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Introduction

Soybean (Glycine max L.) is a common and widely-distributed crop,
its different dietary products are highly welcomed, especially to those
living in the Orient [1,2]. Many medicinal components exist in soybean,
such as lectins [3], Kunitz-type trypsin inhibitors (named under its
pioneer investigator Moses Kunitz) [4-6], glyceollins [7], defensins [8],
and Bowman-Birk inhibitor (BBI) and its isoforms [9,10], etc. Among
them, BBI has attracted extensive investigations by an enlightening
multi-group effort in the east and west. The first study traced back to
1946 when Dr. Donald Bowman isolated an inhibitor different from
the soybean Kunitz trypsin inhibitors, and its further purification and
characterization was accomplished by Dr. Yehudith Birk. In recognition
of their pioneer work on this protein, Frattali in 1969 recommended to
name it ‘Bowman-Birk inhibitor’ [11]. In 1972, the full sequence of BBI
was revealed by Odani and Ikenaka [12]. Later, the numerous medicinal
activities of BBI were evaluated in the laboratory of Ann Kennedy for
over 3 decades [13].

There are many isoforms of BBI in soybean. It is estimated that
protease inhibitors constitute 6% of all the soybean protein. BBI makes
up about 4% while its isoforms and others account for 2%. In 1977,
Odani and colleagues reported that there were five major BBIs, named
A, B, C-II, D-II, and E-I [9,10]. Later, based on intensive work as well
as sequence data, it was indicated that iso-inhibitor A is BBI [12], iso-
inhibitor-B is similar to iso-inhibitor-A, and iso-inhibitor D-II is the
precursor of iso-inhibitor E-I [10]. In view of this, Deshimaru and
colleagues recommended that soybean BBI and its iso-inhibitors be
classified into three major types: BBI (iso-inhibitor A which targets
trypsin/chymotrypsin), iso-inhibitor C (which inhibits elastase/
trypsin), and iso-inhibitor D with trypsin/trypsin inhibitory activity
[10]. In addition to Bowman-Birk groups, the soybean Kunitz-
type inhibitors are also in the limelight, details of their biochemical
characteristics, sequences, structures, and medicinal activities are
shown elsewhere [4,5,14,15].

Biochemical characteristics of BBI

Natural compounds are promising drug candidates [16-21]. BBI is
a 8-kDa protein and consists of 71 amino acids linked by 7 disulfide
bonds. It exhibits both trypsin- and chymotrypsin-inhibitory activities.
Its chymotrypsin inhibitory activity is more pH-dependent: the activity
is blocked at pH 5.3 but can be recovered at pH 7.0 [12]. BBI forms a
1:1 complex with either trypsin or chymotrypsin, in which Lys 16-Ser
17 bind to trypsin and Leu 43-ser 44 bind to chymotrypsin to exhibit
its inhibitory activity [22]. In figure 1A, a sequence alignment among
the soybean BBI, its iso-inhibitors, and Bowman-Birk type inhibitors
of other origins, shows that there is high sequence homology among
them which unveils the universal existence of this group of proteins.
The crystal structure of BBI has been generated and its interaction
with bovine trypsin is shown in figure 1B [23]. As shown in the fig, the
triple-stranded B-hairpin and the surface loops surrounding the active
site of the enzyme form a protein-protein interface [23].
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Figure 1: The crystal structure of soybean BBI and its sequence alignment
with other Bowman-Birk protease inhibitors in soybean and other legumes.
A. The alignment work was done as we described previously [17], and total
sequences are from GenBank or cited references. GM_BBI, BBI from Glycine
max [12]; GM_BBIP, BBI precursor from Glycine max (ID: NP_001238547.1);
GM_BBIA1, Bowman-Birk type proteinase inhibitor A1 from Glycine max [10];
GM_BBICII, Bowman-Birk type proteinase inhibitor C-Il from Glycine max
(ID: NP_001238409.1); BBIDII, BBI iso-inhibitor D-Il from Glycine max (ID:
NP_001236215.1); GS_BBI, Bowman-Birk type proteinase isoinhibitor A1
from Glycine soja (ID: BAB86783.1); PF_BBI, double-headed trypsin inhibitor
from Phaseolus filiformis (ID: CAL69281.1); PV_BBI, trypsin/chymotrypsin
inhibitor from Phaseolus vulgaris (ID: CAQ64593.1); VR_BBI, trypsin inhibitor
from mung bean (Vigna radiate) (ID: JC1066); CL_BBI, Bowman-Birk type
proteinase inhibitor from Canavalia lineata seeds (ID: AAB30145.1). B. The
interaction between BBI and bovine trypsin at 2.3 A resolution [23]. PDB ID:
1D6R. ng losses at different load values.
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Health benefits of BBIC

The nutritional and health benefits of soybeans have been extensively
investigated in the past decades. Results from laboratory, clinical, and
epidemiological studies suggest that BBI is a potent chemopreventive
natural compound for combating human cancer [24]. Twenty years
ago, the purification of pure BBI (PBBI) was costly and by no means
an easy task which in turn made clinical trials difficult to proceed.
In 1993, Prof. Kennedy and coworkers reported a simple protocol to
produce a BBI concentrate (BBIC) which contained predominantly BBI
and manifested the same biochemical and antitumor activities as PBBI,
and could serve as a substitute of BBI for later clinical trials [25]. A
milestone for BBIC was set in 1992 when it achieved Investigational
New Drug (IND) Status with the FDA.

The health benefits of BBI, especially prevention of carcinogenesis,
have been extensively investigated. Studies on its antitumor potential
have been conducted on different tumor cells, some tissues/organs,
and three species, with satisfactory results [24]. Mechanisms of its
action may include its protease inhibitory activity, and the inhibition
of the initiating event in carcinogenesis, such as inhibition of c-myc
and c-fos [22,24]. In addition to antitumor activity, BBI/BBIC also
exhibits other health-promoting effects, such as suppression of
experimental autoimmune encephalomyelitis up-regulation of IL-
10, anti-inflammatory activity, prevention of hair and weight loss in
animals with cancer, prevention of exencephaly caused by radiation,
prevention of muscle atrophy in artificial microgravity and in animals
with Duchenne muscular dystrophy, and most noteworthy of all,
extension of life span [26-28].

The satisfactory bench top results on BBI/BBIC have risen to the
human trial stage. Until now, 6 human trial works have been carried
out by Dr. Kennedy’s group and others for the following endpoints:
cancer prevention on oral leukoplakia, treatment of benign prostatic
hyperplasia, prostate cancer detection and treatment, treatment of
ulcerative colitis, gingivitis, or esophagitis (and/or alleviation of adverse
side effects of lung cancer treatment) [13, 27]. Patients were treated with
doses of BBIC up to 1066 C.I. units per day for 6 months, and in Phase
IIB trial of leukoplakia the duration was extended to 1.5 years, mostly
with gratifying results though some side effects were noticed. Please
see references [27,29-31] for details. Further work on these aspects will
no doubt expand the applications of BBIC either as a drug/alternative
medicine or special diet.

Closing remarks

Twenty years later, a new method to purify PBBI has been
established. Very recently, Muzard and coworkers reported a simple
and extremely fast method for purification of PBBI. By the application
of a carboxyl-coated SMPs functionalized BBI antibody fragments,
PBBI was acquired within 1 h as evidenced by two bands in SDS-
PAGE (corresponding to monomer and dimer) and the same sequence
using tandem mass spectrometry [32]. In addition, Dia and colleagues
established a new process of preparing soy flour ingredients with
lower levels of antinutritional components, and retaining biologically
active components, including BBI, to increase the nutritional effects
of soybean consumption. This is really good news which will facilitate
future bench top and clinical investigations on BBI from soybean and
other origins.

Disclaimer

This article was written in a personal capacity (E.FE) and does

not represent the opinions of the US Food and Drug Administration,
the US Department of Health and Human Services, or the US Federal
Government.

Acknowledgement

This research was supported in part by the Intramural Research Program of
the NIH, National Institute on Aging.

References
1. Ng TB (2011) Soybean- Applications and technology. InTech, India.
2. NgTB, (2011) Soybean- Biochemistry, Chemistry and Physiology. InTech, India.

3. Fang EF, Wong JH, Lin P, Ng TB (2010) Biochemical and functional properties
of a lectin purified from korean large black soybeans--a cultivar of glycine max.
Protein Pept Lett 17: 690-698.

4. Fang EF, Wong JH, Ng TB (2010) Thermostable Kunitz trypsin inhibitor with
cytokine inducing, antitumor and HIV-1 reverse transcriptase inhibitory activities
from Korean large black soybeans. J Biosci Bioeng 109: 211-217.

5. Kunitz M (1945) Crystallization of a Trypsin Inhibitor from Soybean. Science
101: 668-669.

6. Herriott RM, Moses Kunitz (1989) A biographical memoir by Roger M Herriott
in National Academy of Sciences, Washington DC.

7. NgTB, Ye XJ, Wong JH, Fang EF, Chan YS, et al. (2011) Glyceollin, a soybean
phytoalexin with medicinal properties. Appl Microbiol Biotechnol 90: 59-68.

8. Ng TB, Wong JH, Fang EF (2011) Defensins and other biocidal proteins from
bean seeds with medicinal activities. Curr Med Chem 18: 5644-5654.

9. Odani S, lkenaka T (1977) Studies on soybean trypsin inhibitors. X. Isolation
and partial characterization of four soybean double-headed proteinase
inhibitors. J Biochem 82: 1513-1522.

10. Deshimaru M, Yoshimi S, Shioi S, Terada S (2004) Multigene family for
Bowman-Birk type proteinase inhibitors of wild soja and soybean: the presence
of two BBI-A genes and pseudogenes. Biosci Biotechnol Biochem 68: 1279-
1286.

11. Frattali V (1969) Soybean inhibitors. 3. Properties of a low molecular weight
soybean proteinase inhibitor. J Biol Chem 244: 274-280.

12. Odani S, lkenaka T (1972) Studies on soybean trypsin inhibitors. IV. Complete
amino acid sequence and the anti-proteinase sites of Bowman-Birk soybean
proteinase inhibitor. J Biochem 71: 839-848.

13. Kennedy AR, The Health Benefits of the Bowman-Birk Inhibitor, in: E.F. Fang,
T.B. Ng, (Eds.), Antitumor potential and other emerging medicinal properties of
natural compounds, Springer, The Netherlands, In press.

14. Ribeiro JK, Cunha DD, Fook JM, Sales MP (2010) New properties of the
soybean trypsin inhibitor: Inhibition of human neutrophil elastase and its effect
on acute pulmonary injury. Eur J Pharmacol 644: 238-244.

15. Kim DS, Lee KJ, Kim JB, Kim SH, Song JY, etal. (2010) Identification of Kunitz
trypsin inhibitor mutations using SNAP markers in soybean mutant lines. Theor
Appl Genet 121: 751-760.

16. Fang EF, Ng TB (2011) Bitter gourd (Momordica charantia) is a cornucopia of
health: a review of its credited antidiabetic, anti-HIV, and antitumor properties.
Curr Mol Med 11: 417-436.

17. Fang EF, Ng TB (2011) Ribonucleases of different origins with a wide spectrum
of medicinal applications. Biochim Biophys Acta 1815: 65-74.

18. Fang EF, Ng TB, Shaw PC, Wong RN (2011) Recent progress in medicinal
investigations on trichosanthin and other ribosome inactivating proteins from
the plant genus Trichosanthes. Curr Med Chem 18: 4410-4417.

19. Fang EF, Zhang CZ, Zhang L, Fong WP, Ng TB (2012) In vitro and in vivo
anticarcinogenic effects of RNase MC2, a ribonuclease isolated from dietary
bitter gourd, toward human liver cancer cells. Int J Biochem Cell Biol 44: 1351-
1360.

20.Fang EF, Zhang CZ, Ng TB, Wong JH, Pan WL, et al. (2012) Momordica
Charantia lectin, a type Il ribosome inactivating protein, exhibits antitumor
activity toward human nasopharyngeal carcinoma cells in vitro and in vivo.
Cancer Prev Res (Phila) 5: 109-121.

21. Fang EF, Zhang CZ, Wong JH, Shen JY, Li CH, et al. (2012) The MAP30 protein

=

Med Aromat Plants
ISSN: 2167-0412 MAP, an open access journal

Volume 1+ Issue 8 » 1000e138


http://www.intechopen.com/books/soybean-applications-and-technology
http://www.scribd.com/doc/66535707/Soybean-Biochemistry-Chemistry-and-Physiology
http://www.ncbi.nlm.nih.gov/pubmed/19715533
http://www.ncbi.nlm.nih.gov/pubmed/19715533
http://www.ncbi.nlm.nih.gov/pubmed/19715533
http://www.ncbi.nlm.nih.gov/pubmed/20159565
http://www.ncbi.nlm.nih.gov/pubmed/20159565
http://www.ncbi.nlm.nih.gov/pubmed/20159565
http://www.ncbi.nlm.nih.gov/pubmed/17777539
http://www.ncbi.nlm.nih.gov/pubmed/17777539
http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/northrop-john.pdf
http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/northrop-john.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21336922
http://www.ncbi.nlm.nih.gov/pubmed/21336922
http://www.ncbi.nlm.nih.gov/pubmed/22172069
http://www.ncbi.nlm.nih.gov/pubmed/22172069
http://www.ncbi.nlm.nih.gov/pubmed/599140
http://www.ncbi.nlm.nih.gov/pubmed/599140
http://www.ncbi.nlm.nih.gov/pubmed/599140
http://www.ncbi.nlm.nih.gov/pubmed/15215592
http://www.ncbi.nlm.nih.gov/pubmed/15215592
http://www.ncbi.nlm.nih.gov/pubmed/15215592
http://www.ncbi.nlm.nih.gov/pubmed/15215592
http://www.ncbi.nlm.nih.gov/pubmed/5813007
http://www.ncbi.nlm.nih.gov/pubmed/5813007
http://jb.oxfordjournals.org/content/71/5/839.abstract
http://jb.oxfordjournals.org/content/71/5/839.abstract
http://jb.oxfordjournals.org/content/71/5/839.abstract
http://www.ncbi.nlm.nih.gov/pubmed/20624384
http://www.ncbi.nlm.nih.gov/pubmed/20624384
http://www.ncbi.nlm.nih.gov/pubmed/20624384
http://www.ncbi.nlm.nih.gov/pubmed/20445958
http://www.ncbi.nlm.nih.gov/pubmed/20445958
http://www.ncbi.nlm.nih.gov/pubmed/20445958
http://www.ncbi.nlm.nih.gov/pubmed/21568930
http://www.ncbi.nlm.nih.gov/pubmed/21568930
http://www.ncbi.nlm.nih.gov/pubmed/21568930
http://www.ncbi.nlm.nih.gov/pubmed/20843477
http://www.ncbi.nlm.nih.gov/pubmed/20843477
http://www.ncbi.nlm.nih.gov/pubmed/21861819
http://www.ncbi.nlm.nih.gov/pubmed/21861819
http://www.ncbi.nlm.nih.gov/pubmed/21861819
http://www.ncbi.nlm.nih.gov/pubmed/22554586
http://www.ncbi.nlm.nih.gov/pubmed/22554586
http://www.ncbi.nlm.nih.gov/pubmed/22554586
http://www.ncbi.nlm.nih.gov/pubmed/22554586
http://www.ncbi.nlm.nih.gov/pubmed/21933914
http://www.ncbi.nlm.nih.gov/pubmed/21933914
http://www.ncbi.nlm.nih.gov/pubmed/21933914
http://www.ncbi.nlm.nih.gov/pubmed/21933914
http://www.ncbi.nlm.nih.gov/pubmed/22579806

Citation: Fang EF, Leung HH, Fang Y, Ng TB (2012) The Health Benefits of Soybeans and Bowman-Birk Inhibitor Concentrate. Med Aromat Plants

1: 138. d0i:10.4172/2167-0412.1000e138

Page 3 of 3

from bitter gourd (Momordica charantia) seeds promotes apoptosis in liver
cancer cells in vitro and in vivo. Cancer Lett1 324: 66-74.

22. Birk Y(1985) The Bowman-Birk inhibitor. Trypsin- and chymotrypsin-inhibitor
from soybeans. Int J Pept Protein Res 25: 113-131.

23. Koepke J, Ermler U, Warkentin E, Wenzl G, Flecker P (2000) Crystal structure
of cancer chemopreventive Bowman-Birk inhibitor in ternary complex with
bovine trypsin at 2.3 A resolution. Structural basis of Janus-faced serine
protease inhibitor specificity. J Mol Biol 298: 477-491.

24.Kennedy AR (1994) Prevention of carcinogenesis by protease inhibitors.
Cancer Res 54: 1999s-2005s.

25. Kennedy AR, Szuhaj BF, Newberne PM, Billings PC (1993) Preparation
and production of a cancer chemopreventive agent, Bowman-Birk inhibitor
concentrate. Nutr Cancer 19: 281-302.

26. Dai H, Ciric B, Zhang GX, Rostami A (2012) Interleukin-10 plays a crucial role in
suppression of experimental autoimmune encephalomyelitis by Bowman-Birk
inhibitor. J Neuroimmunol 245: 1-7.

27.Kennedy AR (2006) The status of human trials utilizing Bowman-Birk Inhibitor

28.

29.

30.

31.

32.

Concentrate from soybeans, in M Sugano (Ed.) Soy in Health and Disease
Prevention, CRC Press, Taylor & Francis Group LLC.

Kennedy AR (1998) Chemopreventive agents: protease inhibitors. Pharmacol
Ther 78: 167-209.

Lichtenstein GR, Deren JJ, Katz S, Lewis JD, Kennedy AR, et al. (2008)
Bowman-Birk inhibitor concentrate: a novel therapeutic agent for patients with
active ulcerative colitis. Dig Dis Sci 53: 175-180.

Armstrong WB, Kennedy AR, Wan XS, Taylor TH, Nguyen QA, et al. (2000)
Clinical modulation of oral leukoplakia and protease activity by Bowman-Birk
inhibitor concentrate in a phase Ila chemoprevention trial. Clin Cancer Res 6:
4684-4691.

Kennedy AR, Zhou Z, Donahue JJ, Ware JH (2006) Protection against adverse
biological effects induced by space radiation by the Bowman-Birk inhibitor and
antioxidants. Radiat Res 166: 327-332.

Muzard J, Fields C, O’'Mahony JJ, Lee GU (2012) Probing the soybean
Bowman-Birk inhibitor using recombinant antibody fragments. J Agric Food
Chem 60: 6164-6172.

Med Aromat Plants
ISSN: 2167-0412 MAP, an open access journal

Volume 1 ¢+ Issue 8 » 1000e138


http://www.ncbi.nlm.nih.gov/pubmed/22579806
http://www.ncbi.nlm.nih.gov/pubmed/22579806
http://www.ncbi.nlm.nih.gov/pubmed/3886572
http://www.ncbi.nlm.nih.gov/pubmed/3886572
http://www.ncbi.nlm.nih.gov/pubmed/10772864
http://www.ncbi.nlm.nih.gov/pubmed/10772864
http://www.ncbi.nlm.nih.gov/pubmed/10772864
http://www.ncbi.nlm.nih.gov/pubmed/10772864
http://www.ncbi.nlm.nih.gov/pubmed/8137328
http://www.ncbi.nlm.nih.gov/pubmed/8137328
http://www.ncbi.nlm.nih.gov/pubmed/8346077
http://www.ncbi.nlm.nih.gov/pubmed/8346077
http://www.ncbi.nlm.nih.gov/pubmed/8346077
http://www.ncbi.nlm.nih.gov/pubmed/22365083
http://www.ncbi.nlm.nih.gov/pubmed/22365083
http://www.ncbi.nlm.nih.gov/pubmed/22365083
http://www.crcnetbase.com/doi/abs/10.1201/9781420026566.ch12
http://www.crcnetbase.com/doi/abs/10.1201/9781420026566.ch12
http://www.crcnetbase.com/doi/abs/10.1201/9781420026566.ch12
http://www.ncbi.nlm.nih.gov/pubmed/9690817
http://www.ncbi.nlm.nih.gov/pubmed/9690817
http://www.ncbi.nlm.nih.gov/pubmed/17551835
http://www.ncbi.nlm.nih.gov/pubmed/17551835
http://www.ncbi.nlm.nih.gov/pubmed/17551835
http://www.ncbi.nlm.nih.gov/pubmed/11156220
http://www.ncbi.nlm.nih.gov/pubmed/11156220
http://www.ncbi.nlm.nih.gov/pubmed/11156220
http://www.ncbi.nlm.nih.gov/pubmed/11156220
http://www.ncbi.nlm.nih.gov/pubmed/16881733
http://www.ncbi.nlm.nih.gov/pubmed/16881733
http://www.ncbi.nlm.nih.gov/pubmed/16881733
http://www.ncbi.nlm.nih.gov/pubmed/22642722
http://www.ncbi.nlm.nih.gov/pubmed/22642722
http://www.ncbi.nlm.nih.gov/pubmed/22642722

	Title
	Corresponding author
	Introduction
	Biochemical characteristics of BBI 
	Health benefits of BBIC 
	Closing remarks  
	Disclaimer 
	Acknowledgement 
	 Figure 1
	References



