ( Amaranthus
paniculatus) seeds. The inhibitor , named WAF1 ,has a nolecular weight of 986. 5 determined by MALDF TOF
mass ectrometry. It is the smdles protenaceous inhibitor of a-amylae found © far. Peiminary
cormpodtiona and dructurd andyds indicated that WAF1 is a nongpeptide with N-termina pyrod utaméte.
Purified directly by reversedphase HRLC, WAIF1 potently inhibited thea-amylase activity of the insect
( Periplaneta Americana) digedtive duct in a nonconpetitive manner and did ot inhibit the human sdivaryo -
amylaze. WAF1 inhibitedd-amylase activity of Periplaneta Americana digedtive duct evidently under mild acid
oonditions, with optimal inhibitory pH 6. 0. WAI1 exhibited the highes inhibitory activity ter preincubation
with the enzyme a 37  for about 30 min. When afixed amount ofd-anmylase used , along with the increase of
the inhibitory/enzyme retio the inhibition percentages of theO-amylase activity were linearly increased up to
about 50 %, and then increased domy up to a maximum of about 65 %.
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Many plants contain protei naceous subgances which
are ecificaly inhibitory to hydrolytic erzymes. a-
Amylase (a-1, 4 d ucanr 4-d ucarohydrol ases,
EC 3.2.1.1) inhibitors, which have been found for over
half a century'*” | are a family of such subgtances. $
far ,a-amylase inhibitory activity has been detected in
wheat  Triticum  aestivum'® , baley  Hordeum
vulgareum[e'” , rghum Sorghum bicalor™® , rye Secale
cereale’®™ | rice Oryza sativa™ | pigeoornpea Cajanus
cajan[lz] , ocowpea Vigna unguiculala[ls] , bean P.
wulgaris™ ! and meny other plants. These inhibitors
show remarkable dructure variety leading to different
nodes of inhibition and different ecificity profiles
againg divere0-amylases. Such inhibition ecificity of
thes inhibitors has aroused interes in their inhibition
mechaniams and potential gpplications. Sme inhibitors
may play a vitd role in controlling endogenousa -amylase
activity and therdfore regulating darch metaboliam in
plants™ . A krowedge of these inhibitors could improve
our underganding o O-amylazs and the reaed
metabolism. On the other hand, the inhibitors which
gecificaly inhibit insect and microbia a-amylases may
be ued to play a role in preventing insect and
microbid™® ' for crop. The sdective inhibition of
human 0-amylases is of high potentia pharmaceutical
value as regulaive agents in reducing digedive garch
degradetion in patients sufering from diabetes and
obesty'??. In addition, the unique property of ©me
inhibitors to ecifically inhibit endogenous cered d-
amylases synthesized in vivo during germination'™ may be
o inportance to the baking indusry. Endogenousai-
amylase inhibitors have been used as naturd additives in
doughs prepared from routed wheat flour™ . It is
worthwhile to rote that flour processed from grout
damaged whest is not suitable for bread making because of
increaszed level s of 0 -amylase.

We have been atenpting to identify naturaly
occurring protei naceous inhibitors that have srong activity
againg insect digedive enzymes but little or none againg
mammdian enzymes. Our ultimate wish is to trander
genes that encode inhibitors selective for insect digedive
erzymes into crops by genetic engineering, with the goa
o cregting new insect-reddant crop varieties. In the
process of surveying nore than fifteen wild plants for
potential inhibitor of insect d-amylaxe, a rmove
proteinaceous inhibitor was found in wild amaranth
weeds. The purification and prdiminary sudy o the
inhibitor is reported in this paper.

1 Materialsand Methods

1.1 Extraction and ultrafiltration

Weeds of wild Amaranth (A. paniculatus) were
oollected from the open country. The weeds (5 g) were
aked in didilled water (20 m) for 1 hour a room
temperature , then disntegrated and horrogenized in a

nortar. Crude extract was obtained by centrif ugation
(10 000 gfor 10 min) . The extraction was repeated three
times. Crude extract was pooled and then hested at 70
for 15 min to inactivate -amylase'® . The resuiting turbid
sl ution was centrifuged (15 000 g for 10 min) . The clear
spernatant was  ultrfiltered ( Hite, 0.22 ihm) and
subsequently used for RP-HRLC.

1.2 Rever =d-phase  high performance
chromatography ( RP HRL C)

RPHA.C was conducted firgly usng a Waters 2010
HR_C dation with a preparative column (Hite 10 x 250
mm, Hypersl 104 m C8, 30 nm o pore sze) , and then
uing a Waters Alliance2690 HRLC dation with an
andytica column (Waters 4.6 mm x 250 mm, Vydac 5
M m C18, 30 nmof pore §ze) . Dlvent A was 0.1 % TFA
inwater , and olvent B was 0.1 % TFA in acetonitrile.
All the lvens were of HR_C or analyticd grade. Water
was redi gilled.

1.3 Preparation of insect0-amylases ™

The digedive ducts of adult cockroach ( Periplaneta
Americana) were honogenized with FBS containing 0. 02
molL Nad and 0. 1 mmol/L Cad, (pH 6.7) , and
centrifuged a 15 000 g for 10 min. The supernatant was
used as an insct 0-amylase preparation. The ecific
activity is about 1200.

1.4 Assy ford-amylase and inhibitor activities

The activity of the crude insect 0-amylaee was
measured usng a nodified Berrfeld method ™ . Namely ,
a slitable amount of d-amylase preparation was incubated
with 100u | of 10 g/L soluble sarch lution in 0. 2 nol /L
dium phogphate bufer (pH 6.0) at 37 . After 5min
the reaction was gopped by the addition of 5004 | of 3,5
dinitrosalicylic acid and heated in boiling water for 10
min. After sanding for 15 min at room tenperature , the
aborbance of the lution was read a 546 nm. The
anount of d-amylae used in the assy was properly
adiuged  that the Ase values were in the range of
0.4—0.7. Thed-amylase activity was expressed in Asg
vaues directly. Inhibitor activity was expressed as a
percentage of inhibited enzyme activity out of the tota
enzyme activity used in the assay.

2 Results

2.1
inhibitor
The result of RPHRLC udng the preparative C3
ocolumn is shown in Fg 1. Usng the method described
above , the peak labeled with an agterisk was idertified to
be active toward the insect 0-amylase used (Table 1).
The active peak fraction wasfurther purified by the Vydac
analytical C18 column (Fig- 2 A) . Active peaksfrom the
second HR.C sparation were oollected and Iyophilized.
Fg 2 B is the chromatogram of the inhibitor further
purified. Only one sharp and symmetric peak gopeared ,
indicating high purity of the inhibitor. MALDFTOF mass

liquid

Purification and molecular weight o the
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gectrometric  analyds indicated that the obtained
inhibitor , named WAI-1 by us, has a nmolecular weight of
986.5 (gectrum not shown) .

2.0 *
1.6
1.2 1
£

0.8 1

) _f_.—dwuL
0 -

T T 1

0 10 20 30

t/ min

Fig.1 Chromaiogram o RP-HR C o the exract withi a oreparative
oolumn

Table 1 Identification of active peak
Qontrol Active peak
Asss 0.409 0.186
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Fig.2 Chromatogram of RP-HRLC o the active peak with an andytica
oolum

2.2 Hfect o pH on inhibitory activity

The extent of inhibition of cockroacha -amylase was
measured at different pH val ues by preincubation of WAF
1(2.60g) and enzyme in PBS bufer. Thed-amylase
activity remaining &ter preincubation a 37  for 20 min
was determined. (ontrols were included to ocorrect for the
loss of emzyme activity a various pH during
preincubation. The results (Fig. 3) sow that WAF1
inhibits cockroach0-amylase activity dgnificantly under
mild acid conditions, with optima inhibitory pH 6. 0.
2.3 Hfect o preincubation duration on inhibitory
activity

For a given amount of 0-amylase and WAIF1 (2.5
Mo , the percentage inhibition of 0-amylase activity was

determined at different durations of preincubation of the
enzyme and inhibitor and a 37 pH 6.0. Reslts (Fg.
4) dowed that the inhibitory activity of WAF1 was
related to the prencubation duration. In the early
preincubation , the inhibitory activity of WAF1 increased
as the preincubation duration extended. However , the
inhibitory activity reached a maximum dter a certain
length of time. Under the experimental conditions used ,
the maximum extent of inhibition ( %) was observed at
prei ncubation duration of albout 30 min.
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Fig.3 pH dependence of inhibitory activity of WAI-1
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Fig.4 Hfect of preincubation duration on inhibitory activity

2.4 Hfect o WAIF1 concentration on 0-amylase
activity

When a fixed amount of a-amylase was used, the
ezyme and WAF1 of different oconcentrations were
preincubated a pH 6.0 and 37  for 20 min prior to the
addition of garch solution. The results (Fg. 5) showed
that the level of inhibition was dependent on the inhibitor/
enzyme raio. The percentage inhibition of a-amylase
activity increased linearly up to about 50 % with
increadng WAF1 concentration, then deviated from
linearity a inhibition (%) higher than 50%, and
attained findly a plateau a about 65 %.
2.5 Nature of d-amylase inhibition by WAI-1

To ascertain whether inhibition of cockroach a-
amylase by WAI1 was conpetitive or not , Lineweaver
Burk plots were drawn for the uninhibited and partialy
inhibited enzyme. The rate of d-amylae action was
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determined at different darch concentrations in digess
(1.0m) ocontaining soluble garch (0.2, 0.4, 0.5 and
1.0 mg/m) in the absence and presence of a fixed
amount o inhibitor WAF1L a 37 and pH 6.0,
regoectively. Reaction velocity (v) was expressed ind nol
maltose liberated per minute. Lineweaver-Burk double
reciprocal plot for the uninhibited and partidly inhibited
enzyme intersected on the abstissa (Fg. 6) , indicating
that WAI1 is a noncompetitive inhibitor of cockroacha -
amylae.
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Fig.5 Hfect of WAI-1 concentration ond-amylase activity
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Fig.6 Lineweaver-Burk double reciproca plot for the uninhibited (- )
and partidly inhibited ( A) enzymes

2.6 Specificity of WAI-1

The purified WAF1 was teded for its ability to
inhibita-amylases from Periplangta Americana digedive
ducts and human sliva from laboratory postgraduates
smultaneoudy. When teged a smilar concentrations,
WA 1 was found to potently inhibita-amylases from the
ingect digedive ducts, having no inhibitory dfect on
human sdivaryo-amylase (Table 2) .
Table 2 Resltsd gecificity of WAF1

Gontrol Inect anylase
Asss 0.564 0.242

Human amylase
0.559

2.7
WAI-1
In order to invedigeate the compodtion of WAL, the
inhibitor was hydrolyzed in 6 mol/L HO a 110 for 24
hours. Anadlyss o the hydrolysate indicated that WAF1
was conposed of nine amimo acids. However , Edman

Amino acid composition and Nterminal o

degradation of WAF1 did mt dgve any dgnd of
phenyithiohydantoin amino acid (Fg. 7A) , suggeding
that its N-terminal was blocked. After WAF1 was treated
with 1 mol/L HA a 60 for 4 hours acocording to the
method described by Hashinoto T e a.™ | its
nolecular weight increased 18 determined by MALDF TOF
mass gectrometry (mass gpectrum not shown) and Edman
degradation gave an obvious sgnd o Qu (Fg. 7B) ,
indicating that the N-termind reddue of WAF1 is

pyrod utamete.
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Fig.7 Identification of WAIF1 N-termina before(A) and dter (B)
hydrolyssin 1 nolL HO

3 Discussion

Internet search indicates that WAF1 is the srdles
known protei naceous inhibitor ofd-amylase. Such a srdl
proteinaceous inhibitor can be purified from neaturd
meterids readily by RPHR.C widdy usd in the
purification of peptides”® *'. ChagllaLopez e al.
purified an0-amylase inhibitor (AAI) from the seeds of
Amaranthus hypocondriacus, a variety of the Mexican
crop plant amaranth'™ . AAI with a nolecular weight of
3586.1 was reputed as the mgjor d-amylase inhibitor
present in the amaranth seeds and the shortesd-amylase
inhibitor described. Interegingy , when WAL1 from wild
amaranth seeds in outhern China was purified, AAl
oould hardly be found, suggeding that the 0-amylase
inhibitor digribution prdfile of Chinese wild amaranthus
plants is different from that of Mexican crop plant
amaranth.

Like nog othera-amylase inhibitors, the inhibitory
activity of WA 1 is dependent on the preincubation time
pH and tenperature, etc. The inhibition takes place
much more repidly a 37 thana 0 and 25 (daa
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