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Abstract:

Sweet potato defensin (SPD1) overproducedEincoli (M15) was purified by
Ni?*-chelate affinity chromatography. The molecular sna§ SPD1 is about 8,600 Da
determined by SDS (sodium dodecyl sulfate)-PAGHygmylamide gel electrophoresis).
Our previously paper showed that SPD1 had antirniatodehydroascorbate reductase
and monodehydroascorbate reductase activitigse activity of SPD1 to inhibit
angiotensin converting enzyme (ACE) was shown byingus N-[3-(2-furyl)
acryloyl]-Phe-Gly-Gly (FAPGG) as substratea dose-dependent manner (27.56 ~ 52.58
% inhibition). The 50% inhibition (IGy) of ACE activity required 190.47 ug/mL SPD1
while that of Captopril was 10 nM (868 ng/mL). Tase ofthin layer chromatography
(TLC) also showed SPD1 as an ACE inhibitor. SPD1 acted anixed type inhibitor
against ACE using FAPGG as a substratéen 200ug/mL SPD1 (10ug) were added,
Vmax and Km were, respectively, 0.04A/min and 0.69 mM; while without SPD1 they

were 0.03AA/min and 0.42 mM. Trypsin was used for SPD1 hygk® for different

times. It was found that the ACE inhibitory actwiincreased from 52.47 % to about
74.38 % after 24 h hydrolysis. The results suggestat when small peptides increased
by trypsin hydrolysis of the SPD1 ACE inhibitorypegity also increased up to B4and
then decreased which may be due to disappearans®moé active ingredients. Six
peptides, namely GFR, FK, IMVAEAR, GPCSR, CFCTKP@ aMCESASSK, were
synthesized based on the simulated trypsin dige&SP®1, then tested for ACE inhibitory
activity. IGso values of individual peptides were 94.25 + 0.35.43 £ 1.24, 84.12 + 0.53,
61.67 £ 0.36, 1.31 + 0.07 and 75.93 + O, respectively, suggesting that CFCTKPC
might represent the madomainfor the ACE inhibition. SPD1 and its hydrolysateigint

be good for hypertension and other disease cowtnein people consume sweet potato
tuberous storage roots.

Keywords: Sweet Potato; Defensin; Angiotensin cotivg enzyme (ACE); Inhibition.
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INTRODUCTION

Many bioactive peptides have common structural @rogs that include a relatively
short peptide residue length (e.g. 2 - 9 aminoscigossessing hydrophobic amino acid
residues in addition to proline, lysine or arginigeups(Lin et al., 2006) Bioactive
peptides are among the many functional componeetstified in foods. These are small
protein fragments that have biological effects ontteey are released during
gastrointestinal digestion in the organism or bgvpusin vitro protein hydrolysis.
Bioactive peptides with immunostimulating (Huang a&ft, 2010), antioxidant or
angiotensin-converting enzyme (ACHphibitor (Liu et al., 2007), antithrombotic
(Scarborough, 1991bactericidal (Bellamy et al., 1993) functions wére research focus
in recent years.

ACE (peptidyldipeptide hydrolase EC 3.4.15.1) is glycoprotein and a
dipeptide-liberating exopeptidase classically asged with the renin-angiotensin system
regulating peripheral blood pressure (Mullally &t 4996). ACE removes a dipeptide
from the C-terminus of angiotensin | to form angiwin I, a very hypertensive
compound (Lin et al., 2008).Several endogenous peptides, such as enkephalins,
B-endorphin, and substance P, were reported to i@etitive substrates and inhibitors of
ACE. Several food-derived peptides froma-lactoalbumin, p-lactoglobulin
(Pihlanto-Leppala et al., 1998), mucilage (Huan@let2006) and trypsin inhibitor (TI)
(Huang et al.,, 2007) also inhibited ACE. Severalticxdant peptides (reduced
glutathione and carnosine-related peptides) (Haal.eP003) and synthetic peptides also
exhibited ACE inhibitor activitie$Huang et al., 2006).

Plant defensins were originally termgethionins because they have a similar size (5
kDa) and the same number of disulfide bridges {f@sia- andg-thionins.y - Thionins
are structurally different from those af and g-thionins and instead rather similar to

3
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insect and mammalian defensins structurally as alfunctionally. Thus this class of
plant peptides was named ‘plant defensins’ (HaasehGoring; 2010). A variety of plant
defensins have been isolated and characterized frany plant species including
monocots and dicots (Terras et al., 1992). Plafenden families have been known as
potent growth inhibitors of a broad spectrum of gurand bacteria, however the
antimicrobial activity of the plant defensins hasb quite diverse and was classified into
two main groups (A and B) sharing only 25% simtlafhased on amino acid sequence
(Harrison, 1998). Plant defensins have been deteantdifferent organs of plants such as
leaves, flowers, seeds, and tubers (Moreno eti@94). Furthermore, the expression of
some defensin genes is developmentally regulatddrems that of others is greatly

elevated in response to biotic and abiotic extestiduli (Epple et al., 1997).

In our previous report, SPD1 exhibited antimicrébadehydroascorbate reductase
and monodehydroascorbate reductase activities @earal., 2008a). In this work we
report for the first time that SPD1 exhibited daspendent ACE inhibitory activity when
Captopril was used as a positive control. Commetotvine serum albumin (BSA),
which was frequently found in the literature as geptide resource of ACE inhibitors,
was chosen for comparison. TKevalues of SPD1 against ACE were calculated. We als
used trypsin to hydrolyze SPD1 for different timasd the changes of ACE inhibitory
activity were determined. Kg of ACE inhibitory activities by synthetic peptidegere

also determined.

MATERIALSand METHODS

Materials
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Tris, electrophoretic reagents, and silica gel @864~were purchased from E. Merck
Inc. (Darmstadt, Germany); Captopril was purchasech Calbiochem Co. (CA, USA);
Seeblue prestained markers for SDS-PAGE includiggsin (250 kDa), BSA (98 kDa),
glutamic dehydrogenase (64 kDa), alcohol dehydrager{50 kDa), carbonic anhydrase
(36 kDa), myoglobin (30 kDa), and lysozyme (16 kideye from Invitrogen (Groningen,
The Netherlands); FAPGG, ACE (1 unit, rabbit lungGpomassie brilliant blue G-250;
peptide (GL Biochem, China), and other chemicald eeagents were purchased from

Sigma Chemical Co. (St. Louis, MO, USA).

Expression of Defensin in E. coli

Defensin with its pre-pro-sequence (SPD1) was esgac inE. coli. The coding
sequence was amplified from cDNA SPD1 using arooligleotide (5"-A GGAT CATG
GCTTC ATCTC TTCGT TC -37), with &8amHI site (underlined) at the putative initial
Met residue, and an oligonucleotide (5-GCCTT GCTARCAG TCGACCGCTG T
-3"), with aSall site at the 3" end. The PCR fragment was subclimgisEM T-easy
vector. The plasmid was then digested withmH| and Sall and the excised fragments
were subcloned in pQE30 expression vector (QlAesgrexpression system, Qiagen).
The resulting plasmid, termed pQE-SPD1, was intteduntoE. coli (M15). Cultures of
the transformedE. coli (M15) overexpressed a protein of the expected cotde mass,
which was purified by affinity chromatography in-hitrilotriacetic acid (NTA) columns

(Qiagen), according to Huang et al. (2004).

Deter mination of ACE inhibitory activity
The ACE inhibitory activity was measured accordioghe method of Holmquist et al.
(1979) with some modifications. Four microliters ridcrounits) of commercial ACE (1

unit, rabbit lung) was mixed with 50L of different amounts of SPD1 or BSA (50, 100,
5
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and 200pg/mL), and then 20QuL of 0.5 mM N-[3-(2-furyl) acryloyl]-Phe-Gly-Gly
[FAPGG, dissolved in 50 mM Tris-HCI buffer (pH 7.6pntaining 0.3 M NacCl] was
added. The decreased absorbance at 345\mvirthibitor) was recorded during 5 min at
room temperature. Deionized water was used instdadample solution for blank
experiments AA control). Captopril (molecular mass 217.3 Da) wasduas a positive
control for ACE inhibitor (1.25, 2.5, 5, 10, 20, 4bd 80 nM). The ACE activity was
expressed asA 345 nm, and the ACE percent inhibition was cal@das follows: [1 -
(AA inhibitor / AA control)] x 100. Means of triplicates were deteretdn The 50%
inhibition (ICsg) of ACE activity was defined as the concentratimissamples that

inhibited 50% of ACE activity under experimentahddions.

Deter mination of ACE inhibitory activity by TLC
The ACE inhibitor activity of SPD1 was also detemed by TLC method (Holmquist

et al.,, 1979). Each 10QL of SPD1 or BSA (225ug/mL) was premixed with 15

microunits of ACE for 1 min, and then 2QQ. of 0.5 mM FAPGG was added and
allowed to react at room temperature for 10 mireMBOOuL of methanol was added to
stop the reaction. The blank experiment contain®&G only; in the control experiment,
ACE reacted with FAPGG under the same conditiorechEwas dried under reduced
pressure and redissolved with 400 of methanol, and 5QL was spotted on a silica gel
60 F254. The FAPGG and FAP (ACE hydrolyzed produwatjye separated by TLC in

1-butanol-acetic acid-water, 4:10t/V/V), and observed under UV light.

Deter mination of the kinetic properties of ACE inhibition by Defensin
The kinetic properties of ACE (4U) without or with SPD1 (200 pg/mL) in a total
volume of 25QuL were determined using different concentration§APGG as substrate

(0.1 mM to 0.5 mM). The Km (without SPD1) and Knwith SPD1) were calculated
6
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from Lineweaver-Burk plots, where Km” was the Mielis constant in the presence of

200 pg/mL SPDL.

Deter mination of the ACE Inhibitory Activity by trypsin Hydrolysates of Defensin

Six mg of SPD1 were dissolved in 1 mL of 50 mM THEI buffer (pH 7.9). Then 0.1
mL of 12 mg of trypsin was added and hydrolysis wasied out at 37C for 8, 16, 24
and 32 h. After hydrolysithe solution was heated at 00 for 5 min to stop enzyme
reaction. The trypsin was heated before SPD1 hysisofor the 0 h control reaction. Each
of the 60uL SPD1 hydrolysates was used for determination8CQE inhibition by using

spectrophotometry.

Chromatograms of Tryptic Hydrolysates of defensin on a Sephadex G-50 Column

The unhydrolyzed SPD1 and tryptic SPD1 hydrolysatie24 h were separated by
Sephadex G-50 chromatography (1 x 60 cm). The aoluvas eluted with 20 mM
Tris-HCI buffer (pH 7.9). The flow rate was 30 mlLdnd each fraction contained 2 mL,

the absorbance of which was determined at 570 nm.

Satistical Analysis
Means of triplicates were calculated. Studentsst was used for comparison between

two treatments. A difference was considered totatstically significant whep < 0.05.
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RESULTS and DISCUSSION

Expression of defensin in E. coli

SDS-PAGE analysis of SPD1 crude extracts from thesformedE. coli (M15)
showed high amounts of a polypeptide with the etquemolecular mass (ca. 8,600 Da).
This polypeptide was found as a soluble proteithi supernatant, and was absent in
protein extracts obtained from. coli transformed with pQE-30 vector. The expressed
protein was purified from crude extracts by*Nihelate affinity chromatography, which
yielded highly purified His-tagged SPD1. PrepartBDS-PAGE (Huang et al.,, 2008a)

was used as the next step for SPD1 purification.

Deter mination of ACE inhibitor Activity of Defensin by Spectrophotometry

The purified SPD1 was used for determinations ofEA@hibitory activity. Fig. 1
shows time course of the effect of the differentoants of SPD1 (0, 50, 100 and 200
pug/mL) on the ACE activityAA 345 nm). Compared with the ACE only (control), &asv
found that the higher the amount of SPD1 addedaver theAA 345 nm found during
300 sec reaction period. Results of Fig. 1 shows plurified SPD1 could inhibit ACE

activity in a dose-dependent manner.

Effects of Defensin, BSA and Captopril on ACE Activity shown by
Spectrophotometry

It was interesting to know whether BSA also exf@bithe ACE inhibitory activity.
Fig. 2A shows the effects of SPD1 (0, 50, 100, and j2§@énL), BSA (0, 50, 100, and 200
png/mL) or Captopril (Fig. 2B; 0, 1.25, 2.5, 5, 1@, 20 and 80 nM; corresponding to O,
108.5, 217, 434, 868, 1,736, 3,472 and 6,844 ngradpectively) on ACE activity. It was
found that BSA showed less ACE inhibitory activifgss than 25 % inhibition) and

8
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without dose-dependent inhibition patterns. Howe&PD1 exhibited dose-dependent
ACE inhibitory activity (50~20Qug/mL giving, respectively, 27.56 ~ 52.58 % inhibit).
From calculations, the 50% inhibition @§ of SPD1 against ACE activity was
190.47ug/mL compared to that of 10 nM (868 ng/mL) for Gaptl, which was similar
to the report (7 nM) of Pihlanto-Leppdala” et al998); while the IG, of yam dioscorin
was 250ug/mL (Hsu et al., 2002). Both BSA and purified SPédre proteins, but only
the purified SPD1 showed specific dose-dependenkE Aghibitory activity. In the
literature, the protein hydrolysates were used @sces to purify peptides as ACE
inhibitors (Mullally et al., 1996)From calculations, the Kg of SPD1 against ACE
activity was 190.47g/mL, which was smaller than the synthetic peptidiactorphin
(YGLF, 322.7 pg/mL). Several identified peptidedin@ents exhibited much lower 4&
values than our purified SPD1; for example, Tyr-Rrfowhey proteins, 8.1 pg/mL
(Yamamoto et al., 1999) and HHL of soybean proteXi@ ug/mL (Shin et al., 2001). On
the opposite, several identified peptide fragmentsibited much higher 1§ values than
our purified SPD1; for example, hydrolysates of wharoteins @-lactaloumin and
B-lactoglobulin) were effective with Kz values between 345-1,733 pg/mL
(Pihlanto-Leppala et al., 2000), LAHKAL dif-lactaloumin hydrolysates, 406 pg/mL;
GLDIQK of B-lactoglobulin hydrolysates, 391 pg/mL; and VAGTV@Y 3-lactoglobulin
hydrolysates, 1,171 pg/ mL. In our previous papkrang et al., 2008b), the 4gof ACE
activity required 187.96 ug/mL Tl from sweet potato, which was lower tharsd@alue

of purified SPDL1.

Deter minations of ACE Inhibitor Activity of Defensin by TLC
The FAPGG and FAP (product of ACE catalyzed hydsislyeaction) were separated
by TLC using water saturated 1-butanol: acetic :amiger, 4:1:1 (V/V/IV) as developing

solvents according to the method of Holmquist e(E379). Fig. 33hows the qualitative
9
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results of TLC chromatograms of a silica gel 60 42bout the effects of 235/mL of

commercial BSA (lane 3) or SPD1 (lane 4) on 15 ouaits of ACE. Compared to the
control test (lane 2), it was found that SPD1 (ldhenhibited ACE reaction showing less
amounts of FAP production observed under UV lighkawever, similar amounts of FAP
were found between the control test (lane 2) andA Bfane 3). These results

demonstrated again that SPD1 exhibited ACE inhilaitaivity.

Deter mination of the Kinetic Properties of ACE Inhibition by Defensin

The Lineweaver-Burk plots of ACE {4U) without or with purified SPD1 (200 pg/mL)

under different concentrations of FAPGG are showfig. 4. The results indicated that

purified SPD1 acted as a mixed type inhibitor agaCE using FAPGG as a substrate.

When 200pg/mL SPD1 (10ug) were addedyYmax and Km were, respectively, 0.01

AA/min and 0.69 mM; while without SPD1 they were dMHA/min and 0.42 mM. In

conclusion, SPD1 exhibited dose-dependent ACE ndmpactivity and acted as a mixed

type inhibitor with respect to the substrate (FAPG& similar work was reported with

the calculated Km as 0.25 mM FAPGG for ACE in tihesence of purified dioscorin, the

calculated Km” was 0.33 mM (Hsu et al., 2002).

The mixed-type inhibition suggests that there miggatan inhibitor-binding site (or

I-site) for SPD1 on the enzyme (ACE) surface initold to the substrate-binding site (or

S-site). It is noteworthy that SPD1 bind tightethe I-site on the substrate-bound form of

10
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ACE than that on the free form. It is also notedt tiheK, values in the presence of the

inhibitors are higher than that in their absenoeother words, binding of the substrate to

the S-site increases the binding affinity of thkilaitor to the I-site, whereas binding of

the inhibitor to the I-site decreases the bindifigniéy of the substrate to the S-site. The

inhibitory mode of SPD1 was unique and hardly aredy with a simple

Michaelis—Menten-type interaction between the erzyamd inhibitor. The inhibitory

mode of SPD1 must be examined further in the nesearch step kinetically and

thermodynamically.

Determination of the ACE Inhibitory Activity by trypsin Hydrolysates of Defensin

and their peptide Distributions. Fig. 5 shows the ACE inhibitory activitAA 345 nm)

of tryptic SPD1 hydrolysates. Fig. 5A shows the AGEibition (percent) of tryptic SPD1

hydrolysates collected at different trypsin hydsigytimes. From the results (Fig. 5A), it

was found that the ACE inhibitory activity increddeom 52.47 % (0 h) to about 74.38 %

(24 h). Fig. 5B shows the chromatograms of unhyded SPD1 and tryptic SPD1

hydrolysates (24 h) on Sephadex G-50 column. It veasd that smaller peptides

increased with increasing trypsin hydrolytic tinfdne ACE inhibitor activities of tryptic

SPD1 hydrolysates decreased after 24 h hydrolisigs $A) suggesting that some active

ingredients got lost after 24 h hydrolysis.

11



274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

We used synthetic peptides (according to SPD1 gengience) to measure ACE
inhibitor activity. Kohmura et al. (1989) synthesizsome peptide fragments of human
B-casein and found that the length of those peptlis an influence on the ACE
inhibitory activity. Namely, peptides composed e1@ amino acids with proline on the
C-terminal were necessary as ACE inhibitdisus the peptide Leu-Arg-Pro from food
protein hydrolysates has been reported to be thst paient natural ACE inhibitor, with
an G value of 0.27ug/mL or 1.0uM. Byun and Kim (2002) studied the ACE inhibitory
activity of a series of dipeptides, and indicatédtttryptophan, tyrosine, proline, or
phenylalanine at th€-terminal and branched-chain aliphatic amino atith@N-terminal
were required for a peptide to bind to ACE.

Synthetic peptides were designed by simulated imypstting sites ofSPD1 gene
(accession number: AY552546) products from sweet tatpo
(http://www.expasy.org/tools/peptidecutter/). Sepfides, namely GFR, FK, IMVAEAR,
GPCSR, CFCTKPC and MCESASSK, were synthesized basdtie simulated trypsin
digest of SPD1, then tested for ACE inhibitory aityi 1Cso values of individual peptides
were 94.25+ 0.32, 265.43+ 1.24, 84.12+ 0.53, 66736, 1.31 + 0.07 and 75.93 £ 0.64
uM, suggesting that CFCTKPC might represent the rdaimainfor the ACE inhibition.
These results demonstrated that simulated synthedigtides from tryptic SPD1
hydrolysates exhibited ACE inhibitory activitiesuOwork suggests that (1) CFCTKPC
might represent the main active site for the ACHibition; (2) there are marked structural
similarities for peptides with antihypertensive, nimmnomodulatory and antioxidant
activities and may be used as criteria for selgctor designing multifunctional
ingredients of functional foods to control cardisgalar diseases.

In our previously paper, Tl was shown to inhibit BCactivation in a
dose-dependent manner. Thesd©f ACE activity required 187.96 ug/mL TI. And

TYCQ was synthesized based on the simulated pejigest of Tl. The Ig values of
12
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TYCQ peptide was 2.3@M (Huang et al., 2008b). In this work the sfCvalues of
CFCTKPC peptide was 1.3IM. This value was much better than Tl and its hiygrates.
CFCTKPC peptide contains seven amino acids withetlaysteine residues. So far, the
structure—activity correlations among the variouSEAinhibitory peptides still remain
ambiguous. On the basis of some common structuterps, it has been suggested that
the most favorable amino-terminal residues aredtrash amino acids such as Val and lle
and the most preferred carboxyterminus residuearamng Trp, Tyr, Pro, or Phe (Zhou et

al., 2010)

In summary, SPD1 exhibited dose-dependent ACE itambactivity. SPD1 acted as
a mixed type inhibitor toward ACE with égof 1.31 + 0.07uM. Its peptic hydrolysates
also showed ACE inhibitory activities. Some pepidierived from food proteins were
demonstrated to have antihypertensive activitiesnsg spontaneously hypertensive rats
(Yoshii, et al., 2001)The potential for hypertension control when peapasume sweet

potato deserves further investigations.

ACKNOWLEDGEMENTS

The authors want to thank the financial supportenfithe National Science Council
(NSC 97-2313-B-039 -001 -MY3) and China Medical \#sity (CMU) (CMU95-PH-11,

CMU96-113, CMU97-232 and CMU99-S-29).

LITERATURE CITED

13



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

Bellamy, W., R.H. Wakabayashi, M. Takase, K. Kaw&eShimamura, and M. Tomita.
1993. Role of cell-binding in the antibacterial hacism of Lactoferricin B. J. Appl.

Bacteriol.75: 478-484.

Byun, H.G,, and S.K. Kim. 2002. Structure and attiwf angiotensin | converting
enzyme inhibitory peptides derived from Alaskanlgak skin J. Biochem. Mol.

Biol. 35: 239-243.

Casaretto, H.Z., and P. Jolles. 1984. Immunostitimgeénexapeptide from human case in
amino acid sequence, synthesis and biological ptiepe Eur. J. Biochem145:

677-682.

Haasen, K.E., and D.R. Goring. 2010. The recogmisind rejection of self-incompatible

pollen in theBrassicaceae. Botanical Studiesbl: 1-6.

Epple, P., K. Apel, and H. Bohimann. 1997. ESTsat\a multigene family for plant

defensins in Arabidopsis thaliana. FEBS L400: 168-172.

Harrison, P.F. and J. Lederberg. 1998. AntimicroBasistance. National Academies

Press.

Holmquist, B., P. Bunning, and J.F. Riordan. 19A&9continuous spectrophotometric

assay for angiotensin converting enzyme. Anal. Beoe.95: 540-548.

Hou, W.C., H.J. Chen, and Y.H. Lin. 2003. Antioxidapeptides with angiotensin
converting enzyme inhibitory activities and applicas for angiotensin converting

enzyme purification. J Agric Food CheBi: 1706-1709.

14



341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

Hsu, F.L., Y.H. Lin, M.H. Lee, C.L. Lin, and W.C.ad. 2002. Both dioscorin, the tuber
storage protein of yamD{oscorea alata cv. Tainong No. 1), and its peptic
hydrolysates exhibited angiotensin converting ereynmibitory activities. J Agric

Food Chem50: 6109-6013.

Huang, D.J., C.D. Lin, H.J. Chen, and Y.H. Lin. 20@ntioxidant and antiproliferative
activities of sweet potatddomoea batatas [L.] Lam. ‘Tainong 57’) constituents.

Bot. Bull. Acad. Sin45; 179-186.

Huang, D.J., W.C. Hou, H.J. Chen, and Y.H. Lin. 208weet potatol pomoea batatas
[L.] Lam ‘Tainong 57’) storage roots mucilage exteld angiotensin converting

enzyme inhibitory activitieg vitro. Botanical Studies5: 397-402.

Huang, G.J., H.J. Cher¥.S. Chang, M.J. She@and Y.H. Lin. 2007. Recombinant
Sporamin and its synthesized peptides with AntiartdActivitiesin vitro. Botanical

Studies48: 133-140.

Huang, G.J., H.C. Lai, Y.S. Chang, M.J. Sheu, Tu,.S.S. Huang, and Y.H. Lin. 2008a.
Antimicrobial, dehydroascorbate reductase and melnygdiroascorbate reductase
activities of defensin from sweet potalpdmoea batatas [L.] Lam. ‘Tainong 57’)

storage roots. Journal of Agricultural and Food i@iséry 56: 2989-2995

Huang, G.J., Y.L. Ho, H.J. Chen, Y.S. Chang, S.8artg, H.J. Hung, and Y.H. Lin.
2008b. Sweet potato storage root trypsin inhibéod their peptichydrolysates
exhibited angiotensin converting enzyme inhibit@gtivity in vitro. Botanical

Studies49: 101-108.

15



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

Huang, C.Y., C.L. Wen, Y.L. Lu, Y.S. Lin, L.G. Chemand W.C., Hou. 2010.
Antihypertensive activities of extracts from tissudtures ofVitis thunbergii var.

Taiwaniana. Botanical Studiebl: 317-325.

Kohmura, M., N. Nio, K. Kubo, Y. Minoshima, E. Mukega, and Y. Ariyoshi. 1989.
Inhibition of angiotensin-converting enzyme by $etic peptide fragments of

humanp-casein. Agric. Biol. Chenb3: 2107-2114.

Lin, C.L., S.Y. Lin, Y.H. Lin, and W.C. Hou. 200&ffects of tuber storage protein of yam

(Dioscorea alata cv. Tainong No. 1) and its peptic hydrolyzatesspontaneously

hypertensive rats. J. Sci. Food Agig6: 1489-1494.

Lin, S.Y.,, C.C. Wang, Y.L. Lu, W.C. Wu, and W.C. o0 2008. Antioxidant,

anti-semicarbazide-sensitive amine oxidase, andhygdrtensive activities of

geraniin isolated fronPhyllanthus urinaria. Food Chem. Toxicok6: 2485-2492.

Liu, Y.H., M.T. Chuang, and W.C. Hou. 2007. Methkasoluble3-elimination products
from preparations of alginic acid hydroxamate eitbib DPPH scavenging and

angiotensin converting enzyme inhibitory activitiBstanical Studie#48: 141-146.

Moreno, M., A. Segura, and F. Garcia-Olmedo. 1%&studothionin-Stl, a potato peptide

active against potato pathogens. Eur. J. Biocl22®1.135-139.

Mullally, M.M., H. Meisel, and R.J. Fitzgerald. 1®9Synthetic peptides corresponding to
a-lactalbumin andg3-lactoglobulin sequences with angiotensin-I-conungrenzyme

inhibitory activity. J. Biol. Chem377: 259-260.

16



382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

Pihlanto-Leppald, A., T. Rokka, and H. Korhonen989 Angiotensin | converting
enzyme inhibitory peptides derived from bovine mgkoteins. Int. Dairy J8:

325-331.

Pihlanto-Leppald, A., P. Koskinen, K. Piilola, Tufgasela, and H. Korhonen. 2000.
Angiotensin I-converting enzyme inhibitory propesi of whey protein digest:

concentration and characterization of active pegtid. Dairy Sci67: 53-64.

Scarborough, R.H., J.W. Rose, M.H. Hsu, D.R. RislliV.A. Fried, A.M. Campbell, L.
Manniaai, and I.F. Charo. 1991. Barbourin A Gpllla:lspecific integrin antagonist

from the venom of sistrurdd. barbouri. J. Biol. Chem266; 9359- 9360.

Shin, Z.1., R. Yu, S.A. Park, D.K. Chung, C.W. Ahh,S. Nam, K.S. Kim, and H.J. Lee.
2001. His-His-Leu, an angiotensin | converting eneyinhibitory peptide derived
from Korean soybean paste, exerts antihyperterastieity in vivo. J. Agric. Food

Chem.49: 3004-3009.

Terras, F.R., 1.J. Goderis, F. Van Leuven, J. Vdegiden, B.P. Cammue, and W.F.
Broekaert. 1992In Vitro Antifungal Activity of a Radish Raphanus sativus L.)
Seed Protein Homologous to Nonspecific Lipid TrandProteins. Plant Physiol.

100: 1055-1058.

Yamamoto, N., M. Maeno, and T. Takano. 1999. Rwatfon and characterization of an
antihypertensive peptide from a yogurt-like prodéetmented bylLactobacillus

helveticus CPN4.J. Dairy Sci82: 1388-1393.

Yoshii, H., N. Tachi, R. Ohba, O. Sakamura, H. Takea, and T. Itani, 2001.

Antihypertensive effect of ACE inhibitory oligopégi¢s from chicken egg yolks.

17



404 Comp. Biochem. Physiol. C Pharmacol. Toxicol. Emamt. 128: 27-33.

405 Zhou, F., Z. Xue, and J. Wang, 2010. Antihypertemsffects of silk fibroin hydrolysate

406 by alcalase and purification of an ACE inhibitorpebtide. J Agric Food Cherb8:
407 6735-6740.

408

409

410

18



411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

Figure Legends

Figure 1. Inhibitoryactivity of different amounts of defensin (SPD1) §0, 100 and 200

pg/mL) from sweet potato storage root on the ACEvagt(AA 345 nm).

Figure 2.The effects of SPD1, albumin and Captopril on AGHEvity determined by
spectrophotometry. SPD1 (0, 50, 100 and 200 pg/orovine serum
albumin (0, 50, 100 and 200 pug/mL) was used. Thébition of ACE (%)
was calculated according to the equation4A-(nhibitor +~ AA control)] x

100 %.

Figure 3.The TLC chromatograms of a silica gel 60 F254 shgwhe effects of defensin
from sweet potato storage root or bovine serummalbuon ACE activity.
Lane 1, blank test (FAPGG only); lane 2, contradt ttACE reacted with
FAPGG to produce FAP); lane 3, 225 pg/mL bovineisealbumin added;
lane 4, 225 pg/mL SPD1 added. Each solution wasddunder reduced
pressure and redissolved with 400 uL methanol. BachL was spotted on a
silica gel 60 F254. The FAPGG and FAP were separbjewater saturated
1-butanol : acetic acid : water, 4:1(Xt/V/V). Arrows indicated the positions
of both FAP and FAPGG.

19



430

431 Figure 4.The Lineweaver-Burk plots of ACE U) without or with SPD1 (200 pg/mL)

432 from sweet potato storage root using different emt@tions of FAPGG (0.1
433 to 0.5 mM).
434

435 Figure 5. ACE inhibitor activity of tryptic hydrobates of sweet potato SPD1. The plot

436 shows the ACE inhibition (%) of tryptic SPD1 hydrshtes obtained at
437 different trypsin hydrolysis time (A). The proteiasd the inhibition of ACE
438 (%) were shown (B). The inhibition of ACE (%) waalaulated according to
439 the equation [14A inhibitor + AA control)] x 100 %.

440
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475
476 Table 1. SPD1 peptides with ACEhibition activity.

477
SPD1 peptides 1Go (UM)

GFR 94.25 +0.32
FK 265.43 +1.24

IMVAEAR 84.12 + 0.53
GPCSR 61.67 + 0.36

CFCTKPC 1.31 £ 0.07

MCESASSK 75.93 +0.64

478 Note: The sequence of SPD1 contains pre-pro-segqudinese sequences were retrieved

479 from  the NCBI (National Center  for Biotechnology fdmimation,

480  http://www.ncbi.nim.nih.gov) with the following aession numbers AY552546.

481
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483
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485
486

487
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