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Abstract

SoybeanGlycine makis a major protein source for animal and humamitit. The
Bowman-Birk protease inhibitor (BBI), ranking 3rdnang soybean seed storage
proteins, is a major antinutritional factor. BBl svencubated with 1 mM DTT at 37°C
for 2 h and loaded directly onto a Sephadex G-25cgkeimn for purification. The
molecular mass of the reduced form of BBI is c& KDa determined by SDS
(sodium dodecyl sulfate)-PAGE (polyacrylamide gelecgophoresis). The
methodology we usedcludestotal antioxidant status, (1,1-dipheny-2-picrylhgziyl)
DPPH staining, DPPH radical scavenging activitgju@ng power method, Ee

-chelating ability, FTC (ferric thiocyanate) meth@hd protection calf thymus DNA
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against hydroxyl radical- induced damage. The @ediand reduced form of BBI
with a concentration of 200g/mL exhibited the highest activity (expressed agi#
0.36 and 7.20 = 0.20 mM Trolox equivalent antioxida value, TEAC) in total
antioxidant status test. In the DPPH staining #m#uced form of BBI appeared as
white spots when it was diluted to 1218§/mL (a final amount of 0.6 pg). Like total
antioxidant status, the reducing power,? Fehelating ability, FTC activity and
protection against hydroxyl radical-induced calfrttus DNA damage all showed that
the reduced BBI exhibited higher antioxidative atgs than the oxidized BBIThe
results suggested that the reduced BBI exhibitgtidni antioxidative activities than
the oxidized BBI in a series ah vitro tests. These findings provide one of the

molecular bases for BBI applications to treat vasigerious diseases.

INTRODUCTION

It is commonly accepted that in a situation of atide stress, reactive oxygen
species such as superoxide, (Q HOO ), hydroxyl (OH ) and peroxyl (ROO)
radicals are generated. The reactive oxygen spgtsgsan important role in the
degenerative or pathological processes of vari@en®is diseases, such @scer,
coronary heart disease, Alzheimer's disease (Ank¥33), neurodegenerative

disorders, atherosclerosis, cataracts, inflammag#onoma, 1998) and aging (Burns
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et al., 2001). The use of traditional medicine idegpread and plants still represent a

large source of natural antioxidants that mighvaseas leads for the development of

novel drugs. Several antiinflammatory, digestivetireecrotic, neuroprotective, and

hepatoprotective drugs have recently been showhatee an antioxidant and/or

radical-scavenging mechanism as part of their @gt{in and Huang, 2002). In the

search for sources of natural antioxidants, substarsuch as phenolic compounds

(Rice-Evans et al., 1997), anthocyanin (Espin et @D00), echinacoside in

Echinaceaegoot (Hu and Kitts, 2000), whey proteins (Tong Wi 2000)and water

extracts of roastedCassia tora(Yen and Chuang, 2000have been extensively

studied for their antioxidant activity and radicalavenging activity.

Soybean Glycine maxis an ancient legume traditionally used in theparation of

fermented and a staple dietary component amongnApi@pulations (Sarkar et

al.,1998). Substantial epidemiological evidence gests that Asian populations

consuming a high amount of soybean foods have @rlawgk of certain chronic

diseases such as cardiovascular disease and ¢Bec&er-Ritt et al., 2004). Soybean

contains several biologically active compounds swsh isoflavones, saponins,

peptides, and proteins. Genistein is the isoflavpresent in high concentration in

soybean (Bau et al., 199Md is proposed to be the most biologically acf®ehen

et al., 2002)The biological properties of isoflavones are assed with its capability
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to prevent osteoporosis, cancer, and cardiovasdidaase (Isanga and Zhang, 2008).

Soybean also contains peptides and proteins thestege certain biological activities

such as Bowman-Birk inhibitor (BBI), Kunitz inhibit, and lunasin. BBI is a small

serine protease inhibitor. BBI from soybean cosswdt 71 amino acid residues and

has 7 disulfides bonds. BBI can withstand boilingtev temperature for 10 min,

resistant to the pH range and proteolytic enzynfethe gastrointestinal tract, is

bioavailable, and is not allergenic. BBI inhibitsetproteolytic activities of trypsin,

chymotrypsin and elastase. Several studies havemsnated the efficacy of BBI

against tumor cellgx vitro, in animal models, and in human phase lla clinidals

(Vaughn, et al., 2008).

The objectives of this work were to investigatetioxidant properties of the

oxidized and reduced forms of BBI from soybean omparison with reduced

glutathione in a series @f vitro tests.

MATERIALSAND METHODS

Materials. 1,1-dipheny-2-picrylnydrazyl (DPPH), ethylenediamitetraacetic acid

(EDTA), sodium bicarbonate, Tris(hydroxylmethyl) ia@methane and

Bowman-Birk inhibitor (BBI, 90% purified) were purased from Sigma Chemical

Co. (St. Louis, MO USA). The total antioxidant s&tassay kit was purchased from
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Calbiochem-Novabiochem Corporation (La Jolla, CSA).

Protein staining and thiol-label staining of BBl on 15% denaturing

polyacrylamide gels. Samples were mixed with sample buffer, namely 60 mM

Tris-HCI buffer (pH 6.8) containing 2% SDS, 25% ggyol, and 0.1% bromophenol

blue with or without 2-mercaptoethanol. Coomassilidnt blue G-250 was used for

protein staining (Huang et al., 2009he method of thiol-label staining on an

SDS-PAGE gel basically followed the report of Huaetgal. (Huang et al., 2004a)

using the mBBr (monobromobimane) reagent as a probe

Purification of reduced Bowman-Birk inhibitor. BBl was incubated with 1 mM

DTT at 37°C for 2 h and then the sample was loatilexttly onto a Sephadex G-25

gel column (Amersham PD-10 desalting column). T Bas eluted with 100 mM

Tris-HCI buffer (pH 7.5).

Measurement of Total Antioxidant Status. Total antioxidant status of the BBI

protein was measured using the total antioxidaatustassay kit (Calbioche@orp)

according to the manufacturer’'s instructions. Bssay relies on the antioxidant

ability of the protein tanhibit oxidation of 2, 2' azino-bis-[3-ethylbenizidzoline-

6
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6-sulfonic acid] (ABTS) to ABTS by metmyoglobin. The amount of ABTS
produceds monitored by reading the absorbance at 600 nnueltheseeaction
conditions, the antioxidant ability of BBI protesuppressethie absorbance at 600 nm
in proportionto its concentration. The final antioxidant capa@tBBI protein was
calculated by the following formula: concentratmABTS" being cleared (mM) =
[factor x (absorbance of blank-absorbance of saypdigctor= [concentration of

standard/(absorbance of blank-absorbafcstandard)].

Rapid Screening of Antioxidant by Dot-Blot and DPPH Staining. An aliquot (3
uL) of each diluted sample of the BBI was carefidgded on a 20 cm x 20 cm TLC
layer (silica gel 60 F254; Merck) and allowed ty §8 min). Drops of each sample
were loaded in order of decreasing concentrationgathe row. The staining of the
silica plate was based on the procedure of Huara). dHuang et al., 2004b). The
sheet bearing the dry spots was placed upside dowtO s in a 0.4 mM DPPH
solution. Then the excess of solution was removigd avtissue paper and the layer
was dried with a hair-dryer blowing cold air. Stnsilica layer revealed a purple
background with white spots at the location wheaglical scavenger capacity

presented. The intensity of the white color depemasn the amount and nature of
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radical scavenger present in the sample.

Determination of Antioxidant Activity by Reducing Power Measurement. The
reducing powers of the BBI and glutathione weresdeined according to the method
of Huang et al. (Huang et al., 2005). The BBI ®,51 25, 50, 100, and 200 pg/mL) or
glutathione was mixed with an equal volume of 0.phbsphate buffer, pH 6.6, and 1
% potassium ferricyanide. The mixture was incubaed0°C for 20 min, during
which time ferricyanide was reduced to ferrocyanitleen an equal volume of 1%
trichloroacetic acid was added to the mixture, Whi@as then centrifuged at 3,500
for 10 min. The upper layer of the solution was edixvith distilled water and 0.1 %
FeCk ataradioof 1:1: 2, and the absorbance amnn@@vas measured to determine
the amount of ferric ferrocyanide (Prussian Blfrejned. Increased absorbance of

the reaction mixture indicated increased reducimggy of the sample.

Determination of Antioxidant Activity by Fe?*-Chelating Ability. The Fé'
-chelating ability was determined according to method of Huang et al. (Huang et

al., 2007).The Fé was monitored by measuring the formation of fesrou
iron-ferrozine complex at 562 nm. The BBI (0, 125, 50, 100, and 200 pg/mL) was

mixed with 2 mM FeGland 5 mM ferrozine at a ratio of 10 : 1 : 2. Thixtore was
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shaken and left to stand at room temperature fomifd The absorbance of the
resulting solution at 562 nm was measured. The ildine absorbance of the reaction
mixture the higher the Ee-chelating ability. The capability of the sampledielate
the ferrous iron was calculated using the followaugiation:

Protection of Bowman-Birk inhibitor against Hydroxyl Radical-Induced Calf
Thymus DNA Damage. The hydroxyl radical was generated by Fenton reacti
according to the method of Huang et al. (Huangl.et2807). The 15.L reaction
mixture containing BBI (0, 2.5, 5, 10, or 20 mg/mb)uL of calf thymus DNA (1
mg/mL), 18 mM FeS@ and 60 mM hydrogen peroxide were incubated atroo
temperature for 15 min. Theni2 of 1 mM EDTA was added to stop the reaction.
Blank test contained only calf thymus DNA and thentcol test contained all
components except BBI. After agarose electrophsrdbie treated DNA solutions

were stained with ethidium bromide and examineceunV light.

Satistical Analysis. Averages of triplicates were calculated. Studentést was used
for comparison between two treatments. A differengas considered to be

statistically significant whep < 0.05.
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RESULTSAND DISCUSSION

Purification of thereduced Bowman-Birk inhibitor. BBl was incubated with 1 mM

DTT at 37°C for 2 h and then the sample was loatilexttly onto a Sephadex G-25

gel column (Amersham PD-10 desalting column). BBisweluted with 100 mM

Tris-HCI buffer (pH 7.5). The PD-10 desalting colisncontain Sephadex G-25 for

gel filtration (size exclusion) of biomolecules.oRins with molecular mass >5,000

Da pass quickly through the column via outside spE@el particles and salts such as

DTT with molecular mass <1,000 Da pass througictiemn slowly via inside space

of gel particles. Thus, we can purify the reduaaunf of BBI without DTT (Fig. 1).

Measurement of Total Antioxidant Status. Total antioxidant status of the BBI

protein was measured using the total antioxidaatustassay kit (Fig. 2). Both the

oxidized and reduced forms of BBl show a dose-déeentotal antioxidant activity

within the applied concentrations (0, 12.5, 25, 500, and 20Qug/mL). At 200

pug/mL, both the oxidized and reduced forms of BBs$pitiyed the highest total

antioxidant status (4.74 = 0.36 and 7.20 + 0.20 WABITS* radical cation being

cleared). The reduced BBI had higher total antiartcstatus than the oxidized one.

10
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Rapid Screening of Antioxidant by Dot-Blot and DPPH Staining and Scavenging
Activity against DPPH Radical. Antioxidant capacity of the oxidized and reduced
forms of the BBl was eye-detected semi-quantittivey a rapid DPPH staining
method using TLC. Each diluted sample was applged dot on a TLC layer that was
then stained with DPPH solution (Fig. 3). This noeths typically based on the
inhibition of the accumulation of oxidized prodyctince the generation of free
radicals is inhibited by the addition of antioxid&mnd scavenging the free radicals
shifts the end point. The appearance of white cgpart vs a purple background has a
potential value for the indirect evaluation of amtdant capability of the oxidized and
reduced forms of BBI in the dot blots (Chang, et 2007a). Fast-reacted and strong
intensities of white spots appeared up to the idiiubf 200 ug/BBI/mL (with an
absolute amount of 0.6 pug). The oxidized form ofl BBd lower antioxidant activity
than the reduced form of BBI at 20@/mL.

The DPPH radical was widely used in the model syste investigate the
scavenging activities of several natural compousdsh as phenolic compounds,
anthocyanins or crude mixtures (Huang et al., 2RDUBRPH radical is scavenged by
antioxidants through the donation of a hydrogemfog the reduced DPPH-H. The
color changed from purple to yellow after reductiaich could be quantified by its

decrease of absorbance at wavelength 517 nm. Figgleows the dose-response

11
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curve for the radical-scavenging activity of théfetient concentrations of BBI and
glutathione using the DPPH coloring method. It vimsnd that both the oxidized
form and reduced form of BBI had the highest rdeicavenging activity (44.0 *
0.35 and 60.0 £ 1.50 %, respectively) at 2@0mL. Free cysteine residues in whey
proteins and trypsin inhibitor from sweet potatoreveeported to have antioxidant
activities (Allen and Wrieden, 1982; Huang et 2008b). These findings suggest that

cysteine residues in soybean BBI might also pgaie in antiradical activity.

Measurement of Reducing Power. We measure BBI's reducing capacity using
Fe*-Fe’* transformation process. The reducing capacity edrapound may serve as
a significant indicator of its potential antioxidaactivity (Chang et al., 2007b). The
antioxidant activity of putative antioxidants haueeen attributed to various
mechanisms including prevention of chain initiafiemding of transition metal ion
catalysts, decomposition of peroxides, preventibnomtinued hydrogen abstraction,
and radical scavenging (Diplock, 1997). The redgigower of BBI is shown in Fig.
5 with reduced glutathione as a positive contrdie Teducing activity of reduced
form of BBI exhibited a dose-dependence within aggpbtoncentrations (0, 12.5, 25,

50, 100, and 20Qg/mL). The oxidized form of BBl had needucing capacity.

12
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Measurement of Fe**-Chelating Ability. The metal chelating capacity of BBI and
standard antioxidants were determined by asseshigig ability to compete with
ferrozine for the ferrous ion. The Fechelating ability of BBI with a concentration
dependent mode is shown in Fig. 6. EDTA was useal pssitive control. The Ee
-chelating ability of the BBI was lower than thd&tEDTA. The dose of 20ig/mL of
oxidized and reduced form of BBI exhibited 45.6 29 and 68.0 + 2.93 % iron
binding capacity, respectively. The action of tH&l,Bas a peroxidation protector, may
be mainly due to its iron-binding capacity. Theueed form of the BBI protein had

better iron binding capacity than the oxidized fafrBBI.

Protection against Hydroxyl Radical-Induced Calf Thymus DNA Damage by
BBI. Free radicals could damage macromolecules in ceitd) as DNA, proteins, and
lipids in membranes (Halliwell, 1999). Figure 7 shthat BBI protected calf thymus
DNA against hydroxyl radical-induced damages. Campato the blank test and
control test, it was found that the reduced fornthef BBl added above 5 mg/mL (the
final absolute amount of 2fg) could protect calf thymus DNA against hydroxyl
radical-induced damages during 15-min reactionsil&\the oxidized form of the BBI
added above 10 mg/mL (the final absolute amouB0qeig) could protect calf thymus

DNA.

13
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BBI and other anticarcinogenic protease inhibit@s prevent radicals from being
produced in cells and thereby decrease the amduoxidative damage (Kennedy,
1999). A strong correlation exists between theittof a protease inhibitor to prevent
the release of oxygen free radicals from cells isdbility to inhibit carcinogenesis,
with inhibitors with chymotrypsin inhibitor actiyg4—such as BBIl—having the
greatest potency (Kennedy, 1999). The ability tevpnt the release of oxygen free
radicals is also assumed to be related to the patgninflammatory activity of BBI,

In conclusion, the results fronm vitro experiments, including total antioxidant
status assay (Fig. 2), DPPH staining (Fig. 3), soging activity against DPPH
radical (Fig. 4), reducing power method (Fig. 5 Fchelating ability (Fig. 6), and
hydroxyl radical-induced calf thymus DNA damageg(Fr), demonstrated that BBI
of soybean has various antioxidant activities dedreduced form of BBI had higher
antioxidantive activities than the oxidized onec&ease BBl can serve as an electron
donor in a variety of cellular redox reactions aridg removal of hydrogen peroxide
and free cysteine residues in reduced form of BEjhtnalso participate in antiradical
activity. Hence, BBl may contribute significantly thange the redox states and as a
potent antioxidant against hydroxyl and peroxylicald when people consume
soybean. Thex vivo or in vivo antioxidant activity of BBI should be performed in

near further.

14



271
272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

REFERENCES

Allen, J.C., and Wrieden, W.L. 1982. Influence afknproteins on lipid oxidation in

agueous emulsion Il. Lactoperoxidase, lactofersimperoxide dismutase and

xanthine oxidase. J. Dairy Rel€: 249-263.

Ames, B.N. 1983. Dietary carcinogens and anticagems: oxygen radicals and

degenerative diseases. Scier®. 1256-1264.

Aruoma, O.l. 1998. Free radicals, oxidative stresgl antioxidants in human health

and disease. JAOC%5: 199-212

Bau, H.M., Villaume, C., Nicolas, J.P., and Méjean1997.Effect of germination on

chemical composition, biochemical constituents antinutritional factors of

soyabeanGlycine max SeedsJ Sci Food Agric73: 1-9.

Becker-Ritt, A.B., Mulinari, F., Vasconcelos, |.M.and Carlini, C.R. 2004.

Antinutritional and/or toxic factors in soybea@lycine max(L) Merril) seeds:

comparison of different cultivars adapted to thetkern region of Brazild Sci

Food Agric.84: 263-270.

Burns, J., Gardner, P.T., Matthews, D., Duthie,, @ &an, M.E., and Crozier, A. 2001.

Extraction of phenolics and changes in antioxidastivity of red wines during

vinification. J. Agric. Food Chend9: 5797-5808.

Chang, H.C., Huang, G.J. AGRAWAL, D.C., Kuo, C.\Wu, C.R., and Tsay, H.S.

15



291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

2007a. Antioxidant activities and polyphenol comsenf six folk medicinal ferns

used as “GusuibuBotanical studie#48: 397-406.

Chang, H.Y., Ho, Y.L., Sheu, M.J., Pen, W.H., WiH $SHuang, G.J., and Chang, Y.S.

2007b.Antioxidants and free radical scavenging activityRiellinus merrillii

extracts.Botanical studie48: 407~417.

Cohen, L.A., Zhao, Z., Pittman, B., and Scinea,. 2A02. Effect of intact and

isoflavone-depleted soy protein in NMU-induced memmary tumorigenesis.

Carcinogenesi1: 929-935.

Diplock, A.T. 1997. Will the'good fairies’ please proves to us that vitamin $séms

human degenerative of disease? Free Radical Ras2ar&11-532.

Espin, J.C., Soler-Rivas, C., Wichers, H.J., andgu€¢ra-Garcia, C. 2000.

Anthocyanin-based natural colorants: a new soufcantiradical activity for

foodstuff. J. Agric. Food Chem8: 1588-1592

Halliwell, B. 1999. Food-derived antioxidants. Evation their importance in food

andin vivo. Food Sci. Agric. Cheni: 67-109.

Hu, C., and Kitts, D.D. 2000. Studies on the antlart activity ofEchinaceaeoot

extract. J. Agric. Food Chem8: 1466-1472.

Huang, D.J., Chen, H.J., Hou, W.C., Chen, T.E., amj Y.H. 2004a.In vitro

reduction of trypsin inhibitor by purified NADPH/hloredoxin system from

16



310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

sprouts of sweet potattppomoea batatagl) Lam.) storage roots. Plant St66:

435-441.

Huang, D.J., Lin, C.D., Chen, H.J., and Lin, Y.HOOZb. Antioxidant and

antiproliferative activities of sweet potatipgmoea batatagl..] Lam ‘Tainong

57’) constituentsBot. Bull. Acad. Sin45: 179-186.

Huang, D.J., Lin, C.D., Chen, H.J., and Lin, Y.HOO3. Antioxidative and

antiproliferative activities of water spinadpg@moea aquaticaconstituentsBot.

Bull. Acad. Sin46: 99-106.

Huang, G.J., Chen, H.XChang, Y.S., Sheu, M.Jand Lin, Y.H. 2007. Recombinant

Sporamin and its synthesized peptides with AntiamtdActivities in vitro.

Botanical studie48; 133-140.

Huang, S.S., Huang, G.J., Ho, Y.L., Lin, Y.H., HulkgJ., Chang, T.N., Chan, M.J.,

Chen, J.J., and Chang, Y.S. 200®atioxidant and antiproliferative activities of

the fourHydrocotylespecies from TaiwarBotanical studie49: 311-322.

Huang, G.J., Ho, Y.L., Chen, H.J., Chang, Y.S., my&.S., Hung, H.J., and Lin, Y.H.

2008b. Sweet potato storage root trypsin inhibétod their peptic hydrolysates

exhibited angiotensin converting enzyme inhibitagtivity in vitro. Botanical

studies49: 101-108.

17



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

Huang, G.J., Huang, S.S., Chen, H.J., Chang,Y.&an@, S.J., Chang, H.Y., Hsieh,

P.C., Chang, M.J., Lin, Y.C., and Lin, Y.H. 20090@ing and expression of

aspartic proteinase cDNA from sweet potato storages.Botanical studiesb0:

149-158

Isanga, J., and Zhang, G. 2008. Soybean bioactigonents and their implications

to health. A review Food Rev. Ir#4: 252-276.

Kennedy, A.R. 1998. The Bowman-Birk inhibitor from soybeans as an

anticarcinogenic agent. Am J Clin Nué8: 1406-1412.

Lin, C.C., and Huang, P.C. 2002. Antioxidant andpdieprotective effects of

Acathopanax senticosuBhytother. Resl4: 489-494.

Rice-Evans, C.A., Miller, N.J., and Paganga, G.7198ntioxidant properties of

phenolic compounds. Trends Plant ci152-159.

Sarkar, P.K., Morrison, E., Tinggi, U., SomersetMS and Craven, G.S. 1998.

B-group vitamin and mineral contents of soybeansndukinema production]

Sci Food Agric.78: 498-502.

Tong, L.M., Sasaki, S., McClements, D.J., and DedkeA. 2000. Mechanisms of the

antioxidant activity of a high molecular weight éteon of whey J. Agric. Food

Chem.48: 1473-1478.

Vaughn, N., Rizzo, A., Doane, D., Beverly, J., d@ddnzalez-de, Mejia, E. 2008.

18



347 Intracerebroventricular administration of soy photeydrolysates reduces body

348 weight without affecting food intake in rats. Pl&mods Hum. Nutr63: 41-46.

349 Yen, G.C., and Chuang, D.Y. 2000. Antioxidant prtipe of water extracts from

350 Cassia toraL. in relation to the degree of roasting. J. Agikood Chem48:

351 2760-2765.

352

353

354

355

356

357

358

359

360

361

362

363

364

19



365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

< & Bowman - Birk v pedrdl#lz. § B RK AP A

febz fog VB
Fa? BRI AR R E G A SRR R R
CRFEAF NEFSL
RiES TSR L S Sihe
S RFELER
ESEE R ER T 2L
PAEPFEY G ESP
PR R Eic R
~ 2 (Glycine may . #4H frXi g g 2 - BELE DFv F Xk o
Bowman-Birk3-¢ fedrd|# (BBl) 3 * Efa3 P B L5 =2 v iy » 4- B &
& iy £ F1F o BBBI & 37°C T 1mMDIT 3?2752 ) B> REEE &4
» Sephadex G-25& % ¢ 1@ 1t o & & fi 2 BBl 5SDS-PAGE Rz # »3F 2 4
0.8 kba o ~ ¥ 3 & 7 v % P F : X F v 5 4 -~ DPPH
(1, 1-dipheny-2-picrylhydrazyl )% ¢ ;* ~DPPHp ¢ f&'}f;—% aE R R A 4B
B A Ea d ~PFrdliEF AN A foREDNAL T F pd AG D o F I
foif B AEBBI igdng itai 4 A5 4200 pg/mL PET BB chdiE R (Y
4.74+ 0.364- 7.20 = 0.20 mMTrolox equivalent antioxidative value, TEAG: %]

#5r)e wDPPH % ¢ 27 - 12.5 pg/mL (F % * £ 5 0.6 ug F4-5 3 23

20



384 EMe GtBARF a4 B R4 TS EL N4 S pliBE A
385 friEDNAA T E § pd AT A9 B R BRI EBBIE § RF SuaF i
386 4o FE AR Wi ks|awiel A deiEsk? BB BRI it BRI 4 R

387 enfF tav 4 o BEFRV A BBl B s AR LA RS- BAFA

388 # o
389
390 M4 @ < & Bowman-Birk F-v prdrdid; 4F 1 §F - BRKRA

21



