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Bowman-Birk Inhibitor (BBI) is one of the subfamilies of serine protease inhibitors. Numerous 
studies have shown that in plants, BBI functions as part of their defense mechanism against 
pathogens and microorganisms. The BBI is also known to have anti-carcinogenic properties. 
Furthermore, the BBI has been reported to function in controlling abiotic stresses such as 
salinity and drought stresses.. Abiotic stresses are the major problems in agricultural industry. 
Therefore, numerous researches have been carried out to characterize the BBI and to determine 
its roles during biotic and abiotic stresses. This paper presents a review regarding the 
relationship between Bowman-Birk inhibitor and the plant defensive mechanism against abiotic 
stresses.  
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INTRODUCTION 
 
Protease inhibitors (PIs) are molecules that inhibit proteolytic 
activity of a protease [1] and could be found abundantly in 
animals, microorganisms, and plant kingdoms [2-9]. In plants, 
highly concentrated PIs are found in storage tissues, such as tubers 
and seeds, and in the aerial part of plant [10]. They act as part of 
plants’ defense mechanisms and their productions are peaked 
during injury or attack by insect or microorganism [11]. PIs would 
interfere with the digestion process of the insects during 
infestation. This prevents the consumption and metabolism of 
essential amino acids in the insects, which eventually lead to their 
death [12-13]. PIs have been grouped into several families and 
subfamilies, based on their genomic sequences and the 
relationship of protein folds of inhibitory domains. The inhibitor 
domain is a segment in the amino acid sequence that contains a 

single reactive site after the removal of any part that is not directly 
involved  in  the  inhibitor  activity  [14].  Bowman-Birk  Inhibitor  
  
 
 
(BBI) is a protease inhibitor and was first characterized from 
soybeans by Bowman and Birk [15-16]. In plants, BBI is 
produced in seeds, legumes, cereals, and wound-induced leaves. 
Shitan et al. [17] reported that besides their natural role in plant 
defense, the BBI might also be involved in the abiotic stress 
response. The BBI protein suppresses the digestion of food in 
insects or microorganisms due to their inhibitory activities. The 
inhibitor is induced after a part of plant is bitten and wounded, and 
its protein expression increases dramatically to protect the plant. A 
Bowman-Birk inhibitor from Oryza sativa has been shown to be 
involved in resistance against fungal pathogen Pyricularia oryze 
[6]. Cowpea BBI also has been recorded to enhance plants’ 
resistance in transgenic tobacco plants [18]. The growth of 
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neonate larvae of Diatraea saccharalis was significantly retarded 
when it was fed on transgenic sugarcane's leaf that was 
overexpressing the BBI [19]. Artificial diet based on soybean BBI 
showed significantly increased in the mortality rate of nymphal of 
potato aphid, Macrosipham euphorbiae [20]. A study conducted 
by Prasad et al. [21] had also indicated that BBI from red gram 
and black gram (Vigna Mungo) had insecticidal potential towards 
lepidopteran insects and significantly reduced the survival rate of 
A. janata larvae. Another research done on Cajanus cajan, also 
showed significantly decrement in the survival rate of both larvae 
and pupae of A. janata [22]. 
 

The anticarcinogenic properties in BBI's soybean have long 
been investigated and it exhibits good suppressing characteristics 
on carcinogenic processes. It has also been suggested that a large 
intake of these legumes in human diet that could decreases 
potential for prostate, colon, breast, and skin cancers is 
contributed by the presence of the BBI [23]. Furthermore, BBI 
have indirect involvement in inhibiting trypsin and chymotrypsin 
enzymes. These proteolytic enzymes have anticarcinogenic 
properties on many different cell lines [24-25]. The USA Food 
and Drug Administration (FDA) had granted soybean’s BBI to be 
investigated as a new drug status in 1992. The drug was known as 
Bowman-Birk Inhibitor Concentration (BBIC) and was in clinical 
trial for leukoplakia's patients [26]. The soybean's BBI also helps 
in reducing incidence of optic neuritis, prevents loss of retinal 
ganglion cell, and significantly improves experimental 
autoimmune encephalomyelitis (EAE) disease parameters [27].  

 
A study of BBI in Apios americana on cancer cell lines 

revealed that the protease inhibitor of the plant showed an 
inhibitory effect on proliferation of cells. The chemical 
modification of arginine or lysine in the inhibitor not only loses 
the protease-inhibitor activity, but also showed inhibitory effect 
on cancer cell [28]. The latest study conducted by Fereidunian et 
al. [29], BBI showed a powerful suppressive effect on tumor 
progression, both on gastric adenocarcinoma and colorectal 
adenocarcinoma.  
 

Various medically important BBIs have been isolated and 
characterized BBI from different species of leguminous and grass 
plants such as Apios americana, Cajanus cajan, Lathyrus sativus, 
Lupinus albus, Vigna umbellata, and Vigna munga [21,22,28,31-
33]. BBI from mung bean has been reported to inhibit dengue 
viral replication [24,30]. In the study, the researchers had 
identified the viral protease NS3 as a potential target, which plays 
a critical role in viral replication. It is worth mentioning that to 
date there is no effective therapies or vaccines are successfully 
produced to encounter these problems 
 
Properties and structure of BBI 
 
BBI is classified based on its structural features and inhibitor 
characteristics. Odani and Ikenaka [34] were the first group to 
elucidate the BBI based on its covalent structure. Fig. 1 shows the 
structure of BBI. It is a cysteine-rich protein with inhibitory 
activity against protease and is widely distributed in 
dicotyledonous and monocotyledonous plant species [35]. BBI 
from dicotyledonous plants has a single polypeptide chain with 
molecular mass of 8 kDa [36]. The protein contains two domains 
and each domain has separate reactive site for their cognate 
protease. The inhibitor domains work simultaneously, but are 

independent on each other. The reactive sites in these domains are 
usually specific to trypsin, chymotrypsin, and elastase [37]. In 
addition, seven conserved disulfide bonds are present in the active 
site configurations that also act as stabiliser to these inhibitors 
[38]. In monocotyledonous plants, two types of BBI have been 
identified. The first group consists of a single polypeptide chain 
with molecular mass of 8 kDa, which has only one single reactive 
site. The second group has two reactive sites, with molecular mass 
of 16 kDa. Each reactive site is located at the N-terminal of the 8-
kDa BBI region, and these two regions have a high intra-
molecular identity [39].  
 

Prakash et al. [39] had aligned BBI domains from monocot 
and dicot plants. Based on the alignment analysis, disulfide 
bridges occur mostly between two highly conserved cysteine 
residues, specifically at C1-C14. The dicot BBI has 14 cysteines 
while monocot BBI has only 10 cysteines. Fig. 2 shows the loss of 
cysteines residues from monocot plants C3-C13 and C10-C11 
position when compared to BBI from dicot plants. 
 
 

 
Fig. 1. Structure of Bowman-Birk Inhibitor (lifted from Odani and Ikenaka 
[40]). 
 
 

 
 
Fig. 2. Disulfide bonds between dicot and monocot plant (lifted from 
Prakash et al. [39]). 
 
Research on plant abiotic stresses 
 
Stress is defined as mechanical force per unit area applied to an 
object [41]. In plant, however it is difficult to measure the exact 
force exerted by stresses [42].  Some biological conditions may be 
a stress factor for one plant, but it is an optimum condition for 
another plant. Abiotic stresses can be defined as stresses that 
caused by environmental factors. The stresses adversely affect 
survival and reproduction of plants [43]. These factors will 
suppress the organisms’ metabolism and development and can 
lead to death, in some cases. Table 1 shows the example of abiotic 
stresses and some researches that have been conducted on abiotic 
stresses in plants. In agricultural world, environment stresses like 
cold, drought, and salinity stresses have become the major factors 
in yield losses. Climatic factors such as extreme temperature, 
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drought, and salinity are abiotic environment stressors, which are 
limiting plant growth and development [44]. Wang et al. [45] 
stated that in the next 25 years, salinisation would result in 30% of 
non-suitable agricultural land and increased up to 50% in the 
middle of 21st century. It also has been shown that around 200 
million ton of rice is lost due to various natural calamities and 
50% of yield lost are caused by drought stress [46]. 
 

As these stresses become critical problems in agricultural 
field, a fast and successful solution to overcome the problems are 
needed. Numerous methods have been applied for crops 
improvement. Breeding method is a conventional way to improve 
crop production and it is a long term and cumbersome process 
[47]. Throughout the years and advancement in technology, more 
scientists are opting for agricultural biotechnology compared to 
conventional breeding for crop improvement (Table 1). Scientists 
have developed the solution to increase the agricultural production 
by applying the knowledge based on DNA, which is not possible 
before [48]. 
 
Table 1. List of plant-associated abiotic stresses research. 
 
Abiotic stresses Main research finding References 

1 Cold  The effect of chilling stresses on the 
antioxidant defense system in seedling stage of 
two wheat varieties was investigated. In the 
experiment, spermidine, one of polyamines 
compound was used as chill stress. The result 
showed that injury caused by chilling stress has 
been reduced significantly with the polyamines 
introduction.   
 
A study has been conducted on cysteinase 
inhibitor (cystatin) from chestnut in abiotic 
stresses. From the outcomes, cystatin chestnut 
(CsC) gene showed it involved in plant 
defensive to pathogen and pest, as well as to 
abiotic stresses. The expressions of CsC gene 
increase as cold and saline shock were applied. 
 

[49] 
 
 
 
 
 
 
 
 
 
 
 

[50] 

2 Heat  Heat-stress induced gene was characterized in 
cabbage. Sequence analysis showed that it 
exhibited high similarity to the Kunitz type of 
protease inhibitor. Transcript level increased as 
the heat stress was applied.  
  
Cysteine protease inhibitor from grain 
amaranth (Amaranthus hypochondriacus) was 
studied during abiotic stresses. The result 
showed that AhCPI gene responded to salinity, 
cold, heat and drought stresses. The AhCP1 
was suggested to have multiple roles especially 
as protective agents in combating abiotic 
stresses.  
 

[51] 
 
 
 
 
 
 

[52] 

3 Salinity  Salt responsive gene (WRSI5) was 
characterized from salt tolerant wheat. The 
gene was shown to be conserved BBI domain. 
The WRSI5 gene expression was highly 
induced in salt, drought, and oxidative stress. 
Miraculin- like proteins, Mir1 and Mir2 were 
studied during salinity stress and insect 
infestation in citrus plant. The genes showed 
sequences similar to Kunitz-type protease 
inhibitor domain. However, the expression 
patterns depended on the citrus varieties. Mir-1 
sequence also showed similar pattern with 
putative apoplastic cysteine protease (CysP). 
 

[53] 
 
 
 
 
 
 

[54] 

4 Drought  The expression of Bowman-Birk inhibitor in 
peanut plant under drought stress was studied. 
AhBBI gene was highly expressed when 
exposed to water deficit stress. 

[55] 
 
 
 

 
Table 1- continue.  
 
Introgression lines of Huang-Hua-Zhan have 
been developed and evaluated under drought 
stress and non-stress. The objective of this 
study was to develop high yield varieties with 
high resistances to abiotic stresses.  
 

 
 

[56] 

5 Flooding Flooding which has a negative effect in plant 
growth was studied in two-day-old soybean 
plant. A flooding-responsive protein from the 
plant was characterized. Based on the study, 
the protein was proven to be involved in 
ethylene signaling.  
 
Ubiquitin is one of important role in response 
to several stresses including flooding stress. 
The study showed that proteolysis responded 
to the stress. Ubiquitinated protein showed a 
decrement after flooding treatment in soybean 
root and increment after de-submerge. Two of 
COP9 signalsome (CSN), CSN4, and CSN5 
accumulated after the treatment. Hence, the 
accumulations of the CSN suggested the 
degradation of ubiquitinated proteins 
independent of hypoxia caused by flooding. 
 

[57] 
 
 
 
 
 
 
 

[58] 

6 Radiations  Papain-like cysteine protease (PLCPs) was 
studied during the application of ozone in 
maize. PLCPs were shown to be induced by 
ozone and quicken the senescence process in 
maize. Based on study, ozone stress was shown 
to enhance natural senescence processes. 
 

[59] 

7 Chemicals 
and 
pollutants  

A small amount of chemical stress was shown 
to increase vegetative growth of plants. 
Glyphosate was used and it significantly 
increased in crop yield. Application of the 
glyphosate less than 1% of normal rate would 
increase barley production around 12-15%. 
 
A study on interaction between combination 
stresses consisting of salinity and other soil 
chemical stresses in tidal wetland was carried 
out by this group.  
 

[60] 
 
 
 
 
 
 
 
 

[61] 

8 Oxidative 
stress  

Oxidative stress was observed in relation to 
long-term salinity stress caused by reactive 
oxygen species (ROS). This study conducted 
on the susceptible and salt tolerance rice. 
FL478 showed higher in superoxide dismutase 
activity. Transcriptomic data showed that 
higher number of peroxidase genes in FL478 
varieties compare to that of salt-susceptible 
rice. 
 
Two putative BBI genes in rice, BIrc1 and 
BBIrc2 genes were investigated. They showed 
that the BBIrc1 gene was highly expressed 
when the oxidative stress was applied. 
 

[62] 
 
 
 
 
 
 
 
 
 
 

[63] 

10 Nutrient 
deprivation 
in soil 

This study focused on the effect of silicon in 
iron deficient soybean and cucumber plants. 
The outcomes showed that silicon could 
enhance the growth and alleviate both abiotic 
and biotic stresses. 
 
The effects of nutrients deficiencies on the eco-
physiological, biochemical, and growth pattern 
of pistachio plant were determined. The result 
was used for guideline in diagnosing nutrient 
deficiencies of pistachio in commercial 
nurseries and plantations. 
 

[64] 
 
 
 
 
 
 

[65] 
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BBI involvement during salinity stress in wheat 
 
A salt-responsive gene WRSI5 has been shown to be responsible 
for tolerance to salt stress in wheat (Triticum aestivum L.) [53]. 
This gene contains a Bowman-Birk domain and gene expression 
profiling of BBI between SR3 and JN177 under salt stress was 
carried out. WRSI5 gene was characterized from salt tolerant 
cultivar Shangrong No. 3 (SR3) and salt-susceptible cultivar 
JN177 [66,67,68].  
 

Full-length coding region (WRSI5) was obtained via 
5'/3'smart technology RACE. The sequence contains a coding 
region for 90-residue cysteine rich polypeptide, with 23-residue 
signal peptide at N terminus, 10 of the conserved cysteine residues 
diagnostic for BBIs, and a BBI domain between residues 32 and 
87. It also showed ~87% identical to the wheat aluminum stress-
related gene wali5 (AAA50850) and ~86% identical to a protease 
inhibitor-related protein barley (CAA88619) in amino-acid 
alignment. Fig. 3(A) shows that this gene exhibits a high level of 
trypsin-inhibiting activity in vitro. However, no chymotrypsin 
inhibitor was observed. This is similarly reported by Ragg et al. 
[69], which showed BBI suppressed only the trypsin activity. In 
addition, the WRIS5 gene was more effective as trypsin inhibitor 
as compared to BBI soybean.  
 

The WRSI5 mRNA was detected in the root of non- stresses 
SR3 plant using northern blotting and the expression level 
increased as salt stress was introduced. Transcript level of WRSI5 
in different stresses imposed by PEG, H2O2, NaCl and AlCl3, also 
showed similar pattern. As shown in Fig. 3(B), strong induction of 
WRSI5 gene expression was observed in the roots after 1 hour of 
H2O2 stress, 6 hours of salt stress, and 24 hours of PEG or AlCl3 
stress.  
 

In plant, peroxidase, H2O2 is a defense activator that works 
together with four proteinase inhibitors. These genes acted as the 
secondary messengers for the activation of defense genes related 
[59,70]. The saline, drought, and Al3+ ions stresses are related to 
oxidative stress [60,71], which produced H2O2. The H2O2 will 
trigger the expression of several stress-related genes including 
WRSI5. This signal is also produced during salt, drought or Al3+ 

ions stress.  
 

The growth of SR3 and JN177 rice seedling varieties was 
investigated under various level of salt stress treatment (0, 150, 
200, and 250 mM of NaCl) for 6 days. SR3 seedling was shown to 
grow better compared to JN177 especially in 150 mM of NaCl 
[53]. 
 
 

 
Fig. 3. (A) Trypsin (left) and chymotrypsin (right) in vitro inhibition assay 
for the WRSI5 fusion protein. (B) WRSI5 expression in root and shoot of 
SR3 in response to various abiotic stress and different times which are 
NaCl (200 mm), PEG (15% PEG6000), H202 (100 mm) and AlCl3 (200 
mm) (retrieved from Shan et al. [42,53]). 
 

 
Fig. 4 shows Na+ and K+ content of SR3 and JN177 after 6 

days of salt stress. K+ content of shoots for both SR3 and JN177 
plants decreased with the increment of NaCl concentration.  In 
contrast, Na+ ions content in both types of plants shoots increased 
as the NaCl concentration increased. Both root and shoot of SR3 
and JN177 showed decreasing pattern in K+ ions content as the 
level of salinity rose.  However, K+ ions content was found to be 
less in shoot than in roots. The Na+ content in both JN177 and 
SR3 roots increased under the NaCl concentration below 150 mM. 
The higher salinity stress resulted in lower Na+ content in roots.  
The K+/Na+ ratio of SR3 was higher as compared to that of JN177 
by approximately 20%. This is due to the improved level of 
selectivity for K+ against Na+ when ions are transported from root 
to shoot. The potassium concentration has important roles in 
defending against biotic and abiotic stresses including salinity 
stress [72]. 

 
BBI involvement during oxidative stress in rice 
 
A novel type of BBI has been identified in the family of rice BBI 
genes that have three Cys- rich domains at the N-terminus of the 
sequence. Prior to this, BBI was reported to have only two Cyc-
rich domains [6]. Ten BBI genes were identified in rice as a single 
cluster at chromosome 1. The BBI gene's family showed different 
expression pattern during seed germination. Lee and Lin [73] 
reported an inverse relation between the trypsin inhibitor activity 
and trypsin-like protease activity in senescing rice coleoptiles. 
However, no studies were conducted on serine activity of the BBI 
during germination or coleoptiles stages. Yan et al. [63] however 
studied the gene expression of Bowman-Birk Inhibitor in response 
to aerobic and hypoxia condition in germination and coleoptiles of 
rice [74]. 
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Fig. 4. Na+ and K+ content of SR3 and JN177 after 6 day of salt stress. 
(a), K+ content of the SR3 and JN177 shoot; (b), K+ content of the SR3 
and JN177 root; (c), Na+ content of the SR3 and JN177 shoot; (d), Na+ 
content of the SR3 and JN177 root. Data are mean _ SE. *Indicates 
significant differences (P < 0.05) (retrieved from Shan et al., 2008) [53]. 
 
 

The result showed that rice coleoptiles that submerged under 
hypoxia condition elongated much faster as compared to the 
submergence in aerobic condition. Figure 5(A) shows the 
coleoptiles growth rate under hypoxia and aerobic condition at 
different times. The rice coleoptiles in aerobic condition gave a 
small growth rate as oxidative growth retardation. The oxidative 
stress changed the metabolic reaction such as degradation of 
macromolecules. This process led to senescence of coleoptiles as 
acclimatization process in development stages [75]. Both of this 
condition exhibited different oxygen availability as observed by 
Kawai and Uchimiya [76] and formation of BBI was assessed 
during the coleoptiles development.  
 

Two putative BBI proteins were characterized and named as 
BBIrc1 (15 kDa) and BBIrc2 (25 kDa). The protein showed the 
similarity with Rice Bowman-Birk inhibitor 3-3 (RBBI3-3) and 
Rice Bowman Birk inhibitor (RBBI3-1). Sequence identity was 
observed for the first 9 amino acid of BBIrc2 with the 37th to 45th 
amino acid of RBB3-1. Interestingly, similarity was also observed 
for the 21 amino acid of N-terminal end which was similar with 
the residue of 119th to 139th of the RBBI3-3 sequence [6]. Using 
Western blotting analysis, BBIrc1 was shown to be highly 
expressed in hypoxia condition but remained unchanged under 
hypoxia condition as shown in Fig. 5(B). On the other hand, 
BBIrc expression started to increase after 8 hour in aerobic 
condition and reached its peak at 24 hours before remaining 
constant at 72 hours. However, in hypoxia condition, minimal 
protein expression was recorded.  
  

 
 
Fig. 5. (A) The measurements of coleoptile growth rate under various 
conditions and at various time points. 1.5-cm long rice coleoptiles grown 
in submergence under hypoxia conditions. Then re-grew  under aerobic 
conditions by purging them with atmospheric air (under this condition the 
oxygen contents was 7.7 mg/L) and anaerobic conditions (under this 
condition the oxygen content is 1.6 mg/L). (B) Western blotting analysis 
of rice coleoptiles BBIs. (B1) Coleoptiles grown in anaerobic condition at  
various time intervals. (B2) The 1.5 cm long coleoptiles grown in hypoxia 
and in submergence conditions were re-cultivated in anaerobic for various 
time intervals. (retrieved from Yan et al. [63]). 
 
 

BBI is suggested to have potential role in catabolism. 
During hypoxia condition, plant stops the oxidative catabolism 
activity and acclimatises to anaerobiosis by switching from 
oxidative catabolism to fermentative catabolism. Several studies 
have indicated ethanol as one of the fermentative products and it 
acts as the oxidative catabolism inhibitor..It is postulated that the 
induction of protease inhibitor may play important role in 
regulating protease activities and protein degradation [6]. Yan et 
al. [63] stated that soluble protein content in coleoptiles grown in 
hypoxia condition is relatively low than in aerobic condition. 
Therefore, formation of BBIrc1 may retard proteolytic 
degradation during hypoxia. 
 

The expression of BBIrc2 has proven that it is induced 
under aerobic condition. This indicates dependency of the 
protease inhibitor on the availability of oxygen. Oxygen free 
radical is generated due to oxygenation of water and the proteins 
are exposed to proteolytic degradation [77]. As BBI proteins have 
a large number of disulfide bridges, it may involve in free radical 
scavenging mechanism. Sulfhydryl-rich proteins such as 
thioredoxin are widely distributed as small 12-14 kDa 
oxidoreductases. The proteins play regulatory roles in seed 
germination and oxidative response [78-79]. It has been proposed 
that thioredoxins unfold the target proteins by reducing the 
disulfide bridge making them exposed to proteolytic degradation 
by cysteine protease.  
 

The induction of BBIrc1 in hypoxia and aerobic condition 
showed that it might possess another role in the protease activity 
regulation. Likewise, the BBIrc2 protein is transiently induced 
when exposure to aerobic condition implying its roles BBI roles in 
oxidative stress. However, more studies need to be conducted to 
prove BBI multiple biological functions in rice coleoptiles.    
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BBI involvement during drought stress in peanut 
 
Arachis hypogaea L. (peanut, groundnut) is an important native 
oil crop legume from South America which belongs to 
Leguminosae family and the Papillionacea subfamily [69-
71,80,81]. In a research conducted by Drame et al. [55], gene 
expression of Bowman-Birk inhibitor was studied in response to 
water deficit, water deficit recovery and phytohormones effect. 
 

Arachis hypogaea L. cultivar Fleur 11 and 73-30, which are 
tolerant and susceptible varieties to drought, were used in the 
study of Clavel et al. [82]. Contour-ansel et al. [83] hypothesized 
that adverse growth condition such as drought will increase 
various catabolic enzymes including endoprotease. Plant will 
accumulate specific inhibitor like cystatins to control hydrolytic 
protein degradations, by these endoprotease [84-85]. In rice for 
example, a chymotrypsin inhibitor-like protein (OCPI1) is induced 
during abiotic stresses [75,86]. By assuming that serine 
endoprotease are regulated by their respective inhibitor during 
drought, Drame et al. [55] investigated the involvement of BBI in 
response to drought stress in peanut plant (Arachis hypogaea L.). 
 

A novel cDNA (AhBBI) (accession no. DQ011881) 
encoding a putative BBI was isolated from peanut leaves.  The 
AhBBI expression was studied using real-time-PCR in response to 
drought and exogenous phytohormones [82]. Full-length coding 
region was obtained using 5'/3' RACE.  The AhBBI has 321 bp-
length in site, spinning from an ATG start-codon at position 68 to 
a TAG stop-codon at position 389.  The full-length cDNA of 
AhBBI consisted of 107 amino acids, as illustrated in Fig. 6(A). 
The AhBBI protein shows a single BBI domain, which has two 
reactive sites with two arganine residues.  The reactive sites are at 
position 56 and 84 as possible P1 residues and P14 conserved 
cysteine residues. Analysis of these regions revealed the presence 
of a 20 amino acid N-terminal of the protein with an N-
myristoylation motif at position 1 [55]. The presence of an N-
terminal signal sequence with relatively hydrophobic properties in 
the AhBBI was similar to the other BBI proteins in cowpea, pea, 
and wheat [87]. Potential casein kinase II phosphorylation sites at 
positions 41 and 42, and a protein kinase C phosphorylation site at 
position 93 were also identified. 
 

AhBBI was reported to have high response to Jasmonic acid 
(JA) with a 40-fold increase in AhBBI expression as compared to 
control as shown on Fig. 6 (B1).  However, the AhBBI was 
repressed by abscisic acid. As AhBBI was highly transcripted 
during the introduction of JA, this proved that AhBBI was 
involved in defense response against abiotic stress.  JA is a signal 
molecule in plants that involves in initiation of defense 
mechanism when attacked by pathogens, fungal elicitors, and 
wounding [88]. High accumulation of AhBBI transcripts was 
observed when the plants were exposed to water deficit, both in 
tolerance and susceptible peanut cultivar Fleur11 and 73-30, (Fig. 
6(B2). Nonetheless, there are some differences in genotype-
specific accumulation pattern observed. The tolerant cultivar has 
higher AhBBI transcript accumulation compared to susceptible 
cultivar. The cultivar Fleur11 responded more to low water deficit 
(S1 condition), with 17 times higher but expression decreased 
gradually until it was similar to control as drought intensified. 
Limitation of serine protease activity during drought-stress is 
achieved through down-regulation of a serine protease gene [89]. 
The over-expression of AhBBI gene in peanut could delay 

senescence in the tissues by limiting serine protease-induced 
proteolysis. In conclusion, AhBBI gene does not only play critical 
role in limiting damage from drought insects, pathogens, and 
wounds, but it also reduces damage from drought stress through 
the serine protease activities.  
 

 
 
Fig. 6. (A) The full-length cDNA of AhBBI with domain structure of 
AhBBI, which isolated from peanut leaves. It includes a signal peptide 
(SP); a BBI domain with 14 conserved cysteine residues (dashed lines), 
two reactive sites corresponding to arginine residue at position 56 and 84 
(R-56 and R-84). N-myristoylation site (M) stated at position 13, casein 
kinase II phosphorylation sites (CKII) stated at position 41 and 42 and 
protein kinase C phosphorylation site (PK) at position 93 are also 
indicated. (B) Expression of AhBBI in peanut leaves treated with 
hormones or exposed to progressive water deficit. (B1) Expression of 
AhBBI in separated leaves of peanut cv. Fleur11 treated with water 
(Control, C), abscissic acid (ABA) or jasmonic acid (JA). (B2) Expression 
of AhBBI in the leaves of tolerant and susceptible peanut cvs. Fleur 11 and 
73–30 under progressive water deficit and rehydration. Water deficit levels 
correspond to control (C), lightly stressed (S1), moderately stressed (S2), 
severely stressed (S3) and rehydrated (R). Actin was used to standardize 
each reaction run and expression is presented as relative fold change 
compared to control (Retrieved from Drame et al. [55]). 
 
 
CONCLUSION  
 
BBI shows a great response towards tolerance to abiotic stresses 
especially a major stress like salinity and drought stress for plant 
production. These researches will open new possibilities in 
introducing recombinant protease inhibitors in plants, which could 
defend the plants from abiotic stresses. 
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